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modes of variability in the Southern Hemisphere, such as 
ENSO. This implies that several factors, possibly more 
localised, may modulate the spatial and temporal frequency 
of severe thunderstorms across the region.
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1 Introduction

Convective storms are important phenomena, not only 
being a key source of rainfall, but also by acting to stabilize 
the atmosphere through the redistribution of heat and mois-
ture (Brooks and Dotzek 2008). However, adverse effects 
occur when the magnitude of the convective storm is severe 
with high wind speeds, flooding, hail, lightning and even 
the occurrence of tornadoes can often lead to damages 
to property, infrastructure and crops, disruption in travel 
and in extreme cases the loss of life (Doswell et al. 1996; 
Brooks and Dotzek 2008). Consequently, such weather 
events may have a considerable negative impact on a coun-
try’s economy. Observing and analysing convective storms 
and their environments from the past few decades has been 
a crucial method in understanding and improving the cur-
rent knowledge of storm activity (i.e. distribution and fre-
quency), especially in a world undergoing climate change 
(Diffenbaugh et al. 2013; Seeley and Romps 2015). With-
out this knowledge, it becomes increasingly difficult to 
determine the potential impacts of climate variability and 
change on storm environments and how this in turn trans-
lates to storm frequency/intensity. However, a lot of uncer-
tainty still remains with regard to convective storm report-
ing practices, which have obscured any storm trends over 
the past few decades (Seeley and Romps 2015).

Abstract Severe thunderstorms pose a considerable risk to 
society and the economy of South Africa during the aus-
tral summer months (October–March). Yet, the frequency 
and distribution of such severe storms is poorly understood, 
which partly stems out of an inadequate observation net-
work. Given the lack of observations, alternative methods 
have focused on the relationship between severe storms 
and their associated environments. One such approach is to 
use a combination of covariant discriminants, derived from 
gridded datasets, as a probabilistic proxy for the develop-
ment of severe storms. These covariates describe some key 
ingredient for severe convective storm development, such 
as the presence of instability. Using a combination of con-
vective available potential energy and deep-layer vertical 
shear from Climate Forecast System Reanalysis, this study 
establishes a climatology of potential severe convective 
environments across South Africa for the period 1979–
2010. Results indicate that early austral summer months 
are most likely associated with conditions that are condu-
cive to the development of severe storms over the interior 
of South Africa. The east coast of the country is a hotspot 
for potential severe convective environments throughout 
the summer months. This is likely due to the close proxim-
ity of the Agulhas Current, which produces high latent heat 
fluxes and acts as a key moisture source. No obvious rela-
tionship is established between the frequency of potential 
severe convective environments and the main large-scale 
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Individual or single-cell thunderstorms often occur on 
size scales of tens of kilometres and on temporal scales that 
are less than a few hours. Given the relatively low resolu-
tion of gridded climate products (i.e. gridded observa-
tion datasets, climate models, reanalysis data, etc.), such 
events remain unresolved in climate models. To side step 
these fundamental problems, researchers have often rather 
focused on large-scale convective storm environments 
when analysing the frequency and distribution of convec-
tive storms (e.g. Brooks et al. 2003). This approach follows 
because storm development can be strongly influenced by 
the large-scale environment or more aptly described as the 
large-scale distribution of moisture, winds and temperature. 
Environments that favour convective system development 
usually include a few vital “ingredients” such as the pres-
ence of instability, moisture, low level moisture conver-
gence and uplift (Doswell et al. 1996). However, as advised 
by Tucker and Zentmire (1999), the combination of these 
elements does not necessarily distinguish days in which 
scattered, isolated thunderstorms develop or days that con-
tain more organised, long-lived convective systems.

Diagnostic variables, based on physical principles, are 
typically used by meteorologists to characterise some fea-
ture of a storm environment into a single index or set of 
indices, which aid in determining if, when and where con-
vective storms could develop (Doswell III and Schultz 
2006). Not only do these diagnostics assist in determining 
where conditions are favourable for thunderstorm develop-
ment, but they can also aid in distinguishing severe versus 
non-severe thunderstorm environments (e.g. Brooks et al. 
2003). A combination of indices is usually used to identify 
favourable conditions for severe convective storm environ-
ments, for example Convective Available Potential Energy 
(CAPE), Convective Inhibition (CIN) and 0–6 km Bulk 
Wind Difference (BWD)/deep-layer wind shear (e.g. Ras-
mussen and Blanchard 1998; Craven et al. 2002; Brooks 
et al. 2003; Allen et al. 2011; Gensini and Ashley 2011). 
However, as cautioned by Doswell III and Schultz (2006), 
there are no specific thresholds that discriminate perfectly 
between severe and non-severe environments.

Most research on convective storm environments has 
focused on particular domains, such as North America 
(e.g. Brooks et al. 2003, 2007; Gensini and Ashley 2011), 
Europe (e.g. Brooks et al. 2003), Australia (e.g. Allen et al. 
2011) and in some cases, such analysis has been extended 
onto a global scale (e.g. Brooks et al. 2003). Within stud-
ies documenting global storm activity, South Africa fea-
tures as a “hotspot”, particularly eastern South Africa and 
the adjacent ocean. Brooks et al. (2003) found that there 
were numerous days per year with favourable severe con-
ditions over the interior and east coast of South Africa. 
Using satellite data, Zipser et al. (2006) determined that 
there is a strong tendency for intense storms to develop 

along the eastern regions of South Africa and the neigh-
bouring ocean. However, in terms of convective activity in 
this region, relatively little is understood compared to else-
where in the world.

South Africa is a rather heterogeneous climate region 
with areas ranging from arid on the west coast north of 
30°S through to wet on the east coast north of 32°S or on 
the windward slopes of large mountain ranges. Several fac-
tors contribute to the diversity of its climates. These include 
its subtropical location, the interaction of the surrounding 
oceans with that of the general atmospheric circulation, and 
the complex topography (Fig. 1) that extends across large 
stretches of the country, often isolating inland areas from 
the influence of the adjacent ocean. The majority of rain-
fall over the eastern and interior parts of South Africa falls 
during the austral summer months (November–March) and 
is of a convective nature (Tyson and Preston-Whyte 2000). 
In contrast, the southwestern parts are the only austral win-
ter (June–August) rainfall region in South Africa. Most of 
this winter rainfall is produced via cold fronts and associ-
ated extratropical cyclones. A small all-year rainfall region 
is located on elevated terrain along the south coast near 
the boundary between summer rainfall and winter rainfall 
regions.

The country also experiences considerable temporal 
variability in climate and is susceptible to wide range of 
weather phenomena. Severe weather producing convective 
systems range from short lived single cell storms through 
to mesoscale convective systems (e.g. Laing and Fritsch 
1993; Tyson and Preston-Whyte 2000; Blamey and Reason 
2009, 2012), tropical extra-tropical cloudbands (Harrison 
1984; Hart et al. 2010, 2013; Manhique et al. 2011) and the 
occasional tropical cyclone from in the southwest Indian 
Ocean/Madagascar Region (Dyson and van Heerden 2001; 
Reason and Keibel 2004). Tornadoes occur over the eastern 
regions of the country, particularly in spring or early sum-
mer (de Coning and Adam 2000; Rouault et al. 2002). Cut-
off lows are also notable rainfall producers, but are more 
confined to the southern parts of the country (e.g. Singleton 
and Reason 2006, Singleton and Reason 2007a, b) and tend 
to occur mainly in spring and autumn.

