
Introduction
On 19 January 2001, a band of severe thunderstorms
moved through the Burdekin (Ayr-Home Hill) area of

northern Queensland just after 0800 Coordinated
Universal Time (UTC) (1800 local time) causing
widespread damage. Two houses were demolished,
six caravans were destroyed and power lines were
downed. Established trees were uprooted and stripped
of leaves and there was widespread crop damage. A
number of reports of hail were received. More than
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This paper investigates the meteorological circumstances that
led to the formation of a band of severe thunderstorms in the
Burdekin (Ayr-Home Hill) area of northern Queensland on 19
January 2001. The study is based mainly on an analysis of data
obtained from the European Centre for Medium-range
Weather Forecasts (ECMWF) and of upper-air soundings at
Townsville. In particular we examine the distribution of
Convective Available Potential Energy (CAPE) and Convective
Inhibition (CIN) calculated from the analyses and compare the
values of these quantities at Townsville with those from the
radiosonde sounding there. Elevated CAPE values over the
Burdekin region are attributed in part to the approach of an
upper-level trough. Bulk Richardson numbers estimated from
the Townsville radiosonde and rawinsonde soundings are sug-
gestive of multicell storms, consistent with the observed
longevity and severity of the Burdekin storms.
The ECMWF model did forecast convective precipitation in

the general region of the storms, although precipitation associ-
ated with another storm complex that developed later to the
south of the Gulf of Carpentaria was not captured by the
model.
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26,200 lightning strikes were recorded in one hour,
which is an Australian record. This was an unusual
event as severe thunderstorms are almost unheard of
in this area. A sequence of enhanced infrared satellite
images at selected times during the event is shown in
Fig. 1. The early echoes appeared over the Great
Dividing Ranges to the west of Townsville at 0330
UTC, but the cells that affected the Ayr-Home Hill
area developed from a further group of cells that
formed to the southeast of Townsville (Fig. 1(a)). By
1130 UTC the cells had developed further and merged
to cover a large region inland from the coast and a
second storm complex had formed to the south of the
Gulf of Carpentaria (Fig. 1(d)). This paper investi-
gates the meteorological circumstances that led to the
formation of the Burdekin storms and, in particular,
examines the possible role of an upper-level trough
and a surface heat low in the vicinity.
The severity and type of thunderstorm that devel-

ops in a particular location is thought to be strongly

influenced by the amount of CAPE, by the strength of
the low-level vertical shear, and by the change in the
wind direction with height (Weisman and Klemp
1982, 1984, 1986; Bluestein and Jain 1985; Weisman
and Rotunno 2004, and references therein). On the
other hand, the initiation of storms depends strongly
on the CIN. Specifically, CAPE is a measure of the
energy that can be released when an air parcel ascends
from its current position up to the level of neutral
buoyancy, while CIN is a measure of the work that is
required to lift an air parcel to its level of free con-
vection (Emanuel 1994). It is usual to calculate the
CAPE and CIN for air parcels lifted from the surface
or for hypothetical parcels with the mean properties
of the lowest few hundred metres. Typically, CAPE is
a strongly decreasing function and CIN is a strongly
increasing function of the altitude of the lifted parcel.
Recently, Juckes and Smith (2000) sought to quan-

tify the amount of convective destabilisation brought
about by the approach of an upper-level trough with
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Fig. 1 Enhanced infrared satellite imagery at (a) 0330 UTC (b) 0530 UTC (c) 0630 UTC and (d) 1130 UTC on 19
January, showing the evolution of severe thunderstorms.

(a) (b)

(c) (d)



an idealised structure. The destabilisation arises as air
parcels are displaced upwards ahead of the trough,
leading to a local cooling and moistening of the
atmosphere. They found that changes in CAPE and
CIN are significant and these changes are larger in the
middle latitudes than in the tropics for a given scale
and amplitude of the trough. If lifting were the only
process acting, the maximum destabilisation would
occur along the trough axis. Emanuel (1994) derived
an equation for the time rate-of-change of CAPE of an
air parcel and noted that CAPE is increased by an
increase in the entropy of the subcloud-layer air as
well as by processes that decrease the temperature of
the free atmosphere above the parcel, such as the
approach of an upper trough.

