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Abstract: El Niño-Southern Oscillation (ENSO) is a significant climate phenomenon on Earth due to
its ability to change the global atmospheric circulation which influences temperature and precipitation
across the globe. In this study, we investigate the responses of climatic and vegetation parameters due
to two strong ENSO phases, i.e., La Niña (2010/2011) and El Niño (2015/2016) in South Africa. The
study aims to understand the influence of strong seasonal ENSO events on climatic and vegetation pa-
rameters over South Africa. Remote sensing data from the Global Precipitation Measurement (GPM),
Moderate Resolution Imaging Spectroradiometer (MODIS), Modern-Era Retrospective analysis for
Research and Applications, version 2 (MERRA-2) and Atmospheric Infrared Sounder (AIRS) was
used. The relationship between precipitation, temperature, and Normalized Difference Vegetation
Index (NDVI) were studied using Pearson’s correlation. Comparison between the La Niña, neutral
year, and El Niño periods showed two interesting results: (1) higher precipitation from the south
coast to the east coast of South Africa, with some low precipitation in the interior during the La Niña
and El Niño periods, and (2) a drop in precipitation by ~46.6% was observed in the southwestern
parts of South Africa during the La Niña and El Niño events. The study further showed that wind
speed and wind direction were not impacted by strong ENSO events during the MAM, JJA and SON
seasons, but the DJF season showed varying wind speeds, especially on the west coast, during both
ENSO events. Overall, the Pearson’s correlation results clearly showed that the relationship between
climatic parameters such as precipitation, temperature, and vegetation parameters such a NDVI is
highly correlated while other parameters, such as wind speed and direction, are not. This study has
provided new insights into the relationship between temperature, precipitation, and NDVI in South
Africa; however, future work will include other climatic and vegetation parameters such as relative
humidity and net longwave radiation.

Keywords: ENSO; precipitation; temperature; NDVI; correlation

1. Introduction

The El Niño-Southern Oscillation (ENSO) is one of the major climate-related events
that account for changes in tropical Pacific Sea surface temperatures (SST). These changes
impact tropical weather patterns, but they can also have an impact on a global scale [1,2].
The three distinct ENSO phases are the El Niño, La Niña, and the Neutral phase. During
the El Niño phase, southern Africa tends to be drier than normal [3–5]. This dryness has
been linked to forced waves displacing the South Indian Convergence Zones [6] or to
development of anomalous high pressure over southern Africa and associated reductions
in moisture transport [7,8]. The La Niña phase, on the other hand, happens when the SSTs
are slightly cooler than normal. The neutral condition occurs when neither El Niño nor La
Niña occurs and SSTs in the equatorial Pacific are near average [9].

The changes in precipitation due to ENSO have significant effects on weather and
climate, and thus natural vegetation dynamics. However, some of the regional precipi-
tation teleconnections such as the seasonal ones over Southern Africa are still not well
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studied. Therefore, the current study provides an analysis of the strong ENSO periods in
South Africa to investigate the influence of climatic parameters (precipitation and near
surface temperature) on vegetation dynamics using Normalized Difference Vegetation
Index (NDVI) as a proxy for the vegetation parameter.

Various studies in southern Africa and globally have conducted ENSO-related studies.
For example, Sazib et al. [10] assessed the impact of ENSO on agriculture in Southern and
Eastern Africa by exploring the association between ENSO, vegetation condition, and soil
moisture. Their results indicate that vegetation conditions are strongly associated with
ENSO and show a clear dipole pattern that is reversed between El Niño and La Niña.
Ma et al. [11] studied the impact of ENSO on the Australian severe drought from 2018 to
early 2020. Erasmi et al. [12] studied the relationship between vegetation greenness and
ENSO warm event in Northeastern Brazil. Whan and Zwiers [13] studied the impact of
ENSO and the North Atlantic Oscillation on extreme winter precipitation in North America.