Although South Africa may not experience the same 
level of convective activity as found in parts of South and 
North America and equatorial Africa, the local population is 
still considered highly vulnerable to convective storms. For 
example, Gill (2008) reports that lightning-related deaths 
in the country account for an average of between 1.5 and 
8.8 people per million per year, which is considerably more 
than most developed countries as well as being higher than 
the global average (Holle 2008). Additionally, flash flood-
ing, hail and strong winds associated with severe convec-
tive events has deleterious impacts at the local and regional 
scale. The impacts such convective weather has on societal 
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and economic systems and the relative lack of knowledge 
about severe convective environments in the region moti-
vate for further local research in this field. This paper aims 
to improve the understanding of the spatial distribution of 
favourable severe convective storm environments over the 
summer rainfall region of South Africa. Understanding the 
spatial and temporal variability of such environments and 
the drivers behind it may help reduce some of the large 
uncertainty associated with severe weather events in future 
climate projections.

2  Data and methods

A major constraint in convective storm research is the 
availability of observational data, which is especially prob-
lematic for many African countries. Data most commonly 
used to characterise convective environments are produced 
by radiosonde or upper air soundings. The main advan-
tage of utilizing radiosonde data is that it provides a direct 
and immediate measurement of the vertical profile of the 
atmosphere, including temperature, relative humidity and 
wind measurements. However, a disadvantage of this data 
collection method is that it is relatively expensive to rou-
tinely run. Furthermore, these data are linked to a specific 
location and potentially may not be representative for the 
region. In the southern African region, very few countries 
routinely release radiosondes. The South African Weather 
Service does release radiosondes, predominantly at the 
major airports across the country, but financial constraints 

limit the frequency of such releases. Even with adequate 
financial resources, temporal sampling would likely still 
remain an issue with radiosonde data.

Given the lack of observations (e.g. radiosonde, storm 
reports, etc.) alternative datasets and methods than can help 
describe severe convective environments have been created. 
One such method is the use of pseudo-proximity soundings 
that are derived from gridded datasets, such as numerical 
weather prediction models and reanalysis data (Lee 2002; 
Brooks et al. 2003; Allen et al. 2011; Gensini and Ashley 
2011). The primary benefit of utilizing reanalysis datasets 
is that the data are produced uniformly through space and 
time and are available at all points on the globe. Early rea-
nalysis products, such as the National Centres for Envi-
ronmental Prediction–National Centre for Atmospheric 
Research (NCEP–NCAR) reanalysis (NCEP R1) (Kalnay 
et al. 1996), were produced at a relatively low spatial reso-
lution (i.e. 2.5° horizontal resolution), whereas more recent 
reanalysis products, such as Climate Forecast Systems Rea-
nalysis (CFSR) (Saha et al. 2010) are now produced with a 
horizontal resolution of roughly 0.5° horizontal resolution.

A common approach used to identify the potential devel-
opment of severe convective storms within the data is based 
on the covariate discriminant relationships between CAPE 
and 0–6 km bulk wind difference (BWD) and computed as 
follows:

where γ is the weight given to the BWD and β is a thresh-
old value [(m.s−1) 2+γ]. Based on observations, this novel 

(2.1)(CAPE)(BWD)γ ≥ β

Fig. 1  Topography (shaded) 
of southern Africa, given in 
meters above sea level. Loca-
tions referred to in the text are 
depicted with a red dot and the 
city name. The two small boxes 
positioned over Johannesburg 
and Durban are used later in the 
study to define the “interior” 
and “coastal” regions of South 
Africa, respectively
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approach first applied by Brooks et al. (2003) determined, 
using linear discriminate analysis, that severe convective 
storm environments adopt values as follows: γ = 1.6 and 
β = 46 800 for the U.S.1 Similarly, Allen et al. (2011) 
established that γ = 1.67 and β = 115 000 for severe 
storms within Australia. These authors cautioned that the 
calibration of these discriminants depends on the source of 
the data, in particular with variations in model resolution 
and the formulation of the convective variables. As a result, 
for severe storms in Australia, Allen and Karoly (2014) 
used the lower discriminant calculated by Allen et al. 
(2011), namely: γ = 1.67 and β = 68 000. All three studies 
attained γ values that are greater than 1, which indicates 
that the wind shear component should be weighted with 
more importance than CAPE in determining the potential 
severity of the storm. Given the lack of severe storm obser-
vation databases in South Africa it is not possible to derive 
discriminants appropriate for the region. Thus, the same 
discriminant weighting as that of Allen et al. (2011) and 
Allen and Karoly (2014) is used here to determine potential 
severe convective environments. Motivation for doing so is 
that South Africa has more similarities with Australia (e.g. 
moisture availability, topography, latitudinal position, etc.) 
than it does with the U.S. Furthermore, the spatial resolu-
tion of the input data has been another factor taken into 
consideration when selecting the appropriate thresholds for 
local conditions.

For this study, CAPE and u and v winds from the high 
resolution CFSR are used to reconstruct the historical cli-
mate record over South Africa. The time period analysed 
is the 31 years from 1979 to 2010. Although some other 
reanalysis products extend further back in time (i.e. to the 
mid-20th century), there is much less reliability with such 
data, particularly in the Southern Hemisphere (e.g. Tennant 
2004). In this study, only data from the summer half of the 
year (October–March), when convection is a maximum 
over South Africa, are analysed here. Only one of the four 
daily time steps available in the reanalysis will be used; 
namely, 12h00 UTC (14h00 LST) since most local convec-
tive activity in South Africa occurs in the afternoon (Tyson 
and Preston-Whyte 2000). The timing of regional rainfall 
patterns is linked to the diurnal cycle in convective activ-
ity, where summer rainfall in South Africa generally falls 
during the afternoon in the interior of the country and dur-
ing the evening along the east coast region (Rouault et al. 
2013). Long-lived convective systems in South Africa, 
one of the largest heavy rainfall producers, tend to initi-
ate during the early afternoon (Blamey and Reason 2012). 

1 The discriminant determined by Brooks et al. (2003) is defined by 
the function: 2.86log(BWD) + 1.79log(CAPE) = 8.36, and has just 
been simplified here to: CAPE × BWD1.6 ≥ 46,800.

Furthermore, Dyson et al. (2015) noted that the 12h00 UTC 
sounding is the most representative of the atmospheric con-
ditions before heavy rainfall commences over the interior 
of the South Africa.

As alluded to above, the wind shear used for the analy-
sis is based on the bulk magnitude vertical wind shear for 
0–6 km. A problem arises when the 0–6 km BWD needs 
to be calculated for the part of the domain situated over the 
interior of South Africa, which is a plateau that sits around 
1.6–1.9 km above sea level. We therefore use 850 hPa data 
to represent surface winds over the interior of the country, 
as this level roughly corresponds to 1.5 km above sea level 
(Tyson and Preston-Whyte 2000). It was thus necessary to 
calculate two levels of BWD in this study, with convective 
environments over the interior using the difference in wind 
magnitude between the 400 and 850 hPa pressure levels, 
while over the coastal region the 500 and 1000 hPa pres-
sure levels are used.

CAPE can be calculated as the vertically integrated 
energy acquired by a rising parcel of air as a result of the 
upward force acting upon it. If integrating from the level of 
free convection to the level of neutral buoyance it would be 
expressed as:

where LNB is the level of neutral buoyancy, LFC is the 
level of free convection, g is gravity, Tc(z

′) is the vertical 
profile of temperature inside the cloud and T0(z′) is the ver-
tical profile of temperature in the environment of the cloud. 
The estimation of CAPE using the equation above depends 
on how the level of free convection is calculated (Bluestein 
2013). The most commonly calculated are surface based 
CAPE (when surface-based air parcels are used), mixed 
layer CAPE (a mixed layer or other boundary layer is used) 
and most unstable CAPE (often the highest combination of 
temperature and dew point temperature are used). For the 
purposes of this study, surface based CAPE or SBCAPE is 
used for the analysis.