In this paper we calculate the spatial distributions
of CAPE and CIN prior to the development of the
Burdekin thunderstorms. We examine also the low-
level shear in the vicinity of the storms and estimate
the bulk Richardson number for the storm environ-
ment from upper-air data at Townsville. The study
uses mainly ECMWF analysis data. Protat and
Lemaître (2001) used similar datasets to examine the
synoptic-scale environment of mesoscale convective
systems observed during the Tropical Ocean Global
Atmosphere Coupled Ocean-Atmosphere Response
Experiment (TOGA COARE) and, in particular, the
CAPE distribution. They found, inter alia, that the
evolution of convective systems was generally con-
trolled by the time evolution of CAPE and the synop-
tic-scale low-level convergence.
The layout of the paper is as follows. Firstly a brief

description of the ECMWF datasets is given followed
by an examination of the synoptic situation prior to
and during the evolution of the Burdekin thunder-
storms, focusing on the presence of an upper-level
trough and a shallow heat low that was connected to
a frontal-like trough over the Tasman Sea. Analyses
of CAPE and CIN as well as the short range convec-
tive precipitation forecasts from the ECMWF model
are then presented. The low-level wind shear is then
examined and finally the conclusions are given.

Data sources
Hourly Japanese Geostationary Meteorological
Satellite (GMS) imagery is used to examine the evo-
lution of the thunderstorms. The other main data
source is the ECMWF operational analyses, which
provide data on 60 vertical layers with a 1°x 1° hori-
zontal resolution. The domain of interest here extends
zonally from 130°E to 170°E and meridionally from
0°S to 40°S, an area that includes the eastern part of
the Australian continent and part of the Southwest

Pacific Ocean. The orography used in the ECMWF
model is shown in Fig. 2 together with locations men-
tioned in the text. Short-range accumulated convec-
tive precipitation forecasts are examined to see how
well the model captured the storms. Comparisons are
made between data from the ECMWF analyses and
from the Townsville radiosonde sounding at 2300
UTC on 18 January and the rawinsonde sounding at
0500 UTC on 19 January.

Synoptic situation
Figure 3 shows the mean sea-level pressure distribu-
tion over eastern Australia at 1800 UTC on 17 and 18
January 2001 and at 0000 and 0600 UTC on 19
January. The chart for 1800 UTC on 17 January
shows a trough system with three separate lows locat-
ed over the central and eastern parts of Australia and
over the Tasman Sea. One day later, at 1800 UTC on
18 January, two of the lows had amalgamated to cover
a broad area of central Queensland while the low over
the Tasman Sea had moved eastwards. Both lows
deepened by over 3 hPa during this 24 h period, while
a ridge formed between them over the Great Dividing
Range. A similar type of shallow ridge influenced by
orography was analysed in a study of the interaction
of an extratropical cyclone with coastal orography in
the Pacific Northwest of the United States by
Steenburgh et al. (1996).
The low over the continent filled by about 1.5 hPa

to 0000 UTC, presumably on account of the semi-
diurnal pressure wave, which had a local maximum
near this time. However it deepened during the day-
time so that by 0600 UTC the minimum surface pres-
sure over northern Queensland had fallen from nearly
1004 hPa at 0000 UTC to around 998 hPa. A fraction
of this decline can be attributed to the normal diurnal
variation which has a mean fall of about 2.5 hPa dur-
ing this time. A meridional-vertical cross-section of
potential temperature through the centre of low over
Queensland at 0600 UTC on 19 January shows that
this system had the structure of a heat low, with the
warmest air and deepest mixed layer near the centre
(Fig. 4). The warm anomaly was confined to pressures
higher than about 600 hPa. The Burdekin thunder-
storms formed first on the northeastern side of this low
pressure region. Later, another thunderstorm complex
developed about 400 km to the northwest of it.
The evolution of the divergent component of the