The severity of the current climate extremes has enhanced our interest in under-
standing how ENSO might further affect the Earth’s climate in the future. Moreover,
the uncertainty in future ENSO SST amplitude changes is significant and is expected to
intensify in a warmer world, likely due to the increase in the mean-state atmospheric
moisture [14,15]. The main obstacle in assessing future ENSO-related risks is accounting
for its large internal variability [16].

Southern Africa receives most of its precipitation in austral summer except for a region
in the southwest that experiences austral winter precipitation [17]. During a neutral year,
maximum precipitation in the southwest region is recorded in the May to August period
(autumn and winter seasons) when the track of the temperate weather systems (i.e., ex-
tratropical cyclones, cold fronts, and cutoff lows) is shifted northward [18]. Precipitation
in the rest of southern Africa arises from changes in solar insolation and north–south
displacement of the Hadley cell [19]. Zonal circulations also play a key role; for example, in
the summer, easterly winds draw moisture from the Southwest Indian Ocean and warm
Agulhas Current, whereas in winter, westerly winds bring dry air from the South Atlantic
Ocean and cool Benguela Current [19]. Wind speed during El Niño/La Niña events is
weaker/stronger than normal in the Western Cape region leading to changes in SST [14]. El
Niño and La Niña events excite a mid-tropospheric convection dipole between the tropical
west and central Pacific, which in turn excites circulation anomalies over southern Africa [8].
Consequently, the anomalous circulations alter the vertical motions and moisture fluxes
which then force seasonal southern Africa precipitation anomalies [4,8].

Different circulation patterns can affect vegetation dynamics through their influences
on climate extremes. A study by Zhao et al. [20] showed that NDVI had a negative
relationship with ENSO in the southern Africa region, indicating that vegetation growth
was restrained during El Niño years. Moreover, a study by Georganos et al. [21] concluded
that the relationship between precipitation and NDVI varied temporally due to spatial
trend differences. In addition, Kalisa et al. [22] further concluded that NDVI correlated
higher to precipitation than to temperature.

Satellite, model, and reanalysis datasets have been used extensively by various re-
searchers in the past to measure and correlate climatic and vegetation parameters. For
example, Botai et al. [23] used the Tropical Rainfall Measuring Mission (TRMM) satellite
to investigate the spatial–temporal variability and trends in precipitation concentration
across South Africa for the period of 1998–2015. Their study found that (i) precipitation
concentration distribution varies across seasons, and (ii) at an annual timescale, precipita-
tion concentration is highly irregular in most parts of the country. Minnett et al. [24] carried
out a study that evaluated sea surface skin temperature (SSTskin) and atmospheric tempera-
ture profiles using the Modern-Era Retrospective Analysis for Research and Applications
version 2 (MERRA-2) reanalysis datasets. Jamali et al. [25] used the Moderate Resolution
Imaging Spectroradiometer (MODIS) satellite to investigate temporal relationships between
vegetation growth, precipitation, and soil moisture for six sites located in sub-Saharan and
southern Africa for the period 2005–2009.
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To our knowledge, there is a limited number of studies that aim to understand the
influence of strong seasonal ENSO events on climatic and vegetation parameters in South
Africa. Therefore, this study aims to narrow the knowledge gap. The study aims to
understand the influence of strong seasonal ENSO events on climatic and vegetation
parameters over South Africa.

