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ABSTRACT 

The spatial and temporal characteristics of extreme convective wind gusts in South Australia are 
analysed over the period 1979 to 2017, using station data in combination with wind gust and 
environmental parameter data from atmospheric reanalyses. The reanalyses used are the 
European Center for Medium-range Weather Forecasts ERA-Interim, and the Bureau of 
Meteorology High-resolution Atmospheric Regional Reanalysis for Australia (BARRA). The 
wind gust data obtained from the reanalyses generally provide a good representation of the 
observed wind gusts, apart from extreme events above 30 m.s-1 which are a focus of this study. 
The use of previously established environmental parameters associated with thunderstorm 
activity is found to be better than using wind gust data from the reanalyses for indicating the 
occurrence of observed extreme wind gusts. A conditional parameter is also tested here, based 
on two different sets of environmental conditions, to account for extreme wind events that can 
sometimes occur in low/zero large scale CAPE environments. Results include a systematic 
analysis of extreme wind environments based on all days from 1979 to 2017 and an 
examination of two extreme wind events: November 1979, as well as September 2016 which 
included the occurrence of several tornadoes. Regional variations in extreme wind environments 
are indicated, including being more strongly associated with CAPE for inland locations than 
near-coastal locations where wind shear plays a more important role. Long-term changes in 
extreme wind environments are examined over the 1979-2017 period, indicating a potential area 
of decreased risk in the far north of South Australia in recent decades, and a potential area of 
increased risk around the southern Flinders Ranges and Yorke Peninsula region. Extreme 
convective wind gust environments are found to have a strong relationship with the Southern 
Annular Mode, particularly during winter and spring in some regions, but not with the El Niño-
Southern Oscillation or Indian Ocean Dipole. 
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1. INTRODUCTION 

This study is focussed on extreme wind gusts in South Australia, including factors 
influencing their spatial and temporal variation. These factors include localised environmental 
and orographic conditions, as well as large-scale modes of variability (such as the El Niño-
Southern Oscillation: ENSO) and the potential influence of long-term climate change. Extreme 
wind speeds in Australia are typically caused by severe tropical cyclones in northern coastal 
regions and severe thunderstorms in other regions, while noting that some of the strongest wind 
gusts on record have also been associated with synoptic-scale systems such as extratropical 
cyclones (particularly in southeast coastal regions due to east coast lows). However, 
observational understanding of the relative intensity and frequency of these extreme wind 
events is somewhat incomplete, including noting potential differences relating to the 
observation network locations (e.g., exposed coastal sites might preferentially identify extreme 
wind speeds in some cases). 

Thunderstorms are relatively small-scale (mesoscale) weather systems, characterised by 
strong updrafts caused by convection. Strong downdrafts may accompany the convective 
updrafts and can sometimes create extreme surface wind speeds given sufficient storm 
organisation. They can also induce a range of hazards such as lightning, hail, tornadoes, heavy 
rainfall and flash flooding in Australia (Allen and Allen 2016). These hazards can sometimes 
result in loss of life and damage to property, noting that lightning can ignite bushfires (which 
can directly cause human injury and death). Northern and eastern parts of Australia typically 
experience more thunderstorm activity than other regions (Dowdy and Kuleshov, 2014). 
However, several severe thunderstorm events in South Australia have caused extreme wind 
gusts that have damaged electricity infrastructure, with damages generally occurring for 
extreme winds with speeds exceeding about 30 m.s-1 (such as occurred for an event in 
September 2016 (BoM 2016)). Improved understanding of severe thunderstorm and associated 
extreme wind risk, including in a changing climate, could have benefits for a range of sectors, 
including emergency management, energy, health, finance/insurance and climate adaptation. 

Here, we examine extreme wind gust speeds based on observations at several locations 
in South Australia, as well as based on wind gust and environmental data from two reanalyses: 
ERA-Interim (Dee et al. 2011) and BARRA (Su et al. 2019). Previous research has examined a 
wide range of environmental parameters associated with thunderstorm activity in Australia (e.g., 
Bates et al. (2017)). This study builds on previous approaches including considering diagnostics 
used within the Bureau of Meteorology (BoM) to provide operational guidance on severe 
thunderstorms and the extreme weather hazards they can cause. 

Relatively few studies have examined the influence of large-scale drivers of variability 
such as ENSO on thunderstorm activity, including for Australia or for other regions of the 
world. Yeo (2005) examined thunderstorms in Brisbane in relation to ENSO conditions, 
reporting some indication of potential relationships. More recently, the results of Allen and 
Karoly (2014) suggest that the ENSO relationship to severe thunderstorm environments in 
Australia is broadly similar in extent to that expected based of random chance. One study to 
date has examined the potential for seasonal prediction of thunderstorm activity in different 
regions of the world, with results indicating that large-scale drivers such as ENSO do not have a 
strong influence on thunderstorm activity for South Australia or Australia in general (apart from 
northern Cape York Peninsula) (Dowdy 2016). However, it is noted that extreme wind gusts 
could potentially have a different relationship with large-scale drivers than is the case for 
thunderstorm activity in general. Consequently, relationships are examined in this study 
between the extreme wind gust conditions and a range of large-scale atmospheric and oceanic 
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modes of variability, including ENSO as well as the Indian Ocean Dipole (IOD) and Southern 
Annular Mode (SAM). 

Climate change has already had a significant influence on weather phenomena in 
Australia and this influence is expected to continue throughout this century (IPCC 2013; 
Reisinger et al. 2014; CSIRO and Bureau of Meteorology 2015, Bureau of Meteorology and 
CSIRO 2018). Due to their small spatial and temporal scale, as well as infrequent occurrence, 
observed trends in severe thunderstorm characteristics are difficult to determine in general 
(IPCC 2013; Allen and Allen 2016; Walsh et al. 2016), while noting some indication of a 
downward trend in observed lightning flashes in southern Australia during the cooler months of 
the year (Bates et al. 2015). Currently available climate models are not able to directly examine 
thunderstorm activity (including due to the small spatio-temporal scales required to model some 
convective processes), such that analysis methods typically assess changes in larger-scale 
indicators of atmospheric conditions favourable to thunderstorm occurrence (e.g., using 
parameters such as Convective Available Potential Energy: CAPE). Based on such methods, a 
potential future increase in the frequency of severe thunderstorm environments is indicated for 
parts of eastern Australia (Allen et al., 2014), while changes in South Australia are not well-
understood in general. Additionally, here we focus on a single type of thunderstorm hazard 
(extreme wind gusts: > 30 m.s-1), which may tend to occur in certain types of large-scale 
thunderstorm environments more than others, as well as in some cases potentially occur in 
environments with low instability when strong large-scale weather systems are present (Evans 
& Doswell, 2001; Taszarek et al., 2017). For reasons such as these, it is plausible that spatio-
temporal characteristics (including long-term trends) of extreme wind gusts produced by 
thunderstorms could potentially be different to the case for thunderstorms in general. 

In addition to modelling approaches, physical process understanding suggests an 
increase in the potential energy that in some cases can be available to generate thunderstorms in 
a warmer world, based on atmospheric moisture capacity increasing with temperature by about 
7% per degree (known as the Clausius–Clapeyron relation), noting that the latent heat release 
from condensation of water vapour can provide energy for increasing the intensity of deep 
convective processes in severe thunderstorms. Global analyses based on observations show 
increasing absolute humidity, broadly consistent with this 7% scaling rate with temperature 
based on global warming trends (IPCC 2013). 

Considering factors such as those described above, long-term changes in the occurrence 
of severe thunderstorms and associated extreme wind gusts are plausible, but not well-
understood based on previous studies for the South Australia region. Understanding potential 
long-term changes to extreme wind events is relevant to the energy sector (as well as other 
sectors), including for the Transmission Network Service Provider (TNSP) ElectraNet in South 
Australia in relation to their planning of future infrastructure design, with this being a key 
motivating factor for this study. 

This report is structured as follows; Section 2 describes the data used for examining 
extreme wind gusts and the environmental conditions associated with their occurrence for South 
Australia. Results are presented in Section 3 including an analysis of extreme wind gusts based 
on station observations and reanalysis data, an assessment of long-term trends in environmental 
conditions associated with extreme wind gusts based on reanalysis data from 1979 to 2017, as 
well as examination of the influence of climate drivers including ENSO, IOD and SAM. Section 
4 contains a summary of the results, with concluding remarks presented. The Appendix presents 
additional details relating to the data and analyses. 
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2. DATA AND METHODS 

2.1 Station wind gust data 

Wind gust observations in Australia generally represent 10 m measurements of 3-
second average speeds, while noting that changes in instrumentation over time have the 
potential to influence the magnitude of the values recorded in some cases (as discussed in later 
parts of this section). Wind gust data are used in this study based on observations at several 
BoM stations. Two types of peak wind gust data are used: the daily maximum wind gust and the 
10-minute maximum wind gust (which is available at half-hourly intervals). All analyses 
presented in this report use daily maximum wind gust data unless stated otherwise, with some 
sub-daily analysis also included in the Appendix. The daily data are preferable for the purposes 
of this study as they have been quality controlled more thoroughly and are generally available 
for more years than the 10-minute data, which is important for climatological analysis and the 
assessment of environmental conditions associated with extreme wind gusts. 

For analysing station wind gust characteristics, stations were selected that had data 
available throughout most of the time period from 1979 to 2017 and were geographically varied 
(i.e. only one station chosen for the Adelaide region). This resulted in four stations being 
selected: Woomera, Port Augusta, Adelaide Airport and Mount Gambier (Table 1). There are 
many more stations in South Australia with daily maximum wind gust data (such as listed in 
Table A2), however, most of these stations only have data available from around 2003/04 
onwards. Adelaide and Mount Gambier are in coastal climates while Woomera and Port 
Augusta have less maritime influences on their climate (noting that Port Augusta is located on 
the end of the long and narrow Spencer Gulf). Note that the data coverage at Port Augusta is 
interrupted for some years (including due to station relocation). Therefore, for some analysis 
where seasonality is important, years with less than 330 days of data (around 90% of the year) 
are not included for Port Augusta (as detailed in Section 3.1 and Figure 1). For analysis with a 
focus on extreme event environments (where having consistent temporal coverage is less 
important), we expand the number of stations used to 23 (as detailed in Section 2.3 and Table 
A2). 

Table 1: Description of chosen BoM stations for daily maximum wind gust data. 

Station Name BoM id. Latitude (S) Longitude (E) Comments 

Adelaide AP 023034 34.9524 138.5196 - 

Mount 
Gambier 

026021 37.7473 140.7739 - 

Port Augusta 
019066 
018201 

32.5280 
32.5073 

137.7900 
137.7169 

Station closed 1997. Wind 
gust recording resumed in 
2006 at a different station.  

Woomera 016001 31.1558 136.8054 - 

 

Inhomogeneities in wind data can arise due to several factors including the growth of 
trees near the site, the construction of nearby buildings, movement of a site, or changes in 



EXTREME WIND GUSTS AND THUNDERSTORMS IN SOUTH AUSTRALIA ANALYSED FROM 1979-2017  

 

5 
 

instrumentation and observing practices. For the BoM wind gust observation network, there 
have been two major changes in observation practices that could potentially influence the long-
term data record. The first of these was due to the installation of Automatic Weather Stations 
(AWS) throughout the network in the 1990s, with an accompanying change from the Dines 
anemometer (which records wind gusts every 2-3 seconds without averaging) to a rotating cup 
anemometer (using a 3-second moving average to record wind gust speeds consistent with 
WMO standards). The resulting wind gusts recorded by the rotating cup anemometer within the 
AWS system are about 6-19% lower compared to the Dines equivalent gust (depending on wind 
characteristics and type of Dines anemometer), representing a notable inhomogeneity in the 
long-term gust records at BoM stations (Jakob 2010, Miller et al. 2013), noting some 
calibrations to help compensate for such differences having been applied for one of the datasets 
used for this study (the JDH dataset, as described in Section 2.3 as well as Appendix Section 
5.1). Secondly, there was a change in the type of AWS system used in some parts of the 
network occurred during 2010/11, discussed by Azorin‐Molina et al. (2018) as causing an 
inhomogeneity point within wind gust data at 56 stations in the BoM network. There are also 
likely inhomogeneities at some stations due to changes in the surrounding landscape and site 
location (e.g., the Port Augusta site move). 

