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Abstract
After the initial outbreak in Ethiopia, the dispersion of SARS-CoV-2 is elevated number of cases. Literally, reported results for confirmed cases peaked
in August 2020 and declined after that time, as evidenced by the contestd responses that have invested in pandemic control in the country.
ARIMA models are a most widely used approaches to time series forecasting and provide harmonizing approaches to the problem of forecasting. ARIMA models
aim to describe autocorrelations in the data. Thus, in this study, the Autoregressive Integrated Moving Average (ARIMA) method is used to predict the number of new
coronavirus cases. In short, Auto regression uses the dependent relationship between observation and lagged observations; Integrated using the difference in raw
observations; and Moving Average relies on the dependency between observation and residual error.
ARIMA (2, 2, 2) predicts the number of confirmed cases of COVID-19, based on the period between March 2020 and December 2020 at 95% confidence intervals.
The result revealed that the maximum expected new case per day was 807 and the minimum forecast was 410 cases per day in the next two months. In addition, the total
number of confirmed COVID-19 expected cases could reach about 160585 by end-February 2021.
In general, if the government of Ethiopia stops controlling the COVID-19 mechanisms the pandemic may relapse severely and affect the country more. The study
therefore proposed that the constructive stepladder incorporates control mechanisms. Thus, depending on the results of the report, all the organizations involved will
establish policies.

Introduction

last confirmed case was reported in 2004. The second outbreak

It is understood that human coronavirus infections are
responsible for mild respiratory diseases. The three global
coronavirus outbreaks that contributed to significant mortality
and morbidity were SARS CoV-1, MERS-CoV and SARS-CoV2.
The first outbreak of the twenty first century caused by
coronavirus was SARS CoV-1.

syndrome (MERS-CoV), and case fatality was substantially

As the most common, SARS COV-1 infection had a wide
range of respiratory and gastrointestinal symptoms and the

began, leading to a global pandemic. Patients with SARS-CoV2

in 2012 was caused by Middle East respiratory coronavirus
higher than that of SARS-COV-1. MERS-CoV has a wide
variety of mild, moderate to serious physical symptoms and
some patients have acute respiratory distress syndrome. On
December 2019 the third and most recent outbreak of serious
acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
infection may be asymptomatic or have the most typical signs
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of fever, cough, and shortness of breath. SARS-Cov-2, literally
called COVID-19 [1], was the subject of this study.
The latest outbreak (COVID-19) became a global pandemic
as of 4 May 2020 and is still ongoing [2]. The pandemic was
identified in Wuhan, China in December 2019 [3]. Later, the
rapid spread of this pandemic from corner to corner was a
sudden shock to the entire planet. As of 31 December 2020,
more than 83.8 million cases of COVID-19 have been registered
in about 2010 countries and regions, resulting in more than
1.8 million deaths, while more than 59.3 million people have
recovered [4].
In Africa, the first case of coronavirus was reported in
Egypt on 14 February 2020. As of 31 December 2020, the five
top African countries reporting most cases of Covid-19 were
South Africa (1,057,161), Morocco (439,193), Tunisia (139,140),
Egypt (138,062) and Ethiopia (124,264). By the end of 2020, the
number of confirmed cases reported from Ethiopia (124,264)
and the number of deaths reach 1923. Thus, Ethiopia is one of
the countries that have been seriously affected by coronavirus
disease (COVID-19) since the first case was identified on 13
March 2020. Then, to date, the country’s case report passes
one hundred and twenty-four thousand. At the end of 2020,
over 124264 confirmed COVID-19 cases were recorded from
Ethiopia resulted in over 1923 deaths, with more than 112096
recoveries [4,5].
While well known, interventions such as hand washing,
maintaining social distances and wearing face masks
suggested by public health workers to monitor the spread of
coronavirus,it’s transmission never stopped still in Ethiopia
[6]. In the first three months, the case confirmed, and the
rate of death in the country grew over the initial three months
[7,8]. Since COVID-19 continues to be a global public health
concern and requires the utmost effort to track the prevalence
of the virus, it is argued that the fundamental prerequisite
for successful monitoring of the prevalence rate is the use of
pandemic predictive methods [9]. Thus, the study predicted a
new case of COVID-19 in Ethiopia for the next 60 days with
the goal of notifying all concerned entities to monitor the
prevalence, and hazard of this pandemic.

