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Abstract—Predictive mathematical models for simulating the
spread of the COVID-19 pandemic are an interesting and
fundamental approach to understand the infection growth curve
of the epidemic and to plan effective control strategies. Time
series predictive models are one of the most important
mathematical models that can be utilized for studying the
pandemic growth curve. In this study, three-time series models
(Susceptible-Infected-Recovered-Death (SIRD) model,
Susceptible-Exposed-Infected-Recovered-Death (SEIRD) model,
and Susceptible-Exposed- Infected-Quarantine-Recovered-Death-
Insusceptible, (SEIQRDP) model) have been investigated and
simulated on a real dataset for investigating Covid-19 outbreak
spread in Saudi Arabia. The simulation results and evaluation
metrics proved that SIRD and SEIQRDP models provided a
minimum difference error between reported data and fitted data.
So using SIRD, and SEIQRDP models are used for predicting the
pandemic end in Saudi Arabia. The prediction results showed
that the Covid-19 growth curve will be stable with detected zero
active cases on 2 February 2021 according to the prediction
computations of the SEIQRDP model. Also, the prediction results
based on the SIRD model showed that the outbreak will be stable
with active cases after July 2021.

Keywords—COVID-19 outbreak; time series models; SIRD;
SEIRD; SEIQRDP

I.  INTRODUCTION

The rapid and continuous spread of the Covid-19
pandemic throughout the world still represents a big dilemma
for all countries. An according to the situation report-205
issued by the World Health Organization (WHO) on 12
August 2020, there are more than 20M infected cases of
COVID-19 and more than 730,000 deaths globally [1]. King

of Saudi Arabia (KSA) is the first largest country in the Arab
world that infected with more than 293,000 infected cases and
3,000 deaths due to the COVID-19 Pandemic [2]. While
stopping the spread of the infection is becoming an extremely
big challenge according to the WHO, countries implemented
some strict measures to control the infection growth. In KSA,
the government applied some countermeasures such as issuing
a social distance app,” Tabaud”, to notify citizens if they came
into contact with an individual infected with COVID-19 [3].
KSA also prevented performing Umrah and sets some
COVID-19 protocols, and restrictions for limited Hajj this
year. Moreover, the Ministry of Interior issued a package of
provisions and penalties for violators of the measures and
protocols taken to suppress the pandemic spread.

Although KSA has been considered as of the first
countries that took precaution and preventive countermeasures
for curbing the COVID-19 outbreak and utilizing all its
capabilities to suppress its spread, the taken countermeasures
against COVID-19 until this time of writing this paper didn’t
zeroize the growth of infected cases in the kingdom. The
Corona tracker report published on 21 august 2020 informed
that KSA has 303,973 confirmed cases and 3548 deaths [4].

Harnessing predictive mathematical models for pandemics
[5-8] is necessary and fundamental to trace the epidemic and
to plan effective control procedures [9][10]. Predictive
mathematical models have long been providing various
patterns of quantitative information in outbreaks as well as
providing useful recommendations and guidelines to pandemic
control and decision making. Hence, investigating
epidemiological diseases mathematically becomes a very
necessary and important issue [11].
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In this study, we try to use three-time series models,
Susceptible-Infected-Recovered-Death (SIRD) model,
Susceptible-Exposed-Infected-Recovered-Death (SEIRD)
model, and the generalized Susceptible-Exposed-Infected-
Quarantine-Recovered-Death-Insusceptible (SEIQRDP)
model for predicting COVID-19 spread in KSA. The three
models have been simulated on a real dataset obtained from
[12]. Also, the performance of the three models has been
investigated and tested across four periods of time on the used
dataset. Then, the three models SIRD, SEIRD, and SEIQRDP
have been tested for fitting data of COVID-19 spreading in
KSA, and then a selection of the best-fitted models used for
predicting the COVID-19 outbreak in KSA. Choosing the
best-fitted models is based on calculating the least Mean
Square Error (MSE), Mean Absolute Percentage Error
(MAPE), and Mean Absolute Deviation (MAD) between fitted
data and reported data. The simulation and experimental
results proved that the SEIQRDP model achieved good
prediction results regarding the pandemic growth and end.

