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 The research purpose shown in this article is describing the time dependent 
reproduction number of coronavirus called by COVID-19 in the new normal period  
for 3 types areas, i.e. small, medium and global areas by considering the number of 
people in these areas.  It is known that in early June 2020, Indonesia has claimed to 
open activities during the pandemic with the new normal system. Though the 
number of COVID-19 cases is still increasing in almost infected areas, normal 
activities are coming back with healty care protocols where public areas are 
opened as usual with certain restrictions. In order to have observations of 
spreading impact of COVID-19, the basic reproduction number (Ro)  i.e. the 
reproduction number (Ro) is the ratio between 2 parameters of SIR model where 
SIR stands for Susceptible individuals, Infected individuals, and Recovered 
individuals respectively. The reproduction numbers  are computed as discrete 
values depending on time. The used research method is  finite difference scheme 
for computing rate of change parameters in SIR models based on the COVID-19 
cases in Indonesia (global area), Jakarta (medium area) and Salatiga (small area) 
by considering the number of people in these areas respectively. The simple 
forward finite difference is employed to the SIR model to have time dependent of 
parameters. The second approach is using the governing linear system to obtain 
the values of parameter daily. These parameters are computed for each day such 
that the values of Ro are obtained as function of time. The research result shows 
that 3 types areas give the same profiles of parameters that the rate of changes of 
reproduction numbers are decreasing with respect to time. This concludes that the 
reproduction numbers are most likely decreasing. 
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A. INTRODUCTION  
The infection of coronavirus disease 2019 (COVID-19) has led to pandemic with the SARS-

CoV-2 virus since December 2019 in Wuhan ,China and expanded globally in at least 25 
countries in June 2020 (Wu et al., 2020). The current state the disease and its pathology have 
been examined such as estimation of  total infected, and projected numbers of severe pediatric 
cases in 2020 (Pambuccian, 2020). Many countries have developed their efforts to handle the 
impact of pandemic. The group of Corona-Tracker in China for instance, utilizes outbreak data 
analysis and prediction using SEIR modelling to forecast COVID-19 outbreak within and outside 
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of China based on daily observation (Amira et al., 2020). Multiple Linear Regression techniques 
are applied to the data set in India  to visualize the trend of the affected cases leading to 52,290 
prediction active cases after 15th August 2020 (Rath et al., 2020)(Dilip Kumar et al., 2020). The 
spreading of COVID-19 in the world and Indonesia in the  early 1 month data from Indonesia 
has been used to predict the next 2 weeks in April 2020  using Support Vector Regressian 
(Parhusip, 2020). The result has shown that the prediction should be improved.  Among these 
literatures, the reproduction number has been dominantly taken into account due to its used 
for providing transmissibility of COVID-19 in society but its formulation is still considerable 
complex which needs to be studied further. Therefore this article provides its formulation and 
its computation based on the given data of COVID-19 cases in Indonesia during the new-normal 
period is started to establish (since 1-st  June 2020) .  

The basic reproduction number,Ro, indicates as the threshold parameters to predict ability 
of an infection to spread (Paul L et al., 2019). Therefore, the study of Ro is fundamental for 
learning epidemiology due to pathogen dynamic, to estimate transmission parameters during 
an outbreak and give a standardized of reproduction number by developing a toolbox package 
to do computation (Obadia et al., 2012). Based on the reproduction number computation, any 
activity that can increase infection was prohibited. For example,  the trend of COVID-19 in the 
mainland of China was recognized (Kucharski et al., 2020) (Prem et al., 2020). Since mobility 
and population migration may impact seriously to its spreading, the lockdown policy has been 
taken into account to be the effective way. The lockdown of Hubei province in China for instance 
has significantly reduced the basic reproduction number of COVID-19.  Using the SEIR model 
(Susceptible, Exposed, Infected, Recovered) to the spread of COVID-19  within a region in South 
East Asia, the R0 was very high as seen by the steep increase of people got infected and admitted 
to the hospitals (Putra & Abidin, 2020) with the maximum number of cases was 2500 cases.  In 
case of Europe, the real-time reproduction number were recorded by fitting the existing 
epidemic curve. It was observed that the maximum reproduction number was found in Spain 
and transmissibility in France (Yuan et al., 2020). Italy is also a strong contagion rate and the 
deterministic SEIR model was used to simulation the infected population and the number of 
causalities resulting 3.0 value of Ro initially and  0.57%,the infection fatality rate (IFR) 
(Carcione et al., 2020) .Futhermore, the model was updated by the SEIR model computed with 
swarm intelegence(Godio et al., 2020). However, SIR model (S: suspected, I:infected, 
R:Removed/Recovered) is considerible simpler than the SEIR model as stated in the study 
COVID-19 cases in Morocco (Ifguis et al., 2020). Therefore, this article chooses SIR model for 
further discussion.  

