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ARTICLE INFO ABSTRACT
Keywords: During pandemic periods, there is an intense flow of patients to hospitals. Depending on the
Covid-19 pandemic disease, many patients may require hospitalization. In some cases, these patients must be taken to

Machine learning
Ensemble learning
Random forest regressor

intensive care units and emergency interventions must be performed. However, finding a suffi-
cient number of hospital beds or intensive care units during pandemic periods poses a big
Bagging regressor problem. In these periods, fast and effective planning is more important than ever. Another
Boosting regressor problem experienced during pandemic periods is the burial of the dead in case the number of
LSTM deaths increases. This is also a situation that requires due planning. We can learn some lessons
ARIMA from Covid 19 pandemic and be prepared for the future ones. In this paper, statistical properties
of the daily cases and daily deaths in Turkey, which is one of the most affected countries by the
pandemic in the World, are studied. It is found that the characteristics are nonstationary. Then,
random forest regression is applied to predict Covid-19 daily cases and deaths. In addition, seven
other machine learning models, namely bagging, AdaBoost, gradient boosting, XGBoost, decision
tree, LSTM and ARIMA regressors are built for comparison. The performance of the models are
measured using accuracy, coefficient of variation, root-mean-square score and relative error
metrics. When random forest regressors are employed, test data related to daily cases are pre-
dicted with an accuracy of 92.30% and with an r? score of 0.9893. Besides, daily deaths are
predicted with an accuracy of 91.39% and with an 2 score of 0.9834. The closest rival in pre-
dictions is the bagging regressor. Nevertheless, the results provided by this algoritm changed in
different runs and this fact is shown in the study, as well. Comparisons are based on test data.
Comparisons with the earlier works are also provided.

1. Introduction

According to the data provided by World Health Organization, as of December 20, 2023, with 772,838,745 confirmed cases and
6,988,679 deaths, Covid-19, the biggest pandemic of the twenty-first century so far, has been effective in Turkey since early 2020. In
the statistics of the World Health Organization, the number of confirmed cases for Turkey on December 20, 2023 was 17,004,677 and
the number of deaths was 101,419. With these figures, Turkey ranks 12th country in the world in terms of the number of cases, and
20th country in terms of the number of deaths [1]. Covid-19 still continues to produce variants and, according to estimates, it does not
seem possible to stop the spread and the deaths caused by it any time soon.

Support for diagnosis and prediction with machine learning methods is increasingly accepted in the medical world and many
studies can be found in the literature [2-8], and [9]. Same approach can be applied to analyze the Covid-19 pandemic.
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Since the beginning of the Covid-19 pandemic, various studies have been done related to the diagnosis and prediction of the future
of the pandemic, based on time-series, image processing and mixed methods.

Image based machine learning is used extensively due to an abundance of image data since the beginning of the pandemic. Multi-
view machine learning technique is used in Ref. [10] and 95.5% accuracy is obtained. With the convolutional support estimator
network, 96.5% accuracy is accomplished [11]. Deep convolutional and recurrent neural networks result in 86.7% accuracy [12]. A
less common method, namely, uncertainty vertex-weighted hypergraph learning achieves 89.8% accuracy [13]. The convolutional
neural network, guided whale optimization, particle swarm optimization combination achieves 99.5% area under curve (AUC) [14]. A
convolutional neural network is designed for the diagnosis of Covid-19 quickly in the chest X-ray images. The hyperparameter tuning is
achieved using genetic algorithm and 5G technology is utilized. The accuracy obtained is 98.48% [15]. With the exploitation of
attention-based deep 3D multiple instance learning, 97.9% accuracy, 99.0% AUC are obtained [16]. The obvious choice for image
processing is convolutional neural network and its application results in 98.05% accuracy, 99.66% AUC [17]. Siamese network is used
in Ref. [18], yielding 95.6% accuracy. In Ref. [19] ensemble deep convolutional neural network results in 99.7% accuracy. Explainable
artificial intelligence with pseudo-labeling and consistency regularization yields 75.13% accuracy [20].

