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ABSTRACT

A supercell is a type of thunderstorm known to produce severe weather conditions that result in damage to
property, injuries, and loss of life. Supercells were previously considered rare in South Africa, however since
the implementation of the South African Weather Service’s single polarisation S-band Doppler radar network
in 2010, numerous cases have been identified. Despite this, there is a lack of research on supercells over
South Africa, with very little information on their characteristics specific to the region. The aim of this study
is to determine the characteristics of warm season left-moving supercells over the Highveld (Gauteng and
Mpumalanga province) of South Africa. This was done using a radar derived database, consisting of 115 left-
moving supercells, that occurred during the warm seasons (September to February) of 2010/11 to 2019/20.
Left-moving supercells were found to be most common in October and November, peaking in the afternoon
between 15:00 and 16:00 South African Standard Time (SAST). A shift in the seasonal distribution was
observed, with the most active area over Gauteng in November, moving south-eastwards to the south-
eastern parts of Mpumalanga by December. Supercell hotspots were identified over the south-western and
eastern Highveld of Gauteng as well as the south-eastern parts of Mpumalanga, of which some areas of
occurrence appeared to be influenced by topography. The average track direction was found to be from the
south-west, with a southerly shift as the season progressed. On average supercells lasted approximately 1
hour 12 minutes, travelled 49 km and at a speed of 41 kmh™. Having a better understanding of the
characteristics of supercells may provide a heightened awareness of preferred areas and times of occurrence
of events, how they travel, how long they last and how fast and far they travel, thereby assisting in
producing more accurate forecasts, nowcasts and warnings. More detailed studies are required to
understand the influence of topography and the atmospheric conditions on these characteristics.
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1 Introduction

Supercell thunderstorms are notorious producers of severe weather conditions such as large hail, damaging
winds, tornadoes and in some cases flooding (Burgess and Lemon, 1990; Moller et al., 1994; Ray, 1990;
Weisman and Klemp, 1986). On the 28" of November 2013, at least 7 supercells contributed to significant
hail damage across the Gauteng Province of South Africa (see Fig. 1 for locations), which along with the 11"
of November 2013 (also a supercell event day) cost insurance companies ZAR (South African Rand) 2 billion
(+ USS 109 million) (Dyson et al., 2021; Liesker, 2021). Other noteworthy events occurred on the 11" and
30t of December 2017, where tornadic supercells over the extreme south-eastern and south-western parts
of Gauteng respectively, resulted in significant damage to property and injuries (Kruger et al., 2018;
Lekoloane et al., 2021). Supercells were previously considered rare in South Africa (e.g., Admirat et al., 1985;
Carte, 1979, 1981; De Coning et al., 2000), however, with the installation of the South African Weather
Service’s (SAWS) Doppler S-band radar network in 2010, numerous events have been detected (Liesker,
2021).
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Fig. 1. (a) The location and geographical map of South Africa and (b) the study area. The 150 km (black dotted circle) and 100 km
(white circle) range ring from both the Irene and Ermelo radar are shown. The areas of study in this paper are confined to the
100km range rings (white circles) around each radar. Each 500 m AMSL contour is provided in grey and the 1500 m AMSL contour is
shown in black indicating the area of the Highveld. (Map created using QGIS, topographical data obtained from: U.S. Geological
Survey, 2000).

Supercells are fairly long-lived thunderstorms that contain a deep, and persistent rotating updraft, referred
to as a mesocyclone, and remain in a quasi-steady state for an extended period (Browning, 1964; Burgess
and Lemon, 1990; Falk, 1997; Moller et al., 1994; Ray, 1990). Such thunderstorms can be identified using



weather radar with recognisable features such as the hook echo and Weak Echo Region (WER) or Bounded
Weak Echo Region (BWER) on the reflectivity field (equivalent radar reflectivity factor), as well as a rotational
couplet (mesocyclone) on the Doppler velocity field (Browning, 1964; Burgess and Lemon, 1990; Donaldson,
1970; Lemon, 1977; Stumpf et al., 1998). The hook echo is a hook shaped reflectivity echo found in the lower
levels of the thunderstorm, the WER is a vertical column of weak radar reflectivity that is bounded by higher
reflectivity above and on one side and the BWER is a vertical column of weak radar reflectivity that is
bounded by higher reflectivity above and on both sides (in the mid-levels). Rotation of the updraftin a
supercell can either be cyclonic (more common) or anticyclonic (less common) and such storms may either
deviate to the left or right of the average 0 to 6 km Above Ground Level (AGL) environmental winds
(Browning, 1964; Bunkers et al., 2000; Burgess and Lemon, 1990; Moller et al., 1994; Weisman and Klemp,
1984; Wilhelmson and Klemp, 1978). With an environment favouring winds backing with height over South
Africa, left-moving supercells! dominate, with the clockwise (cyclonic) rotating updraft (mesocyclone) on the
rear left flank (Davies-Jones, 1984; Klemp and Wilhelmson, 1978; Liesker, 2021; Weisman and Klemp, 1984).
Supercells are found to develop in environments that favour deep moist convection, with strong vertical
wind shear (speed and direction) and high instabilities (e.g., Convective Available Potential Energy (CAPE))
(Doswell Il and Schultz, 2006; Johns and Doswell 11l, 1992; Moller et al., 1994; Ray, 1990).