Methods
Data set
Across the world, researchers and policy makers are looking
at confirmed cases and deaths to understand and compare the
spread of the COVID-19. In this study, data of COVID-19 were
extracted and organized from the daily report of the public
health institute until 31 December 2020. The data presented
and analyzed throughout Minitab Version 13. The time series
forecasting method was used to show the country’s future
60-day. The study design was a registry-based trend series
analysis from the Federal Ministry of Health on a daily basis
from March to the end of 2020.

Analytical methods
ARIMA modeling is one of the best modeling techniques

in the time series [2,9]. ARIMA methods with the help of a
number of parameters and a model expressed as ARIMA (p, d,
q). Here, p stands for the order of self-regression, d stands for
the degree of difference in trends, and q stands for the order of
the moving average [10]. For the confirmed COVID-19 cases in
Ethiopia, I have used ARIMA (2,2,2) technique. The model for
predicting possible reported cases of COVID-19 was shown as;

ARIMA  p, d , f   1 X t 1   2 X t  2  1Z t 1   2 Z t  2  Z t

Z t  X t  X t 1
Where X (t) is the average number of confirmed cases of
COVID-19 at ith day; parameters are 1, 2, 1 and 2 while Zt
is the residual term for ith day. In conjunction with already
verified events, the trend analysis can be estimated and the
time series analysis conducted for this purpose. The prediction
of forecast refers to the application of a formula to estimate
future figures on the basis of previous results. The ARIMA (2, 2,
2) was used in this study to identify patterns in reported cases
of COVID-19 in Ethiopia based on data 2020. The statistical
significance amount is set at 0.05. A diagram shows confirming
cases regarding time to verify the model’s efficiency [11], for
actual confirmed cases.

Results
Descriptive statistics
The description of the corona virus spread in Ethiopia by
months was displayed on Table 1 and Figure 1.The Ethiopian
Federal Ministry of Health reported a first COVID-19 case on 13
March 2020. By the end of the month, there were 25 confirmed
cases, two recoveries, and no deaths, leaving 23 positive cases
of pandemics in April 2020. By the end of April, there had been
106 new cases and bringing the total number of confirmed
cases to 131. There were three deaths. The number of people
recovered increased to 59, leaving 69 active cases of pandemic
at end of that month.
In May, 1041 new cases were identified as a pandemic,
taking the total number of cases to 1172. Only eleven people
died. The number of recovered patients rose to 209, leaving
952 active cases of coronavirus. There were 4,674 new cases
in June, taking the total number of confirmed cases to 5846.
The death toll has risen to 103. The number of people recovered
rose to 2430, leaving 3313 active cases at the end of June. In
July, there were 11,684 new cases, bringing the total number
of confirmed cases to 17,530. The death toll has risen to 274.
The number of people recovered increased to 6950. At the end
of the month, there were 10,306 active cases. There were also
34,601 new cases in August, increasing the total number of
confirmed cases to 52,131. The number of deaths nearly tripled
to 809. At the end of the August there were 32,328 active cases
of pandemic.
There were 23,237 new cases in September, taking the total
number of confirmed cases to 75,368. The death toll increased
to 1198. The number of people recovered increased to 30,952,
leaving 42,441 active pandemic cases at the end of the month.
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Table 1: The descriptive result of corona virus cases, deaths, and recovery of ten months, 2020.
Months

