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Abstract

South Africa is a water-scarce country that is highly dependent on agriculture.
This means that the local impacts of climate altering phenomenon, such as the
El Nifo-Southern Oscillation (ENSO), are critical to understand. At a broad
scale, these systems are known to affect rainfall distribution, resulting in
drought (flood) conditions during El Nifio (La Nifia) events in the majority of
the country, and the converse in the southwestern Cape. However, fine
resolution analyses of local impacts of these events have been restricted to the
coastal zone, and little is known for the interior. We explore the uniformity in
the transition of the climatic deviations [for minimum temperature (Tmin) and
maximum temperature (Tmax), and rainfall] along a 12-site transect spanning
the South African interior. The majority of the deviations determined were not
statistically significant which suggests that the common understanding of the
climatic impacts of ENSO events in South Africa is not well understood.
However, it should be acknowledged that all the locations used in this research,
aside from Hermanus, were located inland which may be the reason the

deviations at these locations were not statistically significant.

Introduction
The EI Nifo-Southern Oscillation (ENSO) is an
extensive, multidimensional oceanic and atmospheric
climatic phenomenon (Anderson et al. 2017; Kogan
and Guo 2017). It is arguably one of the strongest
interannual climatic phenomenon (Fan et al. 2017; Hu
and Fedorov 2017). ENSO events are expressed
through semi-periodic (Baudoin et al. 2017) abnormal
sea-surface temperature variations in the equatorial
region of the Pacific Ocean which influences the state
of the atmosphere (Camberlin et al. 2001; Gaughan
and Waylen 2012). Ocean-atmospheric variations
result in changes in the normal Walker Circulation
which causes shifts in the interannual precipitation
received in tropical areas (Anyamba et al. 2002;
Gaughan and Waylen 2012); as well as shifts in
temperature (Anderson et al. 2017). This results in
fluctuations in the amount of precipitation received
both in this region (Anyamba et al. 2002), and with
global influence (Kovats 2000; Guilyardi 2006;
Kogan and Guo 2017), as with varying impacts
regionally (Hanley et al. 2003; Gizaw and Gan 2016;
L’Heureux et al. 2016).

In many regions, El Nifio events are associated
with hot and dry conditions. An example of a severe
El Nifio induced drought is the 1876/1878 event

which impacted on many countries around the world
including Brazil, China, Egypt, Ethiopia, India, Java,
South Africa and Sudan (Kovats et al. 2003). Many
of these regions were similarly affected by drought
during the 2015/2016 El Niflo event which caused
severe food insecurity and even forest fires
(Caminade et al. 2017). In other regions, including
Bolivia, Colombia, Ecuador and Peru, El Nifio is
linked to flooding (Kovats et al. 2003; Smith and
Ubilava 2017). ENSO events have a significant
impact on human health (Kovats 2000; Kovats et al.
2003; Kogan and Guo 2017), especially as these
events are often irregular (Kovats et al. 2003). The
Zika virus (mosquito-borne) outbreak, which
originated in South America, and a Yellow Fever
outbreak in Angola, both of which occurred in 2015,
are argued to have been influenced by the climatic
conditions caused by the 2015/2016 El Niflo event
(Caminade et al. 2017). ENSO is also said to have
influenced the number of incidences of cholera
(Moore et al. 2017). The effects of La Nifia events on
climate are often the reverse of the effects of El Nifio
events (Kovats 2000; Kovats et al. 2003; Miralles et
al. 2014; Hirons and Klingaman 2016a; Cashin et al.
2017).
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Despite the ENSO phenomenon originating far from
Africa (Camberlin et al. 2001), it is said to be
important in influencing the climate of this continent
both now and in future (Hulme et al. 2001; Collins
2011). As it is a semi-arid region, southern Africa
experiences most of its precipitation during the
southern hemisphere (austral) summer, with the
exception of the southwestern tip which receives
winter rainfall (Roffe et al. 2019). Rainfall variability
in South Africa, and particularly the summer rainfall
zone, is argued to be significantly influenced by
ENSO events (Crétat et al. 2012; Landman and
Beraki 2012; Lakhraj-Govender and Grab 2019).
These events affect precipitation variation in this
country as it is broadly understood that El Nifio
events give rise to droughts (Camberlin et al. 2001;
Anyamba et al. 2002; Nash and Grab 2010; Crétat et
al. 2012; Gaughan and Waylen 2012; Ratnam et al.
2014; Meque and Abiodun 2015; Baudoin et al.
2017) and warm conditions (Jury 2002) while La
Nifla events give rise to wet conditions (Crétat et al.
2012; Gaughan and Waylen 2012; Meque and
Abiodun 2015) and cooler maximum temperatures
(Arblaster and Alexander 2012; Lakhraj-Govender
and Grab 2019).

The ENSO signal can be communicated into the
precipitation field of southern Africa in two ways: (1)
solely through the atmosphere (this occurs through
the generation of Rossby waves) as seen from
General Circulation Model simulations; (2) through
ocean-atmospheric  interactions (for  example,
atmospheric responses to east Pacific Ocean
anomalies in sea-surface temperature results in the
Indian Ocean warming; Cook 2000). The model used
by Cook (2000) proposes that the reaction of the
atmosphere to the eastern Pacific Ocean warming
during ENSO causes drying in southern Africa. The
peak of the southern African summer rainfall zone
rainy season (December to March) coincides with the
period where the region is most likely to be affected
by ENSO events (Mason 2001; Crétat et al. 2012;
Hirons and Klingaman 2016b; Hoell and Cheng
2017; Manatsa et al. 2015 in Hoell et al. 2017) as
anomalies in the atmosphere, ocean and precipitation
linked to these events reach their peak in this period
(Crétat et al. 2012; Archer et al. 2017). In this season,
the Walker Circulation is influenced by ENSO events
which affects the convection over the middle and
western regions of the Indian Ocean (Hoell et al.
2015). Dry conditions in southern Africa that are
caused by El Nifio events occur as westerly winds
result in increasing evaporation (Jury 2002). El Nifio
events are linked to a high pressure located over
southern Africa which results in abnormal mid-
tropospheric descent and below-normal rainfall
(Hoell and Cheng 2017; Hoell et al. 2017). La Nifia
events are linked to a low pressure over southern

Africa which results in abnormal mid-tropospheric
ascent and above-normal rainfall (Abdi et al. 2016;
Hoell and Cheng 2017; Hoell et al. 2017). Since
1970, interannual variability in precipitation in
southern Africa has increased (Jury 2013).

This is local climate response to ENSO does not
uniformly occur. For example, the during
the1997/1998 FEl1 Nifio event, South Africa
experienced precipitation within the range of normal
conditions (Camberlin et al. 2001; Anyamba et al.
2002; Philippon et al. 2012; Crétat et al. 2012; Hoell
et al. 2015; Funk et al. 2016). This may be as the
correlation between ENSO events and precipitation
variation in this country are said to be weak (Crétat et
al. 2012) and non-linear (Meque and Abiodun 2015).
As the mean climatic conditions experienced by
South Africa during ENSO events are not always
uniform, more quantitative data is needed to
understand the climatic deviations during ENSO
events at a higher spatial and temporal resolution. We
therefore explore the deviations in South African
climate for 12 stations along a transect spanning the
interior, relative to the long term climatic conditions.

Methods

This study uses a 12-location transect, comprising 16
named weather stations (Figure 1), to explore
differences between the summer rainfall zone (the
north-eastern region) and winter rainfall zones (the
southwestern region) (Roffe et al. 2019) and
conditions between the southwestern and north-
eastern regions of South Africa which experiences
varying temperatures and rainfall amounts. A similar
transect was used by Chase and Meadows (2007).
The selected locations are said to experience varying
conditions during El Niflo and La Nifia events,
depending on which rainfall zone they are located in
which makes the selected transect useful when
determining the deviations in climatic conditions of
South Africa during these events; for example, the
summer rainfall zone is said to receive below normal
rainfall during El Nifio events, while the winter
rainfall zone is said to receive above normal rainfall
during these events (Philippon et al. 2012).

For the 12 locations, average daily climate data for
three variables, Tumax, Tmn and rainfall, from 16
weather stations were acquired from the South
African Weather Service (Table 1). The inaccurate
average daily climate data (average values where
daily values were missing) were excluded from the
statistical analysis conducted in this research. The
mean climatic conditions, including EI Nifio and La
Niiia events, for the study period were calculated on a
monthly and an annual scale for each climate variable
for each location along the transect.
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Figure 1. Map of the location of weather stations along the transect line.

Table 1. List of the stations used

Rainfall Mean annual

City/Town Station Co-ordinates Time range zone* rainfall(mm)**
Hermanus Hermanus - 0006386A7 -34.43°S; 19.22°E 1996-2016 Winter 40.7
Worcester WorceSter'A;‘(" 5-0022729 33 66°5:19.42° 1998-2016 Winter 23.4
Laingsburg  Laingsburg - 00456420  -33.2°S;20.87° E 19952016 S:&?K;/ 10.9
Fraserburg Fraserburg - 0113025A2  -31.92°S; 21.51°E 1986-2016 Summer 16.6
De Aar Wo - 0169880 1
De Aar De Aar - Mun - -30.67°S; 24°E iggg:?gég Summer 28.1
0170009CX
Fauresmith Fauresmith - 0291570 1 -29.45° S; 25.19° E 2001-2016 Summer 35.8
Welkom - 0364300 1 ;n9d9$'2_0; 61 gg"; ;0“16
Welkom -27.99°8; 26.67° E (fg‘;nliainfall) Summer 36.4
Welkom - 0364300A6 1986-1992
1986-2016 (for Tmax
Kroonstad Kroonstad - 0365398 8 -27.63°S;27.23°E  and Tmn); 1993-2016 ~ Summer 37.8
(for Rainfall)

Johannesburg  Jhb Bot Tuine - 0475879 0 -26.15°S; 28° E 1986-2016 Summer 54.7
Witbank Witbank - 0515320 8 -25.84° S;29.19°E 1993-2016 Summer 56.8
Oudestad Oudestad - 0552581 7 -25.18°S;29.33°E 1986-2016 Summer 43.2

Phalaborwa Airport Aws - 2008-2014
0681266D1 o . R 35
Phalaborwa Phalaborwa - 0681266C7 -23.94° S; 31.15°E 1988-1990 Summer
Phalaborwa - 0681266 3 1993-2008

*determined from datasets from the South African Weather Service. **calculated from datasets from the South African

Weather Service

The El Niflo and La Nifla years were identified
using the Oceanic Niflo Index (NOAA 2017) and
ranked for all locations along the transect, for all
climate variables. These years were isolated and the

monthly and annual mean were calculated for the El
Nifio and La Nifia years identified to determine the
average climate experienced in South Africa during
these events. A statistical t-test was then conducted
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(Kruger and Shongwe 2004) to compare the mean El
Niflo or La Niiia climatic conditions to the long-term
mean climatic conditions of each location along the
transect.

The long-term climatic conditions (including El
Nifio and La Nifia events), as well as the mean
climatic conditions experienced during El Nifio and
La Nifia events, were used to compare the overall
deviations in the Tmin, Tmax, and rainfall for all 12
locations along the transect, combined. The minimum
and maximum deviations both above and below the
long-term mean were calculated by subtracting
individual El Nino and La Nifia events for each
location from the long-term mean of that location to
identify which events had the greatest impact on the
climate of South Africa. The deviations were
calculated by subtracting the event average for each
climate variable at each location from the long-term
mean of each location. These deviations at each
location were then ranked according to the greatest
and the least divergence. This was done through
conducting a cluster analysis to classify regions
which experienced the greatest or the least
divergence. These findings were then graphed and
mapped to identify the degree of variation in South
African climate experienced during El Nifio and La
Nifa events at each location and whether there was a
gradual transition in these climatic divergences. The
outcome of this research may assist in improving the
understanding of the climatic impacts of El Nifio and
La Nifia events as well as in improving the adaptive
capacity of South Africa when it comes to managing
and alleviating the adverse impacts of these events.

Results

Exploratory data analysis

The time span of the data from the 16 stations varied
from 16-31 years. Each of the 16 stations had missing
data, either due to the date that the station opened (for
example if the station opened in August, the data
from the previous months were missing) or technical
faults, such as equipment malfunctioning. Incorrect
data was highlighted by the South African Weather
Service as averages that were calculated with missing
data. This incorrect data was excluded from this
research.

Examples of some of the locations where major
inconsistencies in terms of the data provided by the
stations were identified included Kroonstad, for
which a 31-year dataset was available, but much of
the data for the first seven years (1986—1992) could
not be used due to the large amounts of missing data
and the inaccuracies marked by the South African
Weather Service, and the rainfall data for this
location only spanned the period 1993—present. Data
for Phalaborwa was similarly problematic. This was
most likely due to the three weather stations at this
location, as the gap of missing data for two years

(1991 and 1992) for all three climate variables was
possibly due to no active stations during this period.
The climate record for Phalaborwa terminated in
2014. For Welkom, Tmin and Tmax data overlapped for
the period 1990-1993 due to two stations operating
concurrently at this location. This overlapping data
was included in this research as this data did not
contain significant inaccuracies identified by the
South African Weather Service, and would have
contributed to the understanding of the climate
experienced in this location.

Long-term mean climatic conditions

The long-term climatic conditions that are
experienced in each of the 12 locations were
calculated for each climate variable (Tmin and Tmax
and rainfall) (Table 2). On average, the highest Tmin
and Tmax (15.8°C and 29.0°C respectively) are
experienced in Phalaborwa (located in north-eastern
South Africa), while the lowest Tmax (20.8°C) are
experienced in Hermanus (located on the
southwestern coast), and the lowest Tmin (7.4°C) are
experienced in Fraserburg, located in the
southwestern region (Table 2). The greatest
temperature difference between Tmin and Tmax is
experienced in Fauresmith, located in central South
Africa (Tmin = 7.6°C, Tmax = 25.2°C, 17.6°C mean
diurnal temperature difference), while the mean
diurnal range is experienced at Hermanus (Tmin is
13°C and Tmax is 20°C, therefore the temperature
difference is 7.0°C; Table 2). This may be due to the
continental climate and maritime climate experienced
at each of these locations respectively. In terms of
rainfall it was found that, on average, Laingsburg (in
the southwestern region) receives the least amount
(130.9mm), while Witbank (in the northeast of the
country) receives the highest (682.2mm; Table 2).

Climatic conditions over the long-term, El Nifio
and La Nifia events

Over the 31-year study period used in this research,
10 El Niflo events and nine La Nifa events occurred
varying in severity and duration (Table 3). Of the 10
El Nifio events, six lasted a year or longer, with the
longest being the 2015/2016 event which lasted for
17 months (Table 3). Three El Nifio events lasted for
a year, and the remaining four events lasted between
seven and 11 months (Table 3). Between 2002 and
2007, four El Nifo events occurred (Table 3). The
strongest El Nifio event, according to the ONI, was
the 1997/1998 event (which had a mean strength of
1.6°C), while the weakest was the 2004/2005 event,
with a mean strength of 0.6°C (NOAA 2017; Table
3).

Five of the nine La Nifia events lasted for a year
or longer, with the remaining four lasting for six
months or longer (Table 3). The longest of these was
the 1988/1989 event which lasted 15 months, and the
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shortest was the 2016/2017 event which lasted only
six months (Table 3). In the period 1998-2001, three
consecutive La Nifia events occurred (Table 3). The
strongest La Nifla event was the 1988/1989 event,

Table 2. Average Climatic Conditions of South Africa

with a mean strength of -1.2°C, while the two
weakest events were the 2000/2001 and 2016/2017
events, both with a mean strength of -0.7°C (NOAA
2017; Table 3).

. Average maximum temperature
Location

Average minimum temperature

Annual total Rainfall (mm)

(6O (O]
Hermanus 20.8 13.8 488.2
Worcester 25.5 11.5 280.5
Laingsburg 25.5 11.0 130.9
Fraserburg 23.9 7.4 199.4
De Aar 25.0 9.7 337.1
Fauresmith 25.2 7.6 429.4
Welkom 26.0 10.3 437.3
Kroonstad 25.0 9.8 453.0
Johannesburg 23.6 9.9 656.3
Witbank 23.7 10.5 682.2
Oudestad 28.1 12.0 518.8
Phalaborwa 29.0 15.8 419.6

Table 3. El Nifio and La Nifia events that occurred between 1986 and 2016, their durations and mean strengths,

as per the ONI (NOAA, 2017)

El Niilo event Duration (months) Mean(os ér)e ngth La Nifia event E;l(zittlhosr; Mean(os ér)e ngth
1986/1987 12 1.0 1988/1989 15 -1.2
1987/1988 8 1.2 1995/1996 10 -0.8
1991/1992 16 1.0 1998/1999 12 -1.1
1994/1995 8 0.8 1999/2000 12 -1.1
1997/1998 15 1.6 200072001 9 -0.7
2002/2003 11 0.9 2007/2008 13 -1.0
2004/2005 12 0.6 2010/2011 12 -1.1
2006/2007 7 0.7 2011/2012 9 -0.8
2009/2010 12 0.9 2016/2017 6 -0.7
2015/2016 17 1.4

No statistically significant variability is observed
when comparing the means of the long-term, El Nifio
and La Nifia Tmax conditions, and the variability for
El Nifio and La Nifia years fall within the bracket of
the variability of the long-term conditions (Figure 2).
However, the long-term Tm. mean is noticeably
lower than that of El Nifio and La Nifia events (Figure
2). An even smaller degree of variability can be
identified when comparing the means of the Tmax
conditions for El Nifio and La Nina events, with the
mean Tmax for El Nifio events being only slightly
higher than that of La Nifia events (Figure 2).

The same can be said for the variability of the Tmin
experienced during long-term, El Nifio and La Nifia

events (Figure 2). A small but noticeable variation is
observed when comparing the long-term Tmin
conditions to the mean Tmin conditions experienced
during El Nifio and La Nifa events (Figure 2). The
variation between the Tmin for El Nifio and La Nifia
events are even smaller than that of Tp.x, mentioned
above, with little difference between the mean T,
experienced during these events (Figure 2). The
variability in the mean rainfall received during long-
term, El Niflo and La Nifia conditions is similarly
small (Figure 2). La Nifia events were found to
experience slightlu greater mean rainfall when
compared to the mean rainfall experienced under
long-term and El Nifio conditions (Figure 2).
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Figure 2. Comparison box plots for long-term conditions, average El Nifio and average La Nifia conditions

El Nifio events

At all 12 locations, the Tmin and Tmax experienced
during El Niflo events are higher than the long-term
mean conditions (Table 4). However, statistically
significant deviations from the long-term mean were
identified for only two of the 12 locations, Welkom
(p=0.049) and Phalaborwa (one-tailed p=0.013; two-

tailed p=0.026), during El Nifio events for Tmax only
(Table 4). The deviations from the long-term mean at
the remaining 10 locations were not statistically
significant for Tm, and statistically significant
deviations from the Tmin long-term mean during El
Nifio events were not found at any of the locations.

Table 4. Average climatic conditions during El Nifio events

Location Maximum temperature (°C) Minimum temperature (°C) Rainfall (mm)
range: 20.5 - 21.5 range: 13.5 - 14.9 range: 31.9 - 61.1
Hermanus t-statistic: 1.4 t-statistic: 1.3 t-statistic: 0.2
deviation: -0.2 deviation: -0.3 deviation: -0.9
range: 25 - 27 range: 11 - 13 range: 11.5-22.8
Worcester t-statistic: 1.5 t-statistic: 1.2 t-statistic: -1.9
deviation: -0.5 deviation: -0.4 deviation: 4.5
range: 25 - 27.5 range: 10.3 - 12.8 range: 3.9 - 13.1
Laingsburg t-statistic: 1 t-statistic: 1.1 t- statistic: -0.3
deviation: -0.4 deviation: -0.4 deviation: 0.4
range: 21.6 - 27.2 range: 5.5 - 11 range: 6.2 - 28
Fraserburg t-statistic: 1.3 t-statistic: 1.2 t-statistic: -1.6
deviation: -0.7 deviation: -0.6 deviation: 2.9
range: 23.5 - 28.6 range: 6.8 - 13.1 range: 16.3 - 64.3
De Aar t-statistic: 1.7 t-statistic: 1.3 t-statistic: 0
deviation: -0.7 deviation: -0.1
range: 23.7 - 28 range: 7.3 - 10.4 range: 22.6 - 58.8
Fauresmith t-statistic: 1.2 t-statistic: 1.3 t-statistic: 0.4
deviation: -0.8 deviation: -0.8 deviation: -2.6
range: 25.3-29.3 range: 9.2 - 13.4 range: 20.9 - 107.2
Welkom t-statistic: 1.8** t-statistic: 1.7 t-statistic: 0.8
deviation: -0.7 deviation: -0.8 deviation: -6.2
range: 24.2 - 28 range: 8.4 - 12.8 range: 24.5 - 42.5
Kroonstad t-statistic: 1.6 t-statistic: 1.4 t-statistic: -1.1
deviation: -0.9 deviation: 3.1
range: 22.8 - 26.1 range: 8.2-11.8 range: 22.1 - 124.9
Johannesburg t-statistic: 1.2 t-statistic: 1.1 t-statistic: 0.5
deviation: -0.5 deviation: -0.5
range: 22.7 - 25.7 range: 10.1 - 12.7 range: 29.9 - 77.6
Witbank t-statistic: 0.9 t-statistic: 1.2 t-statistic: -1.1
deviation: -0.4 deviation: -0.4
range: 25.8 - 31.1 range: 8.3 - 15.8 range: 9.1 - 78.7
Oudestad t-statistic: 0.9 t-statistic: 0.9 t-statistic: 0.1
deviation: -0.5 deviation: -0.6 deviation: -0.4
range: 29.2 - 31 range: 15.3-17.7 range: 13.7 - 38.5
Phalaborwa t-statistic: 3.1** t-statistic: 1.6 t-statistic: -2**
deviation: -0.7

The shades of red and blue indicate the amount of deviation in climatic conditions during El Nifio events, with darker shades
symbolising greater deviations while lighter shades and white symbolise smaller deviations. Negative values indicate above
average conditions and positive values indicate below average conditions. **indicates statistical significance
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The greatest deviation from the long-term mean
for both Tpin and Tmax was at Hermanus, as Thax were
on average 0.9°C higher than the long-term mean and
Tmin were on average 0.7°C higher than the long-term
mean (Table 4). Despite this, the Tmax deviation at
Phalaborwa and Welkom, were statistically
significant, as stated above. The Tmin and Tmax
deviations during El Nifio events in the southwestern
region of the country (Hermanus, Worcester,
Laingsburg and Fraserburg) were small as Tmax was
higher than the long-term mean by between 0.2°C (at
Hermanus) and 0.7°C (at Fraserburg), and Tmin Was
higher than the long-term mean by between 0.3°C (at
Hermanus) and 0.6°C (at Fraserburg) (Table 4). For
the locations in the north-eastern region of the
country (Johannesburg, Witbank and Oudestad),
slightly greater deviations from the long-term Tuin
and Tmax means are observed. In this region, Tmax 18
higher by between 0.4°C (at Witbank) and 0.5°C (at
Johannesburg and Oudestad) relative to the long-term
mean, and Tmin is between 0.4°C (at Witbank) and
0.6°C (at Oudestad) higher than the long-term mean
(Table 4). On the other hand, the locations where
greater deviations from the long-term Tmin and Tmax
mean during El Nifio events were identified were
located in central South Africa (Table 4). A greater
deviation from the long-term mean for Tmin and Tmax
was observed for De Aar, Fauresmith, Welkom and
Kroonstad as, for these locations, Tnax Was between
0.7°C (at Welkom) and 0.9°C (at De Aar and
Kroonstad) higher than the mean, and 0.7°C (at De
Aar) and 0.8°C (at Fauresmith, Welkom and
Kroonstad) higher than the long-term mean for Tmin
(Table 4).

This demonstrates that across South Africa, the

variations in the temperature experienced during El
Nino events are not uniform with a smaller increase
in temperature from the long-term mean being
observed in the southwestern region and part of the
north-eastern region of the country (aside from
Phalaborwa). A greater increase in temperature
during El Nifio events when compared to the long-
term mean conditions, on the other hand, is identified
for the central region of the country and Phalaborwa
in the extreme northeast (Table 4).
For rainfall, statistically significant deviations from
the long-term mean were identified at Phalaborwa (p-
=0.049), only for El Nifio events (Table 4), with
deviations at the remaining 11 locations not being
statistically significant. The deviations in the rainfall
received at each location during El Nifio events is
more heterogeneous than that of Tmin and Tmax. This
deviation is not characterised by the summer rainfall
zone-winter rainfall zone divide.

During El Nifio events, six of the 12 locations
receive above average rainfall, while the remaining
six receive below average rainfall (Table 4). A
decrease in the amount of rainfall received during El
Niflo events, when compared to the long-term mean,
is found for the southwestern region of the country
(Worcester, Laingsburg and Fraserburg) where
rainfall is between 0.4mm (at Laingsburg) and 4.5mm
(at Worcester) lower than the long-term mean (Table
4). The only location in this region where the
opposite is observed is Hermanus, which receives
0.9mm above average rainfall during El Nifo events
(Table 4). An increase in the amount of rainfall
received compared to the long-term mean, is
observed in central South Africa (De Aar, Fauresmith
and Welkom). Here rainfall was between 0.1lmm (at
De Aar) and 6.2mm (at Welkom) higher than the
long-term mean (Table 4). At the remaining locations
in the north-eastern region (Kroonstad, Johannesburg,
Witbank, Oudestad and Phalaborwa), different
conditions are observed with every other location
(Table 4). In other words, similar rainfall conditions
were identified at every second location. Kroonstad
(3.1mm less than average), Witbank (6.7mm less than
average) and Phalaborwa (8.2mm less than average)
receive below average rainfall during El Nifio events,
while Johannesburg (Smm more than average) and
Oudestad (0.4mm more than average) receive above
average rainfall during these events (Table 4).

La Nifa

Statistically significant deviations from the long-
term mean were observed at Kroonstad (for Tmin) and
Hermanus and Witbank (for rainfall) for La Nifia
events. Deviations in Tmax Were not significant at any
of the 12 locations for these events.

The statistically significant Tmin deviation for
Kroonstad (one-tailed p=0.014; two-tailed p=0.027)
was 0.7°C higher than the long-term mean. Non-
statistically significant deviations for the stations.
involved Tmax higher than the long-term mean by
0.4°C, and 8.8mm more rainfall compared to the
long-term mean (Table 5).

Unlike El Nifio events, for which the Tmn and
Tmax Were consistently above average, these two
variables are more heterogeneous in La Nifa events.
This is due to the Tmin and Tmax being above average
in some locations and below average in others during
La Nifia events, with varying degrees of deviation
from the long-term mean at each location. Eight of
the 12 locations experienced higher Tmax during La
Nifa events, and 10 experienced higher Tmin during
these events (Table 5).
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Table 5. Average climatic conditions during La Nifia events.

Location Maximum temperature (°C)

Minimum temperature (°C)

Rainfall (mm)

range: 20.5 - 21.3
t-statistic: -0.3
deviation: 0
range: 24.5 - 27.8
t-statistic: 1.3

Hermanus

Worcester

range: 13.4 - 14.5
t-statistic: -0.3

deviation: 0

range: 10.8 - 13.8
t-statistic: 0.85
deviation: -0.4

range: 24.9 - 29.2
t-statistic: 1.7
deviation: -0.8

range: 22.7 - 26.7

t-statistic: 1
deviation: -0.4

Laingsburg

Fraserburg

range: 9.8 - 15.2
t-statistic: 0.9

range: 7 - 9.1
t-statistic: 1.2
deviation: -0.3

range: 21.1-47.3

t-statistic: -2.3**
deviation: 7.9
range: 9 - 40.1
t-statistic: -1.1

deviation: 4.1

range: 3.1-19.1
t-statistic: -0.8
deviation: 1.5

range: 8.3 - 33.8
t-statistic: 1.1
deviation: -3.2

range: 21.9 - 26.8
De Aar t-statistic: 0.1
deviation: -0

range: 6.4 - 11.1
t-statistic: 0.2
deviation: -0.1

range: 8.6 - 47.6
t-statistic: 0.1
deviation: -0.2

deviation: 0.1

deviation: -0

range: 23.6 - 26.6 range: 6.7 - 8.5 range: 18.6 - 42.8
Fauresmith t-statistic: -0 t-statistic: -0.1 t-statistic: -0.4
deviation: 0 deviation: 0 deviation: 2.2

range: 23.1 - 28.1 range: 8.7-11.9 range: 8.2 - 62.7
Welkom t-statistic: 0.2 t-statistic: 0.5 t-statistic: 0.3
deviation: -0.1 deviation: -0.2 deviation: -1.9

range: 24 - 26.8 range: 9.9 - 12 range: 22.6 - 88.4
Kroonstad t-statistic: 1.1 t-statistic: 2.8%** t-statistic: 1.3

deviation: -0.4

range: 21.1-25.7 range: 8.1 -11.5 range: 31.2 - 94.9

Johannesburg t-statistic: -0.1 t-statistic: 0.1 t-statistic: 0.8

deviation: -4.5

range: 22.2 - 28.5
Witbank t-statistic: 0.3
deviation: -0.2

range: 9.8 - 14.5
t-statistic: 0.8
deviation: -0.4

range: 26.4 - 30.3

range: 9.8 - 13.9

range: 67.8 - 97.9
t-statistic: 4.7**

deviation: -18

range: 0 - 72.6

deviation: 0.2

deviation: -0.2

Oudestad t-statistic: 0.1 t-statistic: 0.3 t-statistic: 0.3
deviation: -0.1 deviation: -0.1 deviation: -2

range: 27.5-29.9 range: 14.5-16.9 range: 26.7 - 73.3
Phalaborwa t-statistic: -0.8 t-statistic: 0.7 t-statistic: 1.6

deviation: -8.8

The shades of red and blue indicate the amount of deviation in climatic conditions during La Nifia events, with darker shades
symbolising greater deviations while lighter shades and white symbolise smaller deviations. Negative values indicate above
average conditions and positive values indicate below average conditions. **statistically significant

During La Nifa events, no change in the long-
term mean were found for Hermanus and Fauresmith
for both Tmax and Tmin (Table 5). Above average Tmax
and below average Tmin Were not recorded for any of
the 12 locations. However, below average Tmax and
above average Tmin are recorded at both Johannesburg
and Phalaborwa during La Nifia events (Table 5). The
Tmax for Johannesburg is 0.1°C lower than the long-
term mean with no change in the Tmin (Table 5). At
Phalaborwa, the Tmax are 0.2°C lower than the long-
term mean while the Tmin at this location are 0.2°C
higher than the long-term mean (Table 5).

Statistically significant deviations for rainfall
were only found at two of the 12 locations (Table 5).
These locations are Hermanus (p=0.03), which
received 7.9mm less rainfall during La Nina events
when compared to the long-term mean; and Witbank
(one-tailed p=0.001; two-tailed p=0.002), where the

rainfall received was 18mm higher than the long-term
mean (Table 5).

During La Nifa events, above average rainfall
was observed at eight of the 12 locations, while
below average rainfall was observed at the remaining
four (Table 5). The four locations where below
average rainfall was recorded all lie within the
southwestern region [Hermanus (see paragraph
above), Worcester and Laingsburg] and the centre of
the country (Fauresmith) (Table 5). 4.1lmm less rain
compared to the long-term mean, was observed at
Worcester, while Laingsburg received 1.5mm below
average during La Nifia events. At Fauresmith 2.2mm
less rainfall occurred compared to the long-term
mean during these events (Table 5).

Above average rainfall was observed at
Fraserburg, De Aar, Welkom, Kroonstad,
Johannesburg, Witbank (see above), Oudestad and
Phalaborwa (Table 5). In Fraserburg, the rainfall



Tarisha Harduth & Jennifer M. Fitchett, 2020

57

received during La Nifia events is on average 3.2mm
higher than the long-term mean, while at De Aar
rainfall was 0.2mm higher than the long-term mean
(Table 5). A 1.9mm increase in rainfall compared to
the long-term mean was observed at Welkom, while
both Kroonstad and Phalaborwa received rainfall that
was 8.8mm higher than the long-term mean (Table 5).
At Johannesburg 4.5mm more rain than that of the
long-term mean was observed for La Nifia events
(Table 5).

For La Nifia events, the rainfall deviations are
consistent with the differences in rainfall zones. This
is supported by the below normal rainfall recorded at
the locations in the winter rainfall zone including,
Hermanus (the only location with a statistically
significant rainfall deviation in this rainfall zone) and
Worcester; and Laingsburg (which is on the border of
the winter and summer rainfall zones) (Table 5).
Aside from Fauresmith, the locations in the summer
rainfall zone (Fraserburg, De Aar, Welkom,
Kroonstad, Johannesburg, Witbank, Oudestad and
Phalaborwa) receive above normal rainfall, with
Witbank being the only location in this rainfall zone
with a statistically significant deviation (Table 5).
However, the above average rainfall recorded at the

locations in the summer rainfall zone is varied as
greater increases (greater deviations) occur in some
locations, while smaller increases (smaller deviations)
occur at the others.

Comparing the climatic conditions of El Nifio and
La Nifia events

Lower temperatures are observed during La Nifia
conditions compared to El Nifio conditions (Figureure
3). However, the average Tmax experienced during
these events overlap for each of the 12 locations
(Figureure 3). During La Nifia events, Worcester and
Laingsburg, slightly higher average Tmax are
recorded, compared to the other locations; a greater
variability is also observed for average Tmax during
La Nifia events (Figureure 3). The average Tmax
distribution for El Nifio events at Worcester is
skewed below the median while for La Nifia events,
the distribution is skewed above the median
(Figureure 3). However, the deviations identified at
Worcester, where La Nifia was more variable, were
skewed above the median for both El Nifio and La
Nifia events which would suggest a decrease in the
average Tmax.

Figure 3. Box plot showing variations in maximum temperature (°C) for each location for long-term mean,

average El Nifo and average La Nifia conditions.

The average Tmax distribution at Laingsburg, by
contrast, is skewed above the median for both events
(Figure 3); this is supported by the deviations (with a
greater variability for La Nifia events) that occurred
during these events at this location as the distribution
is skewed below the median for both, which indicates
an increase in average Tmax for El Nifio and La Nifia
events. The opposite is the case for Fraserburg, De
Aar, Welkom, Kroonstad and Witbank where the
greatest variations in the average Tmax Were identified
for El Niflo events (Figure 3). At all five locations the
average Tmax were skewed above the median (Figure
3). This is supported by the deviations of the events
(of which the greatest variability was for El Nifio

events at three of the five locations, Fraserburg, De
Aar and Kroonstad, while the greatest variability of
the remaining two, Welkom and Witbank, were more
variable for La Nifia events), as the distribution of the
deviations for all five locations were skewed below
the median for El Nifio events suggesting that the
average Tmax at these locations increase during El
Niflo conditions. Little difference was found between
the average Tmax of El Nifio and La Nifa events at the
remaining five locations, Hermanus, Fauresmith,
Johannesburg, Oudestad, and Phalaborwa (Figure 3),
despite the deviations at these locations being more
variable during El Nifio events. Of these five
locations, the skewedness of the average Tmax
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distribution is opposite for El Niflo and La Niifia
events at Hermanus (skewed below the median for El
Niflo and above the median for La Nifia) and
Oudestad (skewed above the median for El Nifio and
below the median for La Nifia; Figure 3).

As with Tmay, the average Tmin recorded during El
Niflo events are higher than that of La Nifia events
(Figure 4). There is also not much difference between
the average Tmin recorded for El Nifio and La Nifia

events with the ranges of these events overlapping at
all 12 locations (Figure 4). There are three locations,
Laingsburg, De Aar and Witbank, where outliers are
identified for La Nifia events; these outliers do not
overlap with the El Nifio average Tmin range (Figure
4). At Laingsburg and Witbank, these outliers are
higher than the El Nifio range while at De Aar, the
outlier is lower than this range (Figure 4).

Figure 4. Box plot showing variations in minimum temperature for each location for long-term mean, El Nifio

and La Nifa condition.

Similar to the average Tmax mentioned above, the
greatest variability in the average Tmin during La Nifia
events is identified for Worcester (Figure 4). It is the
only location of the 12 where greater variability is
observed for La Nifia events in terms of average Tmin.
For Worcester, the average Tmin distribution for El
Niflo is symmetrical while it is skewed above the
median for La Nifa events (Figure 4). This is
reflected in the deviations identified at this location;
for El Nifio the distribution is skewed above the
median while for La Nifia, where the greatest
variability was identified, the distribution is skewed
below the median which suggests an increase in Tin.
No statistically significant difference was found
between the average Tmin for El Niflo events relative
to La Niifia events in Laingsburg. At this location, the
average Tmin distributions for both events were
skewed above the median (Figure 4) as are the
deviations identified at this location; with the greatest
variability in deviations being identified for La Nifia
events; this is most likely the reason why there is no
noticeable difference in the average Tmin recorded for
El Nifio and La Nifia events.

At the remaining 10 locations, Hermanus,
Fraserburg, De, Aar, Fauresmith, Welkom,
Kroonstad, Johannesburg, Witbank, Oudestad and
Phalaborwa, a greater average Tmin variability was
found for El Nifio events (Figure 4), with the greatest

variability in the deviations for El Nifio events being
observed at nine locations (aside from Witbank). For
these events, average Tmin distributions are skewed
above the median at, Hermanus, Fraserburg, De Aar,
Fauresmith, Kroonstad and Witbank, while Welkom,
Oudestad and Phalaborwa have a relatively
symmetrical distribution. Johannesburg is the only
location where the distribution is skewed below the
median (Figure 9). For La Nifa events, Hermanus,
De Aar, Welkom, Witbank, and Oudestad have a
below-median skewed average Tmin distribution,
while Fraserburg and Phalaborwa have symmetrical
distributions; and the distributions at Fauresmith,
Kroonstad, and Johannesburg are skewed above the
median (Figure 4). This variability can only be
supported by the deviations recorded at some
locations. This is argued as an increase in Tmin iS
indicated at the locations where the deviation
distribution is skewed below the median for El Nifio
events, such as Hermanus, Fauresmith, Welkom,
Kroonstad, Witbank and Phalaborwa. The deviations
in the average Tmin for El Nifio at the remaining four
locations were either symmetrical (at Fraserburg and
Oudestad), or skewed above the median (at De Aar
and Johannesburg) which indicates a decrease in Tmin
(Figure 4). However, greater variability was still
observed for El Nifio events at these locations (Figure
4).
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As was seen with average Tmax above, El Nifio
events appear to be more variable in terms of average
Tmin than La Nifla events. Greater variability is
observed during El Nifio events at 10 of the 12
locations, with little or no difference being occurring
at one location; and a greater variability during La
Nifla events being observed for only one location
(Figure 4).

When looking at the average rainfall received
during El Nifio and La Nifia events a greater number
of outliers are identified for both events (Figure 5),
which was not the case with Tpax and Thin, as seen
above. There are some overlaps in average rainfall
received during El Nifio and La Nifia events at the 12
locations; however, the overlap is not as great as that
Of Tiax and Timin (Figure 5).

Figure 5. Box plot showing variations in rainfall per location for long-term mean, El Nifio and La Nifia.

Hermanus was the only location, of the 12, where
a great difference in the variability of average rainfall
received during El Nifio and La Nifia events was not
observed; with the distribution being symmetrical for
both events (Figure 5). However, the deviations at
this location is skewed below the median for both
events. A greater average rainfall variability for El
Niflo events was identified at five of the 12 locations
used in this research; these locations include
Worcester, Fauresmith, Johannesburg, Witbank and
Oudestad (Figure 5). Of these five locations, the
greatest difference between the average rainfall
received during El Nifio and La Nifia events occurred
at Witbank, where the distribution of average rainfall
for both events is skewed above the median (Figure
5). A great difference between the deviations for El
Niflo and La Nifa events are also identified at
Witbank, with El Nifio having a greater variability. At
Witbank the distribution of the deviations in average
rainfall is skewed below the median for both ENSO
events, consistent with an increase in the amount of
rainfall received during both events. The distribution
of the average rainfall received, at Johannesburg, is
skewed above the median for both El Nifio and La
Nifia events (Figure 5); this is supported by the
skewedness of the distribution of the deviations
(where the greatest variability was identified for El
Nifio events) at this location which is skewed below
the median for both events, indicating an increase in
rainfall during both events.

At Worcester, the distribution of average rainfall
was skewed below the median for El Nifio events and

above the median for La Nifia events (Figure 5), with
the skewedness of the deviations at this location
being above the median for El Nifio events and below
the median for La Nifia events indicating that rainfall
decreases during El Nifio events and increases during
La Nifa events. The greatest variability for El Nifio
events was observed for Fauresmith; the distribution
of average rainfall at this location was skewed above
the median for El Nifio events and below the median
for La Nifa events (Figure 5). The deviations at
Fauresmith, for which El Nifilo has the greatest
variability, are symmetrical for La Nifia events but is
skewed below the median for El Nifio events
indicating an increase in rainfall at this location
during El Nifio events. The average rainfall
distribution at Oudestad is skewed below the median
for both ENSO events (Figure 5) and the deviations at
this location is skewed below the median for El Nifio
events and above the median for La Nina events,
which indicates that, at Oudestad, rainfall increases
during La Nifia events and decreased during El Nifio
events.

There are six locations where a greater average
rainfall variability for La Nifia events is observed,
Laingsburg, Fraserburg, De Aar, Welkom, Kroonstad
and Phalaborwa (Figure 5). The rainfall distribution
at both Laingsburg, and Welkom are skewed below
the median (Figure 5). The deviations at these
locations however, do not have the same skewedness.
Laingsburg, where the greatest variability of average
rainfall deviations was found for La Nifia events, has
a deviation distribution that is skewed above the
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median for both ENSO events, indicating a decrease
in the amount of rainfall received at this location
during both events. On the other hand, the deviations
at Welkom are skewed below the median for El Nifio
events and above the median for La Nina events,
indicating that rainfall increases during El Nifio
events and decreased during La Nifla events at this
location. Kroonstad, it can also be said, receives an
increased amount of rainfall for both ENSO events
as, while the average rainfall distribution at this
location is symmetrical (Figure 5), the deviations at
this location are skewed below the median for both
events, with more variability being observed for La
Niifia events. The same skewedness for El Nifio and
La Nifia events is also identified at De Aar with the
average rainfall being skewed above the median
(Figure 5). The deviations at this location are skewed
below the median for El Nifio events and above the
median for La Nifa events. At Fraserburg, the
average rainfall distribution was skewed below the
median during El Nifio events and above the median
during La Nifia events (Figure 5); with the deviations
at this location being skewed below the median for
both events. Phalaborwa was another location where
the greatest variability for both the average rainfall
(Figure 5) and the deviation were observed for La
Niifia events. The average rainfall distribution at this
location is skewed above the median for El Nifio
events and is symmetrical for La Nifia events (Figure
5). In terms of the deviation experienced at
Phalaborwa, the distribution is skewed to above the
median for El Nifio events and below the median for
La Nifia events.

Discussion

While previous studies have stated that the climate of
South Africa is greatly affected by El Nifio and La
Nifa events (Tyson and Preston-Whyte 2000; Crétat
et al. 2012; Meque and Abiodun 2015; Engelbrecht et
al. 2017; Fan et al. 2017), the findings presented in
this report suggest otherwise. This is argued as, out of
all the deviations observed at each of the 12 locations,
for all three climate variables (Tmin, Tmax and rainfall),
during both El Nifio and La Nifia events, very few
were statistically significant.

While the transition of the climatic impacts
caused by El Nifio events is not uniform along the
transect (Figureure 6), temperatures (both Tmin and
Tmax) are, to varying degrees, warmer during El Nifio
events (Table 4) at all 12 Ilocations, while six
locations, (Worcester, Laingsburg, Fraserburg,
Kroonstad, Witbank and Phalaborwa), experience
below average rainfall during these events (Figure 6).
This may be why El Nifio events are commonly
associated with drought conditions in South Africa.
However, it is also observed that the six remaining
locations (Hermanus, De Aar, Fauresmith, Welkom,
Johannesburg and Oudestad) receive above normal
rainfall during these events (Figure 6). Notably, there
is no apparent pattern to the division of locations. It is
commonly understood that under El Nino conditions
dry regions become drier while wet regions become
wetter, yet this is not supported by these results.
Moreover, the results are not discriminated by the
rainfall seasonality of the location.

Figure 6, Map of the climate deviations observed during El Nifio events’
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The Pacific Ocean is said to have an influence on
the summer rainfall received in South Africa
(Landman and Beraki 2012); despite the distal
location (Camberlin et al. 2001). The regions that
were found to receive rainfall that is influenced by El
Niflo and La Nifia events were north-eastern region of
the country (Nash and Grab, 2010), including the
Limpopo Province (Meque and Abiodun 2015) and
the south coast of South Africa, where summer
rainfall is influenced more greatly (Engelbrecht et al.
2017) with rainfall being above average during La
Nifna events (Weldon and Reason 2014), and the
southwestern Cape (Engelbrecht et al. 2017).
However, both Reason and Rouault (2005) and
Philippon et al. (2012) state that the relationship
between ENSO events and the rainfall received in the
winter rainfall zone of the country (the southwestern
region as was found in this study) is not clear and that
the rainfall received in this region is influenced more
by the Antarctic Oscillation than ENSO. This
Oscillation is not greatly affected by ENSO (Reason
and Rouault 2005; Philippon et al. 2012). However, it
has also been stated that the summer of the
southwestern region of South Africa is influenced by
ENSO events (Rouault et al. 2010; Philippon et al.
2012).

It is commonly believed that, in South Africa, El
Nifio events cause an increase in temperatures and a
decrease in rainfall (Mason 2001; Rouault et al. 2010;
Archer et al. 2017), especially in summer (Cashin et
al. 2017; Kruger 1999) when majority of the country
receives rainfall (Mason 2001; Richard et al., 2000 in
Ratnam et al., 2014; Jury, 2015). The winter rainfall
zone, on the other hand, receives more rainfall during
El Nifno events (Philippon et al. 2012). From the
results presented in this report, the understood
climatic impacts of El Nifio events (large increases in
temperature and great decreases in rainfall in the
summer rainfall zone and the inverse for the winter
rainfall zone) are observed at six of the 12 locations:
Hermanus, Laingsburg, Fraserburg, Kroonstad,
Witbank and Phalaborwa (Figure 6). Despite the
small increase in Tmin and Tmax, a slight increase in
rainfall is observed at Hermanus, a location in the
winter rainfall zone (Figure 6). This rainfall zone is
said to receive higher amounts of rainfall during El
Niflo events, as mentioned above (Philippon et al.
2012). At Laingsburg (a location on the winter
rainfall zone-summer rainfall zone border), it can be
observed, receives slightly less rainfall during these
events, as is usually the case in the summer rainfall
zone; however, the temperatures at this location are
observed to be slightly above average, similar to
Hermanus (Figure 6). This is an interesting
observation as the temperatures at this location
appear to respond to El Nifio events in a manner
similar to that of Hermanus in the winter rainfall
zone, while the rainfall at this location appears to

respond to these events in a manner that is similar to
locations in the summer rainfall zone. Fraserburg,
Kroonstad, Witbank and Phalaborwa all lie within the
summer rainfall zone. Greater increases in
temperature are observed at Fraserburg, Kroonstad
and Phalaborwa, with all three locations also
receiving less rainfall than average (Figure 6);
However, of these three locations, the commonly
understood impacts of El Nifio events can be
observed most clearly at Kroonstad and Phalaborwa
(Figure 6). The observation made at Phalaborwa is
supported (Figure 13) by a finding of Meque and
Abiodun (2015) who find that there is strong
relationship between the temperatures in the north-
eastern region of the country and ENSO events, while
the relationship between rainfall and ENSO is not as
strong. However, they argue that the drought that is
often observed at this location during El Nifio events
is most likely the result of increased
evapotranspiration along with the below normal
rainfall (Meque and Abiodun 2015). On the other
hand, Witbank differs slightly as the increase in both
Tmin and Tmax is small, but the there is a great
decrease in rainfall (Figure 6). However, the observed
climatic changes at these locations agree with the
commonly understood climatic impacts of El Nifio
events that temperature increased during these events
while rainfall decreases (Mason 2001; Rouault et al.
2010; Archer et al. 2017) especially during the
summer months (Cashin et al. 2017; Kruger, 1999)
when ENSO events are said to reach their peak
strengths (Mason 2001; Richard et al. 2000 in
Ratnam et al. 2014).

The other six locations do not agree with this
commonly understood impact of El Nifio events on
the climate of South Africa. This is argued as
Worcester, a location in the winter rainfall zone
which should receive more rainfall during El Nifio
events, as stated by Philippon et al. (2012), is
observed to receive less during these events and has
higher temperatures (Figure 6). The remaining five
locations (De  Aar, Fauresmith, @ Welkom,
Johannesburg and Oudestad) all lie within the
summer rainfall zone and are expected to receive
below average rainfall during these events; however,
it is observed that these locations receive above
average rainfall during El Nifio events (Figure 6).

La Niiia conditions in South Africa

As was the case with El Nifio events, the transitions
of the climate impacts of La Nina events are not
uniform. From the results presented in this report, it
was observed that above average rainfall was
observed at eight of the 12 locations (De Aar,
Welkom, Kroonstad, Johannesburg, Witbank,
Oudestad and Phalaborwa), while below average
rainfall was observed at the remaining four locations
(Table 5).
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Much of the literature concerning the ENSO
phenomenon focus more on El Nifio events than La
Niiia events. This may have contributed to the lack of
understanding of these events (Hanley et al. 2003).
The opposite of El Nifio events (Cashin et al. 2017),
La Nifia events result in higher precipitation (Rouault
et al. 2010) and cooler temperatures (Archer et al.
2017). The results presented here demonstrate that the
climatic effects of El Niflo events display more
variability than La Nifia events. This has been noted
in literature previously where it has been stated that
La Nifa events tend to be less severe (Kovats 2000)
and not as frequent as El Nifio events (Cashin et al.
2017), as stated above. During La Nifia events, it is
said that the southwestern region of South Africa

experiences less rainfall during the winter months
(Philippon et al. 2012).

While it was observed that below average
temperatures are experienced at Hermanus and above
average temperatures are experienced at Worcester,
both of these locations lie within the winter rainfall
zone and received below average rainfall during La
Niifia events (Figure 7), as is expected in this rainfall
zone (Philippon et al. 2012). At Laingsburg (on the
border of the rainfall zones), conditions are similar to
Worcester in the winter rainfall zone, with above
average temperatures (both Tmin and Tmax) and below
average rainfall being observed (Figure 7). This is
once again an interesting finding as this location
receives below average rainfall for both ENSO
events.

Figure 14. Map of the climate deviations observed during La Nifia event.

In the summer rainfall zone, above average
rainfall is observed Fraserburg, Kroonstad and
Witbank as expected. However, the temperatures at
these locations are all above average which does not
agree with the common understanding of the climatic
impacts of La Nifia events (Figure 7). The commonly
expected climatic impacts associated with La Nifa
events are observed at three locations (Johannesburg,
Oudestad and Phalaborwa; Figure 7). However, at all
three locations, temperatures (both Tiin and Tmax) are
below average while rainfall is above average (Figure
17). Once again it can be observed that the north-
eastern region of the country experienced the
expected climatic conditions associated with an

ENSO event, as suggested by Meque and Abiodun
(2015) who state that there is a relationship between
ENSO and the climate experienced in this region.
However, the other locations in the summer rainfall
zones (De Aar, Fauresmith and Welkom) exhibit

below average rainfall during La Nifia events (Figure
7).

External influences

The Pacific Ocean, where the ENSO phenomenon
originates, it located far from Africa (Camberlin et al.
2001). However, it has been acknowledged the ENSO
phenomenon is not a fixed dipole in the Pacific
Ocean as it has a “travelling wave component” (Jury
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2015, 227), which results in the sea-surface
temperatures and atmospheric circulations being
altered globally (Nicholson 2000). These global
alterations are said to be one of the means in which
ENSO influences the climate of Africa (Nicholson
2000). The thermohaline circulation is one of the
means through which the ENSO signal is translated
globally as it has been noted that changes in this
circulation may have an impact on the amplitude of
ENSO events (Timmermann et al. 2005). This
circulation can be defined as a “buoyancy-driven
flow field associated with water cooled (or heated) by
contact with cold (warm) air, or modified by sources
and sinks of fresh water” (Schmitz 1998, p. 159).

The sea-surface temperatures of the Atlantic
Ocean and the Indian Ocean are said to influence the
impact of ENSO events on the climate southern
Africa (Gaughan and Waylen 2012; Hoell et al.
2015). ENSO events, are also said to influence the
sea-surface temperatures of these two oceans which
in turn influences the strength of the ENSO signal
(Nash and Grab 2010). Within the Indian Ocean, the
Indian Ocean Dipole (Hoell et al. 2017), Subtropical
Indian Ocean Dipole (Archer et al. 2017; Hoell and
Cheng 2017; Hoell et al. 2017) as well as the South
Indian Convergence Zone (Cook 2000) all impact the
climate of South Africa (Hoell et al. 2017). These
climate forcing mechanisms are said to play a role in
transporting interannual changes of the Indian Ocean
sea-surface temperatures (Hoell et al. 2017). As
mentioned previously, the rainfall received in South
Africa is significantly altered depending on whether
or not the Subtropical Indian Ocean Dipole and
ENSO events are in phase (Hoell and Cheng 2017;
Hoell et al. 2017). During El Nifio events, the Indian
Ocean is said to warm which plays a role in the
teleconnections lining the Pacific Ocean and southern
Africa (Mason 2001). Changes in the sea-surface
temperature of the Indian Ocean during ENSO events
is said to cause the atmospheric changes observed
over southern Africa during these events (Mason
2001).

Conclusion
While it is commonly believed that the climate of
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