There are methods to homogenise station wind datasets which have been discussed in 
relation to the BoM observation network and applied for some time periods (Azorin‐Molina et 
al., 2018; Lucas, 2010), although long-term homogenous wind gust data are currently not 
available based on station observations as required for the purposes of this study (including at 
the locations listed in Table 1 for the period 1979 - 2017). The limitations of the data are 
considered in this study, including when interpreting results, as well as noting the use of gridded 
atmospheric reanalysis data to help provide some complementary information to the station 
data. 

 

2.2 Atmospheric reanalysis and environmental parameters 

Reanalysis data are produced based on using observations in combination with climate 
modelling approaches to produce a useful representation of historical conditions. Two 
atmospheric reanalysis products are used here to study extreme wind gust hazards: ERA-
Interim, produced by the European Centre for Medium-Range Weather Forecasts (Dee et al., 
2011); and the Bureau of Meteorology Atmospheric High-resolution Regional Reanalysis for 
Australia (BARRA; Su et al. 2019). Two BARRA domains are used in this study: BARRA-R, 
which has Australia-wide coverage with 12 km horizontal grid spacing (in latitude and 
longitude); and BARRA-AD, which covers South Australia on a 1.5 km horizontal grid. 
Currently, BARRA-R is available from 2003 to 2016, and BARRA-AD is available from 2006 
to 2016, although longer versions of both BARRA datasets are to be released in the future 
(covering the period back to 1990). The ERA-Interim reanalysis product is available globally on 
a 0.75o horizontal grid from 1979 onwards, providing a time length suitable for long-term 
climate change trend analysis (as is a focus of this study). ERA-Interim data are available at six-
hourly intervals (00:00, 06:00, 12:00 and 18:00 UTC), whereas data from BARRA-AD and 
BARRA-R are available at one-hourly intervals. To help enable consistency with ERA-Interim 
reanalysis (given that it is used here for the long-term climatology and trend analysis), the 
hourly BARRA data are used only at 00:00, 06:00, 12:00 and 18:00 UTC. 

A range of environmental parameters are used in this study, primarily based on methods 
developed previously for indicating severe convective storms and their associated hazards. The 
formulations of these parameters are detailed in the Appendix (see Section 5.5). The parameters 
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are calculated individually for each sub-daily time step of the reanalysis data for a range of 
atmospheric levels, and then resampled to daily maximum values for use in the analysis 
together with the daily station data for maximum wind gust.  

There are inhomogeneity issues associated with upper-air data assimilated into the 
reanalyses, used here for the calculation of these environmental parameters. Such issues include 
various satellite datasets becoming available throughout the reanalysis period, and changes to 
satellite instrumentation, noting that some of these may be accounted for in reanalysis datasets 
with bias correction. Inhomogeneities in air temperatures from radiosonde data have been 
investigated in the Australian region (Jovanovic et al. 2017), revealing that he largest shift 
resulted from the change from Philips Mark III to Vaisala RS80 radiosonde in 1987/1988, and 
that compared to the original data the homogenised temperatures showed reduced warming 
trends in the troposphere and enhanced cooling in the lower stratosphere (i.e., decreasing 
temperature for both of those atmospheric levels, which might therefore have a general 
compensatory effect when combined in relation to potential inhomogeneities in vertical 
temperature lapse for a given time). However, data inhomogeneities remain unquantified in 
general for upper-tropospheric winds and moisture. As a result, long-term changes in 
thunderstorm environments should be treated with some caution, particularly for regions which 
have small magnitude changes and/or small spatial extent. 

 

2.3 Extreme wind gust events 

A dataset of extreme wind gust events based on AWS data in South Australia was 
produced for the South Australian Transmission Network Service Provider (TNSP) ElectraNet 
by consultants (JDH Consulting), for use in examining extreme wind hazards to the electricity 
transmission network. This dataset (hereafter described as the JDH dataset) is comprised of 
selected events referred to as extreme ‘non-synoptic’ events (i.e., relatively small-scale and 
short-lived events, as could be associated with severe thunderstorms). We use events from that 
dataset for some of the analysis presented here, with verification of these events against the 
station wind gust data (described in Section 2.1) and see Appendix Table A1 providing a full 
list of the 66 events (together with the 23 station locations used to identify those events listed in 
Table A2). 

Additionally, two individual extreme wind events are examined in detail, for 14 
November 1979 and 28 September 2016. It is noted that the September 2016 event is not 
included in the JDH dataset (Table A1), as it was identified by JDH as 'synoptic', rather than 
'non-synoptic' (see Section 5.1 for details). Severe thunderstorms were observed on this day 
throughout South Australia (Section 3.4), and it is possible that both synoptic and non-synoptic 
processes simultaneously influenced the event for various regions and times over the duration of 
the event, as an example of a compound event for combined storm types (Dowdy and Catto 
2017). Both the 1979 and 2016 events are investigated because they led to failures within the 
electricity transmission network, thereby providing notable examples of hazardous extreme 
wind events in South Australia. 

 

2.4 Climate indices 

Relationships are examined between extreme wind environments and the main large-
scale drivers of atmospheric and oceanic variability for the South Australia region. The 
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NINO3.4 index is used to represent ENSO conditions, based on sea surface temperatures in the 
equatorial Pacific, and is obtained from the National Oceanographic and Atmospheric 
Administration Earth System Research Laboratory (NOAA ESRL1). The Dipole Mode Index 
(DMI) is used to represent the state of the Indian Ocean Dipole (IOD), relating to sea surface 
temperature gradients across the Indian Ocean. The DMI is also attained from NOAA ESRL2. 
An index representing the Southern Annular Mode (SAM) is used (Marshall 20033), 
charactersied by north-south shifts in atmospheric mass between Antarctic regions and mid-
latitudes in the Southern Hemisphere. 

3. RESULTS 

3.1 Station wind gust data 

Here we examine characteristics of daily maximum wind gusts from BoM station data, 
including the annual frequency and seasonal cycle of different wind gust speeds. Diurnal 
analysis of station data is presented separately in the Appendix, using half-hourly data, 
complementary to the results presented here. Days are placed into four categories based on the 
speed of the maximum observed wind gust, which are defined for use in this study as "weak" (5 
– 15 m.s-1), "moderate" (15 – 25 m.s-1), "strong" (25 – 30 m.s-1) and "extreme" (> 30 m.s-1). 

Time series of daily maximum wind gusts from 1979 to 2017 are presented in Figure 1 
for Woomera, Adelaide Airport, Port Augusta and Mount Gambier. A total of 28 extreme (i.e., 
> 30 m.s-1) wind gust days occur over this period, with Woomera (15) having the highest 
amount, followed by Adelaide Airport (6), Port Augusta (5) and Mount Gambier (2). These 28 
extreme wind events all occurred on different days, indicating that on average an extreme wind 
event occurred about once every 1-2 years on a given day for at least one of these locations. 

The positions of potential inhomogeneity points are labelled with vertical dashed lines 
in Figure 1, as indicated based on internal BoM documentation (including based on changes to 
wind recording methods). In particular, the earliest potential inhomogeneity point at each station 
represents a change in anemometers during the 1990s (as discussed previously in Section 2.1), 
with later points representing changes in station location or anemometer position. As stated 
previously, different recording procedures were adopted when Dines anemometers were 
replaced throughout the network, which lead to decreased detection of strong and extreme gusts. 
For Adelaide Airport, Port Augusta and Mount Gambier, most extreme wind gusts were 
recorded pre-anemometer change, noting that Port Augusta gust data is also influenced by a 
change in site location (Table 1). For all stations except Port Augusta, the highest wind gust is 
recorded pre-anemometer change. These results are therefore indicative of potential influences 
from data inhomogeneity on the characteristics of extreme wind gusts based on station 
observations data. 

There is a large amount of interannual variability in the occurrence of moderate, strong 
and extreme wind gusts for each of the four locations shown in Figure 1. For example, at 
Woomera there are eight days with extreme wind gusts in the final decade of data presented 
(from 2008 – 2017), while there are only three days with extreme wind gusts from 1992 – 2007, 
even though wind is recorded in the same way during both periods and no other potential 

 
1 https://www.esrl.noaa.gov/psd/data/correlation/nina34.data 
2 https://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/Data/dmi.long.data 
3 Obtained from https://legacy.bas.ac.uk/met/gjma/sam.html 
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inhomogeneities are identified. Woomera also has a maximum of nine strong (25 – 30 m.s-1) 
wind gust days recorded in a year (1986), with only one day recorded two years previously 
(1984), and none recorded in several years (including 1999 – 2000). The number of moderate 
(15 – 25 m.s-1) wind gust days varies from about 70 to 100 days per year when a full year of 
data is recorded, with this range being consistent between all stations. 

 

 

Figure 1: Time series from 1979 to 2017 of daily maximum wind gust data from four locations in South 

Australia: Woomera (a), Port Augusta (b), Adelaide Airport (c) and Mount Gambier (d). For each location, 
the upper panel shows monthly maximum values of daily maximum wind gust speed (blue) and the 
number of days for each year that have data available (black squares). The lower panel is the number of 
days for each year on which daily maximum wind gusts are 15 - 25 m.s-1 (blue squares), 25 - 30 m.s-1 
(orange squares) and > 30 m.s-1 (black crosses). Vertical dashed lines in the upper panels represent 
potential inhomogeneities based on station metadata (as discussed in manuscript text). 

Figure 2 displays the monthly mean distribution of wind gust days for each BoM station 
and wind speed category, for the same period as Figure 1. For Port Augusta, years with more 
than about 10% missing data are removed (as discussed in Section 2.1). 

The results for moderate wind gusts (15 – 25 m.s-1) show some seasonal variation in 
their occurrence, including more frequent occurrence during spring than autumn. Strong gusts 



EXTREME WIND GUSTS AND THUNDERSTORMS IN SOUTH AUSTRALIA ANALYSED FROM 1979-2017  

 

9 
 

(25 – 30 m.s-1) are most frequent near the start of spring (around September) at all stations, 
although this category represents relatively rare events that do not provide a large sample size 
for examining monthly climatologies. 

Extreme wind gusts (> 30 m.s-1) tend to occur during the warmer months of the year for 
Woomera and Port Augusta (e.g., all within the September – January period). This is broadly 
similar to what might be expected for thunderstorms that can intensify due to the heating of the 
land during the day, particularly during the warmer months of the year, while noting that late 
summer events are not apparent from Figure 2 and that there are a large number of factors that 
can influence thunderstorm activity (e.g., as explored in Section 3). For Adelaide Airport, 
extreme gusts seem to be more uniformly distributed throughout the year, and the two extreme 
gusts at Mount Gambier occur in the winter and spring. It is worth noting that these two 
locations are closer to maritime environments than is the case for Port Augusta and Woomera. 

 

 

Figure 2: Monthly mean number of days with daily maximum wind gusts in the range 5-15 m.s-1 (green 
squares), 15-25 m.s-1 (blue squares), 25-30 m.s-1 (orange squares) and > 30 m.s-1 (black crosses) at 
Woomera (a), Port Augusta (b), Adelaide Airport (c) and Mount Gambier (d). 