The rest of this paper can be organized as: Section 2
discusses the three models, SIRD, SEIRD, and SEIQRDP
models. Section 3 presents the simulation and experimental
results. Section 4 discusses the obtained results. Finally,
Section 5 presents the conclusion and future work.

Il. LITERATURE REVIEW

The literature introduced several studies to mathematically
study the infection growth of the COVID-19 outbreak. Time
series analysis models are common techniques that have been
utilized to effectively model, estimate, and predict the growth
of the COVID-19 pandemic [13][14]. Zeynep in [15] studied
utilizing  Auto-Regressive Integrated Moving Average
(ARIMA) time series models to the spread of COVID-19 of
three European countries most affected by COVID 19: Italy,
Spain, and France. This study clarified that ARIMA models
are appropriate techniques for forecasting COVID-19 spread
in the future and provide a good understanding of the
epidemiological stage of these countries.

Elmousalami et al. in [16] investigated three-time series
models, moving average (MA), weighted moving average
(WMA), and single exponential smoothing (SES) for creating
a comparison of day level forecasting models on COVID-19
cases (i.e. confirmed, recovered, and deaths). The three
models have been simulated on a real dataset, and the results
indicated that the SEIRD model is the most effective and
accurate technique for predicting confirmed, recovered, and
death cases COVID-19 in Egypt.

Cooper et al. in [17] studied to study the effectiveness of
modeling COVID-19 spread in different countries using the
Susceptible-Infected-Removed (SIR) model. The simulation
results showed the importance of modeling COVID-19 spread
by the SIR model that can assist to estimate the impact of the
pandemic by offering valuable predictions results in China,
South Korea, India, Australia, USA, Italy, and the state of
Texas in the USA.
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Also, the SIR model can be used for investigating the
predicting the peak and the end of the epidemic, the effect of
the asymptomatic infection on the spread of COVID-19
outbreak, herd immunity variables, and social distance
parameters [18].

The extended version of the SIR model is the Susceptible-
Exposed-Infectious-Recovered-Dead (SEIRD) model that can
be used also as another time series model for modeling
COVID-19 spread [19]. Maguire et al in [20] used the SEIRD
model for modeling COVID-19 spread in Sicily, Italy. The
experimental results showed a good fit between reported data
and estimated data using the SEIRD model.

The fractional-order differential equations add extra
solutions in the study of the COVID-19 outbreak. So, the
fractional version of many epidemical models have been
studied in various works as in [5] and [21-23].

I1l. TIME SERIES PREDICTION MODELS

This section discusses three selected time series prediction
models we used for predicting the epidemic growth of
COVID-19 in Saudi Arabia.

In this paper, the generalized SEIQRDP model is used to
visualize the epidemic growth of COVID-19 in Saudi Arabia
with a comparative analysis with two models SEIRD and
SIRD. SEIRD and SIRD models have been derived from the
generalized SEIQRDP model. The following subsections give
more explanation of the three models.

A. Susceptible, Exposed, Infection, Quarantined, Recovery,
Death, Insusceptible (SEIQRDP) Model

In the SEIQRDP model (Fig. 1), seven different states of
infection transition can be considered in different analysis
manner:

e Susceptible cases S(t).
o Insusceptible cases P(t).
e Exposed cases (t).

¢ Infectious cases (t).

¢ Quarantined cases (t).

e Recovered cases R(t).

o Dead cases (t).

E e

a

v
§

Fig. 1. The Generalized SEIQRDP Model.
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Also, it depends on six parameters:
a: Protection rate.

B: Infection rate.
-y~ Inverse of the average latent time.

- §71: Quarantine rate at which infectious people enter in
quarantine.