Severe thunderstorms, which produce large hail, damaging winds, tornadoes and/or flooding, are known to
frequent South Africa’s north-eastern interior, during the spring (September to November (SON)) and
summer (December to February (DJF)) season, peaking in November (Admirat et al., 1985; Blamey et al.,
2017; Carte and Held, 1978; Dyson et al., 2021; Goliger and Lunt, 1997; Held and Carte, 1979; Olivier, 1990).
The Highveld, an elevated area of 1500 m Above Mean Sea Level (AMSL) and greater (enclosed by the black
contour on Fig. 1), is particularly prone to severe thunderstorms (Simpson and Dyson, 2018). The north-
eastern parts of South Africa experience, on average, high vertical wind shear and CAPE values during the
warm season (especially during spring and early summer), contributing to conducive severe thunderstorm
environments (Blamey et al., 2017; Dyson et al., 2015; Taszarek et al., 2021). Early in the season vertical wind
shear values dominate (peaking in October and November), with predominantly extra-tropical weather
systems influencing this region, while CAPE values also increase (Blamey et al., 2017; Dyson et al., 2015).
However, later in the summer season, weather systems become more tropical in nature, with a further
increase in moisture and CAPE (peaking in December), but a decrease in the vertical wind shear,
corresponding to a decrease in severe thunderstorm activity. Dyson et al. (2015) showed that although mid
and upper tropospheric temperatures slowly increase during spring, they remain below normal during
November and December, while at the same time the surface temperatures increase, resulting in high values
of lower tropospheric temperature lapse rates. In addition, the surface moisture increases, with a doubling
of the surface dew-point temperatures from October to December. These factors contribute to the peakin
CAPE observed during December. Earlier in the summer season surface moisture originates from the east as
the surface high pressure systems result in an onshore flow over the interior (Taljaard, 1996), however, in
later summer tropical sourced air flows southward.

Research on supercells in South Africa, is limited to a few case based studies (e.g., Carte, 1981; De Coning et
al., 2000; Lekoloane et al., 2021; Powell and Burger, 2014) and a study on a modified supercell composite
parameter (Rae, 2014), with no research results on their characteristics. Over South Africa, the focus has

L A left-moving supercell is defined in this study as a supercell in the Southern Hemisphere that contains a clockwise
(cyclonic) rotating updraft on the rear left flank, which tend to deviate to the left of the mean 0 to 6 km environmental
winds.



predominantly been on severe thunderstorm climatologies using either visual observations (e.g., Admirat et
al., 1985; Carte and Held, 1978; Goliger and Lunt, 1997; Goliger and Retief, 2007; Olivier, 1990) or reanalysis
data (e.g., Blamey et al., 2017; Brooks et al., 2003; Dyson et al., 2021; Taszarek et al., 2021), with only a few
short term studies using radar data (e.g., Carte, 1979, 1981; Carte and Held, 1978; Mader et al., 1986; Steyn
and Bruintjes, 1990). Liesker (2021), created a supercell database (Liesker, 2023) over the Highveld of South
Africa (Fig. 1), over 10 spring and summer seasons, using all available radar data to manually identify these
cases. This database is open-source and freely available for download.

The aim of this paper is to determine the characteristics of warm season left-moving supercells over the
Highveld of South Africa using a 10-year radar-derived supercell database. The database is introduced in this
paper and thus we have included a short summary of how it was created, some limitations detecting events
as well as a brief overview of the database itself. The spatial, temporal and track characteristics are
investigated in this study. A number of similar studies have been conducted in other regions around the
world (e.g., Antonescu et al., 2010; Bunkers et al., 2006; Christodoulou and Sioutas, 2017; Feldmann et al.,
2021; Hocker and Basara, 2008; Piscitelli et al., 2022; Wapler et al., 2016) and were also based on fairly short
time periods, (between 3 and 12 years, except Bunkers et al. (2006) who used events dating back to the
1950’s). Preferred areas of development and decay, preferred time of the day and year that they occurred
in, lifespan and direction of movement were some of the characteristics investigated by said researchers and
their results are compared to ours in section 4. This type of information is useful in better understanding
such thunderstorms and together with an understanding of the atmospheric and topographic influences on
these characteristics, may assist in more accurate forecasts and warnings. In return this may benefit
insurance and other industries impacted by severe weather.

This paper is outlined as follows. Section 2 provides a brief overview of the radar-derived supercell database
and methodology used to achieve the aim. This is followed by section 3, which presents the results, section
4, the discussion and then section 5, the conclusion, and recommendations.

2 Data and methodology

The radar-derived supercell database (Liesker, 2021; Liesker, 2023), was used to determine the
characteristics of warm season left-moving supercells over the Highveld of South Africa. This database
consists of events that occurred from September to February 2010/11 to 2019/20. Although 6 right-moving
events were also available within this database, they were not considered in this study due to the low
number of events. This database was created using data from the SAWS’s Irene and Ermelo S-band Doppler
radars, which operate in a single horizontal polarisation, at a maximum radial range of 200 km. These radars
cover the north-eastern interior of South Africa (the 150 km range is shown by the dotted circles in Fig. 1)
and have a temporal resolution of approximately 6 minutes. (Liesker, 2021)



The supercells, in this database, were identified through a manual process, using both the radar’s reflectivity
and Doppler velocity field. Fig. 2 provides the decision tree that was used to identify a supercell and is in line
with the definition used in other studies (e.g., Antonescu et al., 2010; Bunkers et al., 2006; Hocker and
Basara, 2008; Klimowski et al., 2003; Moller et al., 1994). More detailed information regarding the
identification of supercell events and the influences on this database can be found in Liesker (2021). Since
only left-moving supercells were considered in this paper, the mesocyclone and thus radar features
discussed in this section are found on the left flank.
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Fig. 2. Supercell identification decision tree using radar data to manually identify events.

