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troughs associated with rainfall are positively linked to 
interannual variability of seasonal rainfall. It is also shown 
that the distribution of synoptic types within the SOM 
space is linked to the Southern Annular Mode and El Niño 
Southern Oscillation, implying some predictability of intra-
seasonal variability at the seasonal time scale.
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1  Introduction

Three precipitation regimes are notable over South Africa. 
Most of the country receives rainfall in austral summer 
(Barclay et  al. 1993; Fauchereau et  al. 2009; Crétat et  al. 
2012; Pohl et  al. 2014), with the extreme southwest-
ern area characterized by austral winter rainfall (Reason 
et  al. 2002; Philippon et  al. 2012; Pohl et  al. 2014). The 
third precipitation regime is found along the coast in the 
far south of the country, referred to as the Cape south 
coast. Here, pronounced seasonality in rainfall is absent 
and rainfall occurs throughout the year, with small peaks 
during the transitional seasons (Taljaard 1996; Pohl et  al. 
2014; Weldon and Reason 2014). Rainfall-producing 
weather systems characteristic of both the winter and sum-
mer rainfall regions of South Africa occur over the Cape 
south coast, contributing to the region’s unique climate. Its 
unique climate is also linked to local topography and the 
Agulhas Current and their interaction with regional circu-
lation (Rouault et  al. 2002; Singleton and Reason 2006). 
The interaction between regional circulation, topography 
and the Agulhas Current is in particularly illustrated during 
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events of southerly meridional flow when topographically 
enhanced uplift of moisture that has been advected over the 
Agulhas Current occurs. Weather systems responsible for 
rainfall over this region are cold fronts, west-wind troughs, 
cut-off lows (COLs), ridging high pressure systems (Tal-
jaard 1996; Favre et  al. 2013; Weldon and Reason 2014) 
and tropical-temperate troughs (Taljaard 1996; Hart et  al. 
2013). Of these weather systems, ridging high pressure sys-
tems, tropical-temperate troughs and COLs are the main 
rain-producing weather systems of the Cape south coast. 
The mean contribution of ridging high pressure systems, 
tropical-temperate troughs and COLs to annual rainfall 
totals was quantified to be 46, 28 and 16 % respectively by 
application of a self-organizing map (SOM) (Engelbrecht 
et al. 2015). It may be noted that COLs occur in combina-
tion with ridging high pressure systems and tropical-tem-
perate troughs. COLs are known to be the main cause of 
extreme rainfall events along the Cape south coast (Taljaard 
1985; Singleton and Reason 2006, 2007a, b).

Seasonal-to-interannual variability is an integral char-
acteristic of the climate over southern Africa (Mason and 
Jury 1997; Reason et al. 2002; Reason and Rouault 2005; 
Washington and Preston 2006), a region that is also char-
acterized by substantial agricultural practices in the com-
mercial and subsistence sectors. In comparison with rain-
fall variability studies concerning the summer rainfall 
region (van Heerden et  al. 1988; Jury et  al. 1992; Mason 
and Jury 1997; Cook et al. 2004) where most crops are pro-
duced (Malherbe et  al. 2014b), and to a lesser extent the 
winter rainfall region (Reason et al. 2002; Reason and Rou-
ault 2005; Philippon et al. 2012), the Cape south coast has 
been neglected (Weldon and Reason 2014) with regard to 
rainfall variability studies. This notion is despite the region 
being an important agricultural area (e.g. dairy production, 
livestock farming and forestry). Noteworthy though is the 
smaller variability in rainfall over the Cape south coast 
compared to rainfall variability experienced over the win-
ter and summer rainfall regions (Taljaard 1996). However, 
floods and droughts occur from time to time over the Cape 
south coast—usually impacting significantly on the region, 
in particular on agriculture. The flood events that occurred 
in August 2006 and in November 2007 led to agricultural 
losses exceeding ZAR 100,000,000 for each of the disas-
ters (Holloway et al. 2012). The same kind of weather sys-
tem that caused the 2006 and 2007 floods, namely a COL, 
brought an end to the severe meteorological drought of 
2008–2009 that occurred over the region and impacted sig-
nificantly on both rain-fed and irrigation dependent agricul-
ture (Holloway et al. 2012).

Rainfall variability is the result of changes in the fre-
quency, duration, intensity (Mason and Jury 1997) and 
location (Hart et  al. 2013) of rain-producing weather 
systems and these attributes can in turn be affected by 

larger-scale climate modes such as the Southern Annu-
lar Mode (SAM) (Reason and Rouault 2005; Malherbe 
et al. 2014a) and El Niño Southern Oscillation (ENSO) 
(Mason and Jury 1997; Reason et  al. 2000; Washing-
ton and Preston 2006; Philippon et  al. 2012). Over the 
winter rainfall region of South Africa, interannual rain-
fall variability is linked to the geographical location of 
storm tracks, i.e. cold fronts, which are in turn linked to 
the SAM and more recently ascribed in the literature to 
ENSO as well. Wet winters are associated with the neg-
ative phase of the SAM (Reason and Rouault 2005) as 
well as with El Niño (Philippon et al. 2012) that cause 
storm tracks to be located further towards the equator, 
resulting in wet conditions (Reason and Rouault 2005; 
Philippon et  al. 2012). ENSO is also linked to rainfall 
variability over the summer rainfall region, in particu-
lar mid-summer (Landman and Beraki 2012). Here, El 
Niño events are usually associated with below-normal 
rainfall and the less frequent occurrence of tropical-
temperate troughs (e.g. Tozuka et  al. 2014). However, 
the association between ENSO and the occurrence of 
tropical-temperate troughs is non-linear, as wet seasons 
do not necessarily experience more tropical-temperate 
troughs (Hart 2012). Our current understanding of rain-
fall variability over the Cape south coast region is based 
on very few studies (Jury and Levey 1993; Weldon and 
Reason 2014). A study that included part of the eastern 
half of the Cape south coast and that considered only the 
months of March and October, suggested qualitatively 
that COLs and ridging high pressure systems play a part 
in interannual rainfall variability by implication that the 
occurrence of these systems are disrupted during dry 
years (Jury and Levey 1993). In a more recent study, the 
association between anomalous rainfall years, ENSO 
and COLs was investigated (Weldon and Reason 2014). 
ENSO also seems to play a part in interannual rainfall 
variability over the Cape south coast via its association 
with the occurrence of COLs. Mature phase La Niña 
years are usually wet and accompanied by a higher fre-
quency of COLs (Weldon and Reason 2014) from late 
spring to early autumn (Favre et  al. 2013). Here, as 
with the association between tropical-temperate trough 
occurrence and ENSO, the association between COL 
frequency and ENSO is non-linear. Dry years are asso-
ciated with a lower frequency of COLs, but without an 
ENSO association. The link between ENSO and rainfall 
variability over the Cape south coast seems mostly to 
be restricted to the association between increased COL 
frequency during the spring to autumn months of La 
Niña years, as other rainfall attributes such as monthly 
rainfall totals and monthly heavy rain event frequen-
cies show unstable and weak correlations with the Niño 
3.4 index (Weldon and Reason 2014). A stronger link is 
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observed between wet-day frequency and the Niño 3.4 
index (negative correlation) for December and January 
(Weldon and Reason 2014), the time of year when the 
impact of ENSO on rainfall over the summer rainfall 
region of South Africa is the strongest (Landman and 
Beraki 2012).