M(t): Recovery rate, time-dependent recovery rate.
- k(t): Mortality rate, time-dependent mortality rate.

This model depends on six infection transition equations
that can be used for studying the infection spread of COVID-
19, Susceptible cases (t), Infectious cases I(t), Exposed cases
E(t), Quarantined cases Q(t), Recovered cases R(t), and
Dead cases D (t). SEIQRDP system equations are given in (1).

ds SOOI

Frinie oo — as(t)

dE _ S(I()

E = Npop - '}/E(t)

ar_ E 31

=Y (©) = 61(t)

% = 8I(t) — A()Q(t) — k()Q(t) @)

dR
i A®I(t)

o _
o =IO

i as(t)

B. Susceptible, Infection, Recovery, Death (SIRD) Model

This model depends on four infection transition equations
that can be considered in the mathematical analysis of
studying COVID-19 spread, Susceptible cases(t), Infectious
cases I(t), Recovered cases R(t) , and Dead cases
D(t)(Fig. 2). We modified the generalized SEIQRDP system
equations model to produce the SIRD system equation model
in (2).
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Susceptible§S B

A(t)

K (t)

Fig. 2. The SIRD Model.

C. Susceptible, Exposed, Infection, Recovery, Death (SEIRD)
Model

This model depends on five infection transition equations
that can be used for studying the infection spread of COVID-
19, Susceptible cases (t), Infectious cases I(t), Exposed cases
E(t), Recovered cases R(t), and Death cases D (t) (Fig. 3).

B
Susceptible S Exposed E

Infectious I

l K (t)

Death D

We modified the generalized SEIQRDP system equations
model to produce the SEIRD system equation model in Eq.3.

Recovered R

Fig. 3. The SEIRD Model.
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IV. SIMULATION AND EXPERIMENTAL RESULTS

The three mathematical models, SIRD, SEIRD, and
SEIQRDP have been applied to the Saudi Arabia data set
collected from [12]. The data set presents several active cases
(i.e. infected cases and still infected), recovered cases, and
death cases in Saudi Arabia between 2 February 2020 and
10 August 2020. Fig. 4 depicts and visualizes the three classes
of our data set. The three models have been tested using three
metrics, Mean Absolute deviation (MAD), Mean Square Error
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(MSE), and Mean Absolute Percentage Error (MAPE), (as
depicted in equations 4, 5, and 6 to investigate their fitness
against the reported data. The investigation has been done
within four periods, (from 24/3/2020 (where the death cases
are reported) to 10/8/2020), (from 1/4/2020 to 10/8/2020),
(from 1/5/2020 to 10/8/2020), and (from 15/6/2020 to
10/8/2020.

1 ~

MAD = 131, 1¥, - ¥t @
1 ~

MSE = 15,1 - 1 ©

MAPE =* ?zl[yi;—f”' x 100 6)

Where n is the total case in the data class (i.e. infected,
recovered, death), i is the number of the case and Y; is the
predicted outcome of the time series model.
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Fig. 4. Dataset Visualization: (a) Active Cases, (b) Recovered Cases, and (c)
Death Cases.
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A. Testing SIRD, SEIRD, and SEIQRD Models from
24/3/2020 to 10/8/2020

The actual reported data of recovered, active, and death
cases (from 24/3/2020 to 10/8/2020) has been compared with
the fitted recovered, active, and death cases results while
applying the three models, SIRD, SEIRD, and SEIQRDP.
Table | summarizes and compares the testing results using
Mean Absolute deviation (MAD), Mean Square Error (MSE),
and Mean Absolute Percentage Error (MAPE). Also, Fig. 5
visualizes and compares the fitted results of the three models
from 24/3/2020 to 10/8/2020.