Mar.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

Total

New Cases

25

106

1041

4674

11684

34601

23237

20801

13905

14190

124264

New deaths

0

3

8

92

171

535

389

271

237

217

1923

Recovery

2

57

150

2221

4520

11792

12210

21701

21162

38281

112096

Similarly, 20801 new cases and 271 additional deaths occurred
in the end of October. The event of a pandemic increased to
96,169, and the death toll increased to 1469.
There were 13905, new cases in November, raising the total
number of confirmed cases to 110,074. The death toll rose to
1706. The number of recovered patients increased to 73,815,
at the end of the month. In the last month of 2020, there were
14190 new cases and 217 additional deaths. The pandemic case
increased to 124,264, and the death toll rose to 1,923. The total
number of new cases, deaths and recoveries was shown in
Table 1.
The line of new case report decreased after it peaked
in August 2020. The pattern of case is not obvious from the
fuigure1. The death chart is somewhat constant while the
recovery chart show increase with month.
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Figure 1: The line chart of coronavirus cases, deaths and recoveries in Ethiopia,
2020.
Table 2: The measure of model accuracy of time series of COVID-19 cases, Ethiopia,
2020.
Models

MAPE

MAD

MSD

Single exponential smooth

37.0

88.2

22722.1

Double exponential smooth

47.4

100.3

31970.1

Moving average (MA)

40.2

141.9

52113.4

Measures of model accuracy
In this study, the time series model encompasses to
forecast COVID-19 cases in the coming 60 days. The results
for the measure of model accuracy for ARIMA, Linear Trend,
Quadratic Linear, and S-Curve Trend, Moving Average, and
Exponential model had displayed in Table 2. Look at the mean
absolute percent error (MAPE), mean absolute deviation
(MAD), and the mean square of deviation (MSD) values suggest
that ARIMA(2,2,2) is the most accurate of all for forecasting
future values as it possesses the least point for all the measures
of the models.
Then, parameters are estimated for the ARIMA (2, 2, 2)
model and displayed in Table 3. Then it is observed that AR (2)
and MA (2) parameters have a p-value of 0.000, 0.000, 0.000,
and 0.0001 respectively, indicating that the parameters are
significant in the model at a 5% level of significance except
for intercept.

S-Curve Trend Model

98.0

175.0

96537.7

Quadratic Trend Model

1169.5

211.9

86022.4

Linear Trend Model

973.0

244

117723

ARMA(2,2,2)

35.7

75.7

22714.8

Table 3: Parameters estimates of the ARIMA (2,2,2) model of Covid-19, new cases.
Type

Coeﬃcients

SE Coeff.

t-statistic

P-value

AR(1)

-1.0083

0.0785

-12.84

0.000

AR(2)

-0.4116

0.0569

-7.23

0.000

MA(1)

0.5270

0.0535

9.86

0.000

MA(2)

0.4625

0.0769

6.01

0.000

Constant

-0.1216

0.3221

-0.38

0.706

4. Thus, more prevention measures and more resources will be
introduced by the government; unless the coronavirus relapses

The prediction of new cases of COVID-19 in Ethiopia, shown
in Table 4, with a 95% confidence interval. According to the
expected result, the number of confirmed COVID-19 new cases
will increase slightly over the next 60 days. This increase is
evidenced by the unrestricted response that has been invested
in pandemic control in the country. However, the estimated
predicted values were high, requiring more effort to minimize
the spread of this pandemic across the country. The key
problem of the outbreak is the explanation why a few people
have not shown any signs of the virus spreading the virus to
others without understanding the test.

and affects the country more.

The outcome of the forecasted maximum and minimum
number of new Covid-19 cases will be 410 and 807 in one day.
In addition, the cumulative confirmed cases reached 160,585
at the end of February 2021. Basically, it is displayed in Table

cases in Ethiopia from 13 March 2020 to 31 December 2020.

Trend analysis presents the related statistics for reported
COVID-19 data in Figure 2. The time series graph of the
confirmed corona virus cases from 14 March 2020 to the end
of December 2020 is shown in Figure 2. From the story, it is
obvious that the time series is not stationary. The growing
pattern of time series plot and model is a decline with time
after peak in August 2020. The predicted value points out that
the pandemic would quickly relapse.
Figures 3-5 show the residual plots for confirmed COVID-19
Minor and insignificant residual deviations were shown from
the straight line on the gauss probability plot (Figure 4). This
also implies that the errors are somewhat near normal due to
019
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Table 4: Forecast point estimated values for COVID-19 cases with their lower and
upper intervals for first two months of 2021 at 95% Confidence Intervals.
Date