In this study, interannual variability in seasonal rain-
fall over the Cape south coast is investigated within the 
context of the high frequency variability of synoptic 
types, i.e. intraseasonal variability. The frequency of 
occurrence of the different synoptic types is therefore 
derived from daily circulation data and subsequently 
associated with anomalous rainfall on the seasonal time 
scales. Of specific interest are the regional features of 
rain-producing weather systems associated with rainfall 
variability. The aim of this study is to identify the spe-
cific configurations of the different synoptic types that 
are potentially linked to the interannual variability of 
seasonal rainfall, with the potential to apply the gained 
knowledge to application forecasts of intraseasonal var-
iability. This aim requires the investigation of the poten-
tial link between the occurrence of COLs and rainfall 
variability as well, given the high impact rainfall events 
that can occur in association with COLs. Also, with the 
known ENSO association over the region (Weldon and 
Reason 2014) as well as the ENSO and SAM relation-
ships over the winter (Reason and Rouault 2005; Philip-
pon et al. 2012) and summer (van Heerden et al. 1988; 
Pohl et al. 2010; Malherbe et al. 2014a) rainfall regions, 
the potential association of these climate modes with 
the intraseasonal occurrence of synoptic regimes is 
explored.

2 � Data and methodology

2.1 � Rainfall data

Daily rainfall data for the 33-year period from 1979 
to 2011 from 12 weather stations of the South African 
Weather Service (SAWS) over the Cape south coast 
were considered in this study (Fig. 1). These 12 stations 
were chosen based on their availability (defined here 
as the presence of data on more than 90 % of the days 
in a specific month) and quality. Extreme and missing 
value tests were employed as data quality measures. Val-
ues that did not comply with these tests were replaced 
by estimated values derived from neighbouring stations. 
Seasonal rainfall totals for each station were calculated 
from this complete daily rainfall dataset. The seasons 
considered here are austral summer, autumn, winter 
and spring, comprising December to February (DJF), 
March to May (MAM), June to August (JJA) and Sep-
tember to November (SON) respectively. The seasonal 
rainfall totals were spatially averaged and then ranked 
in order to identify years of above-normal, near-normal 
and below-normal seasonal rainfall. Thirty-two years of 
seasonal rainfall totals were considered for each of the 
four seasons. For each of the seasons the upper-most 10 
totals were used to define above-normal rainfall, the 10 
lower-most totals define below-normal rainfall and near-
normal rainfall is defined by the remaining 12 rainfall 
totals. The rainfall station data were used to quantify the 
contribution of COLs to seasonal rainfall totals in order 
to investigate the role of COLs in interannual variability 
of seasonal rainfall.

Fig. 1   Geographical location 
of rainfall stations. The circles 
represent the location of each of 
the 12 rainfall stations and the 
grey shading topography
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2.2 � Classification of synoptic types and identification 
of COLs

The focus of this paper is to relate interannual variability 
in seasonal rainfall to synoptic types. Synoptic types that 
represent archetypical atmospheric states were classified 
by application of the SOM technique (Kohonen 2001). A 
35-node SOM was developed from daily sea-level pres-
sure (SLP) anomaly fields derived from the daily average 
SLP fields from the National Centers for Environmental 
Prediction (NCEP) reanalysis data (Kalnay et  al. 1996) 
for the region bounded by 45°S–32.5°S and 10°E–40°E. 
The SLP anomaly fields are effectively gradient fields that 
drive circulation (Schuenemann et al. 2009). Over the Cape 
south coast, low-level circulation is important to facilitate 
moisture advection from the surrounding ocean (Rouault 
et  al. 2002; Singleton and Reason 2006, 2007a)—hence 
the choice of the SOM domain. A full description on the 
development of the SLP anomaly SOM can be found in 
Engelbrecht et al. (2015). In this paper, the composite maps 
of the 850 hPa geopotential height fields based on the SLP 
anomaly SOM are employed to represent the archetypical 
atmospheric states. The decision to employ the 850  hPa 
geopotential height fields to present the synoptic types in 
this study is to allow for presenting the synoptic types over 
a domain extending further northwards. The 850 hPa pres-
sure level takes the typical height of 1500 m of the South 
African plateau into consideration. The presentation of the 
synoptic types over a domain that includes a larger part of 
the subcontinent can complement the description of the 
synoptic types as the circulation over South Africa and sur-
rounding oceans normally consist of segments of several 
circulation types. It can be noted that the synoptic types 
identified by the SLP anomaly SOM and those represented 
by the 850  hPa geopotential height composite maps over 
the larger domain, are consistent as the 850 hPa composite 
maps are derived from the daily entries in each node of the 
SLP anomaly SOM.

NCEP reanalysis data (Kalnay et  al. 1996) are utilized 
to identify and track COLs over the period 1979–2011. 
COLs have a typical length scale of 1000  km (Singleton 
and Reason 2007b) and are therefore well resolved by the 
2.5° resolution of the NCEP data. A COL is defined as a 
cold cored closed-low at 500 hPa that is displaced from the 
westerly wind regime (Favre et al. 2012). The daily-average 
geopotential height and temperature fields at 500  hPa are 
utilized for identifying and tracking COLs in the domain 
bounded by 40°S–20°S and 10°E–40°E. All the COLs that 
occurred for at least 24-h over this domain are considered 
in this study. Firstly, closed-lows are identified by locating 
geopotential minima in a procedure where the geopotential 
at each grid point is compared to the geopotential values of 
the square of eight surrounding grid points on the latitude 

longitude grid. After closed-lows have been identified in 
the time series of 500  hPa geopotential fields, tracks are 
constructed by identifying the geopotential minima at time 
step t + 1 nearest to the geopotential minima at time step 
t. The distance between the closed-lows at time step t and 
time step t + 1 needs to be <1000 km in order to secure a 
sound mean daily speed of the potential COL. The mean 
daily speed of a COL in the South African region does not 
exceed 42 km/h (Favre et al. 2012). Any geopotential min-
ima can only be used in a single track. From this closed-
low track dataset, tests described in Favre et al. (2012) to 
ensure that tracks are of extra-tropical origin, are detached 
from the westerlies and possess a cold-core are employed.