B. Testing SIRD, SEIRD, and SEIQRDP Models from
1/4/2020 to 10/8/2020

The actual reported data of recovered, active, and death
cases (from 1/4/2020 to 10/8/2020) has been compared with
the fitted recovered, active, and death cases results of the three
models, SIRD, SEIRD, and SEIQRDP. Table Il summarizes
and compares the testing results, and Fig. 6 visualizes and
compares the fitted results of the three models from 1/4/2020
to 10/8/2020.

C. Testing SIRD, SEIRD, and SEIQRDP Models from
1/5/2020 to 10/8/2020

The actual reported data of recovered, active, and death
cases (from 1/5/2020 to 10/8/2020) has been compared with
the fitted recovered, active, and death cases results of the three
models, SIRD, SEIRD, and SEIQRDP. Table Il summarizes
and compares the testing results, and Fig. 7 visualizes and
compares the fitted results of the three models from 1/5/2020
to 10/8/2020.

D. Testing SIRD, SEIRD, and SEIQRDP Models from
15/6/2020 to 10/8/2020

The actual reported data of recovered, active, and death
cases (from 15/6/2020 to 10/8/2020) has been compared with
the fitted recovered, active, and death cases results of the three
models, SIRD, SEIRD, and SEIQRDP. Table 1V summarizes
and compares the testing results, and Fig. 8 visualizes and
compares the fitted results of the three models from 15/6/2020
to 10/8/2020.

TABLE 1. TESTING SIRD, SEIRD, AND SEIQRDP MODELS WITHIN THE
PERIOD FROM 24/3/2020 T0 10/8/2020
Testing Data Classes | SIRD SEIRD SEIQRDP
Metric
Active cases | 1.7620e+004 | 2.8462e+004 | 1.4582e+005
MAD Saesce‘;"ere" 1.6575e+004 | 5.2565e+003 | 2.7677e+004
Death cases 812.3347 1.5889e+004 | 355.5890
Active cases | 4.6931e+008 113946+009 | 2.8040e+010
MSE Recovered
cases 5.6133e+008 | 3.9453e+008 | 1.4583e+009
Death cases | 1 475404006 | 4.2800e+008 | 2.78426+005
Active cases 137.5120 1.25850+003 85.6326
MAPE Recovered | 49 4738 409124 737.6416
cases
Death cases N/A N/A N/A
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TABLE Il TESTING SIRD, SEIRD, AND SEIQRDP MODELS WITHIN THE
PERIOD FROM 1/4/2020 T0 10/8/2020

Testing | 1y ta Classes SIRD SEIRD SEIQRDP

Metric
Active cases 1.6375e+004 | 2.9792e+004 2.8625e+004

MAD E{:Sce‘;"ered 1.4029e+004 | 5 yooe (0o | 5.84156+003
Death cases 18.6632 1.9001e+004 162.9914
Active cases 4.0328e+008 | 1.1829e+009 1.0949e+009

MSE CR;Z‘;"”‘*" 3.8735¢+008 | 1.5614e+008 | 6.9528e+007
Death cases 3.9091e+005 | 5.9562e+008 6.2496e+004
Active cases 106.5099 1.1252¢+003 | 862.8085

MAPE | Recovered 31.8298 322157 88.8226
cases

@ Death cases 699.9287 94,7098 39.6062

Number of cases.

Eo) AG 80 &0 100 120
firmm (days)

Number of cases

20 40 80 80 100 120

©
Fig. 5. Fitness Testing Results (Active, Recovered, Death) within the Period

from 24/3/2020 to 10/8/2020. (a) SIRD Model, (b) SEIRD Model, and (c)
SEIQRDP Model.