2. Study Area

South Africa occupies the most southern tip of Africa, stretching latitudinally from
22◦ S to 35◦ S and longitudinally from 17◦ E to 33◦ E. It has a long coastline stretching more
than 3000 km, and its surface area covers ~1,219,602 km2. The country is located within
what is considered a ‘drought belt’ and is the fifth most water-scarce country in sub-Saharan
Africa [26]. The topography varies from desert to semi-desert in the drier northwestern
region to sub-humid and wet along the country’s eastern coast. Approximately half of
the country is classified as arid or semi-arid [26]. The average annual rainfall in South
Africa is about 464 mm, with the Western Cape getting most of its rainfall in winter (June
to August) and the rest of the country receiving summer (December to February) rainfall.
Average temperatures in South Africa range from 15 ◦C to 36 ◦C in the summer and −2 ◦C
to 26 ◦C in the winter [26]. Figure 1 shows the 2020 South African National Land-Cover
(NLC). The South African NLC is predominantly made up of forested land, shrubland,
cultivated land, and barren land. Identifying, delineating, and mapping land cover is
important for global monitoring studies, resource management, and planning activities.
El Niño in Southern Africa means less rainfall which impacts negatively on agriculture,
thus threatening food security. On the other hand, La Niña events mean more rainfall
which could lead to flooding in low-lying areas and areas close to riverbanks. Both of
these phenomena have been experienced in South Africa thus making the region a perfect
candidate for this study.
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Figure 1. Land Cover map of South Africa. The data was retrieved from the South African Department
of Forestry, Fisheries and the Environment. (https://egis.environment.gov.za/data_egis/data_
download/current, last accessed on 15 November 2022).

3. Data and Methods

The data and methods used for this study are summarized in Figure 2, which shows
the parameters used and the platforms they are retrieved from.

https://egis.environment.gov.za/data_egis/data_download/current
https://egis.environment.gov.za/data_egis/data_download/current
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3.1. Data
3.1.1. Global Precipitation Measurement

The Global Precipitation Measurement (GPM) mission is an international network
of satellites that provides the next-generation global observations of rain and snow [27].
The GPM mission is to help advance the understanding of Earth’s water and energy
cycles, improve forecasting of extreme events that cause natural hazards and disasters,
and extend current capabilities in using accurate and timely information of precipitation
to directly benefit society [27]. The National Aeronautical and Space Administration
(NASA) and the Japanese Aerospace Exploration Agency (JAXA) launched the GPM Core
Observatory (GPM-CO) spacecraft in 2014. The GPM-CO was designed to measure rain
rates from 0.2–110.0 mm h−1, to detect moderate to intense snow events, and to serve
as a precipitation physics laboratory [28]. More details about GPM can be found in the
references [28–30]. In this study we used the precipitation rate product.

3.1.2. Moderate Resolution Imaging Spectroradiometer

The MODIS instrument is operating on both the Terra and Aqua spacecraft [31]. It
has a viewing swath width of 2330 km and views the entire surface of the Earth every
1 to 2 days. Its detectors measure 36 spectral bands between 0.405 and 14.385 µm, and it
acquires data at three spatial resolutions—250 m, 500 m, and 1000 m [31]. In this study
the MODIS NDVI product is used. The purpose of using NDVI is to improve information
analysis about vegetation [28]. NDVI can be used to estimate various vegetation properties
such as Leaf Area Index, biomass, plant productivity, fractional vegetation cover, and plant
stress [32–36]. More details on the MODIS vegetation index can be found in Huete et al. [37],
and details on the specifications and products of MODIS can be found in Justice et al. [38].
In this study we used the NDVI product.

3.1.3. Modern-Era Retrospective analysis for Research and Applications, Version 2

The Modern-Era Retrospective analysis for Research and Applications, version
2 (MERRA-2), is the latest version of global atmospheric reanalysis for the satellite era,
produced by NASA Global Modeling and Assimilation Office (GMAO) using the Goddard
Earth Observing System Model (GEOS), version 5.12.4 [39]. The dataset covers the period
from 1980 to the present with a latency of ~3 weeks after the end of a month [39]. Gridded
data are released at a 0.625◦ longitude × 0.5◦ latitude resolution on 72 sigma–pressure hy-
brid layers between the surface and 0.01 hPa [40]. More details on MERRA-2 can be found
in the references [41–43]. In this study we used wind speed and wind direction products.