The radar’s reflectivity field was consulted first when implementing the decision tree. Any thunderstorm that
contained high reflectivities (at least 50 dBZ or more), persisted, deviated to the left of the average
environmental flow, contained an inflow notch, strong reflectivity gradient on the inflow side of the storm or
any other possible indication of a severe thunderstorm, was investigated further. The first criterion
considered, to classify a supercell (i.e., criterion 1 on Fig. 2), was if the thunderstorm contained a clear hook
echo, pendent shape, or other similar shape, as suggested by Fujita in 1973 cited in Markowski (2002), in the
lower levels (2 to 4 km) on the reflectivity field. If the hook echo was present, then a cross-section was taken
through the updraft and the presence of a WER and/or BWER was required (criterion 2 on Fig. 2). A BWER
region may not necessarily occur throughout the supercell’s lifetime (sometimes only in the mature stage)
and in some cases it may not be present at all, however, in such cases a persistent WER usually occurs
(Burgess and Lemon, 1990; Lemon, 1977; Moller et al., 1994). For this reason, either a WER or BWER was
required. The reflectivity features alone (hook echo and BWER/WER) were considered sufficient to classify a
thunderstorm as a supercell, which was a similar approach to studies done by for example Bunkers et al.
(2006) and Klimowski et al. (2003).



The hook echo may not always be present or well defined. For example, Low Precipitation and High
Precipitation supercells may lack the classic hook shape (Bluestein and Woodall, 1990; Burgess and Davies-
Jones, 1979; Grant and Van Den Heever, 2014; Moller et al., 1994). Thus, if no clear hook echo (similar
shape) or WER/BWER was found to occur, the Doppler velocity field was consulted (criterion 3 on Fig. 2). In
such cases the thunderstorm had to contain a mesocyclone between 2 and 8 km AGL with a width between
1 and 10 km. The presence of a mesocyclone alone was considered sufficient to classify it as a supercell.
Hocker and Basara (2008), Antonescu et al. (2010) and Feldmann et al. (2021), for example, only used the
presence of a mesocyclone on the Doppler velocity field to identify supercells.

The last criterion considered (criterion 4 on Fig. 2), was a time-based criterion. The supercell features
identified on radar (reflectivity field and/or Doppler velocity field) had to persist for at least 5 radar scans,
which is approximately 30 minutes given the radar’s temporal resolution of around 6 minutes. This time
criterion was also used by other studies (e.g., Antonescu et al., 2010; Hocker and Basara, 2008) and in line
with the supercell definition defined by Moller et al. (1994), who stated that supercells last for 10s of
minutes.

The supercell database consists of the centroid position of each supercell, from when a thunderstorm first
showed supercell features (supercell initiation) until the last scan where features were found to occur
(supercell decay). The Thunderstorm Identification, Tracking Analysis and Nowcasting (TITAN) algorithm
(Dixon and Wiener, 1993) was used to obtain these centroid positions. In some cases, however, the TITAN
algorithm was not optimal (i.e., more than 1 thunderstorm was tracked) and for such cases, the centroid
position was manually obtained. If data was missing for more than 1 radar scan prior to initiation (after the
decay) (i.e., more than 12 minutes elapsed between the available scans) the location and time of the
initiation (decay) of the supercell was marked as “unknown”.

Several limitations impacted the identification of events and thus this database is by no means an exhaustive
list of all events. Issues such as the distance from the radar and data availability had a significant impact on
event identification. Although each radar has a maximum range of 200 km, due to limitations such as
decreasing resolution and height of the radar beam increasing with distance, all events were identified
within 150 km from each radar (black dotted circle on Fig. 1), while most events were identified within 100
km (grey circle on Fig. 1) (Liesker, 2021). Beam broadening effects and the effective beamwidth together
result in a decrease in the radar’s resolution with distance and thus impact the detection of small-scale
features (e.g., hook echo and mesocyclone) further away from the radar (Brown et al., 2002; Burgess and
Lemon, 1990; Donaldson, 1970; Rauber and Nesbitt, 2018). This may have had the greatest impact on the
detection of events beyond 150 km. With most events identified within 100 km, this area was considered the
area with the most reliable data.



Radar data availability also played an important role in the ability to identify all events, with either parts of a
day, entire days or seasons missing. Overall, the Irene radar had a high data availability, while although the
Ermelo radar suffered more outages, availability improved during the 2" half of the study period (Liesker,
2021). Both radars had a very low availability during the 2012/2013 warm season and thus no supercells
were identified in this season (Fig. 3).
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Fig. 3. The warm season (September to February) 2010 to 2020 annual distribution of left-moving supercells.
The * indicates where data availability was limited or not available.

