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ABSTRACT

A regional climatology of strong wind gusts associated with thunderstorms is presented, and the ability to
estimate gust strength from ambient conditions is tested. Strong wind events were selected for 10 stations in
New South Wales, Australia, from anemograph records and coincident thunderstorm reports. Most events took
place between midafternoon and late evening and during the warmer months of the year, which is broadly
consistent with the occurrence of severe thunderstorms in general. One sounding-based index, designed to predict
the strength of microbursts, proves to be of limited value in predicting the magnitude of strong convective gusts,
even of short-lived gusts. A modified index that combines the microburst index with upper-level wind speed is
more useful.

1. Introduction

Extreme wind gusts associated with thunderstorms
are difficult to forecast and there is a dearth of opera-
tional methods that reliably forecast the magnitude of
thunderstorm wind speeds. In part, the problem stems
from the range of mechanisms producing strong con-
vective gusts. Other than tornadoes, which are not ad-
dressed in this study, these are mainly the diffluence of
downbursts at the surface, but also density current prop-
agation and vertical transfer of horizontal momentum.
Almost all of the kinetic energy in a downdraft converts
to horizontal kinetic energy so the maximum gust speed
near the edge of the downburst, upon impact, should be
about the same as the maximum downdraft, however
differences are possible depending on the depth of the
outflow and the downdraft diameter. Negative convec-
tive-scale accelerations are largely due to negative buoy-
ancy, which in turn is mostly explained by evaporative
cooling, melting, and precipitation loading (Houze
1993, p. 36). Evaporative cooling dominates especially
when the layer below cloud base is deep and well mixed
(Wakimoto 1985), and the incipient downdraft is rich
in liquid/frozen water (Srivastava 1985). Entrainment
below the downdraft base can further accelerate the
downdraft if the ambient wet-bulb temperature is lower
than that of the downdraft parcel; however, the entrain-
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ment rate generally decreases as the downburst ap-
proaches the ground (Wakimoto 1985). Foster (1958)
used proximity soundings to estimate the effect of evap-
orative cooling: a downdraft was assumed to start at the
‘‘level of free sinking,’’ where the mean moist adiabat
(average between parcel and environment at 500–700
hPa) intersected the ambient temperature. He also as-
sumed that this downdraft remained saturated to the
ground. He found a poor correlation between gust
speeds estimated from soundings and those observed in
100 thunderstorm events; the estimated values generally
exceeded the observed ones. After careful validation and
adjustment of proximity sounding data, Pino and Moore
(1989) repeated Foster’s procedure, but they found an
even weaker correlation for 47 storms that produced
both extreme gusts and hail. Wakimoto (1985) dem-
onstrated that Foster’s method (i.e., moist-adiabatic de-
scent) tends to overestimate the strength of ‘‘dry’’ mi-
crobursts, because the sinking air parcel may run out of
water before reaching the ground, and he agreed that
this method is also unlikely to accurately predict the
strength of a ‘‘wet microburst’’ (i.e., a small downburst
associated with a thunderstorm) (Wakimoto 1985, p.
1141). Kessinger et al. (1988) estimated that water load-
ing accounts for ;20% of the observed downward ac-
celeration in downbursts associated with a Colorado
thunderstorm. Srivastava (1987) showed that the melt-
ing of graupel/hail may be a significant energy source,
and both observations (Wakimoto and Bringi 1988) and
numerical simulations (Proctor 1989) have demonstrat-
ed that microbursts tend to start at the melting level,
rather than at Foster’s level of free sinking.
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Density current propagation and downward transfer
of horizontal momentum are related to convective
downdrafts; that is, they are thunderstorm outflow phe-
nomena. A convectively generated cold pool builds due
to moist-adiabatic descent and entrainment of midtro-
pospheric low-ue air. It then spreads at a speed propor-
tional to the square roots of its temperature deficit and
its depth. Deep, intense cold pools may be long lived
and generate waves that may cause strong gusts (Weck-
werth and Wakimoto 1992). Downdrafts do carry the
ambient momentum from the incipient and entraining
levels to the surface, so momentum transfer from the
lower (e.g., Brandes 1977) to middle troposphere is a
potentially large source of strong surface winds, yet its
contribution to strong winds underneath thunderstorms
is poorly understood (Johns and Doswell 1992, p. 596).