In order to use SIR model, data are required. The authors here have collected data of 
Suspected, Infected and Recovered individuals from 3 selected areas and cases, namely Salatiga, 
Jakarta are the first and second cases and from all towns in Indonesia are sum up as the third 
study case. This article shows the results of computations carried out from these 3 types areas 
for the COVID-19 cases, especially in determining the parameters in the SIR model. As it is 
known, the basic reproduction number parameter Ro provides information on how fast the 
COVID-19 virus is transmitted. We can also find out how much Ro is in various countries and 
there are several studies related to Ro for COVID-19 (Gray et al., 2009) (Obadia et al., 2012) 
where the SIR model is stochastically used. However, the used complexity cannot provide an 
explanation for the rate of reproduction with respect to time (Paul L et al., 2019). For this 
reason, this article will compute specifically the parameters of the SIR model, namely beta (β) 
and gamma (γ) so that the Ro = β / γ parameter can be obtained. However, the following 
explanation will show how the parameters are time dependent so that the values of S(t), I(t) 
and R(t) are obtained from the given data. Unlike the model of system differential equations in 
general, the parameters are input to get S(t), I(t) and R(t) where the initial values of the three 
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variables are known. The SIR models in several communities have been demonstrated (Cooper 
et al., 2020) (Dilip Kumar et al., 2020) where the parameters are known. In this article, we 
formulate the parameters in SIR model to obtain the time dependent of the basic reproduction 
number (Ro).  

 
B. METHODS 

There are several methods by many authors to determine the basic reproduction number 
due to its complexity. In Shahroud in Northeastern Iran for instance , it was assumed that the 
daily infectiousness follows Possion distribution leading to 2.7 with 95% interval confidence. 
It  was found as the maximum-likelihood value of Ro in the eartly 14 days, and decreased to 
1.13 after 42 days. The authors reported that by the end of May 2020, the main daily cases was 
about 2.9 ± 2.0 with 87 (48–136) new cases which is still considerable high (Khosravi et al., 
2020).  As stated above, the paper here uses the basic numerical method to find the first 
formulation of time dependent reproduction number.  
 

1. Forward finite difference scheme of SIR model 
Numerical method is one of the used methods in this paper to get the basic reproduction 

number.  Forward finite difference particularly is implemented to the SIR model in this article. 
Although this method has been used in more complete considerable variables in the modified 
SIR model in Wuhan case (Ud Din et al., 2020), the paper here addresses simpler SIR model to 
investigate the first knowledge of parameters behaviour due to time. In the following discussion, 
the SIR model is used in the form: 

𝑑𝑆

𝑑𝑡
= −

𝛽𝐼𝑆

𝑁
   ,                                                                     (1) 

      
𝑑𝐼

𝑑𝑡
=

𝛽𝐼𝑆

𝑁
− 𝛾𝐼 ,                                                                    (2) 

𝑑𝑅

𝑑𝑡
= 𝛾𝐼 .                                                                                (3) 

The symbols S, I, R are described in the following statements. S = Susceptible (vulnerability): 
People who do not have immunity to an infectious agent, so they may become infected if 
exposed; I = Infectious (infectious): Residents who are currently infected and can transmit the 
infection to susceptible individuals; R = Removed: Residents who died or recovered (immune 
to infection), and as a result do not affect transmission dynamics in any way when other 
individuals contact; To estimate γ and β from the data, the left hand sides of equations (1)-(3) 
are written discretely as. 
 