There are two important caveats that need to be recog-
nised in the methodology adopted here: Firstly, no measure 
of convective inhibition (CIN) is included in this analysis 
and thus, it is assumed that the CAPE value used for the 
grid point is large enough to overcome any CIN. Secondly, 
no lifting mechanism or initiation requirement for a thun-
derstorm to develop is used in the method as the relatively 
coarse horizontal scale of the reanalysis data cannot resolve 
the required initiation criteria (Doswell 1987). These are 
both factors that can play an important role in the develop-
ment of convective storms and it is for this reason the focus 
of the paper is on the environments that have the potential 
for severe storm development.

(2.2)CAPE =

LNB
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Bdz
′
= g

LNB
∫

LFC

[

Tc

(

z′
)

− T0

(

z′
)]

T0(z′)
dz

′



2165A climatology of potential severe convective environments across South Africa

1 3

There also remain valid concerns with the use of reanal-
ysis products to characterize severe convective storm devel-
opment. Biases in low level moisture and winds in reanaly-
sis products compared to observations have been found in 
some of early datasets (e.g. Betts et al. 1996; Trenberth and 
Guillemot 1998). However, this study uses the latest reanal-
ysis product available, which may mitigate these and other 
shortcomings compared to earlier reanalysis products. This 
includes the vertical resolution in CFSR (64 vertical levels) 
being considerably greater than early reanalysis products 
(e.g. 28 in NCEP R1).

3  Seasonal distribution of convective parameters

3.1  Convective available potential energy (CAPE)

CAPE is a nonlinear combination of two of the ingre-
dients described by Doswell et al. (1996) in identifying 
deep, moist convection, which are moisture and condition-
ally unstable lapse rates. Figure 2 displays the seasonal 
evolution of CAPE and its spatial distribution across the 

region. CAPE values over the ocean off the east coast are 
much higher than those over the land (not shown) due to 
the warm Agulhas Current flowing there, which acts as a 
constant supply of heat (i.e. energy) and moisture. Given 
the high CAPE values over the Agulhas Current region, 
ocean areas have been masked out in the figures in order to 
make CAPE over the land more identifiable. Mean CAPE 
values exceeding 200 J.kg−1 become noticeable over the 
interior and east coast region of the country in November, 
the beginning of the summer. This mean CAPE continues 
to intensify over the interior and east coast, with the high-
est monthly mean values being attained in the mid-summer 
months of December–January. Mean CAPE values exceed 
600 J.kg−1 during this period. A contrast between the inte-
rior of the country and the east coast is the higher CAPE 
values along the coastal region, which extend much later 
into the summer months. Mean CAPE values exceeding 
500 J.kg−1 are still present as late as April along the coastal 
region, whereas such values disappear around February 
over the interior.

The seasonal variation of daily CAPE (at 12h00 UTC) 
experienced along the coastal region and the inland of 

Fig. 2  Mean monthly CAPE 
(shaded, JKg−1) at 12h00 UTC 
across South Africa over the 
period 1979–2010. Zero CAPE 
days are included in creating the 
mean. Due to high CAPE values 
off the east coast of South 
Africa, data over the ocean have 
been masked out
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South Africa is shown in Fig. 3. It is constructed from 
CFSR data that is available for the grid cell closest to 
Johannesburg (interior) and Durban (coastal). The highest 
values of CAPE are found in the far left and right of the 
graphs, which are indicative of the summer months, namely 
January–February (left) and November–December (right). 
For the interior station (Fig. 3a), most summer days experi-
ence CAPE values less that 1000 J.kg−1, but it is evident 
that some days have CAPE just under 4000 J.kg−1. Dyson 
et al. (2015) found that the highest monthly average of 
CAPE over the interior of the country was achieved dur-
ing December, although their results are based on sound-
ing data rather than reanalysis data. They noted that tem-
perature lapse rate and low-level moisture content influence 
local CAPE values, and that the contribution of these varia-
bles to a large CAPE value changes throughout the summer. 
The east coast (Fig. 3b) typically contains higher values of 
CAPE compared to the interior of the country. Consist-
ent with Fig. 2, large CAPE values also persist longer into 
the summer months, as late as March/April, near Durban. 
There is a clear decrease in CAPE values at both locations 
during the middle of the year (winter) and less daily vari-
ability in this season. This decrease is attributed to less heat 
at the surface (i.e. decreased insolation) and lower levels of 
atmospheric moisture, especially for the interior of South 
Africa which is under the strong influence of a continental 
anticyclone at this time of year.

Dyson et al. (2015) found that that the critical value of 
1000 J.kg−1 of CAPE is typically associated with extreme 

rainfall events in the Gauteng province in South Africa, 
where Johannesburg is located. From the 12h00 CFSR 
analysis, CAPE only exceeds 1000 J.kg−1 4.41% of the 
time during the summer months for the Johannesburg grid 
point and 9.23% for the Durban grid cell. In compari-
son, regions outside of South Africa, such as the eastern 
U.S. and Europe, the threshold of ‘1000 J.kg−1’ (based on 
mixed layer CAPE) is only achieved 7 and 1% of the time, 
respectively (Brooks et al. 2003). Figure 4 depicts the 
mean number of days per month exceeding 1000 J.kg−1 
across South Africa. The frequency of CAPE reaching 
1000 J.kg−1 during the summer months is realised much 
more often along the east coast (9–10 days) compared 
to the interior of the country (3–4 days). A difference 
between the northern and southern parts of the east coast 
is that such high values of CAPE start appearing along the 
northern parts during the early summer months (Oct–Nov), 
whereas the southern parts attain such values later in the 
summer (Dec–Jan). This seasonal change is likely due to 
increasing intensity of solar heating between the early and 
mid-summer since the changes in the Agulhas Current sea 
surface temperatures along the coast is minimal. The inte-
rior of the country reaches the peak in days with CAPE 
exceeding 1000 J.kg−1 during December–January.

3.2  Bulk wind difference (BWD) or deep‑layer shear

The organisation of thunderstorms and the severe weather 
it may produce is associated with the change in winds 

Fig. 3  The daily distribution of surface based CAPE (JKg−1) at 
12h00 UTC throughout the year at the CFSR grid cell closest to a 
Johannesburg and b Durban from 1979 to 2010. The solid black line 

is a 10 day rolling mean of the daily mean and the dashed horizontal 
line highlights the 1000 JKg−1 threshold
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with height, more commonly known as vertical wind shear 
(Weisman and Klemp 1982; Brooks et al. 1994). The 
highest wind shear or BWD values (17–20 m.s−1) during 
summer are experienced over the southern parts of South 
Africa (Fig. 5). Throughout the year, the absolute highest 
BWD values occur over the southwestern Cape during late 
winter or early spring. These high values of shear over the 
southern part of the country highlight the presence of the 
subtropical jet stream. The meridional movement of this 
jet is tied into the annual cycle, with it shifting equator-
ward during the austral winter (Jun–Aug) and polewards 
during the austral summer months (Archer and Caldeira 
2008).

Over the interior and east coast of South Africa, wind 
shear is highest during early summer months (Oct–Nov) 
with it reaching mean shear values of between 11 and 16 m.
s−1 (Fig. 5). The BWD subsequently decreases in strength 
over the interior as the summer season progresses, with the 
lowest values occurring between February and March (i.e. 
late summer). These results are comparable to that found 
by Dyson et al. (2015) with their results revealing that 24% 
of the soundings during early summer have wind shear 

values exceeding 15 m.s−1, in contrast to a much lower 
7% in the late summer. These authors noted that the atmos-
phere over the interior of South Africa varies from very dis-
tinctly extra-tropical in nature in early summer to clearly 
tropical throughout the mid- to late summer season.