Long swaths of nonrotating damaging wind can be
produced through a combination of mesoscale and mi-
croscale processes in bow echoes (Johns and Hirt 1987;
Weisman 1993; Przybylinski 1995). Strong surface
winds in bow echoes result from a combination of down-
ward momentum transfer, cold-pool diffluence, and a
horizontal perturbation pressure gradient, creating a
rear-inflow jet that may descend to the surface (Weisman
1992). In most storm systems damaging winds result
from outflow processes, but in the case of supercell
storms inflow winds may also be damagingly strong
(Johns and Doswell 1992). In mesoscale convective sys-
tems/complexes, mesoscale circulations induced by hor-
izontal surface pressure gradients may contribute to
strong surface winds (Vescio and Johnson 1992;
Schmidt and Cotton 1989).

Strong wind gusts associated with isolated deep con-
vection in a weakly sheared environment are almost
always due to downbursts, especially microbursts (Fu-
jita 1990; Atkins and Wakimoto 1991; Proctor and
Bowles 1992). Based on the ideas of Proctor (1989) and
Wolfson (1990), McCann (1994) developed a micro-
burst-gust prediction index, which he named WlNDEX
(Wind Index). WlNDEX captures the environmental
conditions leading to dry or wet microbursts, but it does
not estimate extreme surface winds in thunderstorms in
general, nor does it gauge storm probability. WlNDEX
was not designed to estimate gust strength in more or-
ganized storms, where processes other than downdraft
spreading may be important. For instance, downbursts
may occur in close proximity to horizontal or vertical
vortex circulations, and sometimes a divergent micro-
burst wind pattern cannot be readily discriminated from
sheared or rotating winds (Kessinger et al. 1988).

This paper describes the climatology of strong, con-
vectively generated wind gusts in New South Wales
(NSW), Australia. Only gusts observed in the vicinity
of thunderstorms are included, but the characteristics of
the parent thunderstorms (size, type, longevity, etc.) are
unknown. The usefulness of WlNDEX as an indicator
of the observed gust speed will be tested in section 3.
Limitations of the index and the usefulness of incor-

porating upper-level wind speed into a sounding-based
predictor of maximum surface winds near nontornadic
thunderstorms are explored in section 4. The climatol-
ogy of extreme gusts in NSW is presented first.

2. The data and their climatology

The data gathering objective was to select strong gusts
associated with thunderstorms. First anemographs were
examined and only gust events of 20.5 m s21 (40 kt) or
more were selected. This threshold is twice as high as
the one that defines a microburst (Wakimoto 1985).
Anemographs were mainly from Dynes anemometers
that continuously record wind speed and direction and
have response times of about 2 s. The gust climatology
is not restricted to a certain season (as in Harnack et al.
1997); however, severe thunderstorms are rare in the
colder months in NSW (Griffiths et al. 1993; Geerts and
Noke-Raico 1995). Gusts were attributed to deep con-
vection if either a thunderstorm was reported at the sta-
tion with the anemometer (‘‘locally’’ or ‘‘in the vicin-
ity’’) within an hour of the gust event, or, in the absence
of hourly reports, if the strong winds were short-lived
and marked by sudden, large, but unsustained changes
in wind speed and/or direction. Rather than using ob-
jective criteria, events were selected manually, some-
times with the aid of corresponding surface charts, to
exclude wind maxima associated with strong frontal dis-
turbances without deep convection, but to include gusts
due to lines of thunderstorms found in prefrontal
troughs. Deep convection commonly occurs in a pre-
frontal trough in southeastern Australia (Speer and
Geerts 1994; Kraus et al. 2000). During the warmer
months (when most strong gust events occurred) cold
fronts rarely penetrate into inland NSW, but strong
winds, sometimes exceeding 21 m s21, may affect the
coastal strip in association with a ‘‘southerly burster’’
(Colquhoun et al. 1985). Most events included lasted
less than 20 min, with a maximum of 33 min. There
was no strict duration limit of events used in the selec-
tion process, although most long-duration events were
interpreted as frontal and therefore were excluded. None
of the extreme wind events were associated with a re-
ported tornado, which does not exclude the possibility
that some gust events were due to rotating wind.