Some additional factors may have impacted the detection of the mesocyclone on the Doppler velocity field,
including the Nyquist velocity (which was low during certain periods), the location of the feature relative to
the radar, as well as the flow dynamics within and around the rotating updraft (Brown and Wood, 2007; Joe
and May, 2003). Finally, the subjectivity in the method used to classify events may have resulted in the non-
detection of events. The classification was heavily based on the reflectivity field, which was usually consulted
first. The velocity field was only consulted if the required reflectivity features were not clear. Thus, if a
thunderstorm did not show any typical characteristics indicative of a supercell (e.g., deviation to the left of
the average environmental winds), then such events may have been missed. There may have been a bias
towards the more severe and classic events (Liesker, 2021).

In total, the database consists of 115 left-moving supercells that occurred on 67 event days (a day on which
at least 1 left-moving supercell was found to occur), with an average of 1.8 events per event day. In total 63
events were identified using the Irene radar (predominantly covering the Gauteng Province) and 52 using
the Ermelo radar (predominantly covering the Mpumalanga Province) (Fig. 3). On average 7.4 event days and
12.8 events occurred per season. The highest number of events identified on a single day was 7 (28" of
November 2013), while 2 event days consisted of 6 events (5™ of November 2010 and 16" of November
2015).

This study identified various characteristics of left-moving supercells over the Highveld of South Africa using
this supercell database. This included the monthly, diurnal, and spatial distribution as well as the track
direction, duration, distance, and speed. It is important to note that these characteristics are based on the
available database, which may not contain all events. In addition, the study period, although covered 10
warm seasons, only consisted of supercells identified in 9 of these seasons (excluding 2012/2013), thus these
characteristics are only representative of a short-term climatology. However, the length of our study period



is similar to other studies in other regions around the world (e.g., Antonescu et al., 2010; Christodoulou and
Sioutas, 2017; Feldmann et al., 2021; Hocker and Basara, 2008).

The limitation of data availability was taken into consideration when analysing the monthly averages for the
supercell events and event days. Where a full day of data was missing for more than half the analysed
period, it was removed from the average number calculation. For example, both radars did not have
available data from September until December 2012, thus these periods were excluded from the averages
calculated for the entire study area. When looking at the averages identified by each radar, the availability
had a greater impact on the Ermelo radar (Liesker, 2021).

Quantum Geographic Information System (QGIS) was used to display the tracks and help analyse the data.
The track was created by converting the centroid position at each time step to a vector line for each event.
The distance for each track was then calculated using the QGIS length function. The supercell direction was
calculated using the initiation and decay centroid position (latitude and longitude) of each supercell. The
duration was calculated from the time of initiation to the time of the decay while the average speed was
calculated using the distance (calculated in QGIS) as well as the duration that the supercell lasted.

It is important to note that the thunderstorm itself may have lasted for some time prior to (after) the
supercell features developing (decaying). In addition, the time/location of initiation (decay) may not be the
exact time/location that a supercell developed (decayed), as it is dependent on the time the scan was
available. Features may have developed (decayed) at any time during the 6-minute period prior to the first
scan (after the last scan) containing supercell features. On 4 occasions the initiation and/or decay was
unknown and thus these events were excluded from the diurnal distribution as well as the statistics relating
to the distance, duration, and speed. However, these events were included when calculating the direction
that the supercell travelled, as the impact on direction was low.

The spatial distribution of all the left-moving supercell tracks was analysed using a Kernel Density Estimation
(KDE) function. A similar approach to that used by Hocker and Basara (2008) was adopted, although some
adjustments were made. Supercell tracks were not buffered to incorporate their swath thus, it was based
purely on their vector path, which in turn was based on the centroid position, and not their area of
influence. Considering the characteristics of supercells is still largely unknown within this region, an
appropriate value to account for the variation in the size of events is not known. A grid of 1 km by 1 km was
created over the data area containing the supercell tracks, which was a slightly smaller grid than that used
by Hocker and Basara (2008), as our study area and database was smaller. The number of lines that occurred
within a 10 km search radius from each 1 km by 1 km grid cell was identified. The entire line was used, not
the individual segments (between each centroid position). A KDE analysis was only done on the supercell
tracks and not the initiation and decay locations, due to the limited dataset.



3  Results

3.1  Diurnal distribution

The diurnal distribution for the initiation and decay times of left-moving supercells increases from 11:00
South African Standard Time (SAST) onwards, with the initiation peaking at 15:00 SAST and the decay at
16:00 SAST (Fig. 4). Most events (88%) developed between 13:00 and 19:00 SAST and decayed between
14:00 and 20:00 SAST. A decrease in activity is observed by the evening with very few events developing or
decaying overnight and during the early morning hours.
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Fig. 4. The diurnal distribution of supercell initiation (dark blue) and decay (cyan) for all events with known
initiation and decay times identified within the study period. The times were categorised into hourly
intervals in SAST.

3.2 Seasonal distribution

Considering both radars together, there is an increase in left-moving supercell event days and events
(number and average) during spring (SON) and a decrease through the summer months (DJF) (Fig. 5a).
Approximately 60% of the event days and 67% of the events occurred during the spring season. The monthly
distribution in Fig. 5a shows that the peak in frequency of the event days occurs in October and November,
which have the same number of event days, while the peak in the number of events occurs in November.
There are 3 days on which 6 or 7 events occurred and all these were in November, contributing to the higher
number of events observed during this month.
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The seasonal variability of events differs slightly between Gauteng (Irene radar) and Mpumalanga (Ermelo
radar). Over Gauteng, supercell event days and events (Fig. 5b) both peak in November (although October
only has 1 less event day). In contrast over Mpumalanga the highest number of event days and events occurs
during December (Fig. 5¢), thus there is an apparent eastward shift in activity as the warm season
progresses. In general, supercell activity was higher over Mpumalanga during DJF compared to Gauteng. A
secondary peak in the average number of events occurs over Mpumalanga in October (solid blue line in Fig.
5c) however, this is not the case when looking at the total number of events with November containing 1
more event compared to October (Fig. 5c).

