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Abstract: This study predicted 2024 rainfall in different climatic zones in South Africa using a random
forest model. Previous studies have shown that random forests performed better than other models for
rainfall prediction. South Africa was divided into nine using the Koppen-Geiger climate classification
system, and three cities were selected for each climatic zone. Atmospheric datasets from the South
African Weather Service and the National Aeronautics and Space Agency were used for this study. The
datasets were trained, tested, and validated to assess the model's accuracy. With good forecast ability
observed, the random forest was then used for monthly rainfall for 2024. The result of this prediction
was then compared with 2022 and 2023 rainfall. The result indicated months where much rain should be
expected in various cities and cities that may likely experience droughts. This result is particularly
important for agriculture, water resource management, and early drought/flooding warning systems.
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1. Introduction

The use of machine learning models in rainfall prediction has increased worldwide due to its
advantages (Crammer et al, 2017). The atmospheric variables affecting rainfall are complex and
nonlinear (Gao et al,, 2017). Rainfall prediction requires using variables such as dew point, relative
humidity, wind speed, temperature, atmospheric pressure, and water vapour. With an ever-growing
database using historical datasets, machine learning models can easily reveal patterns and relationships
between the variables (Chattopadhyay et al., 2020). These models can handle the complexities in the
datasets better than the numerical method of rainfall prediction. In addition, multiple models can be
combined to improve the accuracy of the forecast. With evolving weather conditions due to climate
change, machine learning models can be designed to continuously learn and adapt to this change
(Rolnick et al., 2022). Since the main aim is to improve forecasting accuracy, machine learning models
will enhance prediction's precision and reliability, affecting the economy, agriculture, disasters, and
water resource management (Sharma et al., 2020). Most research on weather forecasting, especially
rainfall prediction, has been carried out outside Africa. Most weather stations in Africa still rely on
numerical and statistical methods for their forecast (Meque et al., 2021; Milton et al., 2017). These
methods are time-consuming and expensive (Chen et al., 2022). Recent research in Africa has shown the
potential for machine learning applications. Bamisile et al. (2020) used machine and deep learning
models for solar radiation comparison. These models were applied to Nigeria's four northern states
(Borno, Kano, Yobe, Zamfara) using an hourly time step 12 years datasets. Their result revealed a
coefficient of determination value of 0.89 when using the support vector regression and 0.95 when using
the recurrent neural network.
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Bouras et al. (2021) used four machine learning algorithms to forecast crop yield. Their results
showed the effectiveness of machine learning models for cereal yield prediction. Their models showed
they can accurately predict crop yield with an R square of 0.88. Cedric et al. (2022) used machine models
to predict crop yield production in six West African countries. Their result revealed coeflicients of
determination of 95.3%, 93.15%, and 89.78% for decision tree, K-Nearest Neighbor, and logistic
regression, respectively. Sub-Saharan Africa has also used machine learning algorithms to predict
malaria occurrence using climate variability (Nkiruka, 2021). They stated that their research results will
aid decision-making and adequate preparation for future outbreaks. Despite the advantages of machine
learning models in rainfall prediction, the models depended on the availability and reliability of the
datasets used. In some climatic zones, getting datasets for all the atmospheric variables needed for
rainfall prediction was difficult. Also, three cities were selected in each climatic zone to examine the best
model for rainfall prediction. These cities only represent a fraction of the whole climatic zone and can
only indicate the best models. Therefore, though this work suggests models to be used in different
climatic zones, some models may perform better in cities that were not examined.

Researchers have shown the possibility of using machine learning models for weather prediction
worldwide (Bamisile et al., 2021; Diez-Sierra & del Jesus, 2020; Cramer et al., 2017). They have also
shown that it is faster, more accurate, does not need high computational power, and, most importantly,
is the future of weather prediction (Cedric et al., 2022; Islam et al., 2023; Jose et al., 2022; Shah et al,,
2023). Therefore, this study predicts monthly rainfall for twenty-seven cities in South Africa under nine
climatic zones.