New cases
Forecast

Lower limits

Upper limits

1-Jan-21

409.52

102.98

716.06

2-Jan-21

443.47

106.84

780.11

3-Jan-21

424.95

44.68

805.22

4-Jan-21

441.6

7.81

875.4

5-Jan-21

446.43

-18.86

911.72

6-Jan-21

448.7

-55.93

953.33

7-Jan-21

457.83

-80.97

996.63

8-Jan-21

461.8

-108.55

1032.16

9-Jan-21

467.91

-134.44

1070.26

10-Jan-21

474.12

-157.78

1106.02

11-Jan-21

479.51

-181.36

1140.38

12-Jan-21

485.67

-203.33

1174.67

13-Jan-21

491.52

-224.62

1207.66

14-Jan-21

497.44

-245.3

1240.18

15-Jan-21

503.49

-265.16

1272.14

16-Jan-21

509.47

-284.53

1303.46

17-Jan-21

515.53

-303.33

1334.4

18-Jan-21

521.62

-321.62

1364.87

19-Jan-21

527.73

-339.49

1394.95

20-Jan-21

533.89

-356.91

1424.69

21-Jan-21

540.07

-373.96

1454.11

22-Jan-21

546.29

-390.65

1483.23

23-Jan-21

552.54

-407

1512.08

24-Jan-21

558.83

-423.03

1540.69

25-Jan-21

565.14

-438.78

1569.07

26-Jan-21

571.49

-454.25

1597.24

27-Jan-21

577.88

-469.47

1625.22

28-Jan-21

584.29

-484.44

1653.02

29-Jan-21

590.74

-499.18

1680.66

30-Jan-21

597.22

-513.7

1708.14

31-Jan-21

603.74

-528.02

1735.49

1-Feb-21

610.29

-542.14

1762.71

2-Feb-21

616.87

-556.07

1789.81

3-Feb-21

623.48

-569.83

1816.79

4-Feb-21

630.13

-583.42

1843.67

5-Feb-21

636.81

-596.85

1870.46

6-Feb-21

643.52

-610.13

1897.17

7-Feb-21

650.26

-623.26

1923.79

8-Feb-21

657.04

-636.25

1950.33

9-Feb-21

663.85

-649.1

1976.81

10-Feb-21

670.7

-661.83

2003.22

11-Feb-21

677.57

-674.43

2029.58

12-Feb-21

684.49

-686.91

2055.88

13-Feb-21

691.43

-699.27

2082.13

14-Feb-21

698.4

-711.53

2108.34

15-Feb-21

705.41

-723.68

2134.51

16-Feb-21

712.46

-735.73

2160.64

17-Feb-21

719.53

-747.68

2186.74

18-Feb-21

726.64

-759.53

2212.8

19-Feb-21

733.78

-771.29

2238.85

20-Feb-21

740.95

-782.96

2264.87

21-Feb-21

748.16

-794.54

2290.86

22-Feb-21

755.4

-806.04

2316.84

23-Feb-21

762.67

-817.46

2342.81

24-Feb-21

769.98

-828.8

2368.76

25-Feb-21

777.32

-840.07

2394.7

26-Feb-21

784.69

-851.26

2420.64

27-Feb-21

792.09

-862.38

2446.57

28-Feb-21

799.53

-873.43

2472.49

29-Feb-21

807

-884.41

2498.41

a few outliers, such as the August report. Thus, the normality
assumption may be slightly followed, but the residual
histogram followed the normality assumption (Figure 5). The
graph between the residuals and fitted values shows a small
dispersion at very early times, and about 19 percent of the
new case values are zero (See Figure 3). This implies that the
assumption of constant variance is also satisfied, except the
smaller (zero) data values are dropped.
Figures 6,7 demonstrate the diagnostic plots for the
expected cases of COVID-19 in Ethiopia. ACF is a (complete)
auto-correlation function that gives us the auto-correlation
values of any sequence with its lagged values. It defines
in simple terms how well the present value of the sequence
is connected to its previous values (Figure 6). PACF is a
partial auto-correlation function, finds a residual correlation
(remaining after removing the effects that have already been
explained by the earlier lag(s)). Then next lag value, therefore
‘partial’ and not ‘complete’ as we remove the found variations
before we find the next correlation (Figure 7).