On the other hand, time-series data was scarce at the beginning of the pandemic but more data accumulated as time progressed.
Sparse ensemble regressor is applied to time-series data in Ref. [21], but the results are given in terms of root mean square error (rmse)
and mean absolute error (mae). These values don’t provide a reasonable means to compare a variety of algorithms using different
datasets, thus they are not repeated here. With the application of a neural network, 89.98% accuracy is obtained. Long short-term
memory (LSTM) network is used in Ref. [22], providing no metric to compare. Bidirectional LSTM yields an r? score of 0.9997
[23], where % score is a common metric to evaluate time-series machine learning algorithms and to be described later in materials and
methods section of the paper. With multiple linear regression, r? score of 0.9992 is reached [24]. A variety of regressors are used in
Ref. [25], and the best result is achieved using a decision tree, which yields mean absolute percentage error (mape) value of 0.8981. A
deep autoencoder and ConvLSTM framework is used to estimate outbreak dates in Ref. [26]. Polynomial regression results in 93.0%
accuracy in Ref. [27]. With exponential smoothing an 2 score of 0.98 is obtained [28]. An uncommon method, namely, wavelet
coupled random link functional model yields an % score of 0.99 [29].

In some studies, mixed type of data are used. In Ref. [30], intensive symptom weight learning mechanism results in 97.17% ac-
curacy. In Ref. [31], random forest achieves 82.0% accuracy. A classical method, namely logistic regression analysis creates a 96.2%
AUC in Ref. [32]. Reinforcement learning is applied in Ref. [33], and an ensemble model in Ref. [34] results in 91.0% accuracy. Online
analytical processing is applied with 80.0% confidence [35]. With local network analysis, accuracy value range is 92%-98% [36].
Harris hawks optimized fuzzy k-nearest neighbor method yields 94% accuracy [37]. In Ref. [38], explainable convolution LSTM
network is used and the results are given in rmse values. Random forest classifier results in 82.0% AUC [39]. In Ref. [40] random forest,
extreme gradient boosting and gradient boosting methods function together to provide the best prediction of the future health con-
dition of the Covid-19 patients. Best performing method is selected upon a voting scheme and an accuracy of 97.24% is reached.

Research on Covid-19 data of Turkey is also available. In Ref. [41], Spearman’s rank correlation coefficient calculation is made but
the results are not comparable to other studies, since there is no other work with the same coefficient to compare. In Ref. [42],
polynomial regression, least squares polynomial fit, cubic spline fit are used to analyze the characteristics of Covid-19 data [42]. lays
the foundation of this study and 97.8% accuracy is obtained. In Ref. [43], box-cox exponential smoothing is applied. Arima and LSTM
are applied to achieve 79.0-95.0% accuracy [44]. With arima, 99.8% accuracy is obtained [45]. In Ref. [46], poisson regression is
applied to yield a pseudo 12 score of 0.907, which cannot be compared to other results. Decision tree and polynomial regression result
in 98.7% and 99.4% accuracies, respectively in Ref. [47]. Eight different machine learning classifiers are used in Ref. [48] with the
AUC values greater than 92.0%. LSTM network yields an 2 score of 0.895 in Ref. [49] and mape of 0.70 in Ref. [50].

Analyzing the previous works on daily cases and deaths in Turkey, it can be concluded that a thorough study on the nature and the
characteristics of the data for the whole period of data availability is missing. This kind of analysis is needed because it will help to
draw conclusions, serve as a benchmark, and be prepared for possible future pandemics. This research aims to fill the gap. The main
contributions of this study are.

a) It provides a through statistical analysis of the daily cases and deaths in Turkey in the whole period when data was available.

b) It provides predictions of future values of the daily cases and deaths in Turkey with high accuracies using a random forest regressor.

c) It provides a comparison of the proposed model with the other state-of-the art ensemble and nonensemble methods, obtaining the
best performance by the random forest model.

d) It provides a benchmark for future pandemic studies both in Turkey and in other countries since Turkey is one of the most affected
countries in pandemics.

e) The novelty lies in a comprehensive analysis and prediction of the daily cases and deaths for the entire period of data. Such a
thorough study does not exist for Turkey.

f) It provides a decision support system where future deaths and cases can be predicted very accurately so that in-time planning of
allocation of hospital beds, intensive care units and ambulances can be achieved successfuly by the authorities, which helps to
prevent the devastating spread as was the case in Covid-19 pandemic.

The organization of the paper is as follows: In Section 2, materials are discussed and statistical analysis of the data is illustrated. In
Section 3, methods are described. In Section 4 performance criteria used in this study are introduced. In Section 5 experimental results
are given and discussions are provided. In Section 6 conclusions are drawn.
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2. Materials

The starting point of this study is the analysis of the Covid-19 data characteristics in Turkey by statistical methods. Then several
models are built for predicting future values using machine learning methods. Python programming language is used both for the
statistical analysis and in the machine learning work. Properties of the data and the methods used are described in the sections that
follow.

2.1. Data description

The length of the time series used to estimate daily cases and daily deaths is 813 samples. The length is determined by the daily data
provided by the Ministry of Health of Turkey and downloaded from the website of the World Health Organization [51]. The data starts
on March 11, 2020 and ends on June 1, 2022. After this date, the data was provided weekly, and later on, every two weeks. The daily
data are visualized in Figs. 1 and 4.