The bi-monthly mean number of days where BWD 
exceeds 15 m.s.−1 during early, mid and late summer is 
shown in Fig. 6. The early summer months (Oct–Nov) 
contain the most frequent days (12–22 days) for high 
shear values for the interior of the country, whereas the 
late summer months (Feb–Mar) have less than 4 days on 
average where BWD exceeds 15 m.s−1. The east coast of 
South Africa also has the highest number of mean days 
with BWD exceeding 15 m.s−1 during the early summer 
(>22 days), but the mid-summer months still contain on 
average 6–14 days with BWD exceeding 15 m.s−1. By the 
late summer, the frequency of days exceeding the 15 m.
s−1 threshold has decreased to less than 4 days along the 
east coast region. Although the southern part of the coun-
try contains the most number of days exceeding 15.m.s−1 
throughout the summer, it does not contain the same con-
vective activity as found along the east coast. This lack of 

Fig. 4  The monthly mean 
of the number of days with 
CAPE at 12h00 UTC exceed-
ing 1000 JKg−1 over the period 
1979–2010. Values over the 
ocean have been masked out
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convective activity is likely due to a range of factors, such 
as cooler adjacent SSTs, lower instability in the atmos-
phere and is situated in a boundary region between the 

winter and summer rainfall regions, not a core convective 
region (Taljaard 1996; Weldon and Reason, 2014; Engel-
brecht et al. 2015).

Fig. 5  Mean monthly BWD 
(shaded, m.s−1) at 12h00 UTC 
across South Africa over the 
period 1979–2010. The BWD 
shown here is determined from 
the difference in the wind 
magnitude between the 400 and 
850 hPa pressure levels

Fig. 6  Mean number of days with BWD exceeding 15 m.s−1 across 
South Africa over the period 1979–2010 for a early summer, b mid-
summer and c late summer. The BWD for low lying regions is based 
on the wind magnitudes between the 500 and 1000 hPa pressure lev-

els, while the interior of the country, with an altitude greater than 
1500 m, uses wind magnitudes between the 400 and 850 hPa pressure 
levels. Values over the ocean have been masked out
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4  Potential severe convective environments

4.1  Spatial distribution

Using the weighted product of CAPE and BWD (Eq. 2.1), 
the east coast of South Africa can easily be identified as a 
very active region for potential severe storm development, 
with the total number of days achieving potential severe 
environment status over the full period (1979–2010) being 
consistently high throughout the summer months (Fig. 7). 
The peak in favourable severe environments takes place 
during the core summer months of December and Janu-
ary. These severe environments extend along the east coast 
from 28°S (just north of Richards Bay) to as far south as 
East London (around 33°S), where this sustained activity 
is largely due to its unique positioning, gaining abundant 
amount of heat and moisture from the adjacent warm Agul-
has Current.

In contrast to the east coast, potential severe convec-
tive environments over the interior of the country are 
more prevalent during the early summer months com-
pared to the late summer months (Fig. 7). Potential severe 

convective environments are first noticeable in October, 
reach a maximum in November and then decrease as 
summer continues. There also appears to be an eastward 
movement (towards the escarpment) in the location of 
severe days as the summer progresses. The early summer 
preference of potential severe storm environments over 
the interior of the country is also identifiable in the satel-
lite derived severe hail global climatology developed by 
Cecil and Blankenship (2012). As alluded to earlier, the 
early summer months are dominated by high wind shear 
values over the interior of the country, reaching shear val-
ues of between 11 and 16 m.s−1. BWD then decreases in 
strength over the interior as the season progresses, with 
the lowest values occurring between February and March 
(i.e. late summer). These high wind shear values do not 
necessarily coincide with when CAPE is highest over the 
interior, which only occurs in mid-summer.

The spatial pattern of potential severe environments 
over the interior of the country is similar to that found with 
lightning ground flash density (Gijben 2012) and severe 
hail events (Cecil and Blankenship 2012). The lightning 
climatology produced by Gijben (2012) suggest that the 

Fig. 7  The total number of 
potential severe convective 
environments determined for 
each month over the 1979–2010 
period. The potential sever-
ity is based on each grid point 
exceeding a discriminant 
threshold based on a CAPE and 
BWD. The same methods used 
to calculate the BWD in Fig. 6 
is used here. Values over the 
ocean have been masked out
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highest density of lightning in South Africa is found to 
occur along the northern escarpment (east of Johannes-
burg) extending from the northern extent of KwaZulu-
Natal into the Mpumalanga Lowveld (border of South 
Africa and Swaziland). Similarly, estimated severe hail 
events are more frequent over the eastern parts of the inte-
rior of the country (Cecil and Blankenship 2012). The 
results here suggest a similar pattern with more potential 
severe environments located to the east of Johannesburg 
(e.g. Fig. 8a). Although the east coast region has consid-
erably more potential severe environment days than the 
interior of the country, it does not have the same intense 
lightning activity as found along the escarpment or further 
inland (Gijben 2012).

Figure 8, showing a breakdown of the mean number of 
potential severe environment days during early (Oct–Nov), 
mid (Dec–Jan) and late summer (Feb–Mar), highlights that 
the early summer months are most likely to experience 
severe environment days over the interior of the country 
compared to the rest of the summer period. It also cor-
roborates that mid-summer experiences on average more 
severe environment days (6–9 days) along the east coast, 
with early summer having fewer days (<4 days). There also 
appears to be some differences between the northern and 
southern stretches along the east coast. Favourable severe 
days for the north coast (i.e. near the South Africa-Mozam-
bique border) are more abundant during the early summer 
months, whereas they are more abundant farther south 
along the east coast near 29–32°S during the mid- to late 
summer months. This pattern is similar to that found in the 
mean monthly CAPE, where more favourable CAPE days 
occur along the northern part of the east coast compared to 
the southern part in early summer. Thus, even though there 
are favourable CAPE conditions during late summer along 

the northern parts of the coast, the mean shear is likely too 
weak to produce severe storms.

4.2  Inter‑annual variability

The inter-annual variability of potential severe convec-
tive environments in the coastal and interior regions is 
represented in Fig. 9. The time series were determined by 
summing up the number of potential severe days in the 
grid cells that fell within the two small boxes, represent-
ing the interior and coastal regions, in Fig. 1, for the first 
three (Oct–Dec) and last three summer months (Jan–Mar). 
It does not take into account severe storms initiating out-
side these domains and tracking into them. The pattern 
of the coastal region containing more days favourable for 
severe storm development compared to in interior regions 
is highlighted again, particularly during the latter stages 
of the summer (Fig. 9b). The two regions show similar 
activity during the early parts of summer (r = 0.57 with p 
value = 0.0008) whereas they are not strongly related in 
the late summer months (r = 0.29 with p value = 0.1092). 
This seasonal contrast points to the greater dominance of 
organised convection in early summer, for example through 
large-scale cloud bands (Hart et al. 2010, 2013) or mes-
oscale convective systems (Blamey and Reason 2012), 
which then increase the likelihood of the coastal and inland 
areas behaving similarly. In the late summer, there tend to 
be less of these large-scale systems.

Figure 9a indicates that early 1990s contain consecu-
tive years with below average potential severe convective 
environments across both regions. This pattern is most 
pronounced for the interior of the country during the early 
summer months (Fig. 9a). The early 90s was a time that was 
dominated by weak El Niño events in the Pacific. A similar 

Fig. 8  The bi-monthly mean number of potential severe convective 
environments determined for each month over the 1979–2010 period 
for a early summer, b mid-summer and c late summer. The potential 
severity is based on each grid point exceeding a discriminant thresh-

old based on a CAPE and BWD. The same methods used to calcu-
late the BWD in Fig. 6 is used here. Values over the ocean have been 
masked out
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pattern is found over the interior in the early to mid-2000s, 
another period of weak El Niño events. Although there is 
some evidence to suggest a similar pattern in the Jan–Mar 
period (Fig. 9b), the signal is not as noticeable. The influ-
ence El Niño-Southern Oscillation (ENSO) has on South 
African climate, in particular summer rainfall patterns, has 
been documented in numerous studies (e.g. Lindesay 1988; 
Mason and Jury 1997; Reason et al. 2000; Reason and 
Jagadheesha 2005). Warm ENSO events (El Niño) are often 
associated with drier conditions in South Africa and cool 
ENSO events (La Niña) with more summer rainfall.