low-level airflow over northeastern Queensland
leading to the formation of the Burdekin thunder-
storms is characterised by the ageostrophic wind at
925 hPa at six-hourly intervals from 1800 UTC on
18 January to 1200 UTC on 19 January shown in
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Fig. 5. At 1800 UTC on 18 January there were three
prominent low-level airstreams feeding into the heat
low and leading to ascent along the trough line; one
was a northerly airstream originating from the Gulf
of Carpentaria on the western side of the heat low;
another was a southerly airstream on the southern
side of the low; and the third was a northeasterly
airstream from the ocean on the northeastern side of

the low. Figure 5 shows also the distribution of ver-
tical velocity at 850 hPa, which at this time indicat-
ed an extensive strip of enhanced ascent stretching
zonally along the inland trough through the low cen-
tre and connecting to the trough trailing from the
low over the Tasman Sea (see Fig. 3). Enhanced con-
vergence in the trough during the night is associated
with the low-level nocturnal jet (Reeder and Smith
1998; Spengler et al. 2005).
By 0000 UTC on 19 January the ascent along the

trough line over the continent had all but disappeared,
presumably a result of the breakdown of the low-level
jet following renewed dry convective heating.
However, the convergent region associated with the
trailing trough had moved a little northwards and had
extended westwards. The first convective cells of the
Burdekin storm system occurred about two hours
later near this region.
At 0630 UTC on 19 January, half an hour after the

next analysis time, the storms already covered a large
area (Fig. 1(c)) and broadly coincided with a region of
enhanced ascent centred at about 21°S, 148°E (Fig.
5(c)) at 0600 UTC. A second band of enhanced ascent
at this time lay in the vicinity of the heat low centre,
stretching southeastwards from about 19°S, 139°E
and further cells were developing on the westernmost
end of this band at 0600 UTC (Fig. 5(c)). By 1130
UTC on 19 January, half an hour before the last analy-
sis time, a separate storm complex had formed south
of the Gulf of Carpentaria and storms to the east of it
covered a very large area (Fig. 1(d)).
The situation at upper levels is exemplified by the

200 hPa wind fields, geopotential, and potential tem-
perature distribution on the 2 PVU potential vortici-
ty (PV) surface*, shown in Fig. 6. The main features
at 1800 UTC on 18 January are a broad trough in the
east of the region and the ridge from an anticyclone
in the west. The trough axis is oriented approxi-
mately north-northwest to south-southeast. A sec-
ondary and possibly significant feature is the east-
west strip of low potential temperature centred along
20°S across northern Queensland and extending
eastwards over the Tasman Sea, even though this has
no recognisable signature in the geopotential height
field at 200 hPa. The trough directs a primarily
southerly airstream over the east of the continent at
200 hPa. By 0000 UTC on 19 January, the trough, as
indicated by the potential temperature distribution
on the PV = 2 surface, had moved a little towards the
northwest and the east-west strip of low potential
temperature had moved equatorwards and weak-
ened, but it lay approximately over the Burdekin

336 Australian Meteorological Magazine 54:4 December 2005

Fig. 2 (a) Orography used in the ECMWF model.
The shading starts from the 200 m height con-
tour and the contour interval is 200 m. (b) The
Burdekin area of northeastern Australia.