In Table 1, statistical properties of daily cases are given. The mean of daily cases is approximately 18,539 and the maximum number
of infected people on a given day is 111,157.

The coefficient of variation is calculated by dividing the standard deviation by the mean. It gives information about the dispersion
of the dataset [52]. Daily cases has a higher coefficient of variation (Table 2) in comparison to daily deaths (Table 4), namely 1.14 and
0.73, respectively. Therefore, the data related to daily cases has a wider spread than the data related to daily deaths.

OLS (Ordinary Least Squares) Regression results of both datasets (Figs. 2 and 5, respectively) indicate that, it is not possible to
predict these datasets using OLS Regression model since F-statistic values are far from satisfying the null hypothesis, i.e., they are not
close to 0. Besides, r2 values are far from being satisfactory. They should be close to 1 for a good fit.

For normal distribution of errors, Prob(Omnibus) must be close to 1, but in both daily cases and deaths the values are zero.
Therefore, it can be concluded that errors are not normally distributed, and hence, the null hypothesis is rejected.

Skewness and kurtosis values for both datasets prove that they are not normal datasets [53].

For both datasets, Akaike’s Information Criteria (AIC) and Bayesian Information Criteria (BIC) are very large numbers, meaning
that the model is not good enough to represent the characteristics under consideration.

As far as the decomposition of both datasets are concerned, seasonal values are oscillatory in character, showing that the difference
between the actual data and the trend goes quickly from negative to positive and vice versa. The increase of the noisy structure in the
original data is reflected in the residual characteristic of daily deaths starting from April 2021 (Fig. 6), whereas, even though a similar
characteristic is seen around the same date, it is much more enhanced starting from January 2022 in daily cases (Fig. 3). Starting from
April 2022, residual values settle down to smaller values for both datasets.

In Table 3, statistical properties of daily deaths are given. The mean of daily deaths is approximately 121 and the maximum number
of deaths on a given day is 394.

From the above analyses of the datasets, it can be inferred that the datasets are both nonstationary. Therefore for predicting future
values, complex algorithms need to be employed.

3. Methods

Due to the complexity of the time-series data related to Covid-19, simple regression models do not yield satisfactory results. The
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Fig. 1. Number of daily cases in Turkey.
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Table 1
Statistical properties of daily cases.
Daily Cases Order
count 813 813
mean 18,539.66 406
standard deviation 21,165.14 234.84
minimum value 0 0
25% 5299 203
50% 9354 406
75% 24,856 609
maximum value 111,157 812
Table 2
Mean, standard deviation and coefficient of variation of daily cases.
Mean Standard Deviation Coefficient of Variation
Daily Cases 18,626.74 21,166.97 1.14

OLS Regression Results

Dep. Variable: y R-squared (uncentered): 9.558
Model: OLS Adj. R-squared (uncentered): 0.558
Method: Least Squares F-statistic: 1026
Date: Thu, 18 Jan 2024 Prob (F-statistic): 3.74e-146
Time: 22:38:15 Log-Likelihood: -9150.4
No. Observations: 813 AIC: 1.830e+04
Df Residuals: 812 BIC: 1.831e+04
Df Model: 1

Covariance Type: nonrobust

Omnibus: 231.736 Durbin-Watson: 0.021
Prob(Omnibus): 0.000 Jarque-Bera (JB): 687.176
Skew: 1.403 Prob(JB): 6.05e-150
Kurtosis: 6.523 Cond. No. 1.00
Notes:

[1] R? is computed without centering (uncentered) since the model does not contain a constant.
[2] Standard Errors assume that the covariance matrix of the errors is correctly specified.

Fig. 2. Ordinary least squares regression model for daily cases.

model developed using random forest in this work, estimates the daily data with high accuracy and r? score values. The model is
compared to other ensemble models (Bagging, Adaptive Boosting, Gradient Boosting, Extreme Gradient Boosting), to a decision tree
regressor model, to a well-established algorithm for estimating time-series data, namely, long short-term network (LSTM), and also to
an ARIMA model which constitutes a widely used one for forecasting nonstationary time-series.

The work done is summarized in Fig. 7. The datasets are retrieved from the World Health Organization (WHO) database [1]. The
necessary statistical analysis and data preprocessing are performed and the datasets become ready for regressors. Eight different
methods are applied and the results are compared on various criteria, which are described in Section 4 of this paper.