Apart from those two periods, there appears to be little 
correspondence between ENSO and the overall occurrence 
of severe environments in South Africa. If one looks at the 
strongest El Niño (1997/1998) over the 1979–2010 period, 
nearly average potential severe environments occurred 
within both domains (only the interior during JFM con-
tained less than average severe days). This is not unex-
pected since this particular ENSO event has been noted 
locally as an unusual, with normal to above normal summer 
rainfall occurring across much of South Africa (Reason 
and Jagadheesha 2005; Lyon and Mason 2007). However, 

Fig. 9  Inter-annual variability of the total number of potential 
severe convective environments for a the early summer (OND) and 
b the late summer (JFM) for the coastal region (solid black line) and 
inland region (solid grey line). The black and grey dashed lines are 
the 5 year running mean for the coastal and interior region, respec-
tively. The black boxes in Fig. 1 show the locations used to describe 

the coastal and interior domains. The Pearson’s correlation and p 
value between the two domains is given in the top left corner. The 
dot-dashed black (grey) horizontal line is the mean for the coastal 
(interior) region. The first summer is 1979/1980 and the last being 
2009/2010. The bottom panel c is the monthly Nino 3.4 index created 
from ERSSTv4 data (Huang et al. 2015)
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in contrast to that discussed above, the 1986/87 summer 
(a relatively strong El Niño year) contained a considerable 
amount of potential severe environment days over both 
the interior (over four times the total summer mean) and 
coastal region. The next largest summer peak in the number 
of potential severe environments to occur in both regions is 
in 1995/96 (La Niña). Other notable peaks in the number 
of potential severe environments are found over the interior 
occur during the 1984/85 summer (weak La Niña). Peaks 
along the coastal region include the early part of summer in 
2001/02 (neutral) and 2004/05 (weak El Niño) and the late 
summer in 2006/07 (weak El Niño).

To better understand the weak connection between 
potential severe environments in South Africa and ENSO, 

we investigated the relationship between the two param-
eters and ENSO. There is little correlation between CAPE 
and ENSO over inland or east coastal South Africa during 
the early parts of the summer (Fig. 10a). In the late sum-
mer months, a negative correlation (significant) between 
CAPE and ENSO exists, but is predominantly limited to 
the extreme northeastern parts of South Africa, border-
ing Mozambique and Zimbabwe (Fig. 10b). Similar to the 
CAPE results, there is little correlation between ENSO 
and BWD over inland or east coastal South Africa dur-
ing the early summer months (Fig. 11a). However, the late 
summer months show a relatively strong positive correla-
tion (significant) over the interior and eastern parts of the 
country (Fig. 11b). This suggests that warm (cool) ENSO 

Fig. 10  Correlation between CAPE and Nino 3.4 index (both detrended) during a the early (OND) and b late summer (JFM) months. Stippling 
denotes values that are significant at the 95% confidence level. The Nino 3.4 index is based on the ERSSTv4 data used in Fig. 9c

Fig. 11  Correlation between BWD (400–850 hPa) and Nino 3.4 
index (both detrended) during a the early (OND) and b late summer 
(JFM) months. Stippling denotes values that are significant at the 

95% confidence level. The Nino 3.4 index is based on the ERSSTv4 
data used in Fig. 9c
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events tend to have increased (decreased) vertical shear 
over South Africa during the late summer months, but a 
decrease (increase) in CAPE. Correlation values between 
CAPE/BWD and the Southern Annular Mode (SAM), 
another leading mode of Southern Hemisphere variabil-
ity, reveals no significant relationship during either the 
early or late summer months (not shown). Monthly analy-
sis (not shown) indicates that only November has a rela-
tively strong negative correlation (≤−0.5 and significant) 
between SAM and BWD across the interior and east coast 
of South Africa.

Although CIN has not been included here as one of the 
discriminants in the identification of potential severe envi-
ronments, it may provide a useful indicator of the relation-
ship between ENSO and convection over southern Africa. 
During the months of October and November, a negative 
correlation (≤0.3) over the interior of the country (only sig-
nificant in some areas) is found between CIN and ENSO, 
while this is replaced by a weak positive correlation (≥0.3; 
only significant in some areas) during the core summer 
months (DJF) (Fig. 12). This implies that El Niño events 
are likely associated with a decrease in CIN over the inte-
rior of the country during the early summer months and 
an increase in CIN during the core summer months. The 
coastal region shows similar patterns to that of the interiors, 
with a positive correlation between CIN and ENSO during 
the core summer months (significant along the northeastern 
parts).

SST anomalies in the neighbouring Indian and Atlantic 
Oceans are also known to influence South Africa summer 
rainfall patterns (e.g. Reason and Mulenga 1999; Behera 
and Yamagata 2001; Rouault et al. 2003a; Reason et al. 
2006). The subtropical Indian Ocean dipole (SIOD) is one 
such SST pattern, with a positive (negative) phase in the 
SIOD being characterized by warm (cool) SST anoma-
lies in the southwest Indian Ocean, cool (warm) SSTs in 
the southeast and above (below) average rainfall over parts 
of southern Africa (Behera and Yamagata 2001; Reason 
2001). The influence of the subtropical Indian Ocean is also 
seen with the distribution of CAPE across southern Africa, 
with a strong positive correlation (significant) between the 
SIOD and CAPE found over most of the central and east-
ern regions (e.g. Mozambique, Zimbabwe and Zambia) 
throughout the summer (Fig. 13). Although a positive cor-
relation is evident between the SIOD index (Behera and 
Yamagata 2001) and CAPE in South Africa during the 
early summer months (Fig. 13a), only values to the extreme 
northeastern parts of the country are found to be signifi-
cant. No discernible correlation can be found between the 
SIOD and CAPE over South Africa during the late summer 
months except near the border with Zimbabwe (Fig. 13b). 
A stronger correlation between the SIOD and central south-
ern Africa rainfall, compared to that found over South 

Africa, has been noted in other studies (e.g. Behera and 
Yamagata 2001).

5  Discussion and concluding remarks

Convective storms are extremely important weather phe-
nomena since they are not only a key source of rainfall, 
but they can also be very destructive when they are severe 
by producing flash floods, hail, strong winds and even tor-
nadoes. This study establishes a climatology of the spatial 
distribution of favourable conditions for the development 
of severe storms over the summer rainfall region of South 
Africa. From CFSR reanalysis data, surface based CAPE 
and deep-layer wind shear (or BWD) were used to create 
a monthly potential severe storm environment climatol-
ogy. These parameters were chosen, as they are most likely 
representative of the “ingredients” needed for strong con-
vection to ensue, such as instability, moisture and strong 
mid-tropospheric winds. An obvious limitation in this 
methodology is the lack of information on another key 
ingredient, lift, which could influence the findings (Brooks 
2009). The use of CAPE and BWD to characterise severe 
storm environments has been used in many other locations 
around the world, such as the U.S. (Brooks et al. 2003; 
Gensini and Ashley 2011) and Australia (Allen et al. 2011; 
Allen and Karoly 2014). However, the covariate discri-
minant relationship between these two variables for these 
aforementioned regions has been based on actual severe 
storm observations. Given the lack of observations in South 
Africa, a similar robust approach could not be applied in 
this study. In order to maintain some consistency, the 
severe convective environment thresholds used by Allen 
and Karoly (2014) for Australian storms was used here.