3.2 Reanalysis wind gust data 

3.2.1 Comparison with station data 

Wind gust data from reanalyses are examined here. These data are parametrised wind 
gusts, calculated by combining large-scale wind speeds solved with dynamical model equations 
with estimations of sub-grid scale processes which are not resolved by the reanalysis models. 
Each reanalysis model uses various parametrisation schemes to estimate sub-grid scale 
processes, which in the case of surface wind gusts includes atmospheric instability/convection 
(including at microphysical scales) and atmospheric boundary layer physics (see Dee at al. 
(2011) for ERA-Interim; Su et al. (2019) for BARRA). 
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Figure 3 shows reanalysis wind gust data compared with observations at the four 
locations (Woomera, Port Augusta, Adelaide AP and Mount Gambier), including for ERA-
Interim, BARRA-R and BARRA-AD reanalyses. Frequency of occurrence is shown (with 
shading), with verification statistics also provided (top-left of each panel). Daily maximum 
parametrised wind gusts are reasonably well correlated with station wind gust data with a 
Spearman ranked correlation coefficient, rs, above 0.7 for all locations/datasets (noting that a 
coefficient of 1 represents a perfect ranking of observations, while 0 represents a completely 
unranked relationship). Mean absolute error and root mean square error are also shown, to 
indicate model bias and error. 

A large proportion of extremes (> 30 m.s-1) as shown by the station observations are not 
shown by the reanalyses, while noting that BARRA-R and BARRA-AD generally provide 
better representation of observed extreme wind speeds than ERA-Interim which tends to 
underestimate observed extreme wind speeds (Figure 3). This reveals a limitation of using these 
reanalysis wind gust data to study extreme events in this region. Further details on this are 
presented in Appendix Figure A2 and A3, showing that reanalysis datasets can reasonably 
represent the seasonal cycle and interannual variation seen in observed wind gust data, except 
for the extreme wind gust category. The inability to reproduce extreme wind gusts could 
plausibly be related to the inability for models to fully represent sub-grid scale processes 
(localised regions of convection). Additionally, the reanalysis data represent area-averaged 
values (for individual grid regions) whereas station data are point-based observations that could 
result in differences for small-scale localised extreme wind events. Reanalyses could therefore 
be more likely to represent large-scale wind gusts associated with synoptic-scale events (e.g., 
extratropical cyclones and fronts) than relatively small-scale (mesoscale) thunderstorm-related 
events. 
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Figure 3: Frequency of occurrence of daily maximum wind gust data (m.s-1) from reanalyses and station 
observations, shown at different locations for the period 2006-2016. Additionally, station wind gusts over 
30 m.s-1 are shown by black circles. Results are shown in rows from top to bottom for Woomera (a), Port 
Augusta (b), Adelaide Airport (c) and Mount Gambier (d), based on ERA-Interim (left panels), BARRA-R 
(middle panels) and BARRA-AD (right panels) reanalyses. Spearman’s ranked correlation coefficient (rs), 
mean absolute error (MAE) and root mean square error (RMSE) are shown at the top left of each panel. 
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3.2.2 Wind gust risk mapping and long-term changes 

Figure 4 presents maps of strong wind occurrences as indicated from the wind gust data 
obtained from reanalyses. Results are shown as the average number of strong wind events per 
year calculated for each individual grid-cell location. ERA-Interim and BARRA-R data are 
used, while BARRA-AD is not presented as Figure 3 shows it does not substantially out-
perform BARRA-R in representing the upper ranges of wind gust speeds. Results are shown for 
the full ERA-Interim period (1979 - 2017), as well as for the full BARRA-R period (2003 – 
2016, as currently available). As ERA-Interim produces fewer strong wind events than are 
observed (based on the station data), a threshold of 21.5 m.s-1 is used for the results presented in 
Figure 4. This threshold represents the same percentile (99.6th) as the lower bound of the strong 
wind threshold (i.e., exceeding 25 m.s-1) for the station data (i.e., using the 23 stations as listed 
in Table A2). Similarly, for BARRA-R, a threshold of 23.75 m.s-1 was used. Results are shown 
individually for the seasons August to October (ASO), November to January (NDJ), February to 
April (FMA) and May to July (MJJ), as well as for all months of the year. 

Maps for all seasons (Figure 4a) indicate a relatively high occurrence frequency of 
strong wind gust events in maritime and near-coastal areas throughout South Australia, as well 
as some inland locations in BARRA-R, particularly over significant topography. Seasonal maps 
show that this occurs mostly during the winter and spring in ERA-Interim and BARRA-R. 
Although, there are also some notable areas of relatively high occurrence frequencies for some 
near-coastal locations, as well as some inland regions in BARRA-R during November - 
January. Examples such as these provide some indication that BARRA-R may potentially be 
simulating some deep convective processes associated with thunderstorms and extreme wind 
gusts during the summer.  

The occurrence frequencies in ERA-Interim generally decrease uniformly with distance 
inland, with a slight increase around parts of the Flinders Ranges during August – October. 
However, BARRA-R indicates a significantly higher wind gust risk along the Flinders Ranges 
than indicated by ERA-Interim. This could potentially relate to local topography being better 
resolved by the regional BARRA-R model (see the height contours in Figure 4) with localised 
regions of thermodynamic instability leading to convection and resultant strong wind gusts. 
Localised regions of increased risk over the Flinders Ranges in BARRA-R (including as 
compared to ERA-Interim) are present in all periods of the year. 
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Figure 4: Maps for South Australia showing the average number of strong wind gusts per year, based on 
different reanalysis datasets. This is shown for individual seasons ASO (a), NDJ (b), FMA (c) and MJJ (d), 
based on ERA-Interim from 1979 - 2017 (left column panels), ERA-Interim from 2003 – 2016 (middle 
column panels) and BARRA-R from 2003 – 2016 (right column panels). Strong wind gust events are 
defined using percentile-matched thresholds (99.6th percentile based on observations) for each reanalysis 
dataset as follows: ERA-Interim = 21.5 m.s-1, BARRA-R = 23.75 m.s-1. Grey contour lines show 
topography at 250 m intervals as used for the BARRA-R reanalysis model. Note that a logarithmic colour-
scale is used. Values below 0.1 gusts per season appear white. 

Figure 5 presents the percentage change in the seasonal mean number of strong wind 
gust events as indicated by the ERA-Interim reanalysis (using the same data as shown in Figure 
4 based on the threshold of 21.5 m.s-1). This is calculated as the difference in the mean number 
of events between the first half of the available time period (1979 – 1998) and the second half of 
the period (1998 – 2017). 
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The results indicate a region of increased occurrence frequency in the northwest of the 
state. This is primarily associated with changes in August – October, which result in an 
approximate doubling of strong wind gust days per year in the region in recent decades as 
compared to earlier decades. A small reduction in occurrence frequency is indicated for the 
region around Adelaide and east of the Flinders Ranges. Note that there are large areas of zero-
percentage change, particularly during February – July, which is due to the limited occurrence 
of strong wind gusts for this time of the year. 

 

 

Figure 5: Long-term change (%) in the number of strong wind gust events as indicated by ERA-Interim 
wind gust data (based on a threshold of 21.5 m.s-1, percentile-matched from a 25 m.s-1 threshold using 
station data). Results are presented for August – October (a), November – January (b), February – April 
(c) and May – July (d). The values shown are calculated as the difference from the first half (1979 – 1998) 
to the second half (1998 - 2017) of the study period. Locations where the change is statistically significant 
at the 95% confidence level (using a 2-sided bootstrap method) are shown with black circles. 

Further details on long-term changes in wind gust speeds based on station observations 
and reanalysis wind data are provided in the Appendix (Tables A3 and A4). The results indicate 
some decreases in mean wind gust speed (i.e., stilling) similar to results for other regions of 
Australia in general as prersented by McVicar et al. (2008) and Azorin-Molina et al. (2018), 
while noting potential issues relating to data quality (e.g., for Port Augusta as noted in Table 1). 
Results for extreme wind gusts are examined in the following Section 3.3. 
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3.3 Environmental conditions associated with extreme wind 
gusts 

Although reanalysis data can provide information about the spatio-temporal 
characteristics of strong wind gusts throughout South Australia (e.g., as examined in Section 
3.2), this is generally not the case for extreme wind speeds exceeding 30 m.s-1 (as is a focus of 
this study) as shown from Figure 3 previously. Consequently, other methods may be beneficial 
to help analyse these extreme events such as consideration of atmospheric environmental 
conditions associated with the occurrence of extreme wind gusts. The environmental parameters 
examined in this section are primarily those associated with severe thunderstorms, with details 
on the formulations of various parameters included in Appendix Section 5.5. 

3.3.1 Station wind gust environments 

Results are presented here for the relationship between wind gust speed (using station 
data) and two environmental parameters (calculated from ERA-Interim reanalysis data): 
convective available potential energy (CAPE, Figure 6) and 0 – 6 km vertical wind shear (S06, 
Figure 7). These two parameters were selected as they are most commonly used in Australia 
(and other regions of the world in many cases) for indicating the occurrence of environments 
associated with severe thunderstorms (e.g., Allen et al. (2014) and references therein). CAPE 
indicates the amount of energy which can potentially be released from lifting parcels of air (in 
the form of convection), with more details on the calculation of CAPE provided in the 
Appendix (Section 5.5) and noting that mixed-layer CAPE is used in this section (Figures 6 and 
8). S06 is thought to help organise thunderstorms such that they may develop into severe 
systems. It may also be relevant for indicating thunderstorm activity in relation to the potential 
influence of synoptic-scale systems (such as cold fronts) that could provide a potential trigger 
mechanism for initiating deep convective processes in some cases including due to convergence 
and dynamic uplift ahead of a cold front (Dowdy et al. 2017). 

Most days with weak and moderate wind speeds are associated with low or zero values 
of CAPE. There are, however, some weak/moderate gust days with large values of CAPE. It is 
possible to have large values of CAPE without a thunderstorm occurring at that location, 
including due to strong low-level capping (e.g., convective inhibition: CIN), the lack of a 
suitable lifting mechanism, or a thunderstorm forming after the CAPE has already been 
released, (given that it is the more mature stage of thunderstorm development that has a higher 
risk of extreme wind gusts at the surface). It is also possible that these values correctly identify 
thunderstorms which are not located close enough to the observing stations or have 
thunderstorm outflow in a different direction away from the anemometer. Conversely, there are 
also some cases where strong and extreme winds occur for relatively low CAPE values, as has 
been noted in several studies previously (e.g., Sherburn and Parker et al. (2014)), indicating a 
relationship with vertical wind shear. However, in general, the higher values of CAPE are more 
frequently associated with the occurrence of the higher wind gust speeds (Figure 6). 

When considering strong and extreme wind gust days, a shift is seen to higher values of 
CAPE at all stations. For inland stations (i.e., Woomera and Port Augusta), extreme gusts tend 
to have higher values of CAPE relative to strong gusts. For coastal stations (Adelaide Airport 
and Mount Gambier), there is little difference in the distribution of CAPE between strong and 
extreme wind gust days. This suggests that extreme wind gusts for inland regions may be more 
strongly driven by CAPE than is the case for regions closer to the coast. 
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Figure 6: Distributions of ERA-Interim daily maximum mixed-layer CAPE (J.kg-1) for different wind gust 
speed categories (based on station data). This is shown for grid points nearest to Woomera (a), Port 
Augusta (b), Adelaide Airport (c) and Mount Gambier (d). Box whiskers extend to the maximum/minimum 
values, with the orange central line representing the median value and the box range representing the 25th 
and 75th percentile limits. The number of days in each wind gust speed category is shown below each 
panel. 