3.1. Ensemble learning

Random forest is a special type of ensemble learning algorithm. Ensemble learning is a machine learning paradigm which enhances
the accuracy and robustness of predictions by combining the outputs of multiple models. It is applicable to and yields good results in
classification and regression. In regression problems, which is the subject of this study, time-series data is used to forecast future values
using previous values. Through ensemble learning, different models can be trained with different features, different algorithms, or
different hyperparameters, and their predictions can be combined using techniques such as simple or weighted averaging.

Different approaches to ensemble learning are possible. One possibility is the bagging (bootstrap aggregating) method, which trains
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Fig. 4. Number of daily deaths in Turkey.

multiple models on different bootstrap samples of the training data and aggregates their predictions. The bagging algorithm employed
in this work is shown in Fig. 8.

Another possibility is the boosting method, which trains weak models successively, where each model is trained to correct the
errors created by the previous model. The boosting algorithm employed in this work is shown in Fig. 9.

A third possibility is the stacking technique. In this approach, multiple models are trained and their outputs are used as inputs to a
higher-level model, which learns to combine the predictions of the sub-models, with the aim of increasing the overall success.

The ensemble regressors used in this work are bagging, adaptive boosting, gradient boosting, extreme gradient boosting and
random forest regressors. A detailed derivation of these methods can be found in Ref. [54]. In addition, decision tree regressors, long

short-term memory networks and autoregressive integrated moving average model are used to compare the results with the developed
model.

3.2. Bagging regressor

Bagging (bootstrap aggregating) combines multiple lower-level models for enhancing the accuracy and the stability of the fore-
casts. Bootstrap methods have been applied for many decades in different contexts [55]. To build a bagging regressor, the first step is to
randomly select a subset of the training data for each base model using bootstrap sampling, that is to say, selection with replacement.
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R-squared (uncentered):
Adj.
F-statistic:

Prob (F-statistic):
Log-Likelihood:
AIC:

R-squared (uncentered):
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1.01e-180
-4822.7
9647.
9652.

Durbin-Watson:
Jarque-Bera (JB):
Prob(JB):

Cond. No.

27.959

1.00

Dep. Variable: y
Model: oLS
Method: Least Squares
Date: Thu, 18 Jan 2024
Time: 22:46:14
No. Observations: 813
Df Residuals: 812
Df Model: p §
Covariance Type: nonrobust
coef std err
x1 0.2575 0.007
Omnibus: 20.515
Prob(Omnibus): 0.000
Skew: -0.259
Kurtosis: 3.746
Notes:

[1] R? is computed without centering (uncentered) since the model does not contain a constant.
[2] Standard Errors assume that the covariance matrix of the errors is correctly specified.

Fig. 5. Ordinary least squares regression model for daily deaths.
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Table 3
Statistical properties of Daily deaths.
Daily Deaths Order
count 813 813
mean 121.73 406
standard deviation 89.93 234.84
minimum value 0 0
25% 46 203
50% 96 406
75% 195 609
maximum value 394 812
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Table 4
Mean, standard deviation and coefficient of variation figures of daily deaths.
Mean Standard Deviation Coefficient of Variation
Daily Deaths 122.31 89.71 0.73

preprocessing
and statistical
anal ysis

Fig. 7. The flowchart of the work done in the paper.

-
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database
time series

Preprocessing

raining set nj Model n

Fig. 8. Bagging regressor for Covid time-series prediction.

But this means that some training instances may be selected multiple times, while others may not be selected at all.

Next, a base model, which can be any fast and simple algorithm, is trained on each bootstrap sample. The base models should have
low variance, since bagging is used to reduce variance [54].

Once all the base models are trained, the target variable is predicted by simple or weighted averaging of the predictions of all the
models. If a weighted mean is used, the weights are selected in proportion to the performance of each model.

The bagging regressor has several advantages over individual base models for regression. It is less prone to overfitting and is more
robust to noisy or irrelevant features.
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Fig. 9. Boosting regressor for Covid time-series prediction.

3.3. Adaptive boosting regressor

Adaptive Boosting (AdaBoost) can be used for regression tasks. It works by iteratively training base models on different versions of
the data. At each iteration, the algorithm adjusts the weights of the training examples based on error rate from the lower-level model
[54]. The weights of the examples are adjusted at each iteration to enhance the accuracy of the total model. AdaBoost is less prone to
overfitting than other algorithms, however, it can be sensitive to noisy data and outliers. The base models in AdaBoost are typically
decision trees.

The design parameters of the AdaBoost model, for example the number of base models, the learning rate, and the depth of the
decision trees, are adjusted using a variety of techniques, such as grid search or random search.