Nine anemometers in NSW and one in the Australian
Capital Territory were used. Their locations are shown
in Fig. 1. At least 20 yr of data were used for each
station with a maximum of 33 yr; the periods overlapped
but did not match.

Events shorter than 10 min and/or involving signif-
icant directional change (.908) at the beginning of the
event were classified as short-lived. A total of 476
events emerged from the selection process, of which
171 (36%) were defined as short-lived. The frequencies
(average per year) are shown in Fig. 1, as contours for
all events and as numbers between brackets for short-
lived events. Tamworth, at an elevation of 404 m just
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FIG. 1. Location map of southeastern Australia showing the stations
used in this study and the Dividing Range, which is ;1000 m high.
The contours show the interpolated average annual number of con-
vective gusts per year. The number of short-lived events expected in
100 yr is shown in parentheses.

FIG. 2. Frequency distribution (top) of microburst events in the
JAWS experiment (from Wakimoto 1985) and (bottom) of short-lived
gust events in NSW. The minimum wind speed of the latter dataset
is 20.5 m s21. In this and other figures the maximum 2-s wind speed
observed during a gust event is shown.

west of the Dividing Range, ranks first for both short-
and longer-duration events. Gust events (short-lived or
not) are less common near the coast than on and just
west of the Dividing Range. Extreme gusts appear least
common in the desert plains in western NSW, because
thunderstorms are most rare there. This is consistent
with the lightning climatology (Laudet et al. 1994),
which, unlike other severe weather climatologies of
NSW (Griffiths et al. 1993; Geerts and Noke-Raico
1995), is independent of the very uneven population
density of NSW.

The frequency distributions of the maximum gust
speeds for all events (not shown) and those of short
duration (Fig. 2) show an exponential dropoff. The prob-
ability of an extreme gust halves as the wind speed
increments by 3 m s21. The strongest observed gust was
42 m s21 and this was a short-lived event. Seven of the
eight strongest gusts were short-lived. The 42 m s21

gust occurred at the Sydney airport where a helicopter
was overturned, the windows of a Boeing 747 jet bro-
ken, and roofing from a terminal building stripped. Yet
there was no evidence of a tornado. The exponential
dropoff of short-lived gust events in NSW (Fig. 2) ap-
pears consistent with the frequency distributions of mi-
crobursts in the United States. This study focuses on
extreme wind bursts (at least 21 m s21) only, that is,
the tail of the distribution. The NSW database contains
more strong gust events than the short-duration (86
days) Joint Airport Weather Studies (JAWS) experiment
(McCarthy et al. 1982) used for comparison in Fig. 2.
The average number of days with summertime (Nov–
Jan) short-lived events in NSW per anemometer was
compared with microbursts greater than 21 m s21 at a
single anemometer during the JAWS and Northern Il-
linois Meteorological Research on Downbursts (NIM-

ROD; Fujita 1985) experiments in the United States.
The probability of at least one convective gust event of
at least 40 kt in a given summer month ranges between
17% and 33% in the Denver (JAWS), Chicago (NIM-
ROD), and Sydney (this study) areas. This comparison
has more than an academic interest because of the short
duration of the U. S. experiments, and because the cli-
matological gust database presented here focuses on the
strongest convective gusts, which are most likely to be
hazardous to aviation and on the ground.