We investigated the impact of data availability on the monthly distribution, by considering all the months for
only the last 5 seasons. These all had a high data availability. The seasonal distribution for Gauteng and
Mpumalanga was similar to the results presented in Fig. 5 b and c. Over Mpumalanga, the same peak in the
average event days and events occurs in December, with DJF having more events than SON and more events
compared to Gauteng. In addition, the slight peak in average events in October is also observed, while
November no longer had a slightly higher number of events compared to October.

Further evidence on the eastward shift in supercell distribution as the season progresses, is present in Fig. 6.
Early in the season (September), supercells are confined to the southern Highveld, spreading north, and
increasing in number by October and into November (Fig. 6a). Supercell activity decreases over Gauteng in
the summer months (DJF), while the area of higher activity shifts to the south-eastern parts of Mpumalanga
during this period (Fig. 6b).

3.3 Spatial distribution
Left-moving supercell tracks are spread throughout Gauteng and Mpumalanga, with hotspots over the
south-western (highest activity) and eastern Highveld of Gauteng (area 1 and 2 on Fig. 7a) as well as the
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south-eastern parts of Mpumalanga (area 5, 6 and 7 on Fig. 7c). There were two instances where 2
supercells developed in almost the same location, on separate occasions, over the south-western parts of
Gauteng (marked A and B on Fig. 7b). Some moderate activity areas are also noted over the northern parts
of Gauteng (area 3 and 4 on Fig. 7a) and western Highveld of Mpumalanga (area 8 on Fig. 7c).

Some of the supercell hotspot and moderate activity areas were noted to occur in areas of complex
topography. Several supercells developed along a ridge over south-western Gauteng (Ridge 1 on Fig. 7b),
then move north and decay along a ridge to the north (Ridge 2 on Fig. 7b). Most of the supercells decayed on
the lee side (relative to the surface wind which was predominantly north-easterly for these cases), however
some also decayed on the windward side. Similarly, events developed along Ridge 2 and of those that moved
north, most decayed along the Magaliesberg Mountain range (Fig. 7b). In the area of moderate activity east
of the Irene radar (area 3 on Fig. 7a), events either moved along the edge of the Highveld (area C on Fig. 7b)
or decayed soon after moving off the Highveld. A similar observation is made over the eastern parts of
Mpumalanga (area D and E on Fig. 7d), with events decaying soon after moving off the Highveld. Finally, in
area 7 (Fig. 7c), located just east of the Highveld edge of Mpumalanga in lower elevation (area E on Fig. 7d),
several events developed over the southern parts then moved north, decaying over a similar area, just
before the edge of the Highveld. Only one event, which also developed more north compared to the others,
was able to move onto the Highveld, but lost supercell features soon after.

In contrast to the above observation, no obvious topographical features contribute to the hotspots in activity
observed over the eastern Highveld of Gauteng (area 2 on Fig. 7a), where the busiest airport in Africa (Oliver
Tambo International Airport) is located, the south-eastern highveld of Mpumalanga (areas 5 and 6 on Fig.

7c), or in the moderate activity areas north of the Magaliesberg Mountain range (area 4 on Fig. 7a) and west
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occurred within a 10 km search radius for each 1km by 1km grid point. Figure (b) also includes the 1500 to 1800 m AMSL contours in
50 m intervals to highlight the ridges over Gauteng.

of the Ermelo radar (area 8 on Fig. 7c). All these areas have relatively flat terrain, although influences from
nearby ridges, mountain ranges or other topographical features, such as hills, cannot be excluded (not dealt
with in detail in this study).

An area of low to no supercell activity is observed north-west of the Ermelo radar (area 9 on Fig. 7c). This
region falls within the 100 km radius of the Ermelo radar, thus limitations due to resolution or height of the
radar beam are less likely a reason for this area of low activity. This area is also found to occur in a relatively
flat region of the Highveld (Fig. 7d), thus no obvious topographical features are noted to be the cause for the
low activity.

3.4  Track direction

Considering both radars together, left-moving supercells, over the Highveld of South Africa, were
predominantly found to travel from the south-west to the north-east (average direction 224°). Most events
travelled from the south-west (29 events) and south south-west (28), while very few travelled from the west
north-west (2), south-east (1) and south south-east (2) (Fig. 8). A monthly shift in the supercell track
direction is also observed (Fig. 8 and also seen in Fig. 6). In September and October most events travelled
from the west and south-west, shifting to a more dominant south-west direction in November and



December and then with a more southerly component by January. In February, a slightly more westerly
component is observed again, with most events travelling from the south south-west.

3.5 Duration, distance, and speed
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Fig. 8. A rose diagram depicting the number of left-moving supercells track directions

in the direction they are travelling from using 16 bins (at 22.5° intervals). The colours

indicate the number of events that occurred for each month for a given direction.