(a)

(b)

* One potential vorticity unit, or PVU, equals 1.0 x 10-6 m2 s-1 K kg-1.



region at this time. During the subsequent 12 h peri-
od the trough continued its northwestward progres-
sion as its axis rotated slightly counterclockwise and
the potential temperature distribution on the PV = 2
surface became elongated. Also the remnants of the
east-west strip of low potential temperature on this
surface moved northwestwards out of the region of
interest. The evolution of the potential temperature
distribution on the PV = 2 surface would have been

greatly influenced by the generation of anticyclonic
PV at this level by the widespread convection that
occurred during this period. The upper-level situa-
tion in this case has some common features with the
prototype of an anticyclonically-wrapping upper
trough in the study of baroclinic wave systems
(Thorncroft et al. 1993). These common features
include, jet flow crossing the thinned upper-level
trough and, equatorward wave breaking.
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Fig. 3 Mean sea-level pressure over eastern Australia at: (a) 1800 UTC on 17 January 2001 (b) 1800 UTC on 18
January (c) 0000 UTC and (d) 0600 UTC on 19 January. Pressure values lower than 1008 hPa are shaded with
darker shading at intervals of 2 hPa.

(a) (b)

(c) (d)



CAPE and CIN
Following Emanuel (1994) we define CAPE as the
vertical integral of the buoyancy force exerted on an
air parcel lifted from the surface to the level of neutral
buoyancy and CIN is the contribution to this integral
up to the level of free convection. CAPE and CIN are
calculated at each grid-point in the domain, assuming
that air parcels are lifted pseudo-adiabatically. The
distribution of CAPE at 1800 UTC on 18 January and
at 0000 UTC, 0600 UTC and 1200 UTC on 19
January is shown in Fig. 7.
At 1800 UTC on 18 January, which is around sun-

rise in the eastern part of the domain, there are regions
with significant CAPE (values over 1 kJ kg-1), mostly
north of about 23°S, except over the ocean east of
156°E, where high values are mostly north of 16°S.
There is a region with enhanced CAPE (values > 4 kJ
kg-1) along the Queensland coast at this time, one or
two patches further inland with similar values and one
patch near 22°S, 132°E with values over 5 kJ kg-1.
South of 23°S, an area of high CAPE values is found
on the northeastern side of the axis of the upper-level
trough. By 0000 UTC on 19 January, CAPE values had
increased markedly north of 23°S, with a significant
increase over northeastern Queensland to the north and
northwest of the trough axis, where values in some
areas exceeded 5 kJ kg-1.Acontribution to this increase

in CAPE south of 16°S arises from the further north-
westward displacement of the upper-level trough that
brought cold air to upper levels over northeastern
Queensland (see Fig. 8(a)). The cold environmental
temperature in the upper troposphere accompanying
the approach of the upper-level trough is reflected in
temperature fields at the 500 hPa level (Fig. 8). In fact
the coldest temperatures over northeastern Queensland
were seen in the 0600 UTC analyses. The situation here
is a little different to that in the study by Juckes and
Smith (2000), where the trough was assumed to be dis-
placed perpendicular to its axis: here the trough was
moving along its axis. By 0600 UTC on 19 January (4
pm local time), CAPE values had reached extremely
large values (> 5 kJ kg-1) over the lower half of Cape
York Peninsula, the southeastern part of the Gulf of
Carpentaria, and in the Burdekin region (Fig. 7(c)).
By 1200 UTC (10 pm local time), there had been

a reduction in CAPE (~ 1 - 2 kJ kg-1 over the parts of
northeastern Queensland where the storms occurred.
Moreover, values of CAPE larger than 1 kJ kg-1
remained to about 32°S over the sea areas on the
northeastern side of the trough (Fig. 7(d)).
The six-hour time interval between analyses is too

coarse to allow useful estimates to be made of the
generation and consumption of CAPE by the storms
in this case. However, the dramatic decrease of CAPE
appears to coincide with the development of the thun-
derstorms and it would be reasonable to attribute the
decline in CAPE to its consumption by deep convec-
tion. We show below that the ECMWF model did
forecast convective precipitation in the region.
A question that remains is: how reliable are the