The vast majority of strong gusts have a westerly
component, independent of duration. In fact 86% of the
476 gust events have a wind direction between south
and northwest. The diurnal distribution of gust events,
shown in Fig. 3, is similar to that of severe thunder-
storms in NSW. The definition of a severe thunderstorm
is somewhat different in Australia than in the United
States; storms are considered severe in Australia if they
produce at least one of the following: wind gust over
25 m s21, large hail (at least 2-cm diameter), a tornado,
or a flash flood (Bureau of Meteorology 1989). The
distribution of short-lived events is more peaked than
the severe thunderstorm frequency with a greater pro-
portion of events from 1500–1700 local time (LT) (Fig.
3). The local time is Australian eastern standard time,
UTC 1 1000, even in summer. A greater proportion of
short-lived events occur between noon and 1700 LT
(62%) compared with all events (50%), suggesting a
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FIG. 3. Diurnal distribution of all (light bars) and short-lived (dark
bars) gust events. The curve is the diurnal distribution of all recorded
severe thunderstorms in NSW (from Griffiths et al. 1993). Events
between hour n and n 1 1 are binned in the nth hour.

FIG. 4. Diurnal distributions of all gust events and severe thun-
derstorms in NSW for inland stations (Canberra, Cobar, Moree, Tam-
worth, and Wagga Wagga) and coastal stations (Bankstown, Coffs
Harbour, Richmond, the Sydney airport, and Williamstown).

FIG. 5. Seasonal variation of gust events (both short-lived and all)
and severe thunderstorms (Griffiths et al. 1993) in NSW. The distri-
butions are normalized; the total number of events in each case is
shown in brackets.

greater dependence of the short-duration events on the
higher surface temperatures, and their more likely as-
sociation with airmass thunderstorms, which too display
a more peaked diurnal variation (Easterling and Rob-
inson 1985).

The severe thunderstorm and storm gust distributions
peak at the same time, but the former is slightly skewed
toward noon, while the latter is skewed toward the even-
ing. The probability that a strong gust is long lived is
32% higher between 1800 LT and midnight than before
1800 LT. These two arguments suggest that a number
of gust events are associated with organized storms
(lines of thunderstorms, mesoscale convective systems,
possibly supercells) that have a broader diurnal distri-
bution and may travel considerable distances. No direct
information is available to classify the thunderstorms
responsible for the gust events, but the distinction be-
tween short-lived airmass thunderstorms and longer-
lived organized convection is apparent in the bimodal
distribution of both severe thunderstorms and wind gusts
at inland stations (Fig. 4): at inland stations these dis-
tributions show a second peak after 1600 local time,
while at coastal stations they do not. Deep convection
at coastal stations is often triggered by sea breezes or
other topographically controlled, diurnally forced
boundaries; hence, the distribution of both severe weath-
er occurrences and gust events is more monodispersed
near the coast, with a peak probability around 1500 LT.
The difference in gust frequency and inferred thunder-
storm characteristics is small but apparent, and consis-
tent with the lightning climatology (Laudet et al. 1994).
Organized convection traveling across the Dividing
Range in the afternoon often collapses on the lee side
(Matthews and Geerts 1995), because of subsidence, and
because the leeside boundary layer has been cooled by
the influx of marine air. Severe thunderstorms and strong
gusts in the late afternoon and evening (between 1600
and 2100 LT) are more likely at inland stations than
near the coast, presumably because deep convection is

more likely to become organized and long lived west
of the coastal strip.

The seasonal variation of gust events is compared
with that of severe thunderstorms in Fig. 5. All distri-
butions peak in December. The short-lived gust distri-
bution is slightly skewed toward the spring (Nov–Dec),
when surface maxima are high but the humidity is not
as high as later in summer, while the severe thunder-
storm distribution is skewed toward the late summer
when flash floods are more common. The distribution
of all gust events (Fig. 5) is similar to that of short-
lived gusts, except that it is less peaked in the months
with highest maximum temperatures and it has a slightly
larger number of events in January than in November.