In the results, it is found that during the months of Octo-
ber and November, environments over the interior of South 
Africa are typically associated with atmospheric conditions 
that are conducive to the development of severe storms. 
Even though the highest CAPE values for this region are 
found during the mid-summer months, the shear is possi-
bly not strong enough to produce severe storms. For this 
reason, there is a marked seasonality in the occurrence of 
potential severe environments over the interior of South 
Africa, meaning that the probability of severe storms are 
more likely to occur in early summer compared to the late 
summer. As noted by Dyson et al. (2015), there is an appar-
ent transition in atmospheric conditions from an extra-
tropical nature in early summer to a more tropical nature in 
late summer over Gauteng (interior). This transition means 
mid-latitude systems advected by ridging highs will have 
more of an effect on early summer weather (such as the 
subtropical jet and resultant moisture from the subtropical 
Indian Ocean). These features have already been found to 
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enhance severe convective storms to a higher degree than 
tropical atmospheric features (Dyson et al. 2015).

The findings in this study also confirm that the east 
coast region of South Africa is a hotspot for severe con-
vective environments throughout the summer months. 
This hotspot is likely due to the close proximity of the 
core of the Agulhas Current, which produces high latent 
heat fluxes of several hundred Watts per square meter and 
also transfers more moisture to the atmosphere than the 

surrounding waters (Rouault et al. 2003b). A difference in 
potential severe environments occurring over the north-
ern and southern parts of the eastern coastline was also 
noted. Favourable wind shear environments occur farther 
northwards during the early summer with there also being 
more days with favourable CAPE. Even though there 
are favourable CAPE conditions during late summer, the 
shear is possibly too weak. This result can be seen by a 
southward shift in potential severe environment days as 

Fig. 12  Monthly correlation between CIN (for data at 12h00 UTC 
and is represented with positive values) and the Nino 3.4 index (both 
detrended) for the whole summer period (month given in top left 

hand corner). Stippling denotes values that are significant at the 95% 
confidence level. The Nino 3.4 index is based on the ERSSTv4 data 
used in Fig. 9c
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wind shear also shifts poleward. However, when consider-
ing the overall season, the east coast of South Africa does 
contain more potential severe environment days in com-
parison to the interior. This result is not surprising given 
the close proximity of the aforementioned warm Agulhas 
Current to the east coast. Other studies have similarly 
concluded that this current is a notably influential feature 
on South African weather patterns as it affects the summer 
rainfall and severe weather events in the region (e.g. Jury 
et al. 1993; Crimp and Mason 1999; Reason and Mulenga 
1999; Reason 2001; Rouault et al. 2002; Singleton and 
Reason 2006; Blamey and Reason 2009).

The analysis also reveals that there is variability in 
potential severe storm environments across South Africa at 
monthly and seasonal time scales. This is expected given 
the complex nature of regional climate patterns and the 
influence of numerous forcing factors. Perhaps surpris-
ingly, very little information could be ascertained regarding 
the influence of ENSO with local severe convective envi-
ronments. In the global analysis of lightning activity and its 
links with ENSO, Dowdy (2016) found a weak relationship 
between the two across South Africa. The strongest corre-
lation (negative and significant) between lightning activity 
and ENSO was located over the countries to the northeast 
of South Africa during the core summer months (DJF). 
The findings here produce similar results with the strongest 
correlation between ENSO and CAPE during the summer 
months being positioned over neighbouring Mozambique 
and Zimbabwe.

Correlation patterns between CAPE/BWD and SAM, 
another leading mode of Southern Hemisphere variabil-
ity, also revealed no significant relationship during either 
the early or late summer months. The poor relationship 
between potential severe convective environments and the 

main large-scale modes of variability suggest that local fac-
tors (e.g. interactions between local winds and topography 
or other land surface features) may modulate the spatial 
and temporal frequency of severe thunderstorms across the 
region. Correlation patterns between the subtropical Indian 
Ocean dipole (SIOD) and severe storm parameters revealed 
that the strongest relationship with the subtropical Indian 
Ocean over southern Africa occurs over Zambia, Zimba-
bwe and Mozambique. Although a positive correlation is 
found between the SIOD and CAPE over South Africa dur-
ing the early summer months, only the region in the north-
east of the country is found to be significant.

Compared to the US and Australia, South Africa expe-
riences fewer days with favourable conditions for the 
development of severe convective storms. Two com-
mon features that appear in the global distribution of the 
severe environments are elevated terrain and a large mois-
ture source (Brooks et al. 2003). Although containing an 
elevation of up to 3200 meters, the eastern escarpment in 
South Africa is somewhat lower in average elevation and 
smaller in meridional extent than the Rockies in the US. 
Regional moisture sources are also not as large as either the 
Gulf of Mexico supplying the US (Brooks et al. 2003) or 
water masses, such as the Coral and Arafura Seas, supply-
ing moisture to the Australian continent (Allen and Karoly 
2014). The lack of a large moisture source, which can pro-
vide sustained moisture/latent heat for a sufficient period of 
time, is also proposed as one of the main factors behind the 
fewer severe environment conditions identified over Europe 
(Brooks et al. 2003). The position and intensity of the Bot-
swana High (Reason 2016) can also lead to strong subsid-
ence over southern Africa, resulting in unfavourable condi-
tions for convection. Thus, the reasons for this “inactivity” 
over South Africa compared to the other regions is likely 

Fig. 13  Correlation between CAPE and SIOD index (both detrended) during a the early (OND) and b late summer (JFM) months. Stippling 
denotes values that are significant at the 95% confidence level. The SIOD is based on the ERSSTv4 data
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due to a combination of the geographic setting of southern 
Africa, as well as prevailing summer synoptic conditions in 
the region.

The lower number of potential severe storm environ-
ments could also be linked to the choice of discriminant 
value used. As discussed earlier, due to the lack of storm 
observations in South Africa, there is very little information 
(i.e. which diagnostics and what thresholds) that provides 
the necessary detail to distinguish between severe and non-
severe storm environments. However, as noted by Bluestein 
(2013; pp. 418), “the basic physics and thermodynamics of 
severe convection are independent of location”. This study 
assumes that the relationship between CAPE, deep layer 
wind shear and severe storm development determined else-
where applies in South Africa. Figure 14 highlights the var-
ious discriminant thresholds used in literature with data for 
the Johannesburg grid location (interior of South Africa). 
It is evident that by using a higher (lower) threshold value 
fewer (more) potential severe environment days are identi-
fied. Developing southern Africa appropriate discriminants 
would be desirable; however, this would require a thunder-
storm observational dataset which does not currently exist.

A more regional set of discriminants would also assist 
in distinguishing local variations in severe storm environ-
ments. Although the findings here suggest large differences 
between the interior and coastal region, it needs to be con-
sidered that the same threshold has been applied for poten-
tial severe storm environments for both locations. Given 
the higher altitude of the interior of the country (~1500 m), 
it is possible that the discriminant threshold adopted here 
may underestimate the number of potential severe environ-
ments in this region. This being due to higher elevations 
not requiring as much moisture and subsequent instability 

as that required for the low lying regions to have similar 
severe storms. This also applies to additional investiga-
tion being required on the potential development of severe 
storms in low shear environments over the interior of the 
country.