CAPE values derived from the ECMWF analyses? The
nearest radiosonde station to the Burdekin region is
that at Townsville where a sounding was made at 2300
UTC on 18 January. The CAPE evaluated from this
sounding is 5.3 kJ kg-1, which compares with an aver-
age of 5.1 kJ kg-1 for the two grid-points closest to
Townsville in the ECMWF analysis at 0000 UTC on 19
January (Townsville lies almost equidistant from these
grid points, where the CAPE values were 4.7 kJ kg-1
and 5.4 kJ kg-1, respectively). The closeness of the
potential temperature and moisture structure at
Townsville in the model and in the observed sounding
is indicated in Fig. 9(a). The model was marginally
warmer throughout much of the troposphere, but also a
little drier, especially in the height range between 3 km
and 4.8 km, factors that would oppose each other in the
calculation of CAPE. In view of the known sensitivity
of CAPE calculations to various factors, especially the
low-level moisture content (e.g. Mapes and Houze
(1992), section 4a), we consider the agreement
between the model and the observations at Townsville
to be quite acceptable in this case.
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Fig. 4 Meridional-height cross-section of potential
temperature at longitude 143°E, approximate-
ly through the centre of the heat low over
northern Queensland, at 0600 UTC on 19
January.



Regions of high CAPE do not necessarily lead to
the occurrence of deep convection. First of all, air
parcels must be lifted to their level of free convection
against the CIN. In a case study in western Kansas,
Colby (1984) found that deep convection occurred in
a region where earlier the CIN was lowest. It is there-
fore of interest to examine the distributions of CIN

prior to and following the onset of the Burdekin thun-
derstorms. However, in doing this it should be borne
in mind that the vertical resolution of the analyses
may not be totally adequate to properly resolve strong
inversion layers that might make a significant contri-
bution to the CIN. One check that can be made is a
comparison of CIN values calculated from the
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Fig. 5 Ageostrophic wind at 925 hPa (in m s-1) and 850 hPa vertical velocity at (a) 1800 UTC on 18 January (b) 0000
UTC (c) 0600 UTC and (d) 1200 UTC on 19 January. The geopotential heights at 925 hPa are also plotted.
Vertical velocities less than -0.1 Pa s-1 are shaded at intervals of 0.05 Pa s-1.

(a) (b)

(c) (d)



Townsville radiosonde sounding at 2300 UTC on 18
January (26 J kg-1) with those calculated at the near-
est grid-points to Townsville in the ECMWF analysis
at 0000 UTC on 19 January (51 J kg-1 and 40 J kg-1,
respectively). Based on these comparisons the model
would appear to overestimate the CIN by a factor of
about two. Since CIN is determined by the profile
below the level of free convection (0.6 km for the
observed profile and 0.8 km, 1.4 km for the grid-

points on 146°E and 147°E respectively), the dry slot
in the ECMWF analysis referred to above would not
affect the calculation of CIN.
The horizontal distributions of CIN at the same

times as in Fig. 7 are shown in Fig. 10. At 1800 UTC
on 18 January there was significant inhibition (greater
than 100 J kg-1) over much of the eastern and central
part of theAustralian continent and in a strip extending
over the ocean between 16°S and 20°S. Six hours later,
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Fig. 6 Regions of potential temperature on the 2 PVU surface less than 360 K (light shading) and less than 350 K (dark
shading) at (a) 1800 UTC on 18 January (b) 0000 UTC (c) 0600 UTC and (d) 1200 UTC on 19 January. The
geopotential height of the 200 hPa surface (in m, contour interval 5 dm) and wind vectors on this surface are
also plotted.

(a) (b)

(c) (d)



at 0000 UTC on 19 January, the CIN over much of cen-
tral and southeastern Australia had been removed,
while values over northeastern Queensland were sig-
nificantly reduced, presumably because of strong sur-
face heating during this period. The area of high CIN
values (>100 J kg-1) over the ocean had declined also.
However, a region of significant inhibition remained in
a region south of the Gulf of Carpentaria. The persist-
ence of CIN north of about 22°S is probably because

the soil is moist in this region in January.At 0600 UTC,
areas with positive CIN persisted north of about 21°S
and would have been enhanced by the low-level out-
flow from the storms in that region. In the evening
(1200 UTC), CIN had again increased over the whole
continent except, notably, in a region along the east
coast of Queensland along the trough axis (Fig. 10(d)).
Juckes and Smith (2000) showed that upper troughs
can reduce the CIN in addition to enhancing the CAPE.
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Fig. 7 Distribution of CAPE for air parcels lifted pseudo-adiabatically from the surface at (a) 1800 UTC on 18 January
(b) 0000 UTC (c) 0600 UTC and (d) 1200 UTC on 19 January. The shading starts from 1 kJ kg-1 with contour
interval 1 kJ kg-1.