3. An assessment of WINDEX as a predictor of
maximum gust speeds

The WINDEX (WI, in kt) was designed to estimate
the maximum strength of the divergent wind near the
surface adjacent to a microburst (McCann 1994):
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FIG. 6. Scatterplot of WI (kt) vs observed maximum gust (kt) for
the 76 cases for which representative sounding data were available.
The straight line represents a perfect fit.

FIG. 7. As in Fig. 6 but for short-lived events only.

WI 5 5[HmRq(G2 2 30 1 q1 2 2qm)]0.5, (1)

where Hm is the height (km) of the melting level above
the ground, G is the lapse rate (K km21) from the surface
to the freezing level, q1 is the average mixing ratio (g
kg21) in the lowest 1 km above the surface, qm the
mixing ratio (g kg21) at the melting level, and Rq 5
q1/12 but is not greater than 1. Equation (1) is highly
empirical. It is based on modeling evidence that micro-
bursts start near the melting level (Proctor 1989), and
that the downward kinetic energy is proportional to the
depth of the descent and the square of the lapse rate
excess (Srivastava 1985; Wolfson 1990). This excess is
measured above the moist-adiabatic lapse rate of about
5.5 K km21 (note that 30 is the square of 5.5). The factor
Rq is designed to suppress WI for dry microbursts, where
q1 , 12 g kg21, mimicking the effect of complete evap-
oration before reaching the ground (Wakimoto 1985).
In case of wet microbursts, q1 . 12 g kg21 generally
(Atkins and Wakimoto 1991), in which case the larger
value of Rq acts as an alias for the effect of water load-
ing.

Two practical difficulties faced in calculating WI in
NSW were that not all anemograph locations were ra-
diosonde sites, and that soundings and gust events were
not simultaneous. Sounding proximity and its represen-
tativeness of the preconvective environment is a com-
mon problem in severe weather research (e.g., Brooks
et al. 1994). Generally data from the nearest radiosonde,
released at 0900 local time, were used. Synoptic charts
were used to verify that the gust event, usually recorded
4–9 h later, occurred in the same air mass. The lapse
rate G was derived from the 0900 LT sounding, adjusted
for the maximum surface temperature just before the
event (McCann 1994). This temperature was derived
either from autographic records or (half-) hourly ob-
servations. The mixing ratio qm was also derived from
the sounding, and q1 was estimated as the average of
the mean mixing ratio in the lowest 1 km of the sound-
ing, and the surface mixing ratio just before the gust
event. Two gust events apparently occurred in environ-

ments so stable that the radicant in (1) was negative.
These cases were excluded.

Representative sounding and surface data were avail-
able for 70 gust events (15% of the database). For these
events WI values are plotted against the observed max-
imum gusts in Fig. 6. For all cases where the observed
gust was 60 kt or higher, WI significantly underesti-
mated the gust strength, by an average of 22 kt. For
observed gusts less than 60 kt, the average WI was close
to the average observed gust, but the two variables ap-
pear unrelated. The correlation coefficient between WI
and observed maximum gust is rc 5 0.05. These ob-
servations suggest that WI poorly predicts the strength
of strong gusts associated with thunderstorms, at least
for this NSW sample. McCann (1994) favorably tested
WI for both wet and dry microbursts but WI has not
been evaluated for the estimation of storm-related gusts
in general. A similar plot of short-lived events is shown
in Fig. 7. In this case the correlation between the two
variables is rc 5 0.24. This small improvement stems
from the fact that all true microburst events probably
are concentrated in the subset of short-lived events. Still,
this correlation is not significant at the 0.95 probability
level.