2. Literature Review

Due to the computational cost and time-consuming nature of numerical weather models, researchers
have explored alternative ways of forecasting weather on a large scale using various machine learning
algorithms and have found them accurate. Different machine learning models have been used across the
world for various forecasts. Ridwan et al. (2020) used four machine learning methods for rainfall
forecasting in Terengganu, Malaysia. Using the autocorrelation function and projected error based on
historical rainfall data, they used datasets from 10 stations around Terengganu for the study. Their
result revealed that Boosted decision tree regression had the best coefficient of determination compared
to decision tree forest, neural network regression, and Bayesian linear regression. He et al. (2021)
examined the use of machine learning algorithms for sub-seasonal climate forecasting. They focused on
predicting temperature and rainfall on a two-week to two-month scale. They used two non-deep
learning (DL) models (AutoKNN, MultiLLR) and five machine learning models (Multitask Lasso,
Gradient boosted trees (XGBoost), State of the art baselines, Encoder (LSTM)-Decoder (FNN) and
CNN-LSTM models) for their research. Their results showed that machine learning models captured
the predictability on sub-seasonal time scales with the ability to outperform the baseline set. However,
machine learning model results were better with the best-designed models for deep learning. Due to
various catastrophic events in South America attributed to weather and climate, Anochi et al. (2021)
deployed ML algorithms for weather forecasting modelling in South America. They observed that
numerical methods for precipitation prediction could not accurately show precipitation patterns due to
the absence of datasets specific to the regions. Their work showed the possibility of using machine
learning algorithms for accurate precipitation prediction. They trained their models using 36-year
datasets from 1980 to predict rainfall in 2018 and 2019. However, they observed significant errors in the
summer months during the rainy season. This was attributed to local processes in the region that the
algorithms could not learn and high energy during that period. They then showed that training the
networks with Tensorflow for all seasons except spring will make them perform better than those
trained with neural networks. Diez-Sierra and del Jesus (2020) investigated how eight statistical and
machine learning models performed while predicting daily precipitation in a semi-arid region. They
used 36-year rainfall data divided into training and test datasets using the 80-20 principle. The methods
used include the random forest, generalized linear model, linear regression, support vector machine, k
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nearest neighbor, and neural network. They stated two advantages of machine learning methods over
others: they do not need a known priori, nor do they need to make assumptions on the distribution
errors. Their result showed that the hyperparameter chosen affects the machine learning model. They
turther stated that if wrong parameters are used, it will affect the predictive capability and overfitting of
the training models. They suggested that the hyperparameters should take higher values to avoid
overfitting. The summary of their results showed that NN performed better than other models while
predicting rainfall intensity. SVM, K-NN, and RI closely followed this, while the worst of their models
was WT.

As a result of the successes of ML approaches in weather forecasting in South America, Monego et
al. (2022) also applied these models to precipitation prediction using gradient boosting (GB). They used
the extreme gradient boosting (XGB) and TensorFlow (TF) models to train datasets from January 1980
to February 2020 using the 75-25 principle. They considered meteorological variables such as air
temperature at the surface and 850 hPa, surface pressure, specific humidity at 850 hPa, zonal wind
component at 500 hPa and 850 hPa, meridional wind component at 850 hPa, as well as rainfall. Their
result showed excellent performance concerning pattern recognition for precipitation. They also showed
that XGB performed better than TensorFlow deep neural network for all seasons except autumn, while
TensorFlow performed better than XGB only in autumn. Baran et al. (2020) compared machine
learning models with parametric classification techniques using datasets from 2002 to 2014. Their result
showed that multilayer perceptron performed best when average rainfall was used as an additional
covariate. They also used these models to predict cloud clover. They stated systematic errors in
calibration when several probabilistic classification methods are used. For their work, POLR performed
best for two days; however, for long-term forecasts, MLP performed best. They stated that including
atmospheric parameters such as pressure, humidity, and temperature can improve the predictive
performance of any model. Bamisile et al. (2020) compared the results of global and diffuse solar
radiation using machine and deep learning models. For deep learning models, they used the artificial
neural network (ANN), convolutional neural network (CNN), and recurrent neural network (RNN).

In contrast, they selected the SVM, polynomial regression (PR), and RI for machine learning
algorithms. These models were applied to Nigeria's four northern states (Borno, Kano, Yobe, Zamfara)
using an hourly time step 12 years datasets. They stated that the time spent training the machine
learning models was reduced compared to the time spent training deep learning models; however, from
their results, the deep learning models performed better. Appiah-Badu et al. (2021) predicted
precipitation using five ML models (Decision Tree, K-Nearest Neighbour, Multilayer Perceptron,
Extreme Gradient Boosting, and Random FForest) in Ghana using 41-year climatic datasets from 2018.
They divided the datasets into training and test sets using three different ratios (70:30, 80:20, 90:10) to
assess the performance of the models. They analysed four climatic zones in Ghana: Coastal zone, Forest
zone, Transitional zone, and Savanah zone. Their result showed that over the coastal zone of Ghana,
MLP performed best using the 90:10 principle, while XGB performed best using 80:20. For the three
different ratios in the coastal zone of Ghana, KNN performed worst.

Similarly, for the forest zone, at 90:10, MLP performed better than other models, with KNN
performing worse. Using 70:30, DT, RF, and XGB, all had a better precision, recall, and f1 score. Over
the transitional zones, all three ratios of RF and XGB performed best in the metrics used. The result
also showed that MLP performed best using the 90:10 ratio, perhaps the best ratio when considering
multilayer perceptron. Finally, over the Savannah zone, RFF and XGB performed best in 90:10, 80:20,
and 70:30, both with and without rain. The study did not investigate why KNN performed worst in all
zones. However, their study showed that machine learning models are suitable for rainfall prediction,
especially RF, XGB, and MLP.

Machine learning algorithms have been applied to predict rainfall in various parts of the world. Jose
et al. (2022) used different machine learning models to predict daily rain in India. Their result showed
that long short-term memory performed best with a coefficient of determination of 0.9. In Australia,
noted for the highest extreme temperature in the world, Polishchuk et al. (2021) used a random forest
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model to predict rainfall to know when there will be wildfire. Their results revealed an accuracy of
85.9% In their training model and 84.7% accuracy in the rainfall prediction.