𝑑𝑆

𝑑𝑡
=

∆𝑆𝑛

∆𝑡
,

𝑑𝐼

𝑑𝑡
=

∆𝐼𝑛

∆𝑡
,
𝑑𝑅

𝑑𝑡
=

∆𝑅𝑛

∆𝑡
 . 

 
By implementing forward numerical methods, one yields 

∆𝑆𝑛+1

∆𝑡
= − 

𝛽𝑛+1𝐼𝑛𝑆𝑛

𝑁
  , ∆𝑆𝑛+1 = 𝑆𝑛+1 − 𝑆𝑛 

∆𝐼𝑛+1

∆𝑡
=

𝛽𝑛+1𝐼𝑛𝑆𝑛

𝑁
− 𝛾𝑛+1𝐼𝑛 , ∆𝐼𝑛+1 = 𝐼𝑛+1 − 𝐼𝑛  

∆𝑅𝑛+1

∆𝑡
= 𝛾𝑛+1𝐼𝑛 , ∆𝑅𝑛+1 = 𝑅𝑛+1 − 𝑅𝑛. 

Furthermore, the values of γ and β are determined by using ∆t = 1.  In this case, so the equations 
become  

∆𝑆𝑛+1 = − 
𝛽𝑛+1𝐼𝑛𝑆𝑛

𝑁
 ⟺  𝛽𝑛+1 = −

∆𝑆𝑛+1𝑁

𝐼𝑛𝑆𝑛
       , 𝑛 = 1,2,3,⋯𝑁.    (5) 
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∆𝑅𝑛+1 = 𝛾𝑛+1𝐼𝑛 ⟺ γ𝑛+1 =
∆𝑅𝑛+1

𝐼𝑛
             , 𝑛 = 1,2,3,⋯N. 

With the second and third equations can be obtained 𝛾𝑛+1 by subtracting the 2-nd and 3-rd 
equations and taking ∆t = 1, one yields 

∆𝐼𝑛+1 − ∆𝑅𝑛+1 = 
𝛽𝑛+1𝐼𝑛𝑆𝑛

𝑁
− 2 𝛾𝑛+1𝐼𝑛. 

𝛾𝑛+1 =
−∆𝐼𝑛+1+ ∆𝑅𝑛+1+ 

𝛽𝑛+1𝐼𝑛𝑆𝑛
𝑁

2𝐼𝑛
         (6) 

In this step, Excel is used to perform the computations. As mentioned above, the formulas Eq. 
(5) and Eq.(6) will be used to compute the descrete model of the basic reproduction number. 
  
2. Discretization of the SIR model into a system of linear equations 

Suppose there is a set of data containing the pairs of {𝑥𝑖 , 𝑦𝑖} , i=1,2,...,N. It is assumed that 
the data pattern is linear meaning there are parameters m and c so that f(xi) =m xi + c, i=1,2,...,n.. 
The values of m and c certainly need to be determined which are the best. This idea is developed 
in determining the parameters in the SIR model. By choosing ∆t = 1 , Eq.(1)-(3) become. 

 
−𝛽𝑆(𝑡)𝐼(𝑡) = 𝑆 (𝑡 +  ∆𝑡) − 𝑆(𝑡)                                            (4) 

𝛽𝑆(𝑡)𝐼(𝑡) − 𝛾𝐼(𝑡) = 𝐼(𝑡 + ∆𝑡) − 𝐼(𝑡).                                      (5) 
     𝛾𝐼(𝑡) = 𝑅(𝑡 + ∆𝑡) − 𝑅(𝑡)      (6) 

 
Numerically, one writes: 𝑆 (𝑡 +  ∆𝑡) = 𝑆𝑖+1  , 𝑆(𝑡) = 𝑆𝑖 . as well as for other variables, then the 
equation (4) - (6) can be written as: 

𝛽 [
−𝑆𝑖𝐼𝑖
𝑆𝑖𝐼𝑖
0

] + 𝛾 [
0

−𝐼𝑖
𝐼𝑖

] = [
𝑆𝑖+1 − 𝑆𝑖

𝐼𝑖+1 − 𝑆𝑖

𝑅𝑖+1 − 𝑅𝑖

]. 