The weighting given to CAPE and vertical wind shear 
in determining severe convective environments becomes 
of central importance when it comes to understanding the 
influence of a changing climate. There is still much uncer-
tainty in understanding future severe storm development 
due to contrasts in the future projections in CAPE and wind 
shear. There is evidence in global climate model data that 
suggests that an increase in CAPE due to warming will 
occur (e.g. Sobel and Camargo 2011), while it is thought 
that a decrease in wind shear will take place (e.g. Trapp 
et al. 2007). This would have opposing implications for 
the development of severe storms. Additionally, regional 
changes may not reflect global changes. Thus, the weight-
ing given to CAPE and shear in identifying potential severe 
environments could lead to different conclusions about 
future changes. Given the societal and economic impacts 
such events may have, there is a need for further research in 
this field for the region.
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Fig. 14  Distribution of CAPE 
and BWD at 12h00 UTC for 
the CFSR grid cell closest to 
Johannesburg over the period 
1979–2010. The red dots indi-
cating days that exceeded the 
predetermined threshold, based 
on Allen and Karoly (2014), 
used in this study. The dashed 
lines indicate the various dis-
criminator lines used in litera-
ture, with the blue dash being 
Brooks et al. (2003); purple: 
lower Australian threshold from 
Allen and Karoly (2014) and 
black being the upper Austral-
ian threshold from Allen et al. 
(2011). Note that each cross 
does not necessarily refer to 
actual storm development, but is 
just used for visual purposes

http://www.cpc.ncep.noaa.gov


2177A climatology of potential severe convective environments across South Africa

1 3

References

Allen JT, Karoly DJ (2014) A climatology of Australian severe thun-
derstorm environments 1979–2011: inter-annual variability and 
ENSO influence. Int J Climatol 34(1):81–97

Allen JT, Karoly DJ, Mills GA (2011) A severe thunderstorm clima-
tology for Australia and associated thunderstorm environments. 
Aust Meteorol Ocean 61:143–158

Archer CL, Caldeira K (2008) Historical trends in the jet streams. 
Geophys Res Lett 35:L08803. doi:10.1029/2008GL033614

Behera SK, Yamagata T (2001) Subtropical SST dipole events in the 
southern Indian Ocean. Geophys Res Lett 28:327–330

Betts AK, Hong SY, Pan HL (1996) Comparison of NCEP–
NCAR reanalysis with 1987 FIFE data. Mon Weather Rev 
124:1480–1498

Blamey RC, Reason CJC (2009) Numerical simulation of a mesoscale 
convective system over the east coast of South Africa. Tellus 
61A:17–34

Blamey RC, Reason CJC (2012) Mesoscale convective complexes 
over southern Africa. J Climate 25(2):753–766

Bluestein HB (2013) Severe convective storms and tornadoes: obser-
vations and dynamics. Springer-Verlag, Berlin, p 456

Brooks HE (2009) Proximity soundings for severe convection for 
Europe and the United States from reanalysis data. Atmos Res 
93:546–553. doi:10.1016/j.atmosres.2008.10.005

Brooks HE, Dotzek N (2008) The spatial distribution of severe con-
vective storms and an analysis of their secular changes. In: Diaz 
HF, Murnane RJ (eds) Climate extremes and society. Cambridge 
University Press, Cambridge, pp 35–53

Brooks HE, Doswell CA III, Cooper J (1994) On the environments 
of tornadic and non-tornadic mesocyclones. Weather Forecast 
9:606–618

Brooks HE, Lee JW, Craven JP (2003) The spatial distribution of 
severe thunderstorm and tornado environments from global rea-
nalysis data. Atmos Res 67–68:73–94

Brooks HE, Anderson AR, Riemann K, Ebbers I, Flachs H (2007) Cli-
matological aspects of convective parameters from the NCAR/
NCEP reanalysis. Atmos Res 83(2–4):294–305

Cecil DJ, Blankenship CB (2012) Toward a global climatology of 
severe hailstorms as estimated by satellite passive microwave 
imagers. J Climate 25(2):687–703

Craven JP, Brooks HE, Hart JA (2002) Baseline climatology of sound-
ing derived parameters associated with deep, moist convection. 
In: Preprints, 21st conference on severe local storms, San Anto-
nio, Texas. American Meteorological Society, pp 643–646

Crimp SJ, Mason SJ (1999) The extreme precipitation event of 
11–16 February 1996 over South Africa. Meteorol Atmos Phys 
70:29–42

de Coning E, Adam BF (2000) The tornadic thunderstorm events dur-
ing the 1998–1999 South African summer. Water SA 26:361–376

Diffenbaugh NS, Scherer M, Trapp RJ (2013) Robust increases 
in severe thunderstorm environments in response to green-
house forcing. Proc Natl Acad Sci USA 110:16361–16366. 
doi:10.1073/pnas.1307758110

Doswell CA III (1987) The distinction between large-scale and mes-
oscale contribution to severe convection: a case study example. 
Weather Forecast 2:3–16

Doswell III CA, Schultz DM (2006) On the use of indices and 
parameters in forecasting severe storms. Electron J Sev Storms 
Meteor 1(3). http://www.ejssm.org/ojs/index.php/ejssm/article/
viewarticle/11/12

Doswell CA III, Brooks HE, Maddox RA (1996) Flash flood fore-
casting: an ingredients-based methodology. Weather Forecast 
11:560–581

Dowdy AJ (2016) Seasonal forecasting of lightning and thunder-
storm activity in tropical and temperate regions of the world. 
Sci Rep 6:20874. doi:10.1038/srep20874

Dyson LL, van Heerden J (2001) The heavy rainfall and floods over 
the northeastern interior of South Africa during February 2000. 
S Afr J Sci 97:80–86

Dyson LL, van Heerden J, Sumner PD (2015) A baseline cli-
matology of sounding-derived parameters associated with 
heavy rainfall over Gauteng, South Africa. Int J Climatol 
35(1):114–127

Engelbrecht CJ, Landman WA, Engelbrecht FA, Malherbe J (2015) 
A synoptic decomposition of rainfall over the Cape south coast 
of South Africa. Clim Dyn 44(9–10):2589–2607

Gensini VA, Ashley WS (2011) Climatology of potentially severe 
convective environments from the North American regional 
reanalysis. Electron J Sev Storms Meteor 6(8). http://www.
ejssm.org/ojs/index.php/ejssm/article/viewArticle/85

Gijben M (2012) The lightning climatology of South Africa. S Afr 
J Sci 108(3/4):10. http://dx.doi.org/10.4102/sajs.v108i3/4.740

Gill T (2008) Initial steps in the development of a comprehensive 
lightning climatology of South Africa. M.Sc. Thesis, Univer-
sity of the Witwatersrand, Johannesburg

Harrison MSJ (1984) A generalized classification of South African 
rain-bearing synoptic systems. Int J Climatol 4:547–560

Hart NCG, Reason CJC, Fauchereau N (2010) Tropical-extratrop-
ical interactions over Southern Africa: three cases of heavy 
summer season rainfall. Mon Weather Rev 138(7):2608–2623

Hart NCG, Reason CJC, Fauchereau N (2013) Cloud bands over 
southern Africa: seasonality, contribution to rainfall variability 
and modulation by the MJO. Clim Dyn 41:1199–1212

Holle RL (2008) Annual rates of lightning fatalities by country. 
In: 20th international lightning detection conference, Tucson, 
Arizona

Huang B et al (2015) Extended reconstructed sea surface tempera-
ture version 4 (ERSST.v4), part I. Upgrades and inter-compar-
isons. J Climate 28:911–930. doi:10.1175/JCLI-D-14-00006.1

Jury MR, Valentine HR, Lutjeharm JRE (1993) Influence of the 
Agulhas current on summer rainfall on the southeast coast of 
South Africa. J Appl Meteor 32:1282–1287

Kalnay E et al (1996) The NCEP/NCAR 40 year reanalysis project. 
Bull Am Meteor Soc 77:437–471