3.1.4. Atmospheric Infrared Sounder

The Atmospheric Infrared Sounder (AIRS) is a hyperspectral infrared instrument
aboard NASA’s Aqua satellite. It provides measurements of temperature, water vapor,
trace gases, and surface and cloud properties through the atmospheric column. AIRS has
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2378 infrared channels ranging from 3.7 µm to 15.4 µm [44]. The IR resolution for AIRS
is 1 km vertically and 13.5 km horizontally. The VIS/NIR spatial resolution, on the other
hand, is ~2.3 km. More details of the instrument are discussed by Chahine et al. [45] and
Menzel et al. [46]. In this study, we use the surface temperature product.

A summary of the parameters used in this study is shown in Table 1.

Table 1. Dataset used to in this study.

Input Data Source Product Used Time Analysis Output Data

GPM (0.1◦) Precipitation rate
(mm/hr)

2010-2011
2013–2014
2015–2016

• Seasonal spatial distribution
map of precipitation

MODIS (550 nm) NDVI
2010–2011
2013–2014
2015–2016

• Seasonal spatial distribution
map of NDVI

MERRA-2 (550 nm) Wind speed (m.s−1)
and wind direction

2010–2011
2013–2014
2015–2016

• Seasonal spatial distribution
map of wind speed and
direction

AIRS (1◦) Temperature (◦C)
2010–2011
2013–2014
2015–2016

• Seasonal spatial distribution
map of surface temperature

3.2. Methods
Pearson’s Correlation

Pearson’s correlation coefficient (r) is a measure of the linear association of two vari-
ables. The values of the correlation coefficient vary from −1 to +1. Positive values of the
correlation coefficient indicate a tendency of one variable to increase or decrease together
with another variable [47]. Negative values of the correlation coefficient indicate that the
increase of values in one variable is associated with the decrease of values in the other
variable and vice versa [47]. Values of the correlation coefficient close to zero indicate a
low association between variables, and values close to −1 or +1 indicate a strong linear
association between two variables [47].

In this study, Pearson correlation analysis was performed to establish the relationship
between the meteorological and vegetation conditions. Each parameter statistic (i.e., re-
gional mean) was extracted using the bounding box shown in the insert map of Figure 1.
The specific parameters tested for their relationships are NDVI, precipitation (Precip), and
surface temperature (Temp).

The correlation coefficient (r) of the random variables x and y is defined by Equation (1) as:

r = ∑(xi − x)(yi − y)√
∑ (xi − x)2 ∑ (yi − y)2

(1)

where, r is the correlation coefficient, variables xi and yi represent values for each respective
variable x and y, respectively, and x and y are mean values of the x and y variables, respec-
tively. More information on the Pearson correlation test can be found in Benesty et al. [48].

4. Results and Discussion
4.1. Comparing the Seasonal Spatial Distribution of Precipitation, Temperature, NDVI, and Wind
Speed and Direction during the El Niño and La Niña Periods