We obtain a linear system, i.e. 

[
−𝑆𝑖𝐼𝑖
𝑆𝑖𝐼𝑖
0

0
−𝐼𝑖
𝐼𝑖

] [
𝛽
𝛾
] = [

𝑆𝑖+1 − 𝑆𝑖

𝐼𝑖+1 − 𝑆𝑖

𝑅𝑖+1 − 𝑅𝑖

]                                                            (7) 

with 𝐴 = [
−𝑆𝑖𝐼𝑖
𝑆𝑖𝐼𝑖
0

0
−𝐼𝑖
𝐼𝑖

], �̅� = [
𝛽
𝛾
] dan 𝑏 = [

𝑆𝑖+1 − 𝑆𝑖

𝐼𝑖+1 − 𝑆𝑖

𝑅𝑖+1 − 𝑅𝑖

]. 

The system of linear equations (7) is solved so that β and γ are obtained. It should be noted that 
the matrix is not a quadratic form, the values of β and γ will change for each data pair i-th and i 
+ 1-th. For this reason, the completion method is carried out in stages as shown below. 
 
3. Solving systems of linear equations 
 Since the matrix is not a quadratic form we can follow the OLS (Ordinary Least Square) 
form (Hansen, n.d.) which yields the following steps: 
Multiply the left and right segments by the transpose of the matrix A symbolized by AT so that 
𝐴�̅� = �̅�  becomes 𝐴𝑇𝐴�̅� = 𝐴𝑇�̅�.  By inverse to the left-hand side matrix (considered to exist) it 
is obtained  

�̅� = (𝐴𝑇𝐴)−1𝐴𝑇�̅�.      (8) 

 
4. How to get Reproduction number Ro? 
 Note that equation (8) will be done for each data pair. Therefore we will get β and γ for 
each ∆t.  Since Ro = β / γ, we get Ro for every ∆t. This shows that we get higher accuracy from 
some researchers because the values of β, γ and Ro are constant, whereas in this study all three 



92  |  JTAM (Jurnal Teori dan Aplikasi Matematika) | Vol. 5, No. 1, April 2021, pp. 88-99  

 

 

are time dependent. Unfortunately, the data on several days of from several agent  have not 
been recorded properly.  Moreover, the  initial few rows are still 0. Therefore, the program will 
make data with rows containing 0-s are removed to avoid singularity matrix. 
 
 
C. RESULT AND DISCUSSION 

1. Parameters in SIR model and the reproduction number of COVID-19 cases in Jakarta 
 The first considered region is Jakarta as the highest infected population in Indonesia. The 
region is named to be the medium region compared to the other selected regions to discuss 
later on (Salatiga and Indonesia). The total (N) population in this period was 10,570,000 
assuming no one was born or died due to diseases other than Covid-19 during this period. By 
implementing data to Eq. (5)-(6) , we have profile of parameters β and γ as shown in Fig.1. 

 

 Figure 1. Value of gamma parameter (vertical) against time (horizontal) for data on COVID-
19 cases in Jakarta in the period 6 September-6 November 2020. 

 

Figure 2. Beta parameter values against time for data on COVID-19 cases in Jakarta 
 in the period 6 September-6 November 2020. 
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Figure 3. The value of the Ro parameter against time for data on COVID-19 cases in Jakarta  

in the period 6 September-6 November 2020. 
  
From Figure 1-3, it is found that the parameter values decrease after some time of isolation so 
that the R0 value is getting smaller too. From the calculation of the data obtained: 
  
 The mean of β = β ̂ = 0.029027394 
 The average of γ = γ ̂ = 0.014348922 
 Since the values of β ̂ and γ ̂ have been obtained, we will look for R_0, as follows. 
 R_0 = β ̂ / γ ̂ = 0.029027394 / 0.014348922 = 2.022966802. 
 