©

Fig. 6. Fitness Testing Results (Active, Recovered, Death) within the Period
from 1/4/2020 to 10/8/2020. (a) SIRD Model, (b) SEIRD Model, and (c)
SEIQRDP Model.
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TABLE Ill.  TESTING SIRD, SEIRD, AND SEIQRDP MODELS WITHIN THE TABLE IV.  TESTING SIRD, SEIRD, AND SEIQRDP MODELS WITHIN THE
PERIOD FROM 1/5/2020 TO 10/8/2020 PERIOD FROM 15/6/2020 To 10/8/2020
Testing | Data Testing | Data
Metric | Classes SIRD SEIRD SEIQRDP Metric | Olasses SIRD SEIRD SEIQRDP
Active 23503e+003 | -1.0001e+003 | 1.7735e+004 Active 3.4232e+003 | 4.5401e+004 | 4.6662e+004
cases cases . . .
MAD ?aesce‘;"ered 3.9296e+003 | -2.3425¢+004 | 9.0101e+003 MAD | Recovered | g7060,003 | -2.6146e+004 | -1.2491e+003
cases
Death cases 592.7127 1.2233e+003 -100.6245 Death cases | -718.9346 -2.0110e+004 -0.0685
Active 8.3956e+007 | 2.1504e+008 | 4.2607e+008 Active 2.4548¢+007 | 2.1908¢+009 | 2.2523¢+009
cases cases . . .
MSE (?;sce(;vereci 3.6489e+007 | 8.1871e+008 | 1.2748e+008 | | MSE Recovered | 4 a61501007 | 7.3977¢+008 | 7.1920+006
cases
Death cases 5.4580e+005 2.4872e+006 1.9323e+005 Death cases | 3.7679e+006 4.6736e+008 985.3657
Active i
cases 18.0708 24.2915 92.4594 Active 8.0891 1.4721e+003 | 1.7721e+003
cases
MAPE | Recovered | g jaqq 21.7347 115785 MAPE | Recovered | ; o744 14.2931 1.0960
cases cases . . A
Death cases | 179.1255 755.1259 26.1291 Death cases | 56.6488 88.5107 1.2266

o
tmparted)

LR

10 20 30 <0 50 8a ™ an 9 100
time (dove)

Active (fitled)

——— Racavared (fittad)

Decessed (fitbed)

Active (reported)

D (reparted)
©
Fig. 7. Fitness Testing Results (Active, Recovered, Death) within the Period

from 1/5/2020 to 10/8/2020. (a) SIRD Model, (b) SEIRD Model, and (c)
SEIQRDP Model.

D-u—-m:(mpennu)
©
Fig. 8. Fitness Testing Results (Active, Recovered, Death) within the Period
from 15/6/2020 to 10/8/2020. (a) SIRD Model, (b) SEIRD Model, and (c)
SEIQRDP Model.

V. PREDICTING COVID-19 OUTBREAK END IN
SAUDI ARABIA

In this section, the three models, SIRD, SEIRD, and
SEIQRDP have been simulated again to evaluate their
prediction computations compared to the observed values
within the period from 11/8/2020 to 4/9/2020. The prediction
computation has been based on the best period within which
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each model provided the least Mean Square Error (MSE) of
fitting data as summarized in Table V. Fig. 9 depicts the
prediction results of the three models within the period
11/8/2020 to 4/9/2020, a) SIRD model, b) SEIRD model, and
¢) SEIQRDP model.

According to these results, the SIRD and SEIQRDP are the
best models that provided good prediction results within the
period 11/8/2020 to 4/9/2020 compared to the observed data.

TABLE V. THE AVERAGE OF THE LEAST MEAN SQUARE ERROR (MSE)
OF THE THREE MODELS BASED ON THE BEST PERIOD OF FITTING DATA FOR
EACH MODEL WHEN APPLIED WITHIN THE PERIOD OF PREDICTION FROM

11/8/2020 10 4/9/2020

SIRD SEIRD SEIQRDP
Best Period of fitting 15/6/2020 to 1/4/2020 to 1/4/2020 to
data 10/8/2020 10/8/2020 10/8/2020
Period of Prediction 11/8/2020 to 4/9/2020
MSE for Active cases 2.3849e+007 1.0393e+009 1.7434e+009
mse for Recovered 7.1894¢+007 | 7.6838e+008 | 9.4376e+006
MSE for Death cases 4.6849e+006 1.3485e+009 2.2081e+004
Average of MSE 3.35E+07 1.05E+09 5.84E+08

10 M

Fig. 9. The Prediction Results of the Three Models within the Period
11/8/2020 to 4/9/2020, (a) SIRD Model, (b) SEIRD Model, and (c) SIEQRDP
Model.