The S06 values also tend to be larger on days with strong/extreme wind gusts as 
compared to days with weaker wind gust speeds (Figure 7). In addition, for Adelaide Airport 
there is a shift to higher values of S06 when comparing extreme wind gusts relative to strong 
wind gust days. This difference in S06 values between strong and extreme wind gust events is 
not observed for the more inland stations (i.e., Woomera and Port Augusta) or for Mount 
Gambier (noting there are only two extreme gusts recorded there). This suggests that strong 
vertical wind shear might potentially be a more dominant forcing mechanism for extreme wind 
gusts in the more coastal regions of South Australia as compared to more inland locations. 
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Figure 7: As for Figure 6 but for S06. 

Figure 8 shows monthly mean values of CAPE and S06 for each station. Also shown is 
a combined measure based on CAPE and S06, referred to here as CS6, examined in subsequent 
sections (and detailed in Appendix Section 5.5.5). S06 has a maximum around spring and a 
minimum around autumn for each location, highlighting a significant difference between these 
two 'shoulder' seasons either side of summer of winter. CAPE values show a more complex 
pattern over the year. In particular, CAPE has its maximum during summer and minimum 
during winter at Woomera and Port Augusta, with some indication of a bimodal cycle over the 
year at Mount Gambier and Adelaide Airport (e.g., maxima around summer and winter and 
minima around autumn and spring). The local winter maximum in these two locations may 
potentially be associated with a stronger influence from maritime environmental conditions in 
some cases, such as the potential for advection of relatively warm and moist oceanic air over the 
land during the cooler months of the year. The CS6 values tend to be higher during spring and 
towards the end of the year as compared to the period from the start of the year into autumn, 
reflecting the combined influence of CAPE and SO6 (with further details on CS6 provided in 
the following Section 3.3.2). 
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Figure 8: Monthly mean values (smoothed using a three-month rolling average) of daily maximum mixed-
layer CAPE (blue), S06 (red) and CS6 (green) calculated from ERA-Interim data at grid points closest to 
Woomera (a), Port Augusta (b), Adelaide AP (c) and Mount Gambier (d). 

3.3.2 Extreme wind environments 

We now assess a broader range of environmental conditions, in addition to CAPE and 
S06 as examined in the previous section, in relation to the occurrence of extreme wind gust 
events. The environmental parameters examined here include those used in previous studies 
(such as listed in Bates et al. (2017)) as well as additional parameters used within some sections 
of the BoM for guidance in producing operational severe weather warnings. The extreme wind 
gust events considered here include the 66 events obtained from the JDH dataset based on 23 
different observing stations in South Australia (as described in Section 2.3 representing a 
selection of events identified as potentially hazardous for the South Australia electricity 
transmission network), as well as all events with wind gust speeds greater than 30 m.s-1 based 
on the daily data at those same 23 stations. There are 58 instances in which the daily maximum 
wind gust exceeds 30 m.s-1 at the 23 stations (compared to 66 JDH events, noting that the JDH 
dataset includes some adjusted wind speeds as detailed in Appendix Section 5.1). Additionally, 
there are 581 instances of daily maximum wind gusts in the range of 25 – 30 m.s-1, which are 
used here as a "strong station wind gust dataset". 
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The following parameters commonly used for indicating thunderstorm characteristics 
were calculated from ERA-Interim reanalysis data: mixed layer CAPE (MLCAPE), most 
unstable CAPE (MUCAPE), 0 – 6 km wind shear (S06), MLCAPE x S061.67 (CS6), supercell 
composite parameter (SCP), significant hail parameter (SHIP) and the derecho composite 
parameter (DCP). In addition, we test two multiplicative parameters defined in this study: a 
combination of downwards CAPE (DCAPE) and CS6 (referred to as DCS6); and the same as 
DCS6 but with the inclusion of 800 – 600 hPa mean wind speed (referred to as DUCS6). 
Downwards CAPE (DCAPE) indicates the theoretical potential energy of an air parcel that 
could be released if it were to descend to the surface as a downdraft, including due to 
evaporative cooling, which is known to be related to thunderstorm outflow and associated 
surface wind gusts (Kuchera and Parker 2006). We also test the 10-metre ERA-Interim and 
BARRA-R parametrised wind gusts (Section 3.2) for comparison (WG10). Details of the 
formulation of convective parameters, as well as references can be found in the Appendix 
Section 5.5. 

These parameters were calculated for each 6-hourly time step of the reanalysis data, 
with a daily time series then produced representing the maximum value for each day. Each 
parameter is examined in relation to its ability to indicate the likelihood of occurrence of 
extreme wind events. This is done based on defining a threshold for each parameter 
corresponding to a probability of detection (POD) of two-thirds. This fraction of two-thirds is a 
somewhat arbitrary selection in relation to its exact value, intended as a moderate measure to 
help indicate useful thresholds for each parameter (noting that higher fractions increase the 
number of false alarms and lower fractions increase the number of missed events). POD, also 
known as the Hit Rate, is equal to the number of 'hits' divided by the total number of extreme 
wind events, where a 'hit' is counted in cases where an extreme wind event occurs at a given 
location and the value of the parameter at that location and date was above the threshold value. 

This method results in two thirds of the extreme wind events being correctly identified 
by each of the different parameters, as well as one third missed. However, they can differ in 
their number of false alarms, which provides a consistent means of comparing the different 
environmental parameters against each other. Consequently, we calculate the probability of 
false detection (POFD, also known as the false alarm rate: FAR), representing the proportion of 
observed non-events which are false alarms (i.e., incorrectly identified as an event). Therefore, 
lower values of FAR represent more accurate indications of an event occurring. 

Table 2 shows FAR values for 10 different environmental parameters. These values are 
calculated individually for three different datasets of wind gust events: extreme wind events 
based on the JDH dataset, strong wind gusts from station data (25 – 30 m.s-1) and extreme wind 
gusts from station data (> 30 m.s-1), with the threshold values also shown in each case 
corresponding to a Hit Rate of two-thirds. The thresholds calculated here are generally much 
lower than the recommended thresholds for forecast guidance of thunderstorms, which may be 
explained by the wide range of CAPE and shear values for wind gusts over 30 m.s-1 (shown 
previously in Figures 6 and 7). It is also noted that higher threshold values could be used, 
reducing the number of false alarms but also reducing the number of hits. 

DUCS6, DCP and DCS6 appear to be the three most suitable multiplicative parameters 
for identifying JDH events using ERA-Interim, all having FARs under 0.07. DCP has the lowest 
FAR for extreme station gusts (0.085), including relative to DUCS6 (0.119) and DCS6 (0.108). 
Two of the three best performing parameters for the JDH events utilise MLCAPE as a predictor 
(DUCS6 and DCS6), with MLCAPE on its own ranked as the fourth best predictor (FAR = 
0.073). The DCP and SCP, both of which contain MUCAPE in their formulation (see Appendix 
Section 5.5), have the second and fifth lowest FAR values for JDH events, respectively. It is 
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noted that SCP has the second lowest FAR for extreme station wind gusts (0.097), behind the 
DCP. 

All of these parameters have a lower FAR for JDH events than the ERA-Interim 
reanalysis wind gusts (0.256 for WG10 (ERA-I)), demonstrating the benefit of using 
environmental parameters to identify extreme wind events, rather than using parameterised 
wind gust data from the reanalysis. However, as shown in Section 3.2, reanalysis wind gusts are 
generally reliable for indicating strong observed gusts (25 – 30 m.s-1), and have the best 
performing FAR for these events (0.042 for WG10 (ERA-I)). For completeness, BARRA-R 
wind gusts were also examined using this method and found to have a slightly higher FAR to 
ERA-Interim (0.048) for the 301 strong wind gusts occurring from 2003 – 2016 (i.e., the period 
of data currently available for BARRA-R) and a slightly lower FAR than ERA-Interim for the 
45 JDH events (0.238). In addition, it is noted that parameterised model wind gusts can still be 
useful for the prediction of extreme winds in some operational forecasting applications (Dean 
Sgarbossa, BoM; personal communication). 

Table 2: False Alarm Rate (FAR) for a range of environmental parameters calculated from ERA-Interim 
reanalysis. Results are presented individually based on three different types of wind events at 23 different 
observing stations: JDH dataset, strong wind events from all station data (25 – 30 m.s-1) and extreme wind 
events from all station data (> 30 m.s-1). For the BARRA-R wind gust (*), there are fewer events because 
of the shorter reanalysis period (45 JDH events, 33 extreme station gusts and 301 strong station gusts). 
The parameters are sorted in table row order based on higher rows having lower (i.e., better) FAR for the 
JDH dataset. Threshold values of the different parameters are also listed, corresponding to a Hit Rate of 
two-thirds, with this threshold then used for calculating the FAR values. 

FAR Two‐thirds Hit Rate threshold 

 

JDH‐
identified 
wind event 
(N=66) 

Strong 
station 

wind gust 
(N=581) 

Extreme 
station 

wind gust 
(N=58) 

JDH‐
identified 
wind event 
threshold 

Strong 
wind 
event 

threshold 

Extreme 
station wind 

gust 
threshold 

DUCS6 0.061 0.142 0.119 0.734 0.149 0.232 
DCP 0.065 0.150 0.085 0.050 0.011 0.034 
DCS6 0.069 0.174 0.108 0.085 0.008 0.033 
MLCAPE 0.073 0.196 0.141 77.3 14.3 28.3 
SCP 0.075 0.115 0.097 0.018 0.008 0.011 
CS6 0.076 0.157 0.123 9443.0 2407.0 4200.0 
MUCAPE 0.082 0.184 0.100 131.0 42.3 103.0 
SHIP 0.085 0.187 0.110 0.005 0.001 0.002 
WG10 (BARRA‐R) *  0.238  0.048  0.210  14.5  18.6  14.8 

S06 0.241 0.135 0.237 25.0 29.3 25.1 
WG10 (ERA‐I) 0.256 0.042 0.254 12.8 17.3 12.8 
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3.3.3 Developing a conditional parameter to identify extreme events 

Here, we test a conditional parameter for the detection of extreme wind gust events in 
South Australia, which combines several environments that may potentially lead to the 
generation of these events (Section 3.3.1). However, it is noted that the parameter tested here is 
not intended to be used in other applications without further work (e.g., for assessing 
applicability to other regions and/or data). The parameter is developed based on the results 
indicating that DUCS6 provides a good indication of the occurrence of extreme wind events 
(Table 2) using ERA-Interim. This section provides a more detailed examination of its 
individual components, including for DCAPE, MLCAPE, S06 and the mid-level mean wind, 
MLM (average of 800 hPa and 600 hPa levels). Figure 9 shows the relationship between 
DCAPE and MLM for all 66 extreme events (as listed in Table A1), separated into high (≥ 30 
m.s-1) and low (< 30 m.s-1) values of S06. The events are further categorised using different 
values of MLCAPE. 

Similar to results presented by Evans and Doswell (2001), these results indicate that 
extreme wind events occur in a range of DCAPE and MLM environments as represented by 
ERA-Interim, and that there is a negative correlation between the two quantities. With the 
addition of MLCAPE and S06, Figure 9 suggests that there may be some general types of large-
scale environments based on this set of parameters that are commonly associated with the 
occurrence of convective wind extremes. Two such classifications are described as follows. 

One type is characterised by a relatively low-DCAPE (< 500 J.kg-1) and relatively high-
MLM (≥ 26 m.s-1) environment. Events in this environment generally have high S06 (≥ 30 m.s-

1) and MLCAPE < 400 J.kg-1. Similar to the approach of Evans and Doswell (2001), we classify 
this type of event as "synoptically-forced" (SF), given that the driving processes are related to 
strong mean winds for the environmental conditions, indicating the influence of synoptic-scale 
processes (e.g., in association with fronts or extra-tropical cyclones in this region). 