Rainfall associated with cold-cored systems occurs 
mainly some hundreds of kilometres to the northeast, east 
and southeast of the centres of these systems. From the 
constructed COL dataset for the period 1979–2011, all the 
COLs that occurred west of 32.5°E, following Favre et al. 
(2013), were considered to be potentially responsible for 
rainfall over the region. Such COLs associated with rainfall 
over the region, at least at a single station, were defined as 
rainfall producing COLs.

2.3 � Grouping of similar synoptic types into main 
circulation types

The synoptic types identified by the SOM consist of vari-
ous configurations of the main circulation types. Each of 
the SOM nodes is classified into one of the main circula-
tion types—following the grouping performed in Engelbre-
cht et al. (2015). These groups represent circulation types 
representative of troughs southwest of the subcontinent, 
troughs southeast of the subcontinent, ridging high pressure 
systems, ridges east/southeast of the subcontinent, tropical-
temperate troughs and weak synoptic flow. The groups of 
synoptic types used here fall within the subdivisions of cir-
culation types (anticyclones, cyclones, ridges, troughs and 
zonal flow) identified and described by Taljaard (1995). 
Troughs southwest or southeast of the subcontinent fall 
within the west wind trough circulation type (e.g. Taljaard 
1995), with the distinguishing factor being the position 
of the westerly trough relative to the subcontinent. Cold 
fronts, occurring during winter and summer as well as 
leader fronts, a winter circulation type, typically fall within 
these two groups while ridging high pressure systems and 
ridges east/southeast of the subcontinent are variations of 
ridges as described by Taljaard (1995). Tropical-temperate 
troughs, although part of the trough family, are considered 
separately as these systems are captured explicitly in the 
SOM (e.g. Tozuka et  al. 2014) and due to its importance 
with regard to rainfall contribution over South Africa (Har-
rison 1984; Washington and Todd 1999; Hart et al. 2013). 
COLs are part of the cyclone/low pressure family (Taljaard 



299Interannual variability of seasonal rainfall over the Cape south coast of South Africa and…

1 3

1995) and co-occur with ridging high pressure systems 
(Katzfey and McInnes 1996; Favre et  al. 2012; Engelbre-
cht et al. 2015) and tropical-temperate troughs (Hart et al. 
2013; Engelbrecht et al. 2015). However, due to the infre-
quent occurrence of COLs (Engelbrecht et al. 2015), these 
systems are difficult to explicitly be captured in the SOM. 
COLs are therefore considered with ridging high pressure 
systems and tropical-temperate troughs in the analysis pre-
sented in this paper, unless where it is indicated that COLs 
are considered explicitly as identified by the objective 
COL identification and tracking algorithm (see Sect. 2.2). 
The group of similar synoptic types termed weak synoptic 
flow is similar to the zonal flow circulation type identified 
by Taljaard (1995). However, a difference may be that the 
circulation type zonal flow described by Taljaard (1995) 
can be associated with weak or tight pressure gradients, 
whereas the circulation type weak synoptic flow in this 
study is defined to be characterized by weak pressure gradi-
ents over the Cape south coast region.

Classification of the synoptic types into groups is feasi-
ble by visual inspection of the 850 hPa geopotential height 
node composites (typically as would be performed by an 
experienced weather forecaster), but introduces the chal-
lenge of objectivity due to the circulation over the study 
domain not normally characterized by a single circulation 
type. Classification of the synoptic types into groups repre-
sentative of troughs southwest of the subcontinent, troughs 
southeast of the subcontinent, ridging high pressure sys-
tems, ridges east/southeast of the subcontinent, tropical-
temperate troughs and weak synoptic flow was therefore 
achieved by careful consideration of the SOM node anom-
aly fields (850 hPa geopotential height composites) relative 
to climatology (not shown) and a hierarchical clustering 
method, Ward’s minimum variance method (Wilks 2011). 
Ward’s method was applied to the SOM nodes based on the 
SLP anomaly fields to aid in grouping of the synoptic types 
into the main circulation types.

2.4 � Large‑scale climate modes

The Oceanic Niño Index (ONI) is obtained for DJF, MAM, 
JJA and SON for 1979–2011 (32 DJF seasons and 33 
MAM, JJA and SON seasons each) from the Climate Pre-
diction Center (CPC) (www.cpc.ncep/noaa.gov/products/
analysis_monitoring/ensostuff/ensoyears.shtml). The ONI 
is a 3-month running mean of ERSST.v3b (Smith et  al. 
2008) sea-surface temperature (SST) anomalies in the Niño 
3.4 region (5°N–5°S, 120°W–170°W), and has already 
been used as an ENSO indicator for southern African vari-
ability and predictability studies (Landman et  al. 2009, 
2012). Monthly SAM (Mo 2000) index values are also 
obtained from CPC (www.cpc.ncep.noaa.gov/products/
precip/CWlink/daily_ao_index/monthly.aao.index.b79.

current.ascii.table), and are used to derive the SAM index 
for DJF, MAM, JJA and SON for 1979–2011.

An objective of the paper is to further our current under-
standing (Weldon and Reason 2014) of the ENSO link and 
rainfall variability over the Cape south coast. As ENSO 
and SAM are related (Gong et al. 2010; Fogt et al. 2011), 
the teleconnection investigation performed here included 
an analysis that aims to address the potential link between 
SAM and the occurrence of synoptic regimes.

In order to determine whether the climate modes, ENSO 
and SAM, are separately correlated with the occurrence of 
synoptic regimes for each of the seasons DJF, MAM, JJA 
and SON, a synoptic regime index is derived. This index 
considers the frequency distribution of synoptic regimes 
within the SOM space and was derived for each of the sea-
sons (DJF, MAM, JJA and SON) from the pattern correla-
tion between the interannual frequency distribution within 
the SOM space and a reference frequency distribution. The 
reference frequency distribution is represented by the aver-
age frequency distribution of the wet years for the particu-
lar season. In this manner, a unique time series is developed 
for each of the seasons, which are then utilized in the cor-
relation analysis with ENSO and SAM.