Similarly, Raval et al. (2021) used different machine learning models to predict rainfall using 10-
year datasets. Their result revealed that the logistic regression model had the highest classification with
an f1 and precision of 86.9% and 97.1%, respectively. Other researchers, such as He et al. (2022), Islam
et al. (2023), and Sachindra et al. (2018), among others, have all used machine learning models to predict
rainfall in Australia with an accuracy above 80%. In South America, Ferreira and Reboita (2022) showed
that applying machine learning models in rainfall prediction has led to a 75% error reduction in rainfall
estimates. Their result also indicated the ability of their models to reproduce both the spatial and
temporal variation for dry and wet seasons across South America. Despite high topographic gradients
and unstable climatic conditions in South America, researchers have shown the possibility of deploying
machine learning models for rainfall prediction with high accuracy (Anochi et al., 2021; Gémez et al.,
2023).

Yu et al. (2017) compared random forests and support vector machine models for real-time radar-
derived rainfall forecasting and observed that random forests performed better in one-hour-ahead
forecasting. Similarly, Zainudin et al. (2016) conducted a comparative analysis of data mining techniques
tor Malaysia rainfall prediction, and their results showed that random forest performed much better
than other models used for their study. For rainfall prediction across various ecological zones of Ghana,
random forest, extreme gradient boosting, and multilayer perceptron performed well (Appiah-Badu et
al,, 2021). For the improvement of rainfall estimation in northern Algeria using Meteosat second-
generation datasets, Ouallouche et al. (2018) showed that random forests performed better statistically
compared to an artificial neural network and support vector machine. In India, Shah et al. (2023) used a
random forest-based model for their rainfall prediction and observed an accuracy rate of 90% and a
probability of detection of 68%. Using a complete ensemble empirical mode decomposition hybridized
with a random forest and kernel regression model for monthly rainfall prediction, Ali et al. (2020)
performed best compared to other models.

The results from the reviewed literature have shown the accuracy of machine learning models and
their better performance compared with numerical weather forecasts. They have also indicated the
various machine learning models for various climates and the possibility for improvements in their
torecast. However, It is important to note that some machine learning models will be more appropriate
for different regions. These results have also established the accuracy of random forests for rainfall
prediction worldwide. Therefore, This work uses a random forest model to predict 2024 monthly
rainfall.

3. Methodology

We built, trained, and tested a random forest model for weather prediction based on the datasets
that we have available. Temperature, rainfall, wind speed, evaporation, relative humidity, dew point, and
water vapour datasets over twenty-seven cities in nine climatic zones in South Africa were collected and
combined to form a single record. Rainfall was assigned as the target variable, though, in the same way,
other weather parameters can be determined. For this work, we restrict it to predicting only rainfall.
The models were trained using the 80/20 principle for all the models. The National Aeronautics and
Space Administration NASA used MERRA/OMI and the South African Weather Service to obtain data
tor this work. This research's data include evaporation, temperature, rainfall, wind speed, irradiance, and
water vapour. After collecting the datasets, they were cleaned by developing a model that identified and
excluded missing data, duplicates, and irrelevant datasets. Clean datasets were retrieved and converted
to monthly datasets for this study. The random forest model was trained for rainfall prediction in South
Africa using the 70:30 principle and evaluated, after which 2024 monthly rainfall prediction was made
and compared with 2022 and 2023 rainfall using random forest. This process is represented in the flow
chart in Figure 1.
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Figure 1.
Schematic view of the data analysis process.

3.1. Study Area

The study location is based on the Koppen-Gieger climate classification of South Africa. South
Africa is broadly classified into Arid, subtropical wet (fully humid and dry winter), and subtropical dry
(hot summer). This study also considered the sub-group climate classification, such as the cold and
semi-arid steppe, cold arid desert, hoot and semi-arid steppe, and the hot arid desert under the arid
classification. The subtropical highland with a dry winter and the humid subtropical with a dry winter
are considered under the subtropical wet. The sub-divisions are subtropical dry, warm and dry summer,
temperate oceanic without dry season, and humid subtropical without dry season. For each sub-division,
three locations are randomly selected for rainfall prediction. Figure 1 shows the Koppen-Geiger climate
classification for South Africa and the study locations.
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Figure 2.
Koppen-Geiger South Africa weather classification showing the various climates.

4. Result and Discussion
4.1. Cold and Semi-Arid Steppe

This section presents monthly rainfall prediction for different climatic zones in South Africa for
2024 using a random forest model. The prediction was compared to the monthly rainfall of 2022 and
2023, as shown in Figure 3. Under the cold and semi-arid steppe in Bloemfontein, figure 3 shows that
more rainfall of over 100mm will be received in the first four months of 2024. A similar amount of
rainfall received in January, March, May, and October is expected in Springfontein in 2024. Compared
to the previous years, more rainfall is expected in February and winter. While there is an increase in the
predicted amount of rainfall in November in 2023, the amount of rainfall in December will be lower than
what was experienced in 2023 and about half of the 2022 rainfall. In Springfontein, it is predicted that
there will be more rainfall in 2024 than in 2023 throughout the years, and except for March and June, it
is also expected that more rainfall will be received than in 2024. This is good news for farmers as they
can plan appropriately, as rainfall above 80mm is expected in the last three months of 2024, while
rainfall of about 40mm is expected monthly during winter. In Welkom, Figure 3 shows a similar pattern
of rainfall to 2023 in 2024, with 2024 expected to receive more rainfall. The amount of rainfall expected
from February to April is similar to that Welkom received in 2022. However, more rainfall is expected
in the autumn and early spring months (June to September) compared to previous years. Although the
rainfall expected in October will be more than that of 2023, the rainfall expected in November and
December is similar to that of 2023 and much lower than in 2022 during summer. For the three cities
under this climatic zone, more rainfall is expected during autumn in 2024 compared to other years.
While Springfontein predicted that there would be more rainfall during the spring and summer of 2024,
similar amounts of rainfall are expected in Bloemfontein and Welkom compared to 2023.
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Figure 3.