Figure 2: Times series plot for confirmed COVID-19 infections in Ethiopia from 14
March 2020 to December 2020 (Black line represents actual confirmed cases and
colored lines represent case forecasts).

Figure 3: Residual verses fitted values of the Corona Virus in Ethiopia, 2020.

Figure 4: Normal probability plot of the residual of the Corona Virus in Ethiopia,
2020.
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in Ethiopia in the first three months has been shown to increase
[9].
The scholars disprove the effect of geographical difference
and temperature in reducing the distribution of COVID-19
(16). However, Covid-19 has caused serious global social and
economic distress. Thus, COVID-19, regulated only by preprotective strategies. However, no aspect is evaluated in this
study due to the unavailability of exposure data.
Figure 5: Histogram of the residual graph of the Corona Virus in Ethiopia, 2020.

Figure 6: PACF of Residual for case of COVID-19, in Ethiopia, 2020.

Pandemic patterns in the US and India have risen from 12
July 2020 to 11 September 2020 [10,13]. Countries are now the
first and second highly confirmed cases of the pandemic. In
the case of India, the case of COVID-19 was predicted using the
ARIMA method and suggested the implementation of lockdown
[9]. The security measures proposed were not, however, well
implemented, and now the possibility of a pandemic in that
country is uncontrollable. Ethiopia was 5th in the number of
COVID-19 confirmed cases in Africa, according to the WHO
report [5]. It is presumed that if and only if the standard WHO
disease prevention and control measures are not taken [9], the
worst-case scenario could occur. This study therefore showed
slight elevate in cases Ethiopia.
Like other scholars, this research was carried out to forecast
the potential estimation of cases of COVID-19 using the ARIMA
model [9-12]. In line with this analysis, the scholars have found
that ARIMA technique is suitable for predicting the prevalence
of Covid-19 [13-16]. The ARIMA model predicted a pandemic
outbreak in India and indicated important corona viruses in
the country prior to a rise in confirmed cases [10]. Since the
same model used in this analysis, the ARIMA model is useful
in predicting potential cases of COVID-19. Ethiopia must also
introduce controlling mechanisms and establish even more
pandemic prevention policies.

Figure 7: ACF Residual for case for case of COVID-19, in Ethiopia, 2020.

Discussion
The main objective of this analysis was to predict confirmed
cases of COVID-19 in Ethiopia based on past recorded cases. It
is important to build a reliable and effective predictive model
that can enable governments and other stakeholders to monitor
the further spread of COVID-19. ARIMA models are predictive
technique that offers a good forecast and has been widely used
for the rapid trend of infectious diseases [2,9,10,12].
The time series model and plot indicated a small rise
in the number of future cases in Ethiopia. The number of
reported cases in the country is expected to exceed 160585 in
the two months 2021. At the end of October, Inline projected
cumulative infections across Ethiopia to hit 56,610 on average
[9], while the real value until 19 October was just 89,137 cases
and 1352 deaths [5]. This means that the number of people who
are corona-virus-positive in Ethiopia can increase more than
predicted [9]. However, in this analysis, the total number of
new cases reached 124,264 at the end of 2020. As a result, this
analysis was estimated to have a more reliable value than other
researchers, since the disparity is 36, 321 events. Similar to the
predicted values in this study, monthly variation of pandemics

Conclusion
Since the study shows a small increase in the number of
cases in Ethiopia, more attention has been paid to the control
of Covid-19. Unless the Government of Ethiopia implements
a mechanism to control the pandemic, it may relapse and
affect the country more. The study therefore suggested that
proactive and control mechanisms should be implemented on
a continuous basis. Since ARIMA model is an effort to predict
the future forecast of the distribution of COVID-19, based on
current data, so that the institutions have to formulate policies
from now on the result of the study.
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