3.4. Gradient boosting regressor

The Gradient Boosting algorithm works by iteratively adding weak base models to the ensemble. Each base model is trained using
the residuals, namely the errors of the lower-level models. The aim is to enhance the prediction accuracy of the overall model [54].

The algorithm uses a predefined loss function, which is common for gradient-based approaches, and this loss function is error
based. The Gradient Boosting algorithm then calculates the negative gradient or residual of the predefined loss function. This is used as
the target variable for the next lower-level model in the ensemble.

The base models in Gradient Boosting are typically decision trees. To prevent overfitting, regularization techniques such as tree
pruning and early stopping are commonly used.

It is also less prone to overfitting than other algorithms, but it can be computationally expensive.

3.5. Extreme gradient boosting regressor

Extreme Gradient Boosting (XGBoost) is an extension of the gradient boosting algorithm that uses a different objective function and
regularization techniques to improve performance.

The objective function used by XGBoost for regression is the mean squared error. In addition, XGBoost uses regularization tech-
niques to prevent overfitting and improve generalization performance. This includes L; and L; regularizations, which penalize the
magnitude of the weights in the model, and a technique called ‘tree pruning’, which removes unnecessary branches in the decision
trees.

XGBoost has inner mechanisms for handling outliers.

3.6. Decision tree regressor

A decision tree recursively partitions the data set based on the values of the attributes, using a greedy approach that selects the best
attribute at each step, namely, the attribute that produces the greatest reduction in variance, and this results in a split that best
separates the data into homogeneous groups [56].

One of the main advantages of decision trees for regression is their interpretability. The tree structure allows for a visualization of
the decision-making process, making it easy to understand how the model is making its predictions. Decision trees can also handle
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missing values by imputing the most common value or by creating a separate branch for missing values.

On the other hand, decision trees suffer from overfitting, if the tree is too complex or when the data set is noisy. Overfitting occurs
when the tree memorizes the training data. To avoid overfitting, various techniques such as pruning, regularization, and ensemble
methods can be used.

3.7. Random forest regressor

Random forest uses bagging with random feature selection [56]. Therefore, Fig. 8 illustrates random forest regressor, as well. It uses
trees in its predictions. The randomness in the structure is useful for decreasing the variance of the model and the prediction is made by
averaging the forecasts of the trees employed.

The random selection of training instances and input features introduces diversity among the decision trees, allowing them to
capture different aspects of the relationship between the input features and the target variable. This decreases the correlation between
the trees, making the random forest more robust to noise or outliers.

3.8. Long short-term memory network

Long short-term memory (LSTM) networks are capable of handling long-term dependencies in sequential data, which can be
important for accurately predicting the target variable. They also have a memory cell that can selectively remember or forget in-
formation, which helps to prevent the network from being overwhelmed by irrelevant or noisy input features.

The memory cell in an LSTM network is used to store information about the input sequence that is relevant for the prediction of the
target variable. The memory cell can remember through input gate or forget information through forget gate using gating mechanisms
that are learned during training. An example of a memory cell is shown in Fig. 10 [57]. In the figure, the abbreviation ‘AF’ stands for
activation function. Different types of activation functions, such as relu, tanh, sigmoid can be used in the same cell. Multiplications are
done by multiplying the corresponding elements of vectors.

The LSTM network also has an output gate that determines which information from the memory cell to output should be transferred
as the prediction of the target variable. This output gate can also be used to regulate the amount of information that is propagated
through the network, which helps to prevent the vanishing or exploding gradient problem that can occur in deep neural networks [58].

The relationships in Fig. 10 are calculated as in Eq.s 1-4:

fi=AF (h_1,x,,by) (@)
¢ =Cry X fi +AF(hy_y, X0, b;) x AF(hy_y, %, b,) )
ye=h=AF(h,_1,x,,b,) X AF(c;) 3)
AF(hy_y,x;,b) =AF(Hh,_y + Xx, + by) “4)

where H, X and by represent vectors of parameters. H and X represent weight vectors, on the other hand by represents bias vector and it
is equal to by, b; or b,. Also Eq. (1) expresses the input to forget gate, namely f; and it is the output of a nonlinear activation function at
the same time. The variable c; is the input to next LSTM unit and transfers the state of the cell state under consideration. Likewise, c.
transfers the information related to the state of the previous LSTM unit to the cell in Fig. 10. The expression of c; is given by Eq. (2)
where AF stands for an activation function with the purpose of adding nonlinearity to the model to be able to express more general
cases in addition to linear problems and is described by Eq. (4). Finally, Eq. (3) describes the output of the given cell. In all the
equations the hidden state coming from the previous cell (h.;) acts as an input, as well. A multi-layer LSTM network is shown in
Fig. 11.