Rainfall prediction for 2024 compared with 2023 and 2023 rainfall under the cold and semi-
arid steppe (Bloemfontein, Springfontein, and Welkom).
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4.2. Cold Arid Desert

Figure 4 shows rainfall predictions for Alexander Bay, Beaufort West, and Bristown in the cold, arid
desert. The amount of rainfall expected in Alexander Bay is more in 2024 compared to 2023 for the first
two months as there was little or no rainfall those months in 2023; however, compared to 2022, rainfall
expected in January and February is less than half of what was received in 2022. A similar amount of
rainfall is expected in March as in 2022 and 2023. In April and May, more rainfall is expected in 2024,
more than double what was received in previous years. While rainfall in Alexander Bay was about 2mm
and 4mm for April and May of 2022, in 2023, it was about 4mm and Smm for April and May,
respectively. It is expected that rainfall for those months in 2024 will be about 18mm and 11mm,
indicating that more rainfall is expected in the winter of 2024 compared to other years. However, this
amount of rainfall is still significantly small as it may all be showers. In autumn, 2023 received more
rainfall than expected in autumn 2024, with the amount of rainfall expected to reduce by about half
compared to 2023. There is a slight increase in rainfall expected in September, October, and December
compared to 2023, though this increase is negligible. Therefore, 2024 is expected to be another dry year
in Alexander Bay. In Beaufort West, 2024 is expected to be another dry. Only in the first three months
is rainfall above 50mm expected, but all under 80mm. The amount of rainfall received in January 2022
was reduced by almost half compared to January 2023. This amount was maintained in 2023; however,
it is predicted that February 2024 rainfall will be more than that of 2022 and 2023. The amount of
rainfall expected in February is similar to that expected in March in Beaufort West. This is less than
half of what was received in March compared to other years. Although there was a significant decrease
from March to April by over 150mm in 2022 and 2023, the reduction in 2024 was about 30mm. The
rainfall expected in late winter, early autumn, and spring is similar to 2024. More rainfall is expected in
the last three months of the year compared to 2023. In Bristown, a similar rainfall pattern is seen across
the months, with higher rainfall in the early parts of the year, reduced during winter and autumn, and
increases from late spring to early summer. It is predicted that over 100mm monthly rainfall will be
received in 2024 from January to April, an increase from 2023 with no month receiving up to 75mm
except in December. Compared with 2022, with high rainfall received, only in January, March, May,
September, and December did 2022 receive more rainfall than predicted for 2024. The total amount of
rainfall expected in 2024 is similar to the amount received in 2022, almost twice the amount received in
2023. That means that 2024 rainfall in Bristown is expected to double the rainfall received in 2023.
Also, in 2024, more rainfall is expected during later winter and early autumn compared to other years.
January, April, and December are expected to receive the highest rainfall in 2024 in Bristown.
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Figure 4.

Rainfall prediction for 2024 compared with 2023 and 2023 rainfall under the cold arid
desert (Alexander Bay, Beaufort West, and Bristown).

4.3. Hot and Semi-Arid Steppe

Figure 5 shows the rainfall prediction for 2024 compared to 2022 and 2023 rainfall for Kimberly,
Mahikeng, and Port Elizabeth under the hot and semi-arid steppe climate classification. In Kimberly,
the figure shows that it is expected to receive about 20mm more rainfall in January than in January
2023 and 10mm less in January 2022. However, more rainfall is expected in February. There was an
increase in rainfall by about 25mm in February 2022 and 2023; this estimated increase is predicted for
February 2023. In March, a similar amount of rainfall compared to 2023 is expected in Kimberly in
2024, with a slight reduction in April. However, the estimated rainfall for April 2024 will be about three
times what was experienced in April 2023 and about 30mm lower than in April 2022. Compared to May
2022 and May 2023, lower rainfall is expected in Kimberly in 2024. From autumn (June) to early spring
(September), more rainfall is expected in 2024, although monthly estimates are below 35mm. It is
predicted that there will be a gradual increase in rainfall expected till the end of the year. The predicted
values are higher than Kimberly's rainfall in 2023 except in December but lower than 2022 rainfall. It is
also predicted that there will be an annual increase of about 200mm in 2024 rainfall compared to 2023;
however, this is still about 250mm lower than 2022 rainfall. In 2022, Mahikeng received rainfall of over
150mm in January, April, November, and December; in 2023, in February, the amount of rainfall
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Mahikeng received is estimated to be around 270mm. However, in 2024, only January, April, and
December are the predicted monthly estimates above 100mm. There is an increase of about 60mm in
January rainfall between 2023 and the predicted 2024 values, but there is almost a 200mm difference in
February. The amount of rainfall predicted for March, though lower in 2024, is quite similar to that of
2023. In April, Mahikeng received about 200mm of rainfall in 2022, about 70mm in 2023, and a
predicted estimate of over 110mm in 2024. Similar values in May are seen in both 2023 and 2024
estimates. Like Kimberly, there is expected to be more rainfall in autumn and early spring compared to
other moths and then a gradual increase in 2024 rainfall till the end of the year. It is also predicted that
the rainfall in November and December will be similar to 2023 rainfall in those months. The predicted
annual rainfall in 2024 is within the same range as that of 2023 but much lower than the rainfall
received in 2022 in Mahikeng.