(Created using WRPLOT View™)
The average lifespan of left-moving supercells over the Highveld of South Africa was approximately 1 hour 12
minutes, their average displacement 48.7 km and average speed 40.8 kmh™. Most events (75%) lasted
between +30 minutes and 1 hour 30 minutes (Fig. 9a), travelled between 10.8 and 60.4 km (Fig. 9c) and at an
average speed of between 17.7 and 48.96 kmh (Fig. 9e). The number of events decreased with an increase
in lifespan, distance, and speed. In addition, as the lifespan increased the distance covered also increased,
however, the longest-lived event was not the longest tracked event and thus also not the fastest event. A
similar result was also noted by Bunkers et al. (2006), for supercells in the USA. The longest-lived event
lasted 3 hours and occurred on the 16" of November 2015 (A on Fig. 9b), while the longest tracked event
occurred on the 1* of November 2018, tracking 172.9 km (B on Fig. 9d). This longest tracked event may have
lived longer and therefore also tracked further, as it moved out of the 100 km range of the radar and thus
may have been impacted by limitations on the distance from the radar. The fastest moving event occurred
on the 10" of October 2010, with an average speed of 83.8 kmh™ (C on Fig. 9f). The top 3 fastest events,
with speeds greater than 71 kmh™ (C, D and E on Fig. 9f), all lasted less than +42 minutes (Fig. 9d), however,
other fast-moving events were found to last much longer, thus no significant association between speed of
movement and lifespan can be drawn from this. It is important to emphasise once again that the duration,
distance, and thus also the speed, are based on the time supercell features were observed on the radar and
not the entire lifespan of the thunderstorm.

The lifespan of left-moving supercells over the Highveld of South Africa were also categorised as either
short-lived, moderate-lived, or long-lived based on the categorisation used by Bunkers et al. (2006). Most
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events (88%) were found to be short-lived (lasting < 2 hours), while the rest (12%) were moderate-lived



(lasting >2 hours but < 4 hours). No long-lived events (lasting = 4 hours) were identified.

4  Discussion

The temporal and monthly supercell distribution and peak corresponds well to that of supercells in other
regions around the world and severe thunderstorm activity over South Africa. The mid to late afternoon
peak in supercell activity was also observed in, for example, the USA (Bunkers et al., 2006; Hocker and
Basara, 2008), Romania (Antonescu et al., 2010), central Europe (Germany) (Wapler et al., 2016) and
Switzerland (Feldmann et al., 2021), which is the time of maximum diurnal heating. A peak in thunderstorm
and hailstorm activity also occurs during the late afternoon over South Africa, although the peak in hailstorm
activity (between 17:00 and 18:00 SAST) corresponds to the peak in supercell decay rather than initiation
(Admirat et al., 1985; Olivier, 1990; Steyn and Bruintjes, 1990). However, hailstones can still be fairly large
during the collapse stage of a supercell (Burgess and Lemon, 1990; Lemon, 1977). The lack of supercell
activity during the morning hours was also noted by Olivier (1990), to occur in hailstorm activity over the
Highveld of South Africa, while supercells in the USA, Romania, Central Europe, Switzerland and Argentina,
also had a minimum during the early to mid-hours of the morning (Antonescu et al., 2010; Bunkers et al.,
2006; Feldmann et al., 2021; Hocker and Basara, 2008; Piscitelli et al., 2022; Wapler et al., 2016).

Our results show that spring and early summer months had a peak in the occurrence of supercells, which
corresponds to results in, for example, the USA, Romania, Greece and Argentina (e.g., Antonescu et al.,
2010; Christodoulou and Sioutas, 2017; Hocker and Basara, 2008; Piscitelli et al., 2022) as well as severe
thunderstorm activity over the Highveld of South Africa (e.g., Admirat et al., 1985; Carte and Held, 1978;
Dyson et al., 2021; Goliger and Lunt, 1997; Held and Carte, 1979; Olivier, 1990). Blamey et al. (2017) showed
that the interior of South Africa had a higher potential for severe convective environments during the early
summer months, with the peak also occurring in November. The atmosphere is conditionally unstable with
high values of vertical wind shear (speed and direction) during the spring and early summer months, thus
contributing to the increase in supercells observed during this period (Blamey et al., 2017; Dyson et al., 2021;
Taszarek et al., 2021). Vertical wind shear (speed and direction), especially in the low and mid-levels, was
found to be the most important parameter with regards to supercell development (Johns and Doswell lll,
1992; Moller et al., 1994). During spring, extratropical weather systems influence the region with a high
frequency of cut-off lows and upper-level westerly baroclinic disturbances, coupled with the sub-tropical jet
stream (Dyson et al., 2015; Singleton and Reason, 2007; Tyson and Preston-Whyte, 2000). Ridging surface
high pressure systems are also found to increase in frequency during spring, transporting moisture over the
eastern interior (Ndarana et al., 2022; Taljaard, 1996; Tyson et al., 1996; Tyson and Preston-Whyte, 2000).
The combination of these weather systems is known to result in favourable conditions not only for
convection (Tyson and Preston-Whyte, 2000) but also severe convection over this region. However, a more
detailed study on the presence and interaction of the surface and upper weather systems during severe
convective weather (including supercell days) is required. The decrease in supercell activity during the later
summer months corresponds to the decrease in vertical wind shear observed over this region, despite high
CAPE values still observed (Blamey et al., 2017; Dyson et al., 2015). This is attributed to the southward
migration of the sub-tropical jet stream and an increase in tropical weather systems influencing the region.