To train an LSTM network for regression, an appropriate loss function, defined using the error between the predicted and the actual

forget gate output gate Vt

» Ct

Xt

Fig. 10. A typical LSTM cell.
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variable, is minimized. The network parameters, including the weights and biases of the gates and memory cell, are updated using an
appropriate optimization algorithm, such as backpropagation.
LSTM networks are preferred for many current applications.

3.9. Auto Regressive integrated moving average (ARIMA) model

ARIMA is a common technique used for time-series forecasting. It is an extended version of classical Auto Regressive Moving
Average (ARMA) technique. The future of stationary time-series can be predicted using ARMA models, whereas this is not possible
when the time-series is nonstationary. The problem is solved by introducing differencing into ARMA structure, hence to make the time-
series stationary. The name is modified as ARIMA, where I stands for “Integrated.” The ARIMA model is specified using three argu-
ments (p, d, Q) where p is the number of AR terms, q is the number of MA terms and d is the number of differences [59]. The equation
that describes the prediction of the time-series is shown in Eq. (5):

<IZaB> y,—c+<1+zlb3> (5)

where B is the backshift operator defined by Eq. (6):
By =y 6
c is a constant, e; is the error between the actual and the predicted values, y; is the predicted value of the time series at the instant t.
4. Performance criteria
The performance metrics selected for measuring the validity of the models and also for comparison are accuracy, coefficient of

variation [52] and root-mean-square error [60] scores.
Per cent accuracy is defined by Eq. (7):

% accuracy = (1 — Z'y’ o ) %100 7)

The coefficient of variation, 12 score, is defined by Eq. (8):
Z(y, i)
P score=1—+— ®)
20— y)’

Rmse, namely, root-mean-square score, is defined by Eq. (9):

rmse score —

©)]

where y; is the actual value, y; is the predicted value, y is the mean value of the actual values and N is the total number of samples.

The best possible value for the per cent accuracy is 100. But in machine learning applications, this is not preferred as training
accuracy since it would mean memorizing training values and a possible failure in the prediction of the test values.

The best possible value for the coefficient of variation is 1 but the values close to 1 are also acceptable. Negative values can also be
encountered, but in these cases, the model used for prediction is not satisfactory and should not be used [61]. Another metric, namely
explained variance score, produces similar results, therefore it is not used to avoid the duplication of the results [62].

Since rmse score is an indication of the error, it is better to have small values but it is not possible to define an admissable range,
simply because it is very much dependent upon the characteristics of the problem under consideration. Depending on the data used,
rmse score can be computed either for training or test.

5. Results and discussion

Daily cases are predicted using random forest, bagging, XG boosting, decision tree regressors, long short-term network and ARIMA
model. The other methods, namely adaptive and gradient boosting techniques, did not provide satisfactory results and they are not
included here. As can be seen from Table 5, the best results are obtained by random forest regressor. On the other hand, bagging
regressor produces very similar results, as well. To investigate the results further, relative errors of both regressors, defined by Eq. (10):

yi — i
Vi

10)

relative error(i) =

10
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Fig. 11. A simple LSTM network.

Table 5

Simulation results of predicting daily cases.
Method Train accuracy Test accuracy 12 score train 12 score test
XG boosting regressor 85.59 90.26 0.9999 0.9826
Decision tree regressor 100.00 90.48 1.0000 0.9806
Bagging regressor 95.91 92.17 0.9971 0.9893
Random forest regressor 95.25 92.30 0.9980 0.9886

where y; is the actual value, y; is the predicted value for the ith sample, are drawn in Fig. 12, and the respective rmse values are
calculated. The rmse value of random forest regressor is less than that of bagging regressor, namely 2122.92 and 2347.76, respectively.
Therefore, random forest regressor should be preferred. In Table 5, the train accuracy of the decision tree regressor is 100% whereas
test accuracy is 90.48%. This indicates overfitting, which is not uncommon in the case of decision trees.

The predictions of both bagging and random forest regressors are shown in Fig. 13, where actual values are also shown. The values
of the regressors for each test sample are close, therefore they cannot be observed on the graph individually. They drift from the actual
values at certain samples and these cases are shown clearly on the graph.

To compare the results with the results of another well-established algorithm, namely LSTM network, predictions of the last 30% of
the sample values are made. Test data accuracy is found to be 89.39%, in comparison to random forest test data accuracy, which is
92.30%. Moreover r? score of test data in the case of LSTM network is 0.9833 (Fig. 14) in comparison to r? score of test data of random
forest, which is 0.9886 (Table 5). Besides LSTM model takes a much longer time to train and test.