In Port Elizabeth, more rainfall is predicted for 2024 for the middle to late spring and summer
months compared to 2023. Among all locations, this is the first city that has predicted more rainfall in
2024 than what was received both in 2022 and 2023. In January 2022, Port Elizabeth received about
20mm of rainfall, which increased to 70mm in January 2023; January 2024 estimates are predicted to be
over 100mm. Similarly, more rainfall is expected for February compared to 2022 and 2023. However,
lesser rainfall is predicted for March compared with the previous two years. The rainfall expected in
April is more than twice what was experienced in 2022 and 2023. From May to September, except for
August, it is predicted that lesser rainfall will be experienced compared to 2023. IFor October and
November, rainfall estimates for 2024 will be at least thrice what was received in 2022 and 2023, while
that of December will be similar to the amount of rainfall received in December 2022.
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Figure 5.

Rainfall prediction for 2024 compared with 2023 and 2023 rainfall under the hot and
semi-arid desert (Kimberly, Mahikeng, and Port Elizabeth).

4.4. Hot, Arid Desert

In Lauville, a predicted decrease of about 450mm in rainfall is expected in 2024 compared to 2022
and 2023. Therefore, with monthly rainfall from January to April 2024 around 100mm, it is suggested
that proper planning be made, especially for those involved in farming, to mitigate the water shortage.
Although the graph shows a similar amount of rainfall as shown in Figure 6 for 2023 and 2024, the
most significant change can be seen in the last three months of the year, where expected rainfall in 2024
is less than half the amount received in 2023.

Contrary to Lauville, the amount of rainfall estimated for 2024 in Musina is more than the amount
received in 2023, while the predicted rainfall for 2024 in Upington is more than twice the amount
received in 2023. In 2023, Musina received significant rain in January, February, and December, with
February and December rainfall of over 200mm. While Musina has only a few months of rainfall above
100mm as predicted, the amount of rainfall expected is well spread compared to other months. While
there was almost a drought between May and September of 2022 and 2023, monthly rainfall of about
40mm is expected in 2024, which will gradually increase to over 110mm by the end of the year. In
Upington, as shown in Figure 6, only in January, February, March, and December did it receive rainfall
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above 40mm in 2023. 2023 rainfall in other months was insignificant. Though there was more rainfall in
2022 compared to 2023, only in March did the 2022 rainfall exceed the predicted rainfall for 2024. A
similar amount of rainfall in January, February, May, June, and December 2022 is predicted in 2024.
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Figure 6.

Rainfall prediction for 2024 compared with 2023 and 2023 rainfall under the hot
arid desert (Lauville, Musina, and Upington).
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4.5. Subtropical Wet
4.5.1. Humid Subtropical with Dry Winter

Figure 7 shows the predicted rainfall for 2024 compared with rainfall received in 2022 and 2023 in
Dundee, Louis Trichardt, and Nelspruit. In Dundee, there is an observed decrease in rainfall received in
January 2022 and January 2023 by about 20mm and a further decrease by 20mm in the estimated values
of January 2024. However, in February, the rainfall predicted for 2024 is similar to the rainfall received
in 2022 and about 80mm less than the February rainfall of 2023. More rainfall is predicted in March
2024 compared to previous years. It is also predicted that the rainfall expected in April will be thrice the
amount received in April 2023 but less than that of 2022. However, in May, the amount of rainfall
received in the past two years and predicted rainfall for 2024 are similar. Between June and September,
it is predicted that there will be more rainfall than the same period combined in 2022 and 2023. From
mid-spring to December, there is predicted to be less rainfall in 2024 compared to previous years. The
amount of rain expected in November is less than half what was received in the past two years, and the
amount expected in December will be about 60mm lower than in 2023 and 100mm lower than the
amount of rainfall expected in December 2022. Summarily, it is predicted that there will be lower
rainfall in 2024 compared to 2022 and 2023 despite having more rainfall in the autumn of 2024.

In Louis Trichardt, it is predicted that the annual rainfall of 2024 will be more than those of 2022
and 2023. In 2023, significant months of rainfall were January, February, and December, all receiving
rainfall above 100mm, while March, October, and November received about 40mm of rainfall. In 2022, a
significant amount of rainfall was received in March, April, November, and December, while in 2023, it
is predicted that the first four and last three months will experience significant rainfall. It is also
predicted that there will not be any dry months in 2024 compared to other years. Predicted rainfall for
winter months would be about 40mm. However, despite 2024 having more rainfall than the previous
two years, the predicted monthly rainfall would still be lower than the months of heavy rainfall in 2022
and 2023. For instance, in February 2023, about 250mm of rainfall was received, while the predicted
rainfall for 2024 would be about 100mm. However, the amount of rainfall received in January 2023 and
predicted January 2024 are similar. The rainfall expected In March, April, October, and November are
also similar to the amount received in 2022 during these months.