4. Downward transfer of horizontal momentum

The WlNDEX is designed to forecast gust speeds for
wet or dry microbursts (McCann 1994). Thunderstorms,
especially more organized storms, may have additional
wind-producing mechanisms not present in microbursts,
as mentioned in the introduction. Hence it is unrealistic
to expect the WlNDEX to forecast strong surface winds
in all (nontornadic) convective situations. Gusts in this
dataset may have been associated with any type of thun-
derstorms (radar data are not available), in fact both
long-lived squall lines (e.g., Matthews and Geerts 1995)
and supercell storms (e.g., Colquhoun 1995) have been
reported in NSW.

The literature on strong, convectively generated sur-
face winds hardly mentions downward transfer of am-
bient horizontal momentum, perhaps because the mech-
anism is too trivial. Momentum transfer by cumulus
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FIG. 8. Distribution of mean wind direction of the 70 gust events
for which representative sounding data were available. The dashed
line shows the corresponding 500-hPa wind direction.

FIG. 9. As in Fig. 6 but showing GU values (kt).

convection is important enough to be parameterized in
NWP models (e.g., Zhang and Cho 1991). A combi-
nation of momentum transfer and downburst spreading
produces a highly asymmetric surface wind pattern, with
extreme surface winds only on the downshear side (Eilts
and Doviak 1987; Orf and Anderson 1999). Simulations
of bow echoes also clearly show the importance of
downward momentum transfer in the generation of
strong surface winds: Weisman (1993) assumes a 25 m
s21 wind shear in the lowest 2.5 km to simulate a bow
echo! The focus in bow-echo simulations is on the con-
vectively generated rear-inflow jet, but Weisman (1992,
p. 1842) states that ‘‘part of the rear-inflow strength (in
a numerically simulated mesoconvective system) could
be due to the downward transport of momentum from
levels where the ambient winds are stronger.’’ Synoptic
conditions suitable for summertime extreme wind events
in Utah include not only general conditions for thun-
derstorm development (i.e., the approach of an upper-
level trough and deep destabilization), but also strong
winds aloft (Harnack et al. 1997).

The NSW dataset itself also provides some indirect
evidence that vertical momentum transfer may be im-
portant. Fourteen of the 70 events with good sounding
data had 500-hPa winds of at least 50 kt. The wind
direction of these gust events was mostly westerly, as
is the case for all gust events (section 2). Moreover the
gust direction and the 500-hPa wind direction correlate
well (rc 5 0.96), except that upper-level winds are more
commonly northwesterly (Fig. 8). At the southern sta-
tions of Wagga Wagga and Canberra, 56% of the gust
events less than 60 kt, underestimated by WI, occurred
during June–November. June–November cases only
compose 37% of all gust events in the NSW dataset. It
is possible that a number of these winter/spring events
were associated with narrow cold frontal rainbands (e.g.,
Carbone 1982; Roux et al. 1993) deriving most of their
energy from frontal dynamics, rather than from isolated
convective events. In fact in all but one of the seven
winter/spring cases in Canberra and Wagga Wagga with
representative sounding data, the convective available

potential energy (CAPE) was less than 500 J kg21, sug-
gesting that the convection was at least partly forced
rather than driven by buoyancy.

To better estimate maximum wind gust in any kind
of thunderstorm, it may be beneficial to combine down-
burst spreading (quantified in WI) with the vertical
transfer of horizontal momentum. In what appears to be
an ad hoc afterthought, Foster (1958) added the 500–
700-hPa mean wind to the gust speed estimated from
the negative energy in soundings (see section 1), but
found that the correlation with observed gust speeds
only marginally improved, and to our knowledge this
issue has not been experimented with since. Inspired by
McCann (1994) and Foster (1958), we propose a mod-
ified index, called GUSTEX (GU, in kt), which incor-
porates WI and the midtropospheric wind, as follows:

GU 5 aWI 1 0.5U500, (2)

where U500 is the magnitude of the 500-hPa wind vector
(kt) and a is a constant, 0 , a , 1. The factor of 0.5
is determined from the conservation of horizontal mo-
mentum as momentum is transferred from 500 hPa to
the surface (r500/r1000 ; 0.5, where r is air density).
The factor a was chosen such that the mean GU value
equals the mean observed gust speed. For the 70 gust
events in NSW, a was found to be 0.60. A scatterplot
of observed gust strengths versus corresponding GU
values is shown in Fig. 9. None of the GU values are
below the threshold gust speed in the dataset (40 kt),
and some of the extremely high WINDEX cases (Fig.
7) have a lower GUSTEX. The GU values correlate
much better with the observed gust strengths (rc 5 0.77)
than the WI values; however, the GUSTEX, like the
WlNDEX, was unable to capture the stronger observed
gust events. In fact the GUSTEX still underestimates
all events stronger than 55 kt. Perhaps this is not sur-
prising since these are truly extreme gust events, in
which case either the proximity radiosonde did not sam-
ple the uniquely supportive environment, or a number
of convective motions conspired right over the ane-
mometer site. On the other hand, GU values generally
exceed observed gust strengths weaker than 50 kt.

In the case of short-lived events only, GU values also
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FIG. 10. As in Fig. 7 but showing GU values (kt).

FIG. 11. Sydney sounding at 0900 LT 21 Jan 1991. Parameters
shown above the skew T–logp diagram include lifting condensation
level (LCL), convective inhibition (CIN), and lifted index (LI). The
calculation of the WI and GU values assumes the maximum tem-
perature before the gust event, not the actual surface temperature.

FIG. 12. As in Fig. 11 but for Moree on 20 Nov 1994.

correlate much better with observed gust speeds (rc 5
0.82) (Fig. 10). For this subset, with a 5 0.6, the av-
erage GU value does not equal the average gust speed,
but the difference is small (,2 kt). Again the GUSTEX
underestimates the strength of gusts exceeding 55 kt,
and it overestimates weaker short-lived events (,50 kt).
This correlation and the one for all gust events are sig-
nificant at the 95% confidence level. These correlations
are strong enough to justify an operational trial of GUS-
TEX in meteorological situations for which it was de-
signed, and for its inclusion in an operational severe
weather prediction decision tree (e.g., Mills and Colqu-
houn 1998).

5. Discussion

Some insight into why the WlNDEX is a poor pre-
dictor of the strength of convectively generated wind
gust arises from two case studies. The first, 21 January
1991, was a day on which there was major wind damage
in the northern suburbs of Sydney. In this event, of all
places in NSW, the WI values were lowest where the
most wind damage was reported, and they were much
lower than inferred and reported wind gusts. The storm
that caused most of the damage occurred in a postfrontal
situation, where WI values generally are low. Upper-
level winds were strong (Fig. 11) especially along the
central coast of NSW; therefore, GU values were sig-
nificantly larger than WI values there, and much of the
gust momentum may have been derived from upper-
level winds. In this case WI was 18 kt below the ob-
served gust, and GU 7 kt below. Colquhoun (1995)
gives evidence that the storm affecting Sydney was a
high precipitation supercell. The WINDEX is not de-
signed to assess gusts produced by these events, and the
low WI values are a clear indication that the observed
winds were due to organized convection. On 20 No-
vember 1994 a series of thunderstorms produced dam-
aging winds in several parts of NSW. The 1000–500-
hPa wind shear was low to moderate and the storms
were prefrontal (Fig. 12). In this situation the WI values
gave good guidance of the magnitude of the gusts and
the highest WI values occurred near the region of dam-