Obtained R_0 = 2.022966802> 1. This value shows that one infected person has the potential to 
transmit the COVID-19 virus to 2-3 healthy people in Jakarta. Because of this decrease in Ro 
value, it is possible that Jakarta will continue to carry out new Normal activities. 

 
2. COVID-19 cases in Salatiga 
 The used data in the COVID-19 cases data were cases on March 30-November 7 2020. 
However, some data were still empty. Hence the data were not involved so that the matrix was 
not singular. Therefore the data is cleaned and then the formula for the system of linear 
equations is used to obtain the parameter rate and basic reproduction rate. This is shown in 
Fig. 4. Similarly, the  

 
Figure 4. Beta parameter values with the SIR model containing N = 1000 ,Eq.(7) against time for 

COVID-19 case data in Salatiga in the period 30 March - 7 November 2020. 
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Figure 5. Gamma parameter values with the SIR model containing N = 1000, Eq.(7)  against time for 

data on COVID-19 cases in Salatiga in the period 30 March - 7 November 2020. 

 

 
Figure 6. Value of Ro parameter with SIR model which contains N = 1000 Eq.(7) against time for 

COVID-19 cases data in Salatiga in the period 30 March - 7 November 2020. 

 
 
3. COVID-19 cases in Indonesia 
 The existing data are data on the total number of confirmed (positive), recovered and died 
cases of COVID-19 on March 2, 2020-25-September 2020. However, if there are several rows 
with zeo values, then the data are not used. In the same way as in the case of Salatiga, the 
formula for equation (7) is used. The results are shown in Figure 7-9.  

 

Figure 7. Beta parameter values against time for data on COVID-19 cases in Indonesia for the period 
11 March - 25 September 2020. 
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Figure 8. Gamma parameter values against time for data on COVID-19 cases in Indonesia for the 
period 11 March - 25 September 2020. 

 

 
 
Figure 9. The value of the Ro parameter against time for data on COVID-19 cases in Indonesia for the 

period 11 March - 25 September 2020. 
 
The parameter values decreased in both beta, gamma and Ro. It tends to be constant after 25 
days where Ro is the value of Ro for Indonesia. Maybe it needs to be investigated more carefully 
whether this is true or not. In the SIR model equation (1) - (3) there is a difference with the SIR 
model equation (4) - (6). For this reason, the computation is carried out using models (1) - (3). 
 
4. Further analysis for COVID-19 cases in Indonesia 
 As stated that the result of Ro is unreasonable, so the SIR model used is replaced by using 
models (1) - (3). This model is discretized to obtain linear system, i.e. 

[

−𝑆𝑖𝐼𝑖

𝑁
𝑆𝑖𝐼𝑖

𝑁

0

0
−𝐼𝑖
𝐼𝑖

] [
𝛽
𝛾
] = [

𝑆𝑖+1 − 𝑆𝑖

𝐼𝑖+1 − 𝑆𝑖

𝑅𝑖+1 − 𝑅𝑖

]                                           (9) 

therefore 𝐴 = [

−𝑆𝑖𝐼𝑖

𝑁
𝑆𝑖𝐼𝑖

𝑁

0

0
−𝐼𝑖
𝐼𝑖

], �̅� = [
𝛽
𝛾
] dan �⃗� = [

𝑆𝑖+1 − 𝑆𝑖

𝐼𝑖+1 − 𝑆𝑖

𝑅𝑖+1 − 𝑅𝑖

]. 
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If N is taken from the population of Indonesia (200 million), then the result of Ro is also 
obtained unreasonable because it produces too large Ro. In some tests several N values were 
selected. Finally, N = 1000 was chosen because it makes the value of Ro more reasonably. It is 
necessary to carry out the lower and upper limits on the horizontal and vertical axes shown in 
Figures 10-12.  
 

 

Figure 10. Beta parameter values with the SIR model containing N = 1000 ,Eq. (7) , against time for 
data on COVID-19 cases in Indonesia for the period 11 March - 25 September 2020. 

 

 
Figure 11. Value of gamma parameters with the SIR model containing N Eq.(