A second type of environment associated with extreme wind gust events, has relatively 
high values of DCAPE (> 350 J.kg-1) and relatively low values of MLM (< 26 m.s-1). Most 
events in this environment occur with some amount of MLCAPE (> 100 J.kg-1), although many 
of them occur within high MLCAPE environments (≥ 600 J.kg-1). In addition, most events of 
this type exist with S06 less than 30 m.s-1. These are referred to here as "mesoscale-forced" 
(MF) events, given that driving processes (including thermodynamic instability leading to 
strong and deep convection), as indicated by high values of MLCAPE, tend to occur at the 
mesoscale. 
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Figure 9: Extreme wind events (listed in Table A1 based on JDH dataset) placed into DCAPE-MLM 
coordinates from daily maximum environmental data using ERA-Interim with background shading 
representing the occurrence frequency for all other (i.e., non-event) time steps. Events are separated into 
low S06 environments, represented by red circles, and high S06 environments, represented by blue 
circles, using a threshold of 30 m.s-1. In addition, for figures (b) and (c), the shading of red and blue circles 
is determined by MLCAPE thresholds given by the legend to the right of each panel. The two environment 
groups noted in manuscript text corresponding to "MF" and "SF" are shown with red and blue dotted lines, 
respectively. 
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Thresholds are defined for the two types of environments based on the above discussion 
(from ERA-Interim data) and applied systematically to both reanalysis datasets. The resultant 
parameter provides a method for indicating the occurrence of extreme wind gust events through 
the detection of two separate environments, including low- or zero-CAPE environments (SF). 
This is generally not the case for established multiplicative parameters which are suited to 
identifying a specific type of environment known to produce extreme wind gusts (e.g., linear or 
quasi-linear convective systems such as squall lines for DCP). This conditional parameter, 
referred to hereafter as the 'Conditional Extreme Wind Parameter' (CEWP), is based on the MF 
and SF environments identified through Figure 9 and described above. It is formulated as shown 
in Equations 1-3, as follows: 

 

 	1, 	 06 30	 . 	 ∧ 	 500	 . 	 ∧ 	 26	 .
0, 																																																																																																																						

  (1) 

	 1, 		 120	 . ∧ 	 350	 . 	 ∧ 	 26	 .
0, 																																																																																										

	 (2) 

	
		1, 	 	 ∨
0, 					

        (3) 

 

CEWP is given a value of 1 if either MF or SF are equal to one for 6-hourly values at a 
grid point, otherwise it is equal to 0. This formulation could potentially be refined further, 
including based on considering other regions of Australia or the world, or perhaps modified in 
structure to provide a continuous range of values. When applying CEWP to the ERA-Interim 
dataset (1979 – 2017), the resulting extreme event Hit Rate (Table 3) is close to the prescribed 
rate (two-thirds) as used previously in Table 2. The FAR for CEWP is slightly lower (0.059) for 
the JDH dataset relative to the next lowest FAR for DUCS6 (0.061) and notably lower (0.057) 
for the extreme station gust dataset than all parameters as shown in Table 2. Advantages of 
using the CEWP in place of other parameters are further explored for individual cases in 
Section 3.4. In addition, CEWP allows separate trend and climatological analysis of the two 
types of environments identified as producing extreme wind gusts (SF and MF) independently 
(as examined in Section 3.5). 

Table 3: FAR and Hit Rates for CEWP and DUCS6 from ERA-Interim data. Event occurrence for DUCS6 
is based on the thresholds from Table 2, with CEWP events as described by Equations 1-3. 

 

Hit Rate for extreme 
events based on the 
JDH dataset 

FAR for extreme 
event based on the 
JDH dataset 

Hit Rate for 
extreme station 
wind gust data 

FAR for 
extreme station 
wind gust data 

CEWP  0.697  0.059  0.672  0.059 

DUCS6  0.662  0.061  0.672  0.142 

 
When considering extreme events from station data, it appears days indicated by the 

MF and SF environments (i.e., the two input components for defining the CEWP events) may 
correspond to a somewhat different range of wind speeds. Figure 10 shows boxplot distributions 
of wind speeds from station data for SF and MF environment days (i.e., days where the criteria 
are met for SF or MF, based on Equations 1 and 2). MF days, which have greater values of 
CAPE than SF days, have a significantly longer upper tail, whereas SF environments only have 
two station gusts over 35 m.s-1. 



 EXTREME WIND GUSTS AND THUNDERSTORMS IN SOUTH AUSTRALIA ANALYSED FROM 1979-2017 

24 
 

 

Figure 10: Boxplot distributions of daily maximum station wind gust speed (m.s-1), for days with synoptic 
scale forcing (SF), mesoscale forcing (MF), and neither forcing. Days which are also in the extreme wind 
gust dataset (Table A1 based on the JDH dataset) are indicated by green triangles. The central orange 
line represents the median value, the box extends from the 25th to 75th percentile, and whiskers extend to 
1.5 times the interquartile range (with outliers as plus symbols). The number of days identified by each 
condition are given below the figure. 

Figure 11 visually demonstrates the degree to which CEWP can detect extreme wind 
gusts. It shows the number of 'extreme wind environment' days identified by CEWP for a range 
of different wind speeds (based on the station observations data). This reveals that a greater 
proportion of days are identified by CEWP with increasing wind speed. Although the number of 
days identified by CEWP would ideally be equal to zero for days under 30 m.s-1 (i.e., zero false 
alarms), this is not a realistic outcome for extreme events such as these for several reasons. For 
example, there are many factors that can potentially influence thunderstorm occurrence, 
including various processes that are still not well-understood (such as relating to microphysical 
aspects) and noting that events may occur at slightly different locations to where the 
observational stations are located (i.e., potentially not observed for the station data in some 
cases). 
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Figure 11: Occurrence frequency distribution of daily maximum wind speed in 5 m.s-1 intervals (black 
crosses), as well as for days identified by CEWP as an extreme wind environment (blue squares). 

3.4 Examination of 1979 and 2016 events 

Two individual events are examined here, where damaging winds are known to have 
occurred: on 14 November 1979 and 28 September 2016. These events are chosen because they 
led to failures within the South Australia electricity transmission network. We focus on three 
parameters, including the Derecho Composite Parameter (DCP), Supercell Composite 
Parameter (SCP) and CEWP (as detailed in Section 3.3.3). DCP is chosen as it was a well 
performing convective parameter as shown in Section 3.3.2 and it is an established method for 
identifying certain extreme wind gust events (those produced by linear or quasi-linear 
convective windstorms, which occur frequently in the United States; Evans and Doswell 
(2001)). SCP is chosen as it also performed well in the Section 3.3.2 analysis and is an 
established parameter well suited to the September 2016 event where supercell systems were 
present (BoM, 2016). 

For the November 1979 event, ERA-Interim shows elevated values of DCP (Figure 12), 
and to a lesser extent SCP (suggesting an environment more conducive to a linear organisation 
of convective systems rather than discrete supercell systems), structured in a northwest to 
southeast line extending across South Australia, which moves to the east over time. The 
structure is representative of a convectively unstable environment, with its location 
corresponding to a horizontal temperature gradient (Figure 13) which is typical of a passing 
cold front. CEWP identifies a potential for extreme wind gusts for the same region as DCP and 
SCP (Figure 12c). The environmental conditions indicate that this was mostly a mesoscale-
forced (MF) event (Figure 12d). 
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Figure 12: Time evolution of environmental parameters from ERA-Interim for the November 1979 event. 
Shown is DCP (a), SCP (b) and CEWP (c). The type of forcing (MF or SF, see Equations 1 and 2) is also 
shown (d). From left to right for each parameter is 14/11/1979 00:00 UTC, 06:00 UTC and 12:00 UTC. For 
DCP (a) and SCP (b) the grey solid contour represents the threshold value given in Section 3.3.2. 
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Figure 13: Mean sea level pressure (black line contours, 2.75 hPa spacing) and 850 hPa air temperature 
(filled contours) for the 14 November 1979 event (06:00 UTC), based on ERA-Interim reanalysis. 

The September 2016 event was associated with the passage of a cold front and 
associated deep cut-off low pressure system in the Great Australian Bight (Figure 14), 
combined with the influence of a trough over South Australia oriented from the northwest to the 
southeast. Severe thunderstorms were observed along the cold front and trough as these weather 
systems passed through South Australia, with supercell systems that produced several 
tornadoes, three of which occurred in Blyth, Wild Dog Creek and Wilmington (Bureau of 
Meteorology (2016); see Figure 15 for approximate timing and locations). Intense rainfall and 
large hailstones were also observed throughout South Australia. 
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Figure 14: MSLP analysis chart valid at 06:00 UTC, 28 September 2016, provided by the BoM. 

Both the DCP and SCP, as calculated from ERA-Interim reanalysis, do not provide a 
strong indication of convective wind risk during this event, noting that neither parameter shows 
significant values around the Adelaide region at 06:00 UTC (Figures 15a,b). In contrast to the 
SCP and DCP, the CEWP correctly identifies large regions of potential risk, which better 
represents areas of observed damage reports (Figure 15c) (BoM 2016). Differences between the 
DCP/SCP and CEWP suggest that the event was produced within a synoptic-forced (SF) 
environment (associated with the intense cut-off low), corresponding to high MLM/S06, but 
with little mesoscale-forcing (MF) based on ERA-Interim reanalysis (in contrast to the 1979 
event examined above). DCP and SCP are multiplicative parameters, which can be beneficial 
for indicating individual types of environmental conditions (e.g., as detailed in Appendix 
Section 5.5.4). This is a potential advantage of applying this type of conditional parameter to a 
relatively coarse resolution dataset such as ERA-Interim, given the range of environments in 
which extreme convective gusts may occur in (Figure 9) including cases with zero or low values 
of CAPE. 
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Figure 15: As for Figure 12 but for the September 2016 event, based on ERA-Interim reanalysis data. 
From left to right for each parameter is 28/09/2016 00:00 UTC, 06:00 UTC and 12:00 UTC. Three 
observed tornadoes from a Bureau of Meteorology report, 2016, are marked with black triangles at 06:00 
UTC. 

Due to an increase in spatial resolution, BARRA-R can better represent strong 
horizontal gradients within the rapidly intensifying cut-off low pressure system during the 
September 2016 event (Figure 16). This results in a more intense cold front which extends 
throughout South Australia, with a region of instability not seen in ERA-Interim. The DCP and 
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SCP therefore produce a more realistic representation of the extreme wind risk that occurred for 
this event when it is calculated based on BARRA-R (Figures 17a and b) as compared to when it 
is calculated based on ERA-Interim (Figures 15a and b). However, the results for CEWP based 
on BARRA-R (Figure 17c) and ERA-Interim (Figure 15c) are broadly similar to each other. 
The spatial detail provided by BARRA-R using CEWP suggests that both MF and SF 
environments are present during this event (Figure 17d) including near each other in some 
cases. This indicates the 'compound event' characteristics of this storm, as can be associated 
with a high risk of extreme weather occurring due to the combined influence of thunderstorms, 
fronts and cyclones (Dowdy and Catto 2017). 

 
Figure 16: As for Figure 13 but for the September 2016 event (28 September 2016, 06:00 UTC), 
represented by ERA-Interim (a) and BARRA-R (b). Central pressures for the cut-off low pressure system 
are 977.59 hPa in (a) and 974.21 hPa in (b). 
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Figure 17: As for Figure 15 but for BARRA-R reanalysis data. 