aging wind reports. More specifically, damaging winds
occurred where storms moved across a strong WI gra-
dient into an area of high WI values, as noted by
McCann (1994).
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The main reason why WINDEX may not be a good
storm gust strength predictor is that many storms pro-
ducing strong gusts exist in a moderately to strongly
sheared environment, in which case vertical momentum
transport and organized storm circulations may be more
relevant to extreme surface winds than microburst dy-
namics. Other factors include the possibility of elevated
convection and poor sounding proximity. WINDEX
tends to be too low when convection is elevated above
a stable layer, for example, above a cool marine layer
in coastal NSW, as was the case in Sydney on 21 January
1991. Poor sounding proximity yields inaccurate esti-
mates mainly of G and q1, given the high temporal and
spatial variability of lower-tropospheric moisture
(Weckwerth et al. 1996; Koch et al. 1997). Because the
dataset is based on extreme wind gusts at merely 10
stations, the vast majority of extreme storm winds re-
mained undetected in the anemometer records. It is a
rare coincidence that an anemometer will measure the
maximum outflow wind speed. On most occasions the
maximum gust will occur elsewhere even in the event
of a thunderstorm over the anemometer site.

The GUSTEX is a better predictor of maximum gust
strength than WINDEX for thunderstorms in NSW. One
weakness in our assessment of GUSTEX is that the same
dataset is used to derive GUSTEX [i.e., the parameter
a in Eq. (2)] and to test it. Consequently the dataset
was divided in two subsets of 35 events each (the di-
vision was based on chronology). Each subset served
as either ‘‘source’’ or ‘‘verification,’’ and they swapped
functions in a second trial. The parameter a was either
0.52 or 0.69 for the two trials, and the correlation co-
efficient rc was 0.38 and 0.68, respectively, that is, worse
than the 0.77 for overlapping source and verification
data, but still much better than the correlation for WIN-
DEX. Another possible weakness of GUSTEX is that
a may vary regionally; therefore, the usefulness of
GUSTEX may depend on the quality of the local gust
climatology. Also, the choice of the 500-hPa level in
Eq. (2) is arbitrary, perhaps a density-weighted mean
wind between 1 and 5 km above ground level would
have been a better choice.

It should be noted that the actual occurrence of strong
gusts under extreme observed WI or GU values is not
examined in this study. Rather, the question is addressed
whether observed strong gusts could have been antic-
ipated by means of proximity sounding data. It is further
emphasized that WINDEX or GUSTEX should not be
used as indicators of extreme storm gust probability,
because such probability depends on thunderstorm prob-
ability in general, which is not gauged by these indices.
An analysis of daily sounding data for January 1991,
for instance, shows that extreme gusts are not more
likely to occur on days with high WI values and insig-
nificantly more likely on days with high GU values. Yet
on those days (in January 1991) that thunderstorms did
occur, extreme gusts were more likely when and where

GUSTEX was high, according to a chi-square test, with
a 95% confidence level.

6. Conclusions

This paper describes the climatology of convective
wind gusts of 21 m s21 or more from a small network
of anemographs in New South Wales, Australia, and
attempts to predict them using proximity sounding data.
These are the main findings.

R The probability of very strong gusts halves at wind
speed increments of about 3 m s21.

R Strong convective gusts occur mainly in the midaf-
ternoon to evening, and mainly during the warmer
months of the year.

R Extreme gust frequency per anemometer in NSW is
similar to frequencies during two microburst field ex-
periments in the United States, although it is not
known what fraction of the NSW events is microburst
related.

R At least in NSW the WINDEX (McCann 1994) is a
poor predictor of extreme gust strength near thunder-
storms. It is acknowledged that WINDEX was de-
signed to predict microburst gust strength, not gusts
from any thunderstorm.

R A better correlation between observed maximum wind
speed and WINDEX, especially in the case of short-
lived events, is obtained if the latter is modified to
include the effect of the vertical transfer of ambient
horizontal momentum. These correlations are strong
enough to justify an operational trial of the modified
index.

A follow-up study will test GUSTEX in various re-
gions of the United States, where radar data will be used
to characterize parent thunderstorms.
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