3 � Results

3.1 � Seasonal cycle of synoptic types

The 850 hPa geopotential height node-averaged fields are 
shown in Fig.  2 while the seasonal cycle of each node 
expressed as the percentage occurrence is shown in Fig. 3. 
Nodes with a strong winter occurrence are observed in the 
bottom row of the SOM (nodes 1–6), while nodes occurring 
most frequently in summer are found in the top row (nodes 
29–35). The nodes in the top row of the SOM also show 
a high frequency of occurrence during the transitional sea-
sons, autumn and spring. However, the highest frequency 
of occurrence during autumn is found over the left-cen-
tral part of the SOM (node 15) representative of a surface 
trough over the far western part of the country linking up 
with a westerly trough to the southwest of the subcontinent 
(Fig.  2). During spring, nodes located over the right-cen-
tral part of the SOM (in particular node 21), representative 
of ridging high pressure systems, exhibit the highest fre-
quency of occurrence. The various configurations of win-
ter frontal systems are represented by nodes 1–6. Frontal 
systems without a pronounced winter occurrence, e.g. rep-
resented by nodes 8 and 9, are characterized by a weaker 
pressure gradient than frontal systems with a strong winter 
occurrence, e.g. nodes 1 and 2 (Fig. 2). The frontal systems 
characterized by stronger pressure gradients are the synop-
tic types contributing least to annual rainfall over the Cape 

http://www.cpc.ncep/noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
http://www.cpc.ncep/noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/monthly.aao.index.b79.current.ascii.table
http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/monthly.aao.index.b79.current.ascii.table
http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/monthly.aao.index.b79.current.ascii.table
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south coast (Engelbrecht et al. 2015), while these systems 
are the important rain-producing systems over the winter 
rainfall region (Lennard and Hegerl 2015). Ridging high 
pressure systems and tropical-temperate troughs, found in 
the top right part of the SOM (nodes 27, 28, 33, 34 and 
35), are major contributors to annual rainfall over the Cape 
south coast (Engelbrecht et  al. 2015). Noteworthy is that 
these systems sometimes co-occur with COLs (Engelbre-
cht et al. 2015). Nodes representative of synoptic types that 
occur throughout the year, but lacks evidence of a preferred 
season of occurrence, are found in the central part of the 
SOM (Fig. 3), and are in general insignificant with regard 
to annual rainfall contribution over the region (Engelbrecht 
et al. 2015). It is noteworthy that Ward’s method provides 
results that are consistent with the grouping of synoptic 
types into a number of main synoptic types as described 
above. For example, nodes 28 and 35, indicative of ridging 
highs are grouped together by Ward’s method. Similarly, 
nodes 33 and 34, indicative of tropical-temperate troughs, 
are grouped together.

3.2 � Circulation anomalies during seasons of anomalous 
rainfall

Figure 4 shows the rainfall totals for 32 DJF (1979/1980–
2010/2011), MAM (1980–2011), JJA (1980–2011) and 
SON (1980–2011) seasons. A similar analysis at annual 
time scales is not meaningful, because of a given year 
having the potential to be wet (or dry), for very different 
reasons. For example, a year with above-normal rainfall 

induced by a wet SON will exhibit different synoptic fre-
quencies than a wet year associated with a wet JJA.

Circulation anomalies associated with wet and dry sea-
sons are presented in terms of the frequency of synoptic 
archetypes occurring during the relevant wet and dry sea-
sons. Circulation anomalies associated with the SOM-
nodes for seasons of above-normal, near-normal and 
below-normal rainfall are calculated relative to the relevant 
long-term mean for each of the nodes and are expressed 
as a percentage change of the actual node value before the 
relevant individual seasons are averaged for the wet, nor-
mal and dry seasons (Fig.  5). Rainfall anomalies are pre-
sented by using two different anomaly metrics to aid in the 
interpretation of rainfall characteristics that occur during 
wet and dry seasons. Figure  6 shows the average rainfall 
anomalies (mm) relative to the climatological value of the 
actual node for the relevant wet, normal and dry seasons. 
Figure 7 shows the rainfall percentage associated with each 
SOM-node, averaged for seasons of above-normal, near-
normal and below-normal rainfall. Evident from Fig.  5 is 
the contrasting frequency relative to the climatological fre-
quency of synoptic archetypes that occur during seasons of 
above-normal (Fig. 5a, d, g, j) and below-normal (Fig. 5c, 
f, i, l) rainfall. Table  1 shows the Kendall’s tau rank cor-
relation between the 35 node frequencies associated with 
above-normal rainfall and the corresponding 35 frequen-
cies associated with below-normal rainfall, for each of the 
four seasons. The contrasting frequency of occurrence of 
the synoptic archetypes during wet and dry DJF seasons is 
significant at the 95  % level of confidence (Kendall’s tau 

Fig. 2   Node-averaged 850 hPa 
heights of the 35-node SOM 
developed from daily SLP 
anomaly fields for the period 
1979–2011
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rank correlation) while differences in the synoptic arche-
type frequencies between wet and dry MAM and JJA sea-
sons are significant at the 90 and 99 % level of confidence 
(Kendall’s tau rank correlation) respectively (Table 1). The 
Pearson product-moment correlation coefficients suggest 
for this relationship to be linear, in particular for JJA (not 
shown). Interesting to note is that such a reserved symme-
try in terms of the frequency of synoptic archetypes does 
not exist for dry and wet SON seasons (Table 1), although 
synoptic archetype frequencies differ significantly between 
dry and normal SON seasons (not shown). The rainfall 
anomalies (Fig.  6) mirror the corresponding circulation 
anomalies (Fig. 5) with regard to the sign of the anomaly, 
illustrating the link between the total rainfall and the fre-
quency of synoptic types, which suggests that the fre-
quency of occurrence of these synoptic archetypes plays 
a role in determining whether seasons are dry/wet. The 
percentage rainfall associated with each node in the SOM 

during wet and dry seasons (Fig.  7) reveals further that 
the nodes associated with rainfall are very similar during 
above-normal (Fig. 7a, d, g, j), near-normal (Fig. 7b, e, h, 
k) and below-normal (Fig. 7c, f, i, l) rainfall seasons. Cir-
culation anomalies during seasons of near-normal rainfall 
are characterized by a mixture of circulation anomalies that 
also occur during wet and dry seasons.