Laing AG, Fritsch JM (1993) Mesoscale convective complexes in 
Africa. Mon Weather Rev 121:2254–2263

Lee JW (2002) Tornado proximity soundings from the NCEP/
NCAR reanalysis data. M.S. Thesis, University of Oklahoma, 
p 61

Lindesay JA (1988) South African rainfall, the southern oscilla-
tion and a southern hemisphere semi-annual cycle. J Climatol 
8:17–30

Lyon B, Mason SJ (2007) The 1997–98 summer rainfall season in 
Southern Africa. Part I: observations. J Clim 20:5134–5148

Manhique AJ, Reason CJC, Rydberg L, Fauchereau N (2011) ENSO 
and Indian Ocean sea surface temperatures and their relation-
ships with tropical temperate troughs over Mozambique and the 
Southwest Indian Ocean. Int J Climatol, 31:1–13. doi:10.1002/
joc.2050

Mason SJ, Jury MR (1997) Climatic variability and change over 
southern Africa: a reflection on underlying processes. Prog Phys 
Geog 21:23–50

Rasmussen EN, Blanchard DO (1998) A baseline climatology of 
sounding-derived supercell and tornado forecast parameters. 
Weather Forecast 13(4):1148–1164

Reason CJC (2001) Subtropical Indian Ocean SST dipole events and 
southern African rainfall. Geophys Res Lett 28:2225–2227

http://dx.doi.org/10.1029/2008GL033614
http://dx.doi.org/10.1016/j.atmosres.2008.10.005
http://dx.doi.org/10.1073/pnas.1307758110
http://www.ejssm.org/ojs/index.php/ejssm/article/viewarticle/11/12
http://www.ejssm.org/ojs/index.php/ejssm/article/viewarticle/11/12
http://dx.doi.org/10.1038/srep20874
http://www.ejssm.org/ojs/index.php/ejssm/article/viewArticle/85
http://www.ejssm.org/ojs/index.php/ejssm/article/viewArticle/85
http://dx.doi.org/10.4102/sajs.v108i3/4.740
http://dx.doi.org/10.1175/JCLI-D-14-00006.1
http://dx.doi.org/10.1002/joc.2050
http://dx.doi.org/10.1002/joc.2050


2178 R.C. Blamey et al.

1 3

Reason CJC (2016) The Bolivian, Botswana and Bilybara highs and 
southern hemisphere drought/floods. Geophys Res Lett 43:1280–
1286. doi:10.1002/2015GL067228

Reason CJC, Jagadheesha D (2005) A model investigation of recent 
ENSO impacts over southern Africa. Meteorol Atmos Phys 
89:181–205

Reason CJC, Keibel A (2004) Tropical cyclone Eline and its unusual 
penetration and impacts over the southern African mainland. 
Weather Forecast 19:789–805

Reason CJC, Mulenga HM (1999) Relationship between South Afri-
can rainfall and SST anomalies in the southwest Indian Ocean. 
Int J Climatol 19:1652–1673

Reason CJC, Allan RJ, Lindesay JA, Ansell TJ (2000) ENSO and 
climatic signals across the Indian Ocean Basin in the global 
context: part I, interannual composite patterns. Int J Climatol 
20:1285–1327

Reason CJC, Landman W, Tennant W (2006) Seasonal to decadal pre-
diction of southern African climate and its links with variability 
of the Atlantic Ocean. Bull Am Meteor Soc 87:941–955

Rouault M, White SA, Reason CJC, Lutjeharms JRE, Jobard I (2002) 
Ocean-atmosphere interaction in the Agulhas current region 
and a South African extreme weather event. Weather Forecast 
17:655–669

Rouault M, Florenchie P, Fauchereau N, Reason CJC (2003a) South 
east tropical Atlantic warm events and southern African rainfall. 
Geophys Res Lett 30:8009–8013

Rouault M, Reason CJC, Lutjeharms JRE, Beljaars ACM (2003b) 
Underestimation of latent and sensible heat fluxes above the 
Agulhas current in NCEP and ECMWF analyses. J Clim 
16:776–782

Rouault M, Sen Roy S, Balling RC (2013) The diurnal cycle of 
rainfall in South Africa in the austral Summer. Int J Climatol 
33:770–777

Saha S et al (2010) The NCEP climate forecast system reanalysis. 
Bull Am Meteor Soc 91(8):1015–1057

Seeley JT, Romps DM (2015) The effect of global warming on severe 
thunderstorms in the United States. J Clim 28(6):2443–2458

Singleton AT, Reason CJC (2006) Numerical simulations of a severe 
rainfall event over the Eastern Cape coast of South Africa: 

sensitivity to sea surface temperature and topography. Tellus A 
58:355–367

Singleton AT, Reason CJC (2007a) A numerical model study of an 
intense cut-off low pressure system over South Africa. Mon 
Weather Rev 135:1128–1150

Singleton AT, Reason CJC (2007b) Variability in the characteristics 
of cut-off low pressure systems over subtropical southern Africa. 
Int J Climatol 27:295–310

Sobel AH, Camargo SJ (2011) Projected future seasonal changes in 
tropical summer climate. J Clim 24:473–487. doi:10.1175/2010
JCLI3748.1

Taljaard JJ (1996) Atmospheric circulation systems, synoptic clima-
tology and weather phenomena of South Africa. Part 6: rainfall 
in South Africa. South African Weather Bureau, Technical paper, 
p 32

Tennant W (2004) Considerations when using pre-1979 NCEP/
NCAR reanalyses in the southern hemisphere. Geophys Res Lett 
31:L11112. doi:10.1029/2004GL019751

Trapp RJ, Diffenbaugh NS, Brooks HE, Baldwin ME, Robinson ED, 
Pal JS (2007) Changes in severe thunderstorm environment fre-
quency during the 21st century caused by anthropogenically 
enhanced global radiative forcing. Proc Natl Acad Sci USA 
104:19719–19723. doi:10.1073/pnas.0705494104

Trenberth KE, Guillemot CJ (1998) Evaluation of the atmospheric 
moisture and hydrological cycle in the NCEP/NCAR reanalyses. 
Clim Dyn 14:213–231

Tucker DF, Zentmire KS (1999) On the forecasting of orogenic mes-
oscale convective complexes. Weather Forecast 14:1017–1022

Tyson PD, Preston-Whyte RA (2000) The atmosphere and weather of 
southern Africa. Oxford University Press, Cape Town, p 396

Weisman ML, Klemp JB (1982) The dependence of numerically sim-
ulated convective storms on vertical wind shear and buoyancy. 
Mon Weather Rev 110:504–520

Weldon D, Reason CJC (2014) Variability of rainfall characteristics 
over the south coast region of South Africa. Theor Appl Climatol 
115:177–185. doi:10.1007/s00704-013-0882-4

Zipser EJ, Cecil DJ, Liu C, Nesbitt SW, Yorty DP (2006) Where are 
the most intense thunderstorms on earth? Bull Am Meteor Soc 
87:1057–1071

http://dx.doi.org/10.1002/2015GL067228
http://dx.doi.org/10.1175/2010JCLI3748.1
http://dx.doi.org/10.1175/2010JCLI3748.1
http://dx.doi.org/10.1029/2004GL019751
http://dx.doi.org/10.1073/pnas.0705494104
http://dx.doi.org/10.1007/s00704-013-0882-4

	A climatology of potential severe convective environments across South Africa
	Abstract 
	1 Introduction
	2 Data and methods
	3 Seasonal distribution of convective parameters
	3.1 Convective available potential energy (CAPE)
	3.2 Bulk wind difference (BWD) or deep-layer shear

	4 Potential severe convective environments
	4.1 Spatial distribution
	4.2 Inter-annual variability

	5 Discussion and concluding remarks
	Acknowledgements 
	References