The ability of the high-resolution BARRA-R reanalysis to recreate atmospheric 
processes in more detail means it can potentially provide a more accurate representation of 
extreme thunderstorms and wind gust risk in some cases. This is also the case for the finer-
resolution BARRA-AD (1.5 km horizontal grid spacing) based on DCP, SCP and CEWP 
calculated from BARRA-AD for the September 2016 event (see Appendix Figure A4), while 
noting that at these 'convection-allowing' scales the use of measures such as CAPE may not be 
as applicable (e.g., not as useful as for application to coarser resolution data). 
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3.5 Risk mapping and long-term changes for extreme wind 
gust environments 

Convective wind risk is assessed spatially throughout South Australia in this section, 
based on examining the occurrence of extreme wind gust environments. This is done for three 
parameters; including two parameters identified in previous sections as having low false alarm 
rates, DCP and CEWP (Section 3.3), as well as one parameter which has been shown by 
previous studies to successfully indicate severe thunderstorm environments, CS6 (e.g., Allen 
and Karoly (2014)). Extreme event environments for CS6 and DCP are defined by the 
exceedance of a threshold giving a two-thirds Hit Rate for extreme events (Table 2), while for 
CEWP, maps are constructed simply based on days when the condition is met (Section 3.3.3) 
noting that this produces a similar Hit Rate of approximately two thirds. In addition, we present 
the two conditions on which CEWP is determined, MF and SF (from Equations 1 and 2). 

Spatial risk maps for CEWP (Figure 18c) indicate that extreme convective (wind) 
environments generally occur more frequently with increasing distance inland. This is a 
consistent result between the BARRA and ERA-Interim datasets. Spatial maps of MF (Figure 
18d) and SF (Figure 18e) environment frequency reveal that inland risk appears to be primarily 
due to the MF component of CEWP, noting that it is the conditional instability (CAPE/DCAPE) 
aspect of MF that is the primary cause of this feature. In contrast, SF environments tend to 
occur near coastal locations and in southern parts of this region (Figure 18d-e). The results for 
MF are therefore more similar than SF to the station observations (Figure 1) that showed 
extreme wind gusts appearing to occur more frequently at inland stations (while noting potential 
differences between stations in relation to their siting and exposure to wind which could 
influence recorded gust to some degree). 

CS6 indicates areas of heightened risk along the south coast (Figure 18b), which are not 
indicated based on CEWP. These coastal areas extend from the Eyre Peninsula to Mount 
Gambier, which is similar to the area of risk identified by the SF condition (suggesting shear- 
and mean wind-driven environments in these cases). There is also some indication of orographic 
influences, such as a slightly lower risk to the east of the Flinders Ranges as compared to the 
west for CS6 in some cases (for BARRA-R results). 
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Figure 18: Risk maps for selected environmental parameters, based on ERA-Interim and BARRA-R 
reanalyses. Results are shown for the number of days per year exceeding the extreme event threshold 
(given by Table 4) for DCP (a) and CS6 (b). For CEWP (c), MF (d) and SF (e) results are for number of 
days per year identified by the conditions given by Equations 1 and 2. Results are shown for ERA-Interim 
1979 – 2017 (left panels), ERA-Interim 2003 – 2016 (middle panels) and BARRA-R 2003 – 2016 (right 
panels). 
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Long-term trends in extreme wind gusts are estimated through temporal changes in the 
number of extreme environments for the same parameters as above (DCP, CS6 and CEWP). 
Figure 19 shows that in the far-north of South Australia, each parameter indicates a decrease of 
up to 30% in the number of environments in the second half of the study period relative to the 
first half. There is also a small area of increasing risk around the southern Flinders Ranges and 
Yorke Peninsula region, estimated as between 10% and 20% depending on the three parameters 
(DCP, SCP and CEWP). 

The trends in CEWP are largely due to changes in instability-driven (MF) environments 
(Figure 19e), particularly for the decreases in the northwest and the increases around the 
southern Flinders Ranges, with these MF trends driven primarily by changes in MLCAPE 
(Figure 19d). Trends in the SF environments are predominantly negative throughout the state 
(apart from Eyre Peninsula and the far northwest). For the southern Flinders Ranges and Yorke 
Peninsula region, the opposing influences of a decrease in SF and an increase in MF result in a 
relatively small increase in the number of extreme wind events indicated by the CEWP 
parameter. 

It is important to note here (as well as any other figure where statistical significance is 
quantified in this study) that with the chosen confidence level of 95% it is expected that on 
average 5% of grid points appear significant purely by chance. Apart from the SF environments 
(associated more with synoptic-scale systems), all other measures shown in Figure 19 indicate 
an increase for this region which suggests a general robustness of this trend for different 
measures associated with severe thunderstorms. Further analysis was done using other 
parameters, including based on different thresholds of these parameters as is shown in the 
Appendix Section 5.7 for the DUCS6 parameter (given that this parameter produced reasonably 
low false alarms rates, from Section 3.2.2), indicating a general trend towards an increased risk 
of extreme wind events around the southern Flinders Ranges and Yorke Peninsula region 
associated with severe thunderstorm environments. Using CEWP, we also considered trends in 
this region for different extreme wind gust speeds (as presented in the Appendix Section 5.8), 
including for MF and SF components individually (noting that the higher magnitude wind gusts 
were primarily associated with MF conditions from Figure 10). 
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Figure 19: Long-term change (%) in the number of extreme wind environment days, based on ERA-Interim 
reanalysis. Changes are defined as the percentage difference in mean values from the first (1979 – 1998) 
to the second half (1998 – 2017) of the study period. Results are shown for DCP (a), CS6 (b), CEWP (c), 
MLCAPE (d), MF (e) and SF (f). A region used for further analysis (Appendix Section 5.8) is shown with a 
black rectangle in (c). Statistically significant changes (determined by a two-sided bootstrapping 
procedure) at each grid point grid point at a 95% confidence level are shown with black circles. 

3.6 Correlation between extreme wind gust environments 
and climate drivers 

The correlation between large-scale climate drivers and extreme wind environments is 
investigated here, using the DCP and CEWP environmental parameters (including MF and SF 
components: Equations 1 and 2). The climate drivers chosen are the El Niño-Southern 
Oscillation (ENSO), the Indian Ocean Dipole (IOD) and the Southern Annular Mode (SAM). 

Figure 20 presents the Spearman ranked correlation coefficient, rs, for the relationship 
between monthly values of Nino3.4 and the number of DCP, CEWP, MF and SF environment 
days per month from 1979-2017. Four different monthly time series are constructed for each 
parameter and Nino3.4; for November – January, February – April, May – July and August – 
October. This process is repeated for the DMI and SAM. It appears that none of the convective 
indices are strongly correlated with ENSO in any consistent way, except for an area of negative 
correlation in the far north-east part of the state during August – October, which is related to a 
correlation with mesoscale-forced (MF) environments. The DCP appears to be related to ENSO 
conditions during the November – January period in the maritime region of South Australia, 
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although this is not seen when considering CEWP (noting that this could indicate a correlation 
between ENSO and linear convective systems producing extreme surface gusts, with no 
significant correlation when considering the combination of multiple environments as indicated 
by CEWP). 

 

 
 

 

Figure 20: Spearman correlation coefficient, rs, for the relationship between Nino3.4 and ERA-Interim 
environmental parameter extreme threshold exceedance (for DCP) or number of environments detected 
(CEWP), MF and SF. Results are shown for each reanalysis grid point. Locations which are statistically 
significant at the 95% confidence level are marked with a black circle. Results are shown for NDJ, FMA, 
MJJ and ASO. 
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Figure 21 shows the correlation between each convective parameter and the DMI index 
(representative of the IOD), in the same way as Figure 20. It appears that the IOD is not 
strongly related to the convective parameters, except for areas with negative correlation from 
August – October appearing to be driven by SF environments. 
 

 

 

Figure 21: Similar to Figure 20, but for DMI (as a measure of IOD). 

Figure 22 shows the correlation with SAM, in the same way as Figures 20 and 21. 
Strong relationships (e.g., correlation coefficients above 0.5) are evident in the winter/spring 
(May – October). There is a negative correlation with convective wind risk for coastal areas 
during May – July for the DCP, and during August – October for the CEWP. There is also a 
positive correlation during August – October for inland areas. During August – October, the 



 EXTREME WIND GUSTS AND THUNDERSTORMS IN SOUTH AUSTRALIA ANALYSED FROM 1979-2017 

38 
 

inland correlation is related to mesoscale forcing, whereas the coastal correlation is related to 
synoptic-forcing. 
 

 

 

Figure 22: Similar to Figure 20, but for SAM. 

Further work could explore the physical reasons for these relationships identified in this 
section. This includes understanding how these modes of variability may relate to the potential 
modification (e.g., by advection or localised processes) of heat, moisture and mass in different 
seasons and for different regions, as well as how that might then influence the risk of extreme 
wind events occurring (as indicated based on these parameters examined here). Improved 
knowledge around these points could help with developing methods for potentially predicting 
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severe thunderstorms and associated hazards at seasonal time scales, noting that large-scale 
modes of variability can have predictability several months in advance in some cases (e.g., as 
discussed by Dowdy (2016)). 

4. CONCLUSIONS 

These findings include a range of new results on understanding extreme wind gusts in this 
region and the factors that influence their spatial and temporal variability. Key results include 
the following: 

 Distinct seasonal characteristics were identified for observed extreme wind gusts, 
including differences in seasonality and intensity between inland and near-coastal 
regions and differences between different measures of extreme (e.g., 25-30 m.s-1 as 
compared to > 30 m.s-1). 

 It is demonstrated that the wind gust data obtained from the reanalyses generally 
provide a good representation of the observed wind gusts, except for the extreme events 
above 30 m.s-1. 

 The latest reanalysis dataset produced by BoM (BARRA) was used to analyse severe 
thunderstorm and extreme wind risk for the first time, including understanding 
differences between the fine-resolution and coarser-resolution versions of BARRA. 

 A number of environmental parameters were systematically tested for the first time 
(rather than only using individual case-study type of analyses) in relation to extreme 
convective wind risk in this region. 

 The ability to identify observed, extreme wind gusts was found to be greatly improved 
using previously established environmental parameters associated with thunderstorm 
activity, as compared to using the wind gust data from the reanalyses. 

 Further improvements were demonstrated when using a conditional parameter in this 
region, developed here to account for extreme wind events that might sometimes occur 
in low- or zero-CAPE environments as represented by reanalysis data. 

 Regional variations are identified, including extreme wind gust events being more 
strongly associated with CAPE for inland locations than near-coastal locations where 
wind shear appears to have a stronger influence. 

 In addition to systematic testing of various environmental indices against observations 
for extreme wind events, two individual cases were examined to provide further testing 
of methods for events known to have resulted in severe damages, for November 1979 as 
well as September 2016 (which included the occurrence of several tornadoes). 

 Long-term trends in non-extreme wind gust speeds were examined based on 
observations as well as based on parameterised wind gust data as provided by the 
reanalysis datasets. 

 Long-term changes in extreme wind gust environments were quantified over the 1979-
2017 period, indicating a potential area of decreasing risk in the far north of South 
Australia, as well as a potential area of increasing risk around the southern Flinders 
Ranges and Yorke Peninsula region associated with severe thunderstorm environments. 

 Extreme convective wind gust environments were found to have a strong relationship 
with the phase of the Southern Annular Mode (particularly during winter and spring in 
some regions) but not with the El Niño-Southern Oscillation or Indian Ocean Dipole in 
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general. 

These findings listed above could have a range of potential applications. In particular, it is 
intended that the study results will help provide useful guidance to aid preparedness and 
planning around the risk of severe thunderstorms and extreme wind gust events in this region. 
This includes improved preparedness at a range of different time scales, as described in the 
following examples: 

 Many environmental conditions were examined here for the first time in a systematic 
way (rather than individual case-study analysis for events in this region). Consequently, 
these results could have value for helping objectively understand the applicability of 
these parameters for short-term weather forecasting applications. 

 We also demonstrated some significant relationships between extreme wind gust 
environments and large-scale atmospheric and oceanic modes of variability (particularly 
for the Southern Annular Mode), indicating potential for future development of multi-
week to seasonal prediction methods that might allow long-range outlooks for 
thunderstorms and associated extremes. 