(a) (b)

(c) (d)



As noted above, the ECMWF model appears to
overestimate the CIN, at least in this case, so that the
presence in Fig. 10 of positive CIN values over the
region where the storms developed must be seen as a
deficiency of the model, suggesting that forecasts of
CIN may not be accurate enough to be useful in indi-
cating regions favourable for thunderstorm formation.
Despite this, the model did forecast the existence of

convective precipitation in the region of the thunder-
storms (see Fig. 11), so that the CIN must have been
removed in the region at some time between the six-
hourly analysis times available for our study. We
examined the ECMWF convective precipitation fore-
casts to determine the extent to which the model fore-
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Fig. 8 Temperature and geopotential height analyses
at 500 hPa at (a) 0000 UTC and (b) 0600 UTC
on 19 January. The shading starts from 269 K
with contour interval -1K. Geopotential height
is in m.

(a)

(b)

Fig. 9 Comparison between the profiles of (a) virtual
potential temperature (b) water vapour mix-
ing ratio (c) wind speed and (d) wind direction
from the Townsville radiosonde sounding at
2300 UTC on 18 January 2001 (red line) and
the nearest grid-points to Townsville in the
ECMWF analysis at 0000 UTC on 18 January
2001 (green line for the grid-point on 146°E
and blue line for that on 147°E.)

(a) (b)

(c) (d)



casts captured the storm systems. Figure 11 shows the
predicted distribution of the three-hourly accumulated
convective precipitation at 0600 UTC and 0900 UTC,
which should be compared with the storm locations in
Fig. 1. Bearing in mind that the satellite imagery sees
the upper-level cloud produced by the storms and that
the convective precipitation represents a cumulative
amount, there is a broad correspondence between the
two figures except that the model did not capture the

storm system seen in Fig. 1(d) immediately to the
south of the Gulf of Carpentaria.

Low-level wind shear
It is well known that the development of severe thun-
derstorms is favoured not only by high values of
CAPE, but also by strong low-level wind shear. In a
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Fig. 10 Distribution of CIN for air parcels lifted pseudo-adiabatically from the surface at (a) 1800 UTC on 18 January
(b) 0000 UTC (c) 0600 UTC and (d) 1200 UTC on 19 January. The shading starts from 20 J kg-1 with contour
interval 20 J kg-1.

(a) (b)

(c) (d)



series of idealised numerical model calculations,
Weisman and Klemp (1982, 1984) showed that the
intensity and type of storm that develops in a particu-
lar environment depends on a convective parameter in
the form of a bulk Richardson number, R, which they
defined as the ratio of CAPE to 0.5 u–2, where u– repre-
sents a difference between the density-weighted mean
wind calculated over a 6 km depth and a representa-
tive surface layer (500 m) wind. This difference is a
measure of the vertical wind shear in the lower half of
the troposphere. Weisman and Klemp (1982) evaluat-
ed CAPE based on a 500 m mean temperature and
moisture value for the particular sounding, but did not
appear to include the effects of moisture on the buoy-
ancy of an air parcel. They found that the optimal con-
ditions for split storms occurred for values of R
between 15 and 35. For R < 10, the shear is too strong
to permit storm growth, while for R > 50, buoyancy is
too strong relative to the shear to allow the necessary
balances which produce strong split storms. Weisman
and Klemp (1984) measured the storm strength by the
ratio of maximum updraft obtained in a particular
storm cell in their model to (2CAPE)0.5. They found
that supercell storms developed for values of R
between 15 and 45, with the strongest storms occur-
ring at about R=18, while values of R > 45 favoured
multicell storms.
The pressure-weighted vertical shear as defined by