The spatial distributions of seasonal precipitation variations during the La Niña,
neutral year, and El Niño periods and their differences are shown in Figure 3. The highest
precipitation rate in South Africa is observed during the December–January–February (DJF)
or summer season (see Figure 3b). Furthermore, comparison between the La Niña, neutral
year, and El Niño periods reveals more spatially distributed precipitation in the La Niña
period compared to the other seasons (see Figure 3a–c). The DJF precipitation difference
shows an increase in precipitation over some parts of South Africa (see Figure 3d). Several
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areas in the interior and northeastern parts of South Africa showed an increase in the
precipitation rate, whereas another part showed a decrease in the precipitation rate. As
mentioned earlier, the La Niña event is generally caused by intensifying trade winds which
increase the equatorial upwelling and extends the colder water of the east Pacific westward
which then increases precipitation in the region. The drier periods in South Africa, on the
other hand, are observed in the June–July–August (JJA) or winter season (see Figure 3j). The
southwestern parts of South Africa experience the most precipitation during this season
while the rest of the country experiences little to no precipitation. During the JJA season,
the northward shift in the South Atlantic high-pressure system carries cold fronts to the
west coast. The combination of these cold fronts and the persistent winds over the cold
Benguela region introduces precipitation along the west coast of South Africa [49]. Now,
comparison between the La Niña, neutral year, and El Niño periods (see Figure 3i–k) shows
two interesting results: (1) higher precipitation from the south coast to the east coast of
South Africa, with some low precipitation in the interior during the La Niña and El Niño
periods, and (2) a drop in precipitation by ~46.6% is observed in the southwestern parts of
South Africa during the La Niña and El Niño periods. An unexpected observation was the
presence of a region of wetness during the El Niño period. However, this observation is
not the first of its kind. During the period of 1997–1998, Lyon and Mason [50] observed
moderately dry parts of southern Africa and wetness in others. They concluded that
this observation was due to a disruption in the teleconnection by internal atmospheric
variability which is not predictable [50].
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A striking difference in the spatial distribution of precipitation in the September–
October–November (SON) season is observed in Figure 3m–o. The neutral year shows
wetter conditions throughout the country except in the northwest parts of South Africa.
On the other hand, both the La Niña and El Niño periods only show the dominance of
precipitation in the eastern parts of South Africa. The difference (see Figure 3p) highlights
a mixture of increases and decreases in precipitation in certain parts of the country (due
to factors such as elevation). An evident decrease in precipitation is observed over the
Mpumalanga province (30◦ E, 26◦ S) [51]. This area is home to several coal-fired power
stations and is the hotspot for most atmospheric emissions (i.e., greenhouse gases (GHG)).
Therefore, the reason for the observed decrease in Figure 3p is likely due to increasing
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moisture in the atmosphere. As GHG warms the Earth’s surface, more water vapor makes
its way into the atmosphere. This added moisture boosts the amount of energy needed to
heat the atmosphere as SON transitions to DJF, which can shift the timing of precipitation
seasons. This means that additional moisture will delay the atmosphere in absorbing
energy and producing precipitation.

The spatial distributions of temperature seasonal variations during the La Niña, neu-
tral year, and El Niño periods and their differences are shown in Figure 4. Warm temper-
atures (greater than 35 ◦C) are observed during the DJF and SON seasons, while cooler
temperatures (less than 25 ◦C) are observed during the MAM and JJA seasons. The temper-
ature difference in the DJF season (see Figure 4d) shows a decrease in temperature mostly
in the interior and northern parts of South Africa during the La Niña period. On the other
hand, the coastal areas show a minor increase in temperature during this period which
indicates that the southern coastal region is not impacted intensely by La Niña conditions
like the inland regions. The minor increase in temperature in the southern coastal region
is also observed for other seasons, i.e., March–April–May (MAM), JJA, and SON (see
Figure 4h,l,p). During the JJA season (see Figure 4l) a notable unprecedented increase in
temperature in the western parts of South Africa is observed indicating high temperatures
during the La Niña period. Particularly, an increase in temperature in the area of the red
block (see Figure 4l) is significant. It is unclear what the cause of the increase during the JJA
season might be. However, the increase is not consistent with the La Niña behavior. The
difference in temperature for the SON season (see Figure 4p) also showed some decrease in
temperature in interior and northern parts of South Africa. This observation indicates that
there are lower temperatures during La Niña. Overall, the results illustrate that La Niña
and El Niño affect different parts of South Africa in various ways.
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The classification of NDVI in this work follows the works by Simms and Ward [52],
Abutaleb et al. [53], and Mondal et al. [54], who grouped NDVI values into three categories
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based on quartile distributions. Their interquartile values (middle 50%) were grouped in
the class ‘intermediate’. The values included in the lowest and highest quartile ranges were
assigned to the “low” and “high” NDVI classes, respectively. In this study, NDVI classes
are as follows: low (0–0.3), moderate (0.3–0.5) and high (0.5–0.9).