 On longer time scales, the potential influence of climate change on extreme wind gust 
environments was detailed for South Australia. 

Improved understanding of severe thunderstorm and associated extreme wind risk, 
including over a range of different temporal scales, could have benefits for a range of sectors. 
This includes intended application of these results in various sectors such as for emergency 
management, energy, health, finance/insurance and climate adaptation, as well as future 
research building on these methods (e.g., for other regions of Australia or the world). 
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5. APPENDIX 

5.1 Further details on observational data 

Table A1 lists the 66 extreme (greater than 30 m.s-1) wind events from the JDH dataset, 
1979 – 2017 alongside the corresponding BoM station gusts. The JDH wind gust speed dataset 
is based on a calibrated version of the BoM wind gust speed data with modifications relating to 
terrain and gust duration considerations (i.e., the duration over which gusts are recorded 
changed upon the implementation of AWS in the 1990s, as discussed in Miller et al. (2013)). 
For the JDH dataset, gusts classed as 'non-synoptic' were separated from 'synoptic' gusts using 
the following method (Holmes et al. 2018) indicating if the gusts were short-lived (typical of 
thunderstorm-produced gusts) or long-lived (typical of synoptic systems) – 

 Visually inspecting daily charts of wind gust speed for Dines recordings (pre-1990s); 

 For AWS (1990s onwards), by computing the ratio of average wind gust speeds two 
hours before and two hours after the peak gust to preferentially select the non-synoptic 
events. 

Table A2 presents the BoM stations used in the JDH dataset, as well as an extreme and 
strong wind gust dataset from raw BoM daily maximum data (Section 2.3). 

Table A1: List of "extreme non-synoptic" wind events based on a dataset provided by JDH Consulting as 
detailed in Section 2.3, including date, location and magnitude. The magnitude of the raw daily peak wind 
gust for each event is also listed from BoM station data for comparison. 

Date (dd/mm/yyy)  Location  Daily peak wind  
gust in m.s‐1 (JDH) 

Daily peak wind  
gust in m.s‐1 (BoM) 

14/11/1979  Woomera  46.3  46.3 

26/11/1981  Woomera  31.6  31.9 

27/11/1981  Woomera  31.1  31.4 

24/12/1982  Port Augusta  30.9  30.9 

25/01/1983  Port Augusta  33.6  34.0 

2/03/1983  Edinburgh  42.2  42.2 

25/08/1985  Adelaide AP  32.5  31.9 

25/08/1985  Mount Gambier  32.8  29.3 

6/12/1986  Adelaide AP  37.0  37.1 

1/12/1989  Woomera  39.1  39.1 

27/06/1990  Adelaide AP  34.0  29.3 

20/08/1991  Parafield  35.3  32.4 

12/08/1992  Edinburgh  32.9  32.9 

29/10/1992  Edinburgh  33.4  33.5 

26/01/1995  Edinburgh  34.9  32.9 

12/09/1996  Mount Gambier  31.6  29.9 

14/01/1997  Woomera  32.3  32.9 
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5/11/1998  Woomera  35.1  29.3 

12/12/1998  Woomera  31.4  28.8 

5/08/2002  Roseworthy  34.3  26.8 

19/11/2003  Woomera  31.3  31.9 

12/10/2004  Whyalla  31.1  29.3 

10/06/2005  The Limestone  34.3  32.4 

12/12/2005  Rayville Park  32.8  30.9 

24/12/2005  Marree  34.8  35.5 

23/02/2006  Austin Plains  31.6  29.8 

20/02/2007  Tarcoola  31.7  32.4 

27/11/2008  Marree  34.8  35.5 

5/12/2008  Coober Pedy AP  30.8  31.4 

30/06/2009  Adelaide AP  32.5  29.3 

30/06/2009  Loxton  35.8  31.4 

30/06/2009  Port Augusta  30.0  28.3 

30/06/2009  Whyalla  33.8  31.9 

16/08/2009  Nuriootpa  32.8  28.8 

21/09/2009  Port Augusta  31.1  29.3 

21/11/2009  Marree  30.3  30.9 

31/12/2009  Austin Plains  41.5  39.1 

27/01/2010  Port Augusta  30.0  28.3 

31/01/2010  Marree  30.3  30.9 

1/12/2010  Munkora  31.6  29.8 

7/12/2010  Clare HS  32.3  25.2 

7/12/2010  Padthaway South  32.2  29.8 

7/12/2010  Port Augusta  31.1  29.3 

7/12/2010  Woomera  36.8  37.6 

20/06/2011  Robe  32.8  29.8 

28/09/2011  Port Augusta  30.0  28.3 

28/09/2011  Woomera  31.3  31.9 

9/11/2011  Loxton  31.7  27.8 

5/09/2012  Coonawarra  30.3  27.3 

30/09/2013  Loxton  32.3  28.3 

9/09/2014  Clare HS  30.3  23.7 

6/10/2014  Adelaide AP  32.1  30.3 

31/10/2014  Coober Pedy AP  36.9  37.6 

31/10/2014  Woomera  33.8  34.5 

7/01/2015  Munkora  30.5  28.8 

7/12/2015  Woomera  33.3  34.0 

12/07/2016  Mount Gambier  30.5  28.8 

12/07/2016  Munkora  30.5  28.8 
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12/07/2016  Naracoorte  30.5  28.8 

12/07/2016  Rayville Park  30.0  24.2 

12/07/2016  The Limestone  30.3  30.9 

20/10/2016  Port Augusta  30.5  28.8 

11/11/2016  Austin Plains  38.2  36.0 

28/12/2016  Clare HS  31.6  24.7 

28/12/2016  Port Augusta  37.1  35.0 

19/01/2017  Parafield  31.7  27.3 
 

Table A2: List of 23 BoM weather stations used for the identification of extreme events, including their 
location and period of available data wind gust data. 

Name  Latitude  Longitude  Daily wind gust data 

Adelaide Airport  ‐34.95  138.52  1979 – 2017 

Austin Plains  ‐35.38  140.54  2004 – 2017 

Clare High School  ‐33.82  138.59  2003 – 2017 

Coober Pedy Airport  ‐29.03  134.72  2004 – 2017 

Coonawarra  ‐37.29  140.82  2001 – 2017 

Edinburgh  ‐34.71  134.62  1979 – 2017 

Loxton  ‐34.44  140.60  1998 – 2017 

Marree  ‐29.66  140.33  2003 – 2017 

Mount Gambier  ‐37.75  140.78  1979 – 2017 

Munkora  ‐36.11  140.33  2004 – 2017 

Naracoorte  ‐36.98  140.73  2007 – 2017 

Nuriootpa  ‐34.48  139.01  2004 – 2017 

Padthaway South  ‐36.65  140.52  2003 – 2017 

Parafield  ‐34.80  138.63  1979 – 2017 

Port Augusta  ‐32.50  137.72  2003 – 2017 

Port Augusta Power Station  ‐32.53  137.79  1979 – 1997 

Rayville Park  ‐33.77  138.22  2003 – 2017 

Renmark  ‐34.20  140.68  2003 – 2017 

Robe  ‐37.18  139.81  2004 – 2017 

Roseworthy  ‐34.51  138.68  1997 – 2017 

Tarcoola  ‐30.71  134.58  1999 – 2017 

The Limestone  ‐36.97  139.72  2004 – 2017 

Whyalla  ‐33.05  137.52  2003 – 2017 

Woomera  ‐31.16  136.81  1979 – 2017 

5.2 The diurnal distribution of station wind gust data 

The diurnal distribution of wind gusts for different speeds is shown in Figure A1 based 
on half-hourly wind gust data at the BoM stations listed in Table 1. The period covered by half-
hourly data is significantly less than for daily data. Moderate wind gusts (15 - 25 m.s-1) occur 
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most frequently during the afternoon/evening at all stations, although this is most pronounced at 
Port Augusta. Strong gusts (25 – 30 m.s-1) also appear to occur most frequently during the late 
afternoon and evening, although this is not clear for Adelaide Airport. There are only five 
extreme wind gusts (> 30 m.s-1) in the half-hourly station data, two of which occur at Woomera, 
both during the afternoon (16:30 and 18:30 local time). The other extreme gusts occur at 
Adelaide Airport, at 08:00, 16:00 and 23:00 hours local time. 

 

 

Figure A1: As in Figure 2, but for half-hourly station data, producing a diurnal frequency distribution. 

5.3 Further analysis of reanalysis wind data 

Time series of reanalysis wind gust data (Figure A2) show a similar amount of 
interannual variability to that of the station data (Figure 1) for all wind gust categories. 
However, the variability in frequency of extreme gust days between stations that was observed 
in station data is not replicated here. That is, Woomera has a similar number of extreme gusts in 
both BARRA datasets as for other stations, compared to having more than double the amount of 
any other location for station data. Each model is generally able to replicate the observed 
seasonal cycle for weak, moderate and strong wind gusts, with a spring peak in moderate and 
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strong gust days (Figure A3). BARRA-AD has the highest number of extreme wind gust days, 
although no strong seasonal cycle is present. 

 

 

Figure A2: As in Figure 1, but based on ERA-Interim (a-d), BARRA-R (e-h) and BARRA-AD (i-l) 
reanalyses. 
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Figure A3: As in Figure 2, but based on ERA-Interim (a-d), BARRA-R (e-h) and BARRA-AD (i-l) 
reanalyses. 

5.4 Long-term trends in wind gust data 

Table A3 presents changes in daily maximum wind gusts, calculated as the difference in 
mean values from the first half (1979 – 1998) to the second half (1998 – 2017) of the study 
period. Decreases in mean wind gust speed are apparent from Table A3 for Mount Gambier and 
Adelaide Airport based on ERA-Interim reanalysis as well as station data. Similar negative 
trends (stilling) have been shown for large-scale mean winds (McVicar et al. 2008) as well as 
wind gusts (Azorin-Molina et al. 2018). Station data show an increase in mean gust speed at 
Port Augusta, while ERA-Interim shows no significant trend, also noting that station data trends 
may potentially relate to the change in Port Augusta measurement location (Table 1). Woomera 
has no significant mean wind gust speed trend from ERA-Interim, while station data only show 
a significant increase during February – April. 
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Table A3: Long-term changes in mean wind gust speed (m.s-1), shown for all seasons (“Annual”) as well 
as individual seasons (i.e., ASO, NDJ, FMA, MJJ), based on the difference between the first (1979-1998) 
and second (1998-2017) halves of the study period of available data. This is shown for station 
observations and ERA-Interim reanalysis, for each of the four locations (Woomera, Port Augusta, Adelaide 
Airport and Mount Gambier). Changes that are significant at the 95 percent confidence level (2-sided test 
based on bootstrap method) are shown in bold font. 

 
Annual ASO NDJ FMA MJJ 

Woomera 
     

Station 0.077 ‐0.071 ‐0.054 0.351 0.074 
ERA‐Interim 0.069 0.148 ‐0.014 0.086 0.058 
Port Augusta 

     

Station 0.498 0.156 ‐0.184 0.901 0.925 
ERA‐Interim ‐0.042 ‐0.009 ‐0.142 ‐0.042 0.022 
Adelaide AP 

     

Station ‐0.241 ‐0.256 ‐0.349 ‐0.267 ‐0.100 
ERA‐Interim ‐0.150 ‐0.288 ‐0.056 ‐0.008 ‐0.244 
Mount Gambier 

     

Station ‐0.261 ‐0.307 ‐0.476 ‐0.315 0.060 
ERA‐Interim ‐0.173 ‐0.065 ‐0.330 ‐0.297 0.004 

Due to the rarity of extreme wind gusts, we are limited to the analysis of strong wind 
gust trends, defined by a threshold of 25 m.s-1 for station data, and a reduced, percentile-
matched threshold of 21.5 m.s-1 for ERA-Interim data. Changes in the annual mean number of 
strong wind gust days are presented in Table A4. When considering all months of the year, 
station data indicate negative trends in strong wind gust days for Woomera, Adelaide Airport 
and Mount Gambier. These trends are generally not reproduced by ERA-Interim, except for a 
significant negative trend for Adelaide Airport during February – April. The discrepancy 
between datasets, combined with known issues regarding data inhomogeneity (Section 2.1), 
suggests a relatively low degree of confidence in these statistically indicated trends. 