The amount of rainfall expected in 2024 is similar to the annual rainfall in 2022 in Nelspruit and
lower than the 2023 rainfall. In January 2024, it is predicted that there will be more rain compared to
January 2022 and 2023 by about 30mm. 2023 had months of heavy rain, like February, November, and
December, where rainfall exceeded 200mm and even 250mm in November. Also, in 2022, rainfall in
November and December was above 150mm; however, in 2024, months with heavy rain would receive
only about 100mm of rainfall. These months are January, April, and November, although a significant
amount of rainfall is predicted for February, March, and November. It is also predicted that there will be
more rainfall in 2024 winter and early spring compared to 2022 and 2023.
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Figure 7.

Rainfall prediction for 2024 compared with 2028 and 2023 rainfall under the humid
subtropical with dry winter (Dundee, Louis Trichardt, and Nelspruit).
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4.5.2. Subtropical Highland with Dry Winter

Figure 8 shows the predicted rainfall for 2024 for the subtropical highland with a dry winter and
compares it with 2022 and 2023 results for Harrismith, Johannesburg, and Newcastle. The result shows
that there was more rainfall in 2022 than in 2023, which is what is predicted for 2024, although 2024
estimates are higher than 2023 for Harrismith. In 2022, there were five months with monthly rainfall
above 150mm (January, April, October, November, and December), with February and March also
experiencing high rainfall. Compared to 2023, rainfall above 100mm was only received in January,
November, and December. While only January, April, and December of 2024 have rainfall above
100mm, other months are predicted to have an equally high amount of rain. Between January 2022 and
January 2023, there is a decrease of about 30mm in rain received; a further reduction of about 20mm is
predicted for January 2024. The predicted amount of rain for February and March is within 20mm of
what was received in 2022 and 2023, with 2024 predicted to have more rain. It is also predicted that
there will be more rain in April of 2024 by about 50mm compared to what was received in April 2023,
but it will be lower than the amount of rainfall received in 2022 in Harrismith. In May, a decrease of
about 10mm is predicted compared to 2023 rainfall. However, more rainfall is predicted for 2024 from
June to September. Though this climatic zone has a dry winter, there is predicted to be more rain during
winter than in previous years. It is also predicted that there will be a gradual increase in 2024 rainfall
from September till the end of the year; however, it would still be lower than the 2022 and 2023 rainfall.

In the commercial city of Johannesburg, the total amount of rainfall predicted for 2024 would be a
little lower than the annual rainfall of 2023 and much lower than the annual rainfall of 2022. Like
Harrismith, Johannesburg had five months of rain above 150mm in 2022 (January, IFebruary, April,
November, and December), while there were four months above 100mm in 2028 (February, May,
November, and December). This reduced the predicted rainfall for 2024 (January, April, and December)
to three months. This reveals that more rain should be expected with varying intensity in the early and
late months of the year. Compared to 2024, in the first five months of the year, only in January and
April will the predicted rainfall be more than that of 2023, while compared with 2022, 2024 predicted
rainfall will only be higher in March and May. A monthly average of 100mm of rainfall is predicted for
the first four months of 2024. It is also predicted that there will be more rain in winter and early spring
compared to other years. The predicted rainfall for the last two months of 2024 is much lower than that
of 2023 and 2022.

Newecastle also had four months (April, October, November, and December) of rainfall above
150mm, with rainfall in two months exceeding 200mm (October and December) in 2022. In 2023,
rainfall over 150mm was recorded only in February and November, with December having a high
amount of rainfall. In 2024, none of the months is predicted to have rainfall of over 150mm, with only
three months (January, April, and December) having rainfall above 100mm. Predicted rain for January
2024 is similar to what was received in 2022 and 2023, while that of February is similar to 2022
February rainfall and much lower than 2023 February rainfall. For March, the predicted rainfall was
about twice what was received in the previous two years.

Similarly, for April, the predicted rainfall is more than twice what was received in 2023, though
lower than the 2022 April rainfall, while the predicted rainfall for May is within the same range as
recorded in 2022 and 2023. As with other cities under the dry winter climatic zone, more rainfall is
expected in 2024 compared to other years. Rainfall predicted for October is similar to 2023 October
rainfall but much lower than that of 2023. However, less rainfall is predicted for the last two months of
the year compared to these months in 2022 and 2023, with November receiving about half the amount
of rainfall recorded in 2022 and 2023.
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Figure 8.