In addition, relative error of LSTM network is worse, which is reflected in its rmse figure of 4079.20 (Fig. 15) in comparison to the
rmse figure of random forest regressor of 2122.92 (Fig. 12).

The details of the model used as the LSTM network in simulations are summarized in Table 6.

To be able to compare the results obtained by a well-known time-series forecasting technique, an ARIMA model is built. Its results
for predicting daily cases is similar to LSTM. Test data accuracy is slightly better than LSTM (90.25% versus 89.39%) but r? score
(0.9790 versus 0.9833) and rmse value (4217.6376 versus 4079.1954) are worse. The prediction of test data for daily cases using
ARIMA model is shown in Fig. 16.

Daily deaths are estimated using random forest, bagging, AdaBoost, gradient boosting, XG boosting, decision tree regressors, long
short-term network and an ARIMA model. As can be seen from Table 7, the best results are obtained by random forest regressors.
Bagging regressor produces the second to best results. To compare the results of the two regressors further, relative errors of both of
them are drawn in Fig. 17 and the respective rmse values are calculated. The rmse figure of random forest regressor is less than that of
bagging regressor, 11.0805 and 12.4090, respectively (Fig. 17). Therefore, random forest regressor should be preferred. In Table 7, the
train accuracy of the decision tree regressor is 100%, as in the case of daily cases, whereas test accuracy is 90.02%. This indicates
overfitting, therefore it is not a good idea to prefer the decision tree regressor.
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Fig. 12. Relative error of bagging and random forest regressors for daily cases.
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Fig. 13. Predicting daily cases using bagging and random forest regressors.
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Fig. 14. LSTM prediction of daily cases.
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Fig. 15. Relative error of LSTM network for daily cases.

250

The predictions of both bagging and random forest regressors are shown in Fig. 18, where actual values are also shown. The values
of regressors for each test sample are close to the actual values, therefore they cannot be observed on the graph individually.

To compare the results with the results of LSTM network, predictions of the last 30% of sample values are made with LSTM
network, similar to daily cases. Test data accuracy is found to be 82.57% (Fig. 19), in comparison to random forest test data accuracy,
which is 91.39% (Table 7). On the other hand r score of test data in the case of LSTM network is 0.9867 (Fig. 19), therefore slightly
better than r? score of test data of random forest, which is 0.9834 (Table 7). Since the test accuracy of LSTM model is much lower,
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Table 7

Table 6
LSTM model parameters.

Heliyon 10 (2024) e25746

Model: “sequential 29”

Layer (type) Output Shape Param #

Istm_29 (LSTM) (1, 200) 161600
Dense_29 (Dense) a1 201

Total params: 161,801
Trainable params: 161,801
Non-trainable params: 0

ARIMA predictions
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Test data accuracy : 90.25 r2_score_test: 0.9790 rmse: 4217.6376

Fig. 16. Predicting daily cases using ARIMA model.

Simulation results of predicting daily deaths.

250

Method Train accuracy Test accuracy r? score train r? score test
Adaboost regressor 38.61 21.46 0.7723 0.7538
Gradient boosting regressor 91.22 86.57 0.9913 0.9787
XG boosting regressor 97.95 89.31 0.9996 0.9738
Decision tree regressor 100.00 90.02 1.0000 0.9772
Bagging regressor 96.71 90.99 0.9971 0.9797
Random forest regressor 96.98 91.39 0.9980 0.9834
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Fig. 17. Relative error of bagging and random forest regressors for daily deaths.
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Fig. 18. Predicting daily deaths using bagging and random forest regressors.

random forest model is better.

In addition, the relative error of LSTM network is worse, which is reflected in its rmse figure of 16.1173 (Fig. 20) in comparison to
rmse figure of random forest regressor, which is 11.0805 (Fig. 17).

The results are also compared to an ARIMA model. Test data accuracy is better than LSTM (87.89% versus 82.57%), but 2 score is
worse (0.9660 versus 0.9867) and rmse value (15.8248 versus 16.1173) is lower. The prediction of test data for daily deaths using
ARIMA model is shown in Fig. 21.

Parameters of the developed models are selected using a grid search technique and are as follows.

e AdaBoost uses 1000 estimators and the learning rate is 1.0

e Bagging regressor uses 10 decision trees.

e Gradient boosting uses 100 estimators with maximum depth of 3 and the learning rate of 0.1
e Random forest uses 100 estimators.

e Decision tree uses a maximum depth of 20.

e ARIMA model uses (1, 1, 1) architecture.

e LSTM parameters are shown above in Table 6.