Weisman and Klemp (1982) calculated from the
Townsville radiosonde sounding at 23 UTC on 18
January was about 6 m s-1, a little less than the

unweighted shear seen in Fig. 12. The Townsville
rawinsonde sounding at 0500 UTC on 19 January,
about the time that the Burdekin thunderstorms began
to develop, showed that the amount of shear did not
change appreciably during the subsequent six hours.
From the earlier radiosonde sounding, we calculated
the average CAPE of parcels lifted from 100 m, 200
m, 300 m, 400 m and 500 m to approximate the cal-
culation method of Weisman and Klemp (1982), but
we included the contribution of moisture to the parcel
buoyancy. The value obtained, 2.9 kJ kg-1, gives a
value of R = 77. This value is well outside the range
for supercell storms, but within the range for multicell
storms and for other observed cases in the tropics list-
ed in the table in Fig. 15.18 in Weisman and Klemp
(1986). Since the CAPE increased during the six
hours to 0500 UTC on 19 January, the value of R in
the neighbourhood of the storms would have been
larger than 77, but still within the range for multicell
storms. This value of R would explain the observed
longevity and severity of the Burdekin storms.

Discussion and conclusions
Favourable conditions for the initiation of thunder-
storms are known to be high CAPE, low CIN and
strong low-level wind shear. The ECMWF analyses
showed relatively high values of CAPE (> 5 kJ kg-1
for air parcels lifted from the surface) in the region
where the Burdekin storms developed, but relatively
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Fig. 11 The three-hourly accumulated convective precipitation forecasts from the ECMWF opera- tional model at (a)
0600 UTC, and (b) 0900 UTC on 19 January. The shading statrts from 0.5 mm with contour interval 0.5 mm.

(a) (b)



low values of wind shear. The pressure-weighted
wind shear at Townsville was less than 10 m s-1 in the
lowest 6 km, near the time of the explosive develop-
ment of thunderstorms, but the wind direction turned
cyclonically with height. The high values of CAPE
were clearly influenced by the cooling that accompa-
nied the approach of an upper-level trough. The 0600
ECMWF analyses showed values of positive CIN in
the region where the storms developed, but a compar-
ison of the analysed 0000 UTC CIN value at
Townsville with the earlier 2300 UTC radiosonde
sounding there showed that the ECMWF analysis
overestimated the CIN by about a factor of two. The
existence of ageostrophic low-level convergence
towards an equatorward-moving trough over the
Burdekin area would have contributed to a reduction
of CIN before the generation of thunderstorms and
would have indicated the potential for storm initiation
in the region.
The bulk Richardson numbers of the storm envi-

ronment, based on the 2300 UTC radiosonde sound-
ing at Townsville together with the 0500 UTC rawin-
sonde sounding, indicated conditions were well out-
side the range for supercell storms, but within the
range for multicell storms and for other observed
cases in the tropics (Weisman and Klemp (1986), Fig.
15.18). Thus, availability of these quantities to fore-
casters would have given an indication of the longevi-
ty and possible severity of the storms.

Despite analysing positive values of CIN at 0600
UTC about the time that the storms developed, the
ECMWF model did forecast convective precipitation
in the general region of the storms at later times.
Again, had these forecasts been available to forecast-
ers, they would have given reasonable guidance about
the occurrence of the Burdekin storms, but not of the
storms that developed later to the south of the Gulf of
Carpentaria.
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on the Townsville rawinsonde sounding at 0500 UTC on 19 January 2001. The numbers indicate the isobaric
height in hPa. Data are plotted at the surface (1006 hPa in panel (a) 1000 hPa in panel(b)) and at 100 hPa inter-
vals between 1000 hPa and 100 hPa.
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