Rainfall prediction for 2024 compared with 2023 and 2023 rainfall under the subtropical
highland with dry winter (Harrismith, Johannesburg, and Newcastle).
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4.6. Subtropical Dry
4.6.1. Humid Subtropical Without Dry Season

Figure 9 shows the 2024 rainfall prediction with 2022 and 2023 rainfall for Durban, Port Edward,
and Richards Bay under the humid subtropical without a dry season. These locations were the primary
motivation for this study due to the flooding in April 2022. Parts of KwaZulu Natal province, including
Durban, Richards Bay, and Port Edward in the Eastern Cape, received rainfall above the expected
average, leading to the loss of lives and destruction of properties and infrastructures. As seen in the
three figures in Figure 9, there is no dry season throughout the year as rain is expected to fall with
varying degrees of intensity. In Durban, predicted rainfall in January and February is about 20mm
lower than 2023 rainfall but higher than 2022 in those months. However, in March, both the predicted
rainfall and previously recorded rainfalls of 2022 and 2023 fall within the same range. As mentioned
earlier in the study, April 2022 received an unusual amount of rainfall. Durban received almost 350mm
of rain, most happening on the 11th and 12th of April. This is responsible for the high rainfall profile in
April as seen in the graph. December 2022 also received high rainfall, although it was more spread
across the days than in April. In April 2023, rainfall received in Durban drastically reduced to about
70mmy; it is predicted that this will increase in 2024 to over 110mm but will experience a decrease to
about 50mm in May. The predicted rainfall for winter and early spring compared with those of' 2022
and 2023 are within the same range. Therefore, the same amount of rainfall experienced and recorded in
Durban in 2022 and 2023, as well as winter and early spring, should be expected in 2024. However,
from October to December 2024, rainfall was predicted to be less than half what was recorded in 2023.
This means less rainfall should be expected towards the end of the year.

In Port Edward, 2024, rainfall predicted is within the same range as rainfall recorded in 2022
January and February. This was lower than the 2023 January rainfall and more than the 2023 February
rainfall. The predicted rainfall is about 40mm lower in March than in 2022 and 2023. As with other
cities under this climatic condition, 2022 April rainfall was about 300mm compared to 60mm recorded
in 2023. It is predicted that there will be an increase of about 50mm in April rainfall from 2023. May
predicted rainfall is about 20mm lower than in 2022 and 2023. Like Durban, predicted 2024 rainfall and
recorded rainfall for 2022 and 2023 during winter months are similar. Although rain would still be
expected to fall, the intensity would be low. High rainfall was still recorded in the spring of 2022 and
December, which is also predicted for 2024, but at a lower amount. The amount of rain expected in
September and October is less than a third of what was recorded during these months in 2022, and less
than half of what was recorded in 2023 November is predicted for April 2024. However, a similar
amount of rainfall should be expected in December 2024 compared to December 2023.

In Richards Bay, much rainfall was received in January, April, October, November, and December of
2022, with four months (April, October, November, and December) receiving over 200mm of rain in
2023, five months (February, May, October, November, and December) received rainfall exceeding
150mm. However, in 2024, it is predicted that only in January, April, and December will monthly
rainfall exceed 100mm. This is reflected in the expected annual rainfall, which is over 300mm lower
than the annual rainfall of 2023 and over 500mm lower than the average rainfall of 2022. Despite 2024
being predicted to have lower amounts of rainfall than the previous years, a significant amount of rain is
expected in the first four months of 2024, with March rainfall exceeding those of March 2022 and
March 2023. It is also predicted that there will be more rain in April compared to April 2023. The figure
also shows that there would be rain during winter months, which will gradually increase till the end of
the year. Rainfall for October, November, and December is predicted to be at least 80mm lower than in
2023 and 130mm lower than in 2022.
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Figure 9.

Rainfall prediction for 2024 compared with 2023 and 2023 rainfall under the humid
subtropical without dry season (Durban, Port Edward, and Richards Bay).
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4.6.2. Temperate Oceanic Without a Dry Season

Rainfall prediction for the temperate oceanic without dry season (East London, George, and
Mthatha) for 2024 compared with rainfall values for 2022 and 2023 is shown in Figure 10. The first
figure in Figure 10 shows that while a steady increase in the amount of rainfall received in 2022 for the
first three months is observed, in 2024, there is a slight decrease of less than 5mm between January and
March. In 2023, there was a decrease of about 40mm between January and February and an increase of
about 80mm between February and March. In April, the predicted values are within the same range
with 2022 rainfall and thrice 2023 rainfall. Though there is no dry season in this climatic region, the
rainfall predicted and recorded for previous years is reduced during winter compared to other months.
It is also seen in the graph that there would be a lesser amount of rainfall between May and July in 2024
compared to 2023, as well as in September and October. The result also reveals that the annual average
rainfall for 2024 will be lower than that of 2023 and much lower than the 2022 yearly rainfall.

However, in Geroge, there is an increase of about 200mm between the 2022 annual rainfall and the
2023 annual rainfall. A further 200mm increase in rainfall is predicted between 2023 and 2024. This is
exciting news for a region that receives little rainfall. Predicted January rainfall is about four times what
was recorded in 2022 and 2023. Also, the predicted rainfall for February is about four times that of 2023
and about 20mm more than the 2022 February rainfall in George. However, there would be lower
rainfall in March compared to other years, and it would be about 100mm lower than the 2023 March
rainfall. This would be compensated in April as it is predicted that the 2024 April rainfall would be
about 90mm more than what was recorded in 2023 and 100mm more than the 2022 April rainfall.
Though there is no dry season for this climatic zone, the result shows that in five months (April, July,
August, October, and November) 2022, rainfall was below 20mm, with July receiving about 5mm the
entire month. August 2023 also received rainfall below 10mm. This value is expected to rise to about
40mm in 2024. Finally, the results in George indicate that there would be more rainfall between
October and December by a wide margin than what was recorded in 2022 and 2023.