The simulations in this study are made using 12th Gen Intel Core i7-12650H Processor at 2.3 GHz with 16 GB of RAM and NVIDIA
GeForce RTX 3060. The programming language used is Python and the environment is Jupyter Notebook.

5.1. A note on bagging regressor

The bagging regressor is used for prediction of both daily cases and deaths. In simulation, each time the ensemble methods are
applied, it is observed that the bagging regressor produces slighlty varying results. This comes from the fact that bagging regressor
selects data randomly and with replacement, therefore each run results in another selection with replacement. To analyze the effect of
this kind of randomness on test accuracy, r2 score and rmse values for test of daily death data, the program is run 100 times and the

LSTM predictions

Daily Deaths
=
w
o

—— Test Data
| — Prediction of Test Data

600 650 700 750 800
Test data accuracy : 82.57 r2_score_test: 0.9867

Fig. 19. LSTM prediction of daily deaths.
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Fig. 20. Relative error of LSTM network for daily deaths.
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Fig. 21. ARIMA prediction of daily deaths.

results obtained are plotted in Fig. 22, Figs. 23 and 24.
In Fig. 22, it is shown that test accuracy fluctuates between 90.08% and 91.77%, with an average of 91.10%.
In Fig. 23, it is shown that r? score for test data fluctuates between 0.9793 and 0.9841, with an average of 0.9819.
In Fig. 24, it is seen that rmse value for test data fluctuates between 10.8301 and 12.6166, with an average of 11.6712.
The comparison of this study to the other works found in the literature is not easy simply because the experiments do not use the
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Fig. 22. Fluctuations in test accuracy values of bagging regressor.
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Fig. 24. Fluctuations in test rmse values of bagging regressor.

same datasets. Even though some use the same dataset(s) in some of the works, the period of time is different. Therefore, only a rough
comparison can be made. In Table 8, two of the similar works are compared with the results of this work. In Ref. [44], the data of 315
days are used, predictions are made using LSTM network for 15 days. The accuracy reached for daily cases (85.15%) is worse than the
accuracy of the work in this paper (89.19% with LSTM network and 92.30% with random forest regressor). On the other hand accuracy
reached for daily deaths is comparable to the result of this work.

In [49], data of 378 days is used and 30 days are estimated using LSTM network. Only r? score for daily cases is provided. The LSTM
network in this paper is 9.83% better and the random forest regressor is 10.50% better when the r scores are compared.

6. Conclusion

This study demonstrates the superiority of the use of random forest based prediction of Turkey’s Covid-19 daily data for cases and
deaths. The statistical properties of the datasets are also studied and it is concluded that the datasets exhibit nonstationary character

Table 8
Comparison of predicting daily cases and deaths.
Ref Data (days) Test (days) Daily cases Daily deaths r? score (Daily cases)
[44] 315 15 85.15% 91.40% -
[49] 378 30 - - 0.895
LSTM network in this paper 813 244 89.39% 82.57% 0.983
Random Forest regressor in this paper 813 244 92.30% 91.39% 0.989
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and linear methods are not applicable.

The findings show that random forest and bagging regressors outperform other models developed in this study and it is concluded
that random forest is better due to fluctuations in the performance of the bagging regressor in different runs of the program. When
random forest regressors are employed, test data related to daily cases are predicted by 92.30% accuracy and with an r? score of
0.9893, in addition, daily deaths are predicted with 91.39% accuracy and with an r score of 0.9834. With the same regressor, training
samples are predicted with much higher accuracies and r? scores, namely daily cases are predicted with an accuracy of 95.25% and
with an r? score of 0.9980, and daily deaths are predicted with an accuracy of 96.98% and with an r2 score of 0.9980. Therefore, it can
be concluded that random forest regressor is an efficient and powerful method to predict future values of Covid-19 daily cases and
deaths for the data of Turkey.

In this work, the limitations are such that the effects of curfew, quarantine periods, compulsory use of face masks in public are not
taken into account. On the other hand, they have direct impacts on the characteristics under consideration. Another limitation is in the
use of data. It would be better to make predictions using other factors such as the number of patients in the intensive care units and
number of recovering patients. These affect new cases and death numbers. This kind of approach could not be applied due to the fact
that the data provided by the source is not complete for many periods of time and only daily deaths and daily cases are consistently
reported. Also, this study can be extended to compare the results of data from various countries.

As the future work, stacking ensemble algorithms can be applied to the same datasets. Besides, use of face masks, effects of curfew
and quarantine periods can be taken into account.

In future pandemics, the analysis of this work can provide a reference for both the spread of the disease and the occurrence of deaths
in countries with high populations like Turkey.
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