Figure 8 shows the node-averaged meridional vertically 
integrated moisture flux for the SOM. The main rainfall-
producing synoptic types found in the far right part of the 
SOM (e.g. nodes 14, 21 and 28) are associated with a ver-
tically integrated northward moisture flux with the larg-
est moisture flux located to the south of the subcontinent 
(Fig.  8). Other main rainfall-producing nodes (e.g. nodes 
22, 29, 30, 33, 34 and 35) are characterized by a vertically 
integrated southward moisture flux in a northwest-south-
east orientated band over the interior extending over the 
ocean southeast of the subcontinent in some of these nodes, 

Fig. 3   Annual cycle (months indicated on the x-axis) of the percentage occurrence (y-axis) for the synoptic types identified by the SOM (node 
number indicated in the top-right of each panel)
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characteristic of cloud bands typical of summer (Todd et al. 
2004; Hart et al. 2010, 2013; Tozuka et al. 2014). Vertical 
profiles of the meridional moisture flux over the Cape south 
coast, represented by the location at 35°S and 25°E, for 
wet and dry DJF, MAM, JJA and SON seasons, are shown 
in Fig. 9. For the purpose of visibility, vertical profiles for 
selected main rainfall-producing nodes, representative of 
these main rainfall-producing synoptic types, are shown. 
In general, three different moisture profiles are observed—
moisture profiles characterized by a northward moisture 
flux (e.g. 28), a southward moisture flux (e.g. node 29) 
and profiles with a northward flux in the low-levels and a 
southward flux in the mid-levels (e.g. nodes 33 and 35). 
Considerable variation occurs in the latter case. For exam-
ple, node 35 is characterized by a prominent northward 
low-level moisture flux during most seasons (Fig.  9), as 
may be expected from low-level ridging along the Cape 
south coast. Node 35 exhibits a more pronounced low-
level northward moisture flux compared to node 33, being 
stronger and notably deeper, extending up to 775 hPa. This 
relatively strong northward moisture flux, overlayed by 
a southward moisture flux, is characteristic of convective 

overturning (Taljaard 1996), also known as “undercutting” 
and can act as a trigger for convection. Node 33 represents 
a very different vertical moisture flux profile. Here a promi-
nent southward flux is always present, especially in the 
mid-levels (700 hPa), as may be expected to occur in asso-
ciation with tropical-temperate troughs.

As expected, maximum moisture fluxes associated with 
each node occur mostly at the pressure level closest to sea 
level, 1000  hPa here, with the moisture being advected 
northwards. For example, during DJF, MAM and SON 
node 28 is associated with the maximum northward mois-
ture flux while node 14, representative of a winter synoptic 
type (Fig.  3), is associated with the maximum northward 
moisture flux during JJA. The exception is synoptic types 
representative of node 29, characterized by a southward 
moisture flux with the maximum moisture flux occurring 
at pressure levels closest to the height of the plateau over 
the interior, being the strongest during MAM and SON 
(Fig. 9).

Moisture profiles during wet and dry seasons are quite 
similar, with wet seasons having a slightly stronger mois-
ture flux, particularly evident for nodes 14 (JJA), 28 

Fig. 4   The seasonal rainfall (mm) over the Cape south coast for 
32 DJF, MAM, JJA and SON years over the period 1979–2011. 
The long-term mean rainfall for each season is indicated by a black 

dashed line. Seasons of above-normal, near-normal and below-nor-
mal rainfall are indicated by white, grey and black respectively
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(MAM and SON) and 35 (SON). However, exceptions are 
observed for nodes 14 and 33 during DJF when moisture 
profiles of dry seasons have larger moisture fluxes than 
those of wet seasons. Node 14, representative of frontal 
systems, has a higher frequency of occurrence during dry 
seasons—explaining the larger moisture flux as confirmed 
in specific humidity profiles (data not shown). The larger 
moisture flux associated with node 33 during dry DJF sea-
sons is due to stronger winds (not shown). Austral summer 
months during years of anomalous low rainfall over South 
Africa have been linked to the jet stream located anoma-
lously equatorwards (Tennant and Reason 2005), implying 
stronger winds and cold fronts to have more equatorwards 
tracks.

Other contrasting circulation anomalies that are charac-
teristic of below-normal and above-normal rainfall seasons 
occur over the central part of the SOM. These nodes are 
representative of weather systems associated with an equa-
torward pressure gradient (zonally orientated high pres-
sure over the subcontinent and surrounding oceans with 
zonally orientated low pressure further southwards). An 

equatorward pressure gradient (e.g. node 18) is not favour-
able for moisture advection over the Cape south coast. 
During above-normal (below-normal) rainfall seasons, an 
anomalously low (high) occurrence of weather systems 
characterized by this weak synoptic flow occurs.

3.3 � Synoptic type rainfall and interannual variability 
of seasonal rainfall

Climatological seasonal rainfall totals over the Cape 
south coast are very similar (Table 2). Rainfall-producing 
synoptic types with an occurrence throughout the year 
includes ridging high pressure systems from the southwest 
and COLs while the contribution by tropical-temperate 
troughs and frontal systems peak during October to April 
and May to August respectively (Engelbrecht et al. 2015). 
In the case of ridging high pressure systems, seasonality 
is observed in the preferred configuration of this synoptic 
type that contributes to rainfall. For example, ridging high 
pressure systems from the southwest represented by nodes 
7 and 14 are characteristic of winter, while nodes 20, 27 

Fig. 5   Average circulation anomalies for seasons of above-normal 
(top row), near-normal (middle row) and below-normal (bottom row) 
rainfall as represented by the SOM-node frequency expressed as a 

percentage change for each of the nodes relative to the relevant long-
term mean frequency of the relevant SOM-node. Positive (negative) 
anomalies are indicated by blue shades (yellow shades)
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and 35 exhibit summer peaks in their occurrence (Fig. 3). 
An objective of this paper is to identify important synoptic 
types and/or configurations within a specific synoptic type 
that are linked to interannual variability of seasonal rain-
fall over the Cape south coast. A direct approach to address 
this question is to test whether a significant positive cor-
relation exists between the rainfall associated with the syn-
optic types and the total seasonal rainfall. It is firstly tested 
whether rainfall associated with nodes representative of a 
similar synoptic type collectively correlate with seasonal 
rainfall totals.