While in George, there was an increase of about 200mm from 2022 to 2023 and from 2023 to 2024,
in Mthatha, the reverse is the case. There was an annual decrease of about 250mm from 2022 rainfall to
2023 rainfall. It is predicted that there will be a further decrease of about 300mm between 2023 rainfall
and 2024 rainfall. As with this climatic zone, there was no dry season, as rainfall was experienced and
predicted during winter. It is predicted that January 2024 rainfall will be about half of what was
recorded in 2023 and March and May. February rainfall would be about 10mm more than 2023
February rainfall but 10mm lower than 2022 February rainfall. It is also predicted that there will be
more rainfall in April 2024 by about 20mm compared to April 2023. Between June and August, rainfall
predictions for 2024 and recorded values for 2022 and 2023 are within the same range. Compared to
2023, lower rainfall is predicted in September and November; in October and December, the amount of
rainfall expected would be similar to that of 2023.
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Figure 10.

Rainfall prediction for 2024 compared with 2023 and 2023 rainfall under the
temperate oceanic without dry season (East London, George, and Mthatha).

4.6.3. Warm and Dry Summer

For the warm and dry summer, rainfall prediction for 2024 compared with recorded values of 2022
and 2023 is presented in Figure 11. In Bredasdorp, it is shown that there was little rainfall in the
summer months of December and January of 2023, while low rainfall was recorded in April and
November of 2022. The predicted rainfall values estimate that there will be much more rainfall from
October to December than in previous years. Similarly, more rainfall is predicted 2024 for January,
February, and April than in previous years. It is predicted that the rain in March would be considerably
lower than that of 2023 by almost 200mm, while the predicted rainfall for June 2024 would be about
100mm lower than the amount of rain received in 2023. A similar amount of rainfall in 2023, May, and
July is predicted for 2024.

In Cape Town, dry summer was only experienced in 2023 among the three years, with 2022
December receiving considerable rainfall. Most rainfall recorded in Cape Town in 2023 was during
autumn, early winter, and early spring. In January 2023, less than 5mm of rainfall was received
compared to a predicted value of about 100mm in January 2024. Similarly, the predicted value for
February is about five times what it was in February 2023. In March, from year to year, there is a
steady increase in the amount of rainfall received from 2022 to 2024, although 2022 rainfall in March
was much lower than in 2023 and 2024. This pattern is also seen in April, with 2023 and 2024 values
closer to what was obtained in 2024. While there was an increase in rain from April to June for both
2023 and 2024, the predicted values in 2024 are expected to reduce during this period. Predicted values
in July for 2024 and recorded rainfall values for 2022 and 2023 are similar. The observed increase in
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2022 rainfall from October to December can also be seen in the predicted values for 2024, while in 2023,
there was a decrease in these months.
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Figure 11.

Rainfall prediction for 2024 compared with 2023 and 2023 rainfall under the warm
and dry summer (Bredasdorp, Cape Town, and Clanvilliam).

In Clanvilliam, significant rainfall was recorded in 2022 in January, February, March, June, and
December. Despite it being a dry summer, in 2023, it was mostly a dry year, with monthly rainfall
below 20mm recorded in nine months (January, February, May, July, August, September, October,
November, and December). In 2022, seven months of rainfall were recorded below 20mm (April, May,
July, August, September, October, and November). In the predicted rainfall estimates for 2024, only four
months (May, June, July, and August) are expected to have rainfall values below 40mm. In 2023, only
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April had monthly rainfall of over 40mm recorded, but in 2022, there was rainfall of about 130mm
recorded in March and June. The predicted values of 2024 show that rainfall of over 90mm is expected
in five months (January, February, March, April, and December).

5. Conclusion

This research provides insight into the amount of rainfall expected in South Africa in 2024. Random
torest was used for this study to predict 2024 monthly rainfall for different cities in nine climatic zones.
Based on the Koppen-Geiger climate classification system, South Africa was divided into three groups
and further subdivided. The broad three climatic zones are the arid, subtropical wet, and subtropical dry
climate classification. The arid climate classification was further divided into four: the cold and semi-arid
steppe, cold arid desert, hot and semi-arid steppe, and the hot arid desert. The subtropical wet climate
classification was divided into humid subtropical with dry winter and subtropical highland with dry
winter, while the subtropical dry climate classification was divided into three: humid subtropical without
dry season, temperate oceanic without dry season, and warm and dry summer. Three locations were
selected in each category, and random forest is used for 2024 rainfall prediction. The results were then
compared with 2022 and 20238 rainfall in those locations. In some locations, more rainfall is expected in
2024 compared to previous years, while in some locations, less rainfall was predicted. Where there
would be more rainfall, it is good news for farmers. In comparison, in regions where lower rainfall is
expected, farmers need to look for alternative ways to combat the foreseeable challenges with low
rainfall.
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