Figure 5 shows the NDVI spatial seasonal patterns during the La Niña, neutral year,
and El Niño periods and their differences. One obvious observation in Figure 5 is that low
values of NDVI are dominant every season in the northwest parts of South Africa. This
is because vast arid plains mostly characterize the landscape. The region receives small
amounts of winter rain, and succulent shrubs dominate the landscape [26]. However, the
interior and east parts of South Africa are dominated by moderate to high NDVI values.
Specifically, the east coast shows high NDVI values every season except for the JJA season
where moderate NDVI values are dominant. This is due to less precipitation during the JJA
season (see Figure 3). Another interesting observation is the low to moderate NDVI values
in the southwestern parts of South Africa during the DJF and MAM seasons. This region
receives less precipitation during these periods. On the other hand, high NDVI values are
observed during the JJA and SON seasons due to higher precipitation (see Figure 3). The
results show that various parts of South Africa exhibit different values of NDVI seasonally,
driven by the landcover of that area.
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The following discussion is limited to the interior and eastern parts of South Africa.
During the DJF, the difference (see Figure 5d) shows the dominance of low and moderate
NDVI values. This implies an increase in the NDVI values, indicating the presence of
greener vegetation. On the contrary, the JJA season (See Figure 5l) shows a mixture of
extremely low, low, and moderate NDVI values. The NDVI values are dependent on the
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vegetation type in the area. Overall, the results show that high spatial distribution of NDVI
values is observed during the La Niña period compared to the El Niño period.

Figure 6 shows the spatial seasonal patterns of wind speed and wind direction during
the La Niña, neutral year, and El Niño periods. During the DJF season, the wind speeds
and direction for the periods under study are different in some areas. For example, on
the west coast, a high wind speed of ~10 m.s−1 in a northly direction is observed during
the La Niña period (see Figure 6a), whereas slightly lower wind speeds of ~8.3 m.s−1

and 9 m.s−1 are observed during the neutral year and El Niño period (see Figure 6b,c),
respectively. The strong wind-producing mechanism is the extratropical cyclones in the mid
latitudes [55]. Furthermore, the wind directions in the northwestern parts of South Africa
differ for different periods. The neutral year (see Figure 6b) shows winds travelling in a
southerly direction, whereas during the La Niña and El Niño periods, the winds travel in a
north-easterly direction. Wind carries moisture along with it; therefore, the direction of the
wind will determine where precipitation will occur. This implies that wind direction plays
a crucial part in the areas that experience precipitation. Precipitation is essentially directly
proportional to the amount of the wind and the moisture content contained in that wind.
The wind speed inland is also observed to be low to moderate between 4 m.s−1–7 m.s−1.
The east coast wind speed is ~8.5 m.s−1 during the DJF season. The MAM season also
shows a wind speed of ~8.5 m.s−1 in the east coast of South Africa. The west coast has a
slightly slower wind speed of ~9 m.s−1, however, there is not much change in the inland
wind speed as compared to DJF. During the JJA season (see Figure 6g–i), wind speed in
the east coast is higher than the wind speed in the west coast. Even inland, wind speed
is slightly higher (maximum wind speed of 8 m.s−1) with a large spatial distribution,
compared to the observed speed in the DJF and MAM seasons. Berg winds blowing from
the plateau are responsible for the JJA winds. Conditions favorable for the occurrence of
berg winds are established when the pressure is relatively high over the interior of South
Africa with low pressure seaward [56]. The SON season also shows a similar pattern to JJA.
Overall, the spatial distributions of wind speed and wind direction are similar for the La
Niña and El Niño periods in all seasons.