During DJF and MAM, rainfall associated with ridging 
high pressure systems from the southwest, ridges situated 
east of the subcontinent and tropical-temperate troughs 
(Table  3) exhibit a significant positive rank correlation 
with the respective seasonal rainfall totals, suggesting 
that these synoptic types are linked to interannual vari-
ability of DJF and MAM rainfall. During JJA and SON, 
rainfall associated with ridging high pressure systems 
from the southwest and ridges situated east of the sub-
continent exhibit a significant positive rank correlation 

with JJA and SON rainfall totals respectively (Table 3). 
Ridging high pressure systems from the southwest seem 
to have the strongest link to interannual variability of 
seasonal rainfall—significant at the 99  % level of con-
fidence during DJF, MAM, JJA and SON, followed by 
ridges situated east of the subcontinent (Table 3). For the 
latter, the link to interannual variability seems stronger 
during DJF and MAM compared to JJA and SON. Pear-
son product-moment correlation coefficients indicate that 
this relationship is linear (not shown). Ridging high pres-
sure systems from the southwest show the strongest lin-
ear relationship with interannual variability of seasonal 
rainfall. It may be noted that the maximum COL occur-
rence co-occurs with nodes within the groups represent-
ing ridging high pressure systems from the southwest 
(Fig. 2, node 35) and ridges situated east of the subcon-
tinent (Fig. 2, node 29) (Engelbrecht et al. 2015). This is 
likely to influence the positive correlation of these groups 
with seasonal rainfall totals as COLs are associated with 
heavy rainfall events (Rouault et al. 2002; Singleton and 
Reason 2006, 2007a).

Fig. 6   Average rainfall anomalies (mm) for seasons of above-nor-
mal (top row), near-normal (middle row) and below-normal (bottom 
row) rainfall as represented by the rainfall associated with each of the 

nodes relative to the relevant long-term mean rainfall of the relevant 
SOM-node. Positive (negative) anomalies are indicated in blue (yel-
low)
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The various configurations within the grouped synop-
tic types (represented by the individual nodes shown in 
Fig. 2), represent variations of attributes such as geographi-
cal and seasonal location, intensity and some structural 
features. In an attempt to highlight or isolate what specific 
configuration within a synoptic type is the preferred driver 
of interannual variability of seasonal rainfall, the seasonal 
rainfall associated with the individual nodes was also cor-
related with seasonal rainfall totals (Table 4). Noteworthy, 
is the presence of two specific configurations of ridging 
high pressure systems from the southwest, those with the 
most southward located axis (Fig.  2, nodes 28 and 35), 
that are correlated with rainfall totals for DJF, MAM, JJA 

and SON. Ridging high pressure systems from the south-
west representative of nodes 28 and 35 are suggested to be 
a driver of interannual variability of SON rainfall in par-
ticular with correlations significant at the 99  % level of 
confidence (Table 4). In the case of the tropical-temperate 
troughs, a significant correlation with DJF, MAM and 
SON rainfall totals exists. During DJF, rainfall associated 
with tropical-temperate troughs with the smallest node-
averaged zonal wind component over and to the south of 
the country (nodes 32) are correlated to DJF rainfall totals, 
consistent with the jet stream that is located further pole-
ward during years of above-normal rainfall over the sum-
mer rainfall region and hence weaker winds (Tennant and 
Reason 2005). During MAM and SON other configurations 
of tropical-temperate troughs are linked to interannual vari-
ability of seasonal rainfall, illustrating the seasonality that 
can occur within a specific group of synoptic types.

COLs contribute to 16  % of annual rainfall totals, co-
occurring with ridging high pressure systems and tropical-
temperate troughs (Engelbrecht et  al. 2015). The nature 
of COLs to cause high impact rainfall events that have 
the ability to produce 24-h rainfall totals that exceed the 

Fig. 7   Average percentage of rainfall for the SOM-nodes associated with seasons of above-normal (top row), near-normal (middle row) and 
below-normal (bottom row) rainfall

Table 1   Kendall’s tau rank correlation between the frequency of syn-
optic archetypes during seasons of above-normal versus seasons of 
below-normal rainfall (see Fig. 5)

* 90 % level of confidence, ** 95 % level of confidence, *** 99 % 
level of confidence

DJF MAM JJA SON

−0.26** −0.208* −0.415*** −0.0605
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relevant climatological monthly rainfall (Singleton and 
Reason 2006, 2007a; Muller et al. 2008), warrants the con-
sideration of a linkage between COL-induced rainfall and 
interannual variability in seasonal rainfall. Mean seasonal 
rainfall totals attributed to COLs are of comparable mag-
nitude for MAM, JJA and SON with mean seasonal total 
rainfall during DJF only half or less of any of the other 
seasons (Table  5). Over South Africa COLs occur most 
frequently during MAM (31 %), followed by JJA (29 %), 
SON (22  %) and DJF (18  %) (Table  5), similar to COL 
seasonal frequencies from Singleton and Reason (2007b) 
and Favre et  al. (2013). The relationship between the fre-
quency of COLs and COL-induced rainfall is not linear. 
Although spring (SON) has a lower frequency of COLs 
than autumn (MAM) and winter (JJA), it is the season 
when the highest percentage of COLs is associated with 
rainfall over the Cape south coast. Spring, when defined as 
October–November–December (OND), is also the season 
when COL-induced rainfall over South Africa is on aver-
age widespread (Favre et  al. 2013). During winter (JJA), 
the mean seasonal rainfall attributed to COLs over the Cape 
south coast is a maximum (38 mm) (Table 5). Favre et al. 
(2013) also identified winter [defined as July–August–Sep-
tember (JAS)] to be the season with the largest contribution 
to annual COL rainfall. South Africa on average, however, 
receives the largest contribution to annual COL rainfall 
during OND (Favre et al. 2013).

The influence of rainfall associated with COLs on 
seasonal rainfall totals is shown in Fig.  10. A weak and 

non-significant correlation exists for summer (DJF), the 
season with the lowest mean frequency of COLs and COL-
associated rainfall. Autumn (MAM) and winter (JJA) have 
the highest and most significant (99 % level of confidence) 
correlation between COL-associated seasonal rainfall totals 
and all seasonal rainfall totals. A weak but significant cor-
relation exists for spring (SON) which may be attributed 
to ridging high pressure systems that contribute largely to 
October rainfall, the month observed with the highest area-
averaged monthly rainfall totals along the Cape south coast 
(Engelbrecht et  al. 2015). The Pearson product-moment 
correlation coefficients indicate that the relationship 
between COLs and interannual rainfall variability is linear, 
in particular for JJA and MAM (not shown). Even though 
the frequency of occurrence of COLs is low, as illustrated 
by the absence of a node dedicated only to COLs in the 
SOM, COLs can have a notable impact on seasonal rainfall 
totals (e.g. JJA 2006, Fig. 10)—an indication of the inten-
sity of COLs.

The geographical location of COLs during wet and dry 
seasons exhibits different regions of preferred occurrence 
(Fig.  11). The mean COL frequency anomaly for wet DJF 
seasons is characterized by COLs most frequently located 
over the western part of the Northern Cape and Southwest-
ern Cape. During MAM, JJA and SON wet seasons are in 
general characterized by an increase in the frequency of 
COLs occurring countrywide. Noteworthy are areas of 
increased COL activity during wet seasons just off the Cape 
south coast and over the interior to the northwest of the Cape 

Fig. 8   Node-averaged 
meridional vertically integrated 
moisture flux (g m−1 s−1)
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south coast, consistent with increased mid-latitude cyclone 
system density associated with wet years (Weldon and Rea-
son 2014). During seasons of below-normal rainfall, the 

aforementioned areas are generally characterized by a nega-
tive mean COL frequency anomaly, consistent with a pole-
wards shift of storm tracks (Weldon and Reason 2014).

Fig. 9   Vertical profile of the meridional moisture flux (g kg−1 m s−1) at 35°S and 25°E for wet (grey) and dry (black) DJF, MAM, JJA and SON 
years
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3.4 � Large‑scale climate modes

The SAM is significantly (99 % level of confidence) linked to 
the frequency distribution of nodes within the SOM space for 
the DJF (Fig. 12a) and MAM (Fig. 12b) seasons, while the 
relationship with ENSO is somewhat weaker (95 % level of 
confidence) and valid for DJF (Fig. 12c) and SON (Fig. 12d). 
This implies that for these seasons, given the predictability 
of ENSO (Barnston et al. 2011) and to a lesser extent SAM 
(Fogt et  al. 2011; Gong et  al. 2010) at the seasonal time 
scale, the skillful predictability of intraseasonal variability 
may be feasible (at the seasonal time scale). This relationship 
between the frequency distribution of nodes within the SOM 
space with SAM and ENSO respectively is linear accord-
ing to Pearson product-moment correlation coefficients (not 
shown). Interesting to note is that the nature of the relation-
ships between rainfall variability over the Cape south coast 
with ENSO and SAM respectively, are similar to that over the 
summer rainfall region where the positive (negative) phase of 
SAM (ENSO) is positively linked to rainfall. Over the winter 

rainfall region of South Africa, the relationships between rain-
fall with ENSO and SAM are reversed. Over the Cape south 
coast wet-day frequency during early winter (June) is posi-
tively (negatively) linked to the positive (negative) phase 
of ENSO (Weldon and Reason 2014). Frontal systems rep-
resentative of node 3 (Fig.  2) occur anomalously more fre-
quent (the percentage change relative to climatology is 50 %) 
during El Niño events in June while they occur anomalously 
less frequent (the percentage change relative to climatology is 
−57 %) during La Nina events in June.

Table 2   Climatological seasonal rainfall totals (mm)

DJF MAM JJA SON

181 189 181 219

Table 3   Kendall’s tau rank correlation between circulation type seasonal rainfall (mm) and total seasonal rainfall (mm) over the period 1979–
2011

* 90 % level of confidence, ** 95 % level of confidence, *** 99 % level of confidence

Grouped synoptic 
types/main circula-
tion types

Trough  
southwest

Trough  
southeast

Ridging high  
pressure

Ridge east Tropical temperate 
trough

Weak synoptic 
flow

Nodes 1, 2, 3, 8, 9, 10 4, 5, 6, 11, 12 7, 13, 14, 20, 21, 
27, 28, 35

17, 24, 29, 30, 31 15, 16, 22, 23, 25, 26, 
32, 33, 34

18, 19

DJF 0.16 −0.19 0.42*** 0.33*** 0.26** −0.006

MAM −0.2 −0.14 0.69*** 0.58*** 0.32** −0.06

JJA 0.16 0.07 0.58*** 0.28** 0.19 −0.05

SON −0.05 0.09 0.6*** 0.24* 0.17 −0.09

Table 4   Nodes for which the node-associated rainfall is significantly correlated with the seasonal rainfall totals over the period 1979 to 2011

Node numbers are indicated in bold. Kendall’s tau rank correlation and the significance level is indicated in brackets where * 90 % level of con-
fidence, ** 95 % level of confidence and *** 99 % level of confidence

Seasons Nodes for which the node associated rainfall is significantly correlated with the seasonal rainfall totals

DJF 27 (0.27**), 28 (0.23*), 32 (0.3**), 35 (0.22*)

MAM 2 (−0.3**), 4 (−0.33***), 15 (0.25**), 16 (0.32**), 25 (0.24*), 27 (0.28**), 28 (0.22*), 30 (0.45***), 33 (0.26**), 34 (0.3**), 35 
(0.32**)

JJA 1 (0.25*), 2 (0.22*), 4 (−0.26**), 13 (0.3**), 21 (0.27**), 28 (0.44***), 29 (0.24*), 35 (0.25*)

SON 8 (−0.29**), 16 (0.24*), 22 (0.22*), 28 (0.38***), 33 (0.24*), 35 (0.4***)

Table 5   Climatological seasonal statistics for COL induced rainfall 
in mm (second column), percentage of COL occurrences over South 
Africa (third column) and percentage of COLs that produce rainfall 
over the Cape south coast (fourth column)

Attribute Long-term aver-
age seasonal 
COL rain (mm)

Long-term aver-
age seasonal 
COL distribution 
over South Africa 
(%)

Long-term aver-
age percentage of 
COLs over South 
Africa associated 
with rain over the 
Cape south coast 
(%)

DJF 15.3 18 56

MAM 33.8 31 61

JJA 38.4 29 63

SON 30.6 22 68
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4 � Discussion and conclusions

The association between interannual variability of sea-
sonal rainfall over the Cape south coast of South Africa 
and synoptic types was investigated. The method of SOMs 
was employed to relate daily low-level circulation fields 
obtained from NCEP with daily area-averaged rainfall 
for the period 1979–2011. The daily circulation statis-
tics obtained from the SOM analysis were employed to 
determine seasonal anomaly fields for each SOM node 
for seasons of above-normal, near-normal and below-
normal rainfall totals. Similarly, rainfall anomalies rela-
tive to the climatological mean as well as the average per-
centage of rainfall associated with each node for seasons 

of above-normal, near-normal and below-normal rainfall 
were determined. Analysis of synoptic type frequencies 
illustrated that, based on the frequency anomaly relative 
to the climatological frequency of the synoptic types, it is 
possible to distinguish anomalously wet DJF, MAM and 
JJA seasons from being anomalously dry. During SON, a 
discernable difference in the frequency of synoptic types 
is absent. During wet seasons, the main rainfall-produc-
ing synoptic types, representative of ridging high pressure 
systems and tropical-temperate troughs, occur more fre-
quently. Noteworthy is that these synoptic types remain 
the main rain-producing synoptic types during dry seasons, 
but with an anomalously low frequency of occurrence. 
Being able to use synoptic type frequencies to discriminate 
between wet and dry seasons has potential implications for 

Fig. 10   Kendall’s tau rank correlation between seasonal rainfall totals and the corresponding COL-induced rainfall totals
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seasonal forecasting over the Cape south coast with regard 
to the confidence in discriminating between an above-nor-
mal or below-normal rainfall outlook. Skillful predictions 
of the differential synoptic type distributions for wet and 
dry seasons may be a requirement of skillful intra-seasonal 
rainfall prediction over the region.

Rainfall-producing westerly waves nearing the subcon-
tinent are weakly linked to interannual variability of JJA 

rainfall, even though these systems are not regarded as the 
main rainfall-producing synoptic types over the Cape south 
coast. Indeed, during MAM and SON some configurations 
of westerly wave associated rain are negatively correlated 
with the respective seasonal rainfall totals. Rainfall associ-
ated with the main synoptic types representative of ridg-
ing high pressure systems and tropical-temperate troughs 
are linked to interannual variability of seasonal rainfall. 

Fig. 11   Geographic location of 
COLs (COL centre frequency 
per grid point) for DJF, MAM, 
JJA and SON seasons of above-
normal (top) and below-normal 
(bottom) rainfall relative to the 
climatological mean of COL 
centre frequency per grid point. 
Blue (yellow) shading indicates 
a positive (negative) anomaly 
of COL centre frequency per 
grid point
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A strong link is suggested for high pressure systems ridg-
ing from the southwest during DJF, MAM, JJA and SON 
while ridges east/southeast of the subcontinent and tropi-
cal-temperate troughs exhibit seasonality in its link to inter-
annual variability of seasonal rainfall over the Cape south 
coast. Ridges east/southeast of the subcontinent exhibit a 
stronger link during DJF and MAM compared to JJA and 
SON while a link between tropical-temperate troughs is 
indicated to exist only during DJF and MAM. Specific con-
figurations of ridging high pressure systems that are linked 
to interannual variability of seasonal rainfall, exhibit their 
ridging axis to be located further polewards (in particular 
nodes 28 and 35) than those not directly linked to interan-
nual variability of seasonal rainfall. Both these nodes (28 
and 35) are representative of weather systems with strong 
upper-air control. Node 35 is associated with the occur-
rence of COLs, while node 28 is associated with sharp 
upper-air troughs. The specific tropical-temperate trough 
configuration linked to interannual variability of DJF 

rainfall is suggestive of a slower moving tropical-temperate 
trough (node 32) with the zonal wind exhibiting similar 
characteristics to those of wet summers over the summer 
rainfall region of South Africa (Tennant and Reason 2005). 
The zonal wind characteristics associated with node 32 are 
in contrast to the mean circulation associated with wet win-
ters over the winter rainfall region when an anomalously 
strong jet is found just upstream of the subcontinent (Rea-
son and Rouault 2005) that has also been linked to El Niño 
conditions (Philippon et  al. 2012). In general, this node 
(node 32) occurs mostly in La Niña years. The DJF sea-
sons corresponding with the 10 DJF seasons of the highest 
occurrence of this node (node 32), display a preference for 
La Niña years as it consists of 5 La Niña years, 2 El Niño 
years and 3 neutral years.

A strong link is suggested between COL-induced 
rainfall and rainfall variability over the Cape south 
coast for MAM, JJA and SON, with the strongest link 
found for JJA. Winter is also the season when the mean 

Fig. 12   Pattern correlation between the interannual frequency distri-
bution of nodes within the SOM space and that of the average sea-
sonal frequency distribution of nodes within the SOM space for the 
relevant wet season versus a the corresponding SAM index for DJF, 

b the corresponding SAM index for MAM, c the corresponding ONI 
for DJF and d the corresponding ONI for SON. The Kendall’s tau 
values and level of significance are indicated in the respective title 
bars
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contribution by COLs to seasonal rainfall totals is the 
largest in the region (Favre et  al. 2013; Engelbrecht 
et  al. 2015). Regarding the geographical location of 
COLs, there seem to be distinct regions of preferred 
occurrence during wet and dry seasons, with anoma-
lously more COLs located over the country during wet 
seasons, in particular over the southern and western 
parts.

Rainfall variability over the Cape south coast seems to 
be linked, as demonstrated by the frequency distribution 
of synoptic types within the SOM space, to the large-
scale climate modes of ENSO and SAM. This link may 
be attributed to the association between ENSO and SAM 
(L’Heureux and Thompson 2006). The frequency distri-
bution of nodes within the SOM space associated with 
wet seasons exhibits a statistically significantly posi-
tive correlation with the SAM during DJF and MAM, 
while this relationship associated with ENSO is negative 
(implying a positive relationship between rainfall and 
La Niña) and valid for DJF and SON. This result sup-
ports the state described by node 32, the slower moving 
tropical-temperate trough discussed above, contributing 
to rainfall variability and the potential role it has dur-
ing La Niña events. Interesting to note though is that the 
seasons during which the ENSO association occurs over 
the region, coincide with spring to early autumn during 
which a positive association exists between COL occur-
rences and La Niña events (Favre et al. 2013). With rain-
fall variability over the Cape south coast linked to the 
large-scale climate drivers SAM and ENSO, as well as 
the occurrence of synoptic regimes during wet and dry 
seasons distinct with regard to their frequency and loca-
tion within the SOM space, intraseasonal predictability 
applicable to the region seems feasible and needs to be 
explored further.
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