Table A4: As for Table A3, but the average number of days per year with daily maximum wind gusts above 
the strong wind gust threshold. The total number of days for the 1979 – 2017 period is shown in brackets. 
For station data, the threshold is as in Section 3.1 (25 m.s-1). For ERA-Interim reanalysis we use a 
percentile-matched threshold corresponding to strong wind gusts in the 23-station dataset (99.6th 
percentile), which is 21.5 m.s-1. 

 
Annual ASO NDJ FMA MJJ 

Woomera 
     

Station ‐1.050 (97) ‐0.300 (44) ‐0.400 (44) ‐0.200 (4) ‐0.150 (5) 
ERA‐Interim 0.400 (26) 0.400 (18) 0.000 (4) 0.000 (0) 0.000 (4) 
Port Augusta 

     

Station ‐0.587 (53) ‐0.684 (29) 0.089 (18) ‐0.022 (3) ‐0.022 (3) 
ERA‐Interim 0.150 (25) 0.150 (19) ‐0.100 (2) 0.000 (0) 0.100 (4) 
Adelaide AP 

     

Station ‐1.200 (72) ‐0.550 (31) ‐0.300 (10) ‐0.150 (7) ‐0.200 (24) 
ERA‐Interim ‐0.900 (114) ‐0.250 (57) ‐0.400 (14) ‐0.150 (11) ‐0.100 (32) 
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Mount Gambier 
     

Station ‐1.300 (66) ‐0.600 (36) ‐0.150 (9) ‐0.350 (9) ‐0.200 (12) 
ERA‐Interim 0.000 (110) 0.400 (54) ‐0.400 (24) ‐0.200 (10) 0.200 (22) 
 

5.5 Convective parameters 

Several convective parameters are calculated from ERA-Interim and BARRA reanalyses 
to test their ability to identify extreme wind gust environments. Some of these parameters (SCP, 
SHIP and DCP) are used for guidance by BoM forecasters, and their formulation is provided by 
internal BoM documentation (produced by Dean Sgarbossa, BoM, personal communication). 
They are generally based on work done by the U.S. Storm Prediction Centre (SPC), with small 
changes due to data availability and scaling for the Australia region. Other parameters are based 
on literature (CS6) or our own formulation (DCS6 and DUCS6). 

5.5.1 Convective available potential energy (CAPE) and downwards 
convective available potential energy (DCAPE) 

CAPE is calculated using the WRF-Python software package made available by NCAR 
(Ladwig, 2017). The calculation is done on a three-dimensional grid by defining each grid point 
as an air parcel, then lifting each parcel under moist-adiabatic assumptions. Most unstable 
CAPE (MUCAPE) is then taken as the vertical-maximum CAPE at each two-dimensional 
(latitude/longitude) grid point. This is slightly different to the conventional definition of 
MUCAPE (for the parcel with maximum equivalent potential temperature in each column). 
Mixed layer CAPE (MLCAPE) is calculated by lifting an air parcel with average conditions 
from the lowest 100 hPa above ground level. 

Downwards convective available potential energy (DCAPE) is calculated in a similar 
way, but by dropping parcels under a moist-adiabatic process to the surface, instead of lifting 
them. However, only parcels originating from 800 to 400 hPa are considered, and the maximum 
DCAPE is chosen. 

5.5.2 Supercell Composite Parameter (SCP) 

This parameter is formulated following the method used for extreme weather 
forecasting applications in BoM (adapted from the SPC) based on storm relative helicity (SRH), 
MUCAPE and a wind shear term, where u is zonal wind. 
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5.5.3 Significant Hail Parameter (SHIP) 

This parameter is formulated following the method used for extreme weather 
forecasting applications in BoM (adapted from the SPC) based on MUCAPE, the 2-metre 
mixing ratio ( ), 700 – 500 hPa temperature lapse rate (Γ 	 , 500 hPa temperature 
( 	 ) and wind shear between the surface and 6 km (S06). 
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5.5.4 Derecho Composite Parameter (DCP) 

This parameter (referred to in BoM as the Squall Line Potential) is formulated 
following the method used for extreme weather forecasting applications in BoM (adapted from 
the SPC) based on DCAPE, MUCAPE, S06 and the mean wind from the surface to 500 hPa 
(deep layer mean, DLM). 
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5.5.5 CS6 

This parameter has been widely used in previous studies as a discriminant for 
thunderstorm environments (e.g., Allen and Karoly (2014) and references therein), based on 
MLCAPE and wind shear between the surface and 6 km (S06). 
 

6 	 ∙ 	 06 . 							 4  

5.5.6 DCS6 and DUCS6 

We formulate DCS6 to combine a previously identified discriminate for severe 
thunderstorms (CS6, Equation A3) with downwards convective available potential energy 
(DCAPE), which is an indicator for downbursts. 
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DUCS6 is similar to DCS6 but uses a term called "Convective Gust" (in the BoM 

forecasting guidance documentation) calculated as the sum of the 800 – 600 hPa mean wind 
(mid-layer mean, MLM) and the maximum potential downwards convection-driven wind gust 
(2 ∙ √ ). This means DUCS6 contains the same ingredients as DCP, but uses MLM 
instead of DLM, noting that MLM represents the horizontal component of wind which can be 
mixed to the surface.  
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5.6 BARRA-AD September 2016 event 

Figure A4 is similar to Figure 17, but for BARRA-AD. As was seen for BARRA-R, the 
BARRA-AD data indicate a line of instability passing over South Australia during the event, 
which the conditional parameter (Section 3.3.3) identifies as being forced by both mesoscale 
and synoptic-scale processes (see Section 3.4. for further discussion). The main difference 
between BARRA-AD and BARRA-R for this event is the added small-scale detail afforded by 
the higher spatial resolution of BARRA-AD (i.e., convection allowing 1.5 km grid spacing), 
while noting that at these 'convection-allowing' scales the use of measures such as CAPE may 
not be as applicable (e.g., not as useful as for application to coarser resolution data). 
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Figure A4: As for Figure 15, but for BARRA-AD (September 2016 event). 

5.7 Spatial maps and trends in DUCS6 for different event 
thresholds 

Figure A5 shows results for different DUCS6 thresholds. The number of false alarms 
decreases with increasing threshold values of DUCS6. Increasing the threshold of DUCS6 
reduces the number of 'hits' for wind speeds in the range 30 – 40 m.s-1, but does not change the 
Hit Rate for wind speeds over 40 m.s-1 (of 100%, but only based on two events). Hit rates for 
each of the thresholds used in Figure A5 are summarised in Table A5 for wind speeds over 30 
m.s-1. These results are based on observed wind gust data from the 23 stations as listed in Table 
A2. 
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Figure A5: Occurrence frequency distribution of daily maximum wind speed observations in 5 m.s-1 
intervals (black crosses). This is shown for all days, as well as for days identified by DUCS6 as an extreme 
wind environment (coloured markers), using four different thresholds (as shown in the figure legend). 
Results are shown for values of 1 or higher. 

Table A5: Hit rates for 5 m.s-1 intervals of station wind gusts over 30 m.s-1 at the 23 locations listed in 
Table A2, using the DUCS6 parameter from ERA-Interim. As in Figure 9, results are presented for a range 
of thresholds of the DUCS6 parameter. 

 
DUCS6 >= 0.243 DUCS6 >= 0.429 DUCS6 >= 1.205 DUCS6 >= 2.933 

30 – 35 m/s 0.63 0.59 0.37 0.24 

35 – 40 m/s 0.70 0.70 0.70 0.40 

40 – 45 m/s 1.00 1.00 1.00 1.00 

45 – 50 m/s 1.00 1.00 1.00 1.00 

Figure A6 shows that an increasing threshold for the DUCS6 parameter corresponds to 
fewer events in maritime and near-coastal regions as compared to regions further inland. 
However, areas of increasing/decreasing trends are broadly similar based on different 
thresholds, with decreases indicated for northwest regions of the state and increases indicated 
around the southern Flinders Ranges and Yorke Peninsula region, indicating the robustness of 
this trend analysis method to variations in the threshold used, as well as noting a decreasing 
sample size for higher thresholds. 
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Figure A6: As in Figure 18 and 19, showing days per year with extreme convective environments from 
ERA-Interim reanalysis using DUCS6 (a), and changes in the number of days from the first half to the 
second half of the study period (b). Four different thresholds of DUCS6 are used to define extreme event 
environments.  

5.8 Regional trends for different wind gust speeds 

Analysis of extreme wind gusts for different speeds (over 30 m.s-1) is valuable 
information for decision-makers in the electricity transmission industry, as this can help inform 
the standards to which infrastructure is built. For the region of increasing risk in the region 
around the southern Flinders Ranges, best available trend estimates are provided for different 
speeds in 5 m.s-1 intervals from 30 – 50 m.s-1 based on the conditionally defined parameter 
(CEWP) calculated from ERA-Interim reanalysis. 

For the region of increasing risk (using a rectangular region defined by the 0.75⁰ ERA-
Interim grid points of 137.25:138.75oE and -34.5:-33.0oS), we find that extreme wind 
environments are identified by the CEWP on 718 days during 1979-1998 (i.e., identified at any 
point in that region) and on 737 days during 1998-2017, indicating 19 more events in the second 
half of this study period than the first half. This corresponds to a mean trend of 10 additional 
days per decade (equal to an increase of 1.4% per decade), noting the 19-year difference 
between the central years of the two time periods. We use the fact that the CEWP extreme event 
Hit Rate increases with wind gust speed (Figure 11) to provide an estimate of the trend for this 
region for different wind gust speeds, with the Hit Rate used as a scaling factor. The results for 
each wind gust speed is presented in Table A6 for the CEWP, as well as for its individual 
components (MF and SF). 
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The relatively small positive trend in the CEWP parameter for each wind gust speed is a 
result of its individual components, SF and MF, having opposing temporal trends. MF 
environments occurred in that region on 379 days from 1979-1998 and 420 days from 1998-
2017, representing an increase of about 11% (equal to about 5.7% per decade or 22 additional 
days per decade). In contrast, SF environments occurred on 358 days during 1979-1998 and 340 
days during 1998-2017, representing a decrease of about 5% (equal to about 2.6% per decade or 
9.5 fewer days per decade). Table A6 represents the best available estimate of environmental 
changes based on this environmental parameter method, as well as noting the limited sample 
sizes for the more extreme wind speeds and the large range of physical process that can 
influence extreme events for including severe thunderstorm-related phenomena. 

Table A6: Trends in the extreme wind gust environments as indicated based on the CEWP parameter and 
its components (MF and SF) for the rectangular region defined by the points 137.25:138.75oE and -34.5:-
33.0oS. The CEWP Hit Rate is defined by results shown in Figure 11 (using 23 BoM stations) and provides 
an estimate of the proportion of CEWP environments corresponding to each wind gust speed range. 

 
CEWP Hit 

Rate 
Change in CEWP 
(per decade) 

Change in MF 
(per decade) 

Change in SF (per 
decade) 

30–35 m.s
‐1 +0.63 +0.9% +3.6% ‐1.6% 

35–40 m.s
‐1 +0.8 +1.1% +4.6% ‐2.1% 

40–45 m.s
‐1 +1.0 +1.4% +5.7% ‐2.6% 

45–50 m.s
‐1 +1.0 +1.4% +5.7% ‐2.6% 
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