Vol. 11, No. 12, 2020

Hence, we used these two models to predict the end of the
COVID-19 outbreak in Saudi Arabia. According to the
prediction results of the SIRD model, the SIRD curve begins
stable regarding detecting new active cases of Covid-19 after
July 2021 as depicted in Fig. 10. Also, according to the
prediction results of the SIEQRDP model, the SIEQRD curve
begins stable with Zero active cases of Covid-19 at 2/2/2020
as depicted in Fig. 11.

Fig. 11. SEIQRDP Curve begin Stable with Zero Active Cases at 2/2/2021.

V1. DISCUSSION

Prior studies that have noted the importance of using
various mathematical models for predicting the spread of
COVID-19 pandemic are different. Most of these studies have
been established based on time series models [13-20], and
other studies have been based on differential equations models
[5] [21-23]. However, very little effort was found in the
literature on the question of predicting the end of the COVID-
19 outbreak in Saudi Arabia.

The most interesting finding was that the SIRD and
SIEQRD are the best models for predicting the pandemic
growth and end in Saudi Arabia based on evaluating the
average of Mean Square Error (MSE). The results clarified
that the SIEQRD curve begins stable with zero active cases at
2/2/2021as depicted previously in Fig. 11. Another important
finding was that the SIRD curve begin stable with active cases
of Covid-19 after July 2021 as depicted previously in Fig. 10.

However, the SEIRD model doesn’t provide satisfactory
prediction results compared to SIRD and SEIQRDP models.

These results seem to be consistent with other research that
found that the SIRD model [24][25] and SEIQRDP model
[26] are effective models for predicting Covid-19 pandemic
growth. However, this study is contrary to [19] [20] that
defends upon the SEIRD model as a good prediction model
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for estimating the pandemic growth in Italy. This
inconsistency may be due to the difference in the features of
the data set while the model is simulating on different
datasets. Hence, these findings may be somewhat limited by
the features of the datasets and simulation environment. The
present results are significant in at least two major respects,
comparing three prediction models for predicting the
pandemic growth curve of the COVID-19 outbreak in Saudi
Arabia, and predicting the end of the pandemic based on the
best prediction model.

A further study with more focus on using differential
equation-based models is therefore suggested to study the
Covid-19 outbreak growth and predicting its end by
conducting different simulations with different datasets in
different countries.

VI1. CONCLUSION

The present study was designed to investigate applying
three-time series models for studying COVID-19 growth in
Saudi Arabia. The study simulated the mathematical systems
of SIRD, SEIRD, and SEIQRDP on a real dataset of Saudi
Arabia. The study presented a set of comparative analyses on
the used dataset for investigating and evaluating the
effectiveness of the three models in predicting the COVID-19
pandemic growth as well as predicting the end date of this
outbreak. The finding of this study clarifies that SIRD and
SEIQRDP models provide good prediction results about the
pandemic growth and its end date in Saudi Arabia. The
prediction results showed that the Covid-19 growth curve will
be stable with detected zero active cases on 2 February 2021
according to the prediction computations of the SEIQRDP
model. Also, the prediction results based on the SIRD model
showed that the outbreak will be stable with the detected
active cases after July 2021.

This new understanding should help to improve
predictions of the impact of using SIRD and SIEQRD models
for studying the COVID-19 growth curve in different datasets
that have various infection dynamics in different countries.

For more prediction accuracy, a further study with more
focus on using differential equation-based models is needed to
study the Covid-19 outbreak growth and predicting its end.
This can be achieved by conducting different simulations on
different datasets in different countries using some differential
equations-based models.
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