Drylines over the interior of South Africa have been found to be associated with convective development
and linked to several severe convective events (De Coning and Adam, 2000; De Coning et al., 2000; Howard
and Washington, 2019; Lekoloane et al., 2021; Van Schalkwyk et al., 2022; Van Schalkwyk et al., 2023). Van
Schalkwyk et al. (2022), found that drylines over the eastern interior peak in November, as the north-
easterly moisture flux increases, then shift westward later in the summer season. They also suggested that



the ridging high in the east and surface heat trough in the west were responsible for most drylines over the
interior of South Africa. Given the November peak in drylines over and just to the west of our study area,
they may play an important role in the observed monthly as well as spatial distribution of supercells over this
region however, further studies are required to determine if such associations exist.

The south-easterly shift in supercell distribution from, Gauteng to Mpumalanga, corresponds to the seasonal
shift in the number of potentially severe convective days identified by Blamey et al. (2017) but does not
correspond to the westward shift of hailstorms identified by Dyson et al. (2021) and Olivier (1990). However,
not all hailstorms occur from supercells. Vertical wind shear (speed and direction) becomes less favourable
over Gauteng in December and January but remains over Mpumalanga, thus likely contributing to this shift
in supercell activity.

Left-moving supercell distribution over the Highveld of South Africa corresponds well with areas of tornado
observations, hailstorms, and severe thunderstorm environments over this region. Especially over the highly
populated areas of Gauteng, similar hotspots in tornado activity were observed by Goliger and Lunt (1997).
Dyson et al. (2021) and Olivier (1990) found that hail day frequency was generally high over the southern
Highveld of both provinces, however a lower hail day frequency was found to occur over south-eastern
Mpumalanga, where we identified a hotspot in supercells. Goliger and Lunt (1997), also identified a lower
number of tornadoes over south-eastern Mpumalanga, although observations may be unrepresentative due
to the low population in the region. In contrast to this, Blamey et al. (2017) identified the same region as
having a large number of potentially severe convective environments, corresponding to our observations.
Some other disparities with severe thunderstorm distributions were also observed. Supercell activity was
low over the south-western parts of Mpumalanga, despite a high hailstorm activity (e.g., Dyson et al., 2021;
Olivier, 1990), although distance from the radar may have influenced the detection of several events in this
region. In addition, the total and average number of potentially severe convective environments was low
over the south-western parts of Gauteng (Blamey et al., 2017) where supercell activity was high, however,
topography appeared to play a significant role in this region.

Supercell initiation, decay, distribution, and track appear to have an apparent link to the complex
topography over various parts of Gauteng and Mpumalanga, similar to other studies on supercells around
the world (e.g., Bunkers et al., 2006; Christodoulou and Sioutas, 2017; Feldmann et al., 2021; Hocker and
Basara, 2008; Mulholland et al., 2018). Several thunderstorms encountered a ridge over the south-western
parts of Gauteng developed into supercells, which is in line with Feldmann et al. (2021), who found that
mesocyclones tend to develop in storms moving uphill. Supercells were also found to decay along the lee of
the ridges over south-western Gauteng (relative to the surface wind), while numerous events also decayed
when moving off the eastern Highveld of Gauteng and Mpumalanga. Markowski (2002), noted a weakening
of supercells on the lee of a slope (relative to the surface winds) or when moving down into a valley.
However, Prociv (2012) found that where supercells encountered a downslope area vorticity stretching and
thus strengthening of the low-level rotation could also occur.

The average south-west to north-east track direction of supercells, found in this paper, corresponds to the
average track direction of thunderstorms over Gauteng, determined by Mader et al. (1986), which was noted
by Steyn and Bruintjes (1990) to have a bias towards more severe events. It also corresponds to the average
supercell direction determined in the USA, Greece, and Romania (Antonescu et al., 2010; Bunkers et al.,
2006; Christodoulou and Sioutas, 2017; Hocker and Basara, 2008), although a track from the north-west to
south-east was also fairly common in those regions and absent in our findings. According to Hocker and
Basara (2008), the synoptic conditions and thus average 0 to 6 km AGL winds play a significant role in the



observed track direction. The average 0 to 6 km AGL wind direction for summer in the study area is close to
265° (i.e., westerly) and as anticipated, left-moving supercells had an average track direction slightly to the
left of this.

Hocker and Basara (2008), also noted a shift in the supercell track direction over Oklahoma (USA) as the
season progressed, similar to the results identified in the findings presented in this paper. The track direction
of supercells over the Highveld has a southerly change later in the season, corresponding to the southerly
shift in the average monthly 0 to 6 km AGL wind direction.

On average Highveld supercells last for just over one hour well within the 1 to 2 hour range of supercells
observed in the USA (Bunkers et al., 2006; Hocker and Basara, 2008) and Romania (Antonescu et al., 2010),
with most events lasting between 30 minutes and 1 hour 30 minutes and a decrease in the number of events
as the lifespan increased. The average supercell lifespan, determined in our study, was also much longer
than the typical lifespan of a thunderstorm over the Highveld of South Africa, which was shown to last on
average 30 minutes (Mader et al., 1986; Steyn and Bruintjes, 1990).

Only a few moderate-lived events (12% of the total number) and no long-lived events were identified in the
presented results. This differs to the results seen in the USA, Romania, and Greece (Antonescu et al., 2010;
Bunkers et al., 2006; Christodoulou and Sioutas, 2017; Hocker and Basara, 2008), where some events were
found to last between 5 and 7 hours. Our results show that the longest-lived event was 3 hours. Limitations
relating to the radar (e.g., resolution and coverage) may have contributed to the lack of long-lived events
identified over the Highveld of South Africa, as 4 moderate-lived events tracked beyond the 100 km range
from the radar, thus may have lived longer. Other factors such as topography and environment may also
have contributed to the lack of long-lived events, and possibly even the low number of moderate-lived
events, as was noted by Bunkers et al. (2006) for the low number of long-lived events in parts of the USA.

Mader et al. (1986) and (Steyn and Bruintjes, 1990), found that thunderstorms over the Highveld travelled
on average 8 km and moved with a speed of between 27-30.6 km™. The average distance travelled by left-
moving supercells in our study was much further at 49 km and the average speed 41 km™. Mader et al.
(1986) noted that only 20% of the thunderstorms over the Highveld of Gauteng travelled at speeds greater
than 40 kmh. However, the average distance and speed of supercells over the Highveld of South Africa, was
found to be shorter and slower than supercells over Greece as was determined by Christodoulou and Sioutas
(2017), although their study included the entire thunderstorm and not only the period where supercell
features were observed.

5 Conclusions and recommendations

The characteristics of left-moving supercells, over the Highveld of South Africa, was determined using a
radar-derived database of 115 events that occurred during the warm seasons of 2010/11 to 2019/20.
Considering the lack of research on supercells over South Africa in the past, this study has provided new
insight into some of the characteristics of such thunderstorms. This information may be able to assist in the
forecasting, nowcasting and warning of supercells within this region by providing more information about
the time of day, month, and location they most often occur (including areas of common initiation and
decay), as well as their typical direction of travel (both overall as well as month to month), longevity,
distance of travel and how fast they move. This may help a forecaster to anticipate and better understand
such events. With further research on what influences some of these characteristics, forecast/nowcast of
such events may also improve. Some of this information (for example, the spatial distribution) may also be
useful to industries that are impacted by severe weather.



Although a link between both the topography and severe thunderstorm environments on the temporal and
spatial characteristics of supercells was established in some areas, a more detailed study investigating these
influences are required. This should include investigating why higher supercell activity occurs over Gauteng
compared to Mpumalanga during November and the higher activity over Mpumalanga during DJF compared
to SON. It should also include the impact of topography and environment on the movement and lifespan
(duration, distance, and speed) on Highveld supercells. In general, a more detailed study of the terrain is
required, to establish if any smaller features, such as hills, influenced supercell activity in areas with
seemingly flat terrain. A more detailed analysis on the environment (including the synoptic weather systems
and mesoscale dynamics (including drylines) that occurred on each supercell event day also needs to be
conducted.

Finally, the work done in this study, also needs to be expanded to include other regions in South Africa that
fall within the radar network. This would help to gain a better understanding of the supercell characteristics
over the entire country. However, it would first require the establishment of a supercell database for these
areas. This process will be greatly facilitated by an objective and automatic mesoscale detecting system.
Although an automatic mesocyclone detection algorithm was developed in the 80s (Zrni¢ et al., 1985) and
has since been enhanced and used in nowcasting and research around the world, this algorithm has not yet
been tested or implemented in South Africa. Testing, enhancing, and implementing a mesocyclone detection
algorithm will not only assist in nowcasting supercells but also help expand the database to the entire
Doppler radar network over South Africa (reducing the manual work involved) and possibly help to improve
the current database by identifying additional cases.

There are some limitations to this research, the most important of which is the short study period and
relatively low number of events making a thorough climatology impossible. It is encouraging that our results
were found to agree well with literature on severe thunderstorms over South Africa, and supercells in other
regions around the world. The other limitations worth noting are the distance from the radar and radar data
availability, both which may have impacted our results. It highlights the importance of having a functional,
high quality radar network, with each radar located close enough together to be able to adequately detect
supercell and other small-scale severe thunderstorm features.
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Glossary

Bounded Weak Echo Region (BWER) - A vertical column of weak radar reflectivity that is bounded by higher
reflectivity above and on both sides (in the mid-levels). It is an indication of a strong updraft within a
thunderstorm.

Doppler velocity - The radial component of velocity of a scattering object.

Highveld - Elevated area of 1500 m above mean sea level and greater located over the eastern interior of
South Africa.

Hook Echo - A pendent, hook or similar shaped echo in reflectivity in the lower levels caused by precipitation
drawn into the rotating updraft of a thunderstorm.

Mesocyclone - Cyclonic rotating vortex within a thunderstorm (supercell) that has a diameter between 1 and
10 km and extends between 2 and 8 km above the ground.

Radar reflectivity - More accurately known as the radar reflectivity factor or equivalent radar reflectivity
factor. The amount of power scattered back by a radar target (e.g., rain and hail), and depends on the size,
shape, aspect, amount, and dielectric properties of the target.

Supercell - Fairly long-lived, often severe type of thunderstorm that contains a deep and persistent rotating
updraft.

Weak Echo Region (WER) - A vertical column of weak radar reflectivity that is bounded by higher reflectivity
above and on one side.
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