4.2. Comparing Seasonal Correlations between Precipitation, Temperature and NDVI during La
Niña, Neutral Year, El Niño Periods

The results of the statistical relationships between different parameters during the two
ENSO phases seasonally are presented in Figure 7. For simplicity of interpretations, the
r coefficients are grouped into negligible (±0.0 to ±0.3), weak (±0.31 to ±0.5), moderate
(±0.51 to ±0.7), high (±0.71 to ±0.9), and very high (±0.91 to ±1.0) negative or positive
correlations [57]. The reason for grouping the coefficient in this manner is to improve the
understanding of the results. Overall, the results show a moderate to high correlation
between NDVI and precipitation (Precip) for all the seasons; however, their values are
different for the two ENSO phases. The results show negligible and moderate correlation
between NDVI and temperature (Temp) for the DJF, MAM, and SON seasons but not for
the JJA season.

During the DJF season, a positive and high/moderate correlation between NDVI and
Precip is observed for the La Niña, neutral year, and El Niño periods. The results imply
that NDVI tends to increase with increasing precipitation. More precipitation leads to more
greenness. Furthermore, a high correlation of 0.82 is observed during the El Niño period,
while a moderate correlation of 0.69 is observed during La Niña. This result is surprising as
a higher correlation value is expected during the La Niña period. This result implies more
precipitation during the El Niño period, resulting in greener vegetation. A negative and
weak correlation is observed between Temp and Precip. This result implies that the two
parameters are not linked well to each other. Generally, Temp is high during El Niño and
Precip is low, and vice versa for La Niña.
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During the MAM and SON seasons, a positive and a high/moderate correlation
between NDVI and Precip is observed for the La Niña, neutral year, and El Niño periods.
However, a high correlation of 0.77 (0.78) is observed during the La Niña period MAM
(SON), while a moderate correlation of 0.66 (0.69) is observed during El Niño MAM
(SON). The two ENSO phases during MAM and SON have negligible correlation between
Temp and Precip; however, the neutral year shows a moderate and negative correlation
of −0.61 and −0.67 for MAM and SON seasons, respectively. Other factors not discussed
here, such as wind speed, wind direction, and relative humidity, could affect the amount of
precipitation, thus affecting the Temp-Precip correlation.

During the JJA season, a positive and a weak/moderate correlation between NDVI
and Precip is observed for the La Niña, neutral year, and El Niño periods. The decrease in
precipitation during JJA implies a decline in vegetation greenness (low NDVI values). The
La Niña period has a slightly higher NDVI value of 0.58 compared to 0.43 for the neutral
year and 0.54 for the El Niño period. Of interest is the weak correlation between the Temp
and Precip parameters. A higher correlation value of 0.50 is observed during the La Niña
period compared to a lower value of 0.33 during the El Niño period. This result implies
some degree of linkage between the two parameters during the JJA season. This result
suggests that low temperatures in the JJA lead to low precipitation. It is known that as
temperatures at the Earth’s surface rise, more evaporation occurs, which, in turn, increases
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overall precipitation. Therefore, the inverse of this statement is true. Overall, the Pearson’s
correlation results clearly show that some climatic parameters are highly correlated to
vegetation dynamics while others are not.
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5. Conclusions

This study presents a unique take on examining the effects on climatic and vegetation
parameters during two strong ENSO events over South Africa during different seasons.
South Africa has different climatic regions [58], thus making it complex. It is therefore
expected that various regions in the country will react differently to ENSO.

An unexpected result was observed and is shown in Figure 2o; an increased amount
of precipitation was seen during the El Niño period rather than the La Niña period in
a particular region. It is anticipated that other factors such as atmospheric emissions
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contributed to the excessive precipitation. On the other hand, the study shows that wind
speed and wind direction are not impacted by strong ENSO events during the MAM, JJA,
and SON seasons, while the DJF season showed differences in wind speed for the La Niña
and El Niño periods, especially on the west coast. However, seasonal impacts are clearly
observed. Overall, the correlation study shows that seasonality plays a vital role in the
interactions between the parameters under study. This study has provided new insights
into the relationship between these parameters in South Africa. Future work will include
(1) correlation with other climatic and vegetation parameters such as relative humidity
and net longwave radiation, and (2) forecast analysis of seasonal time series of climatic
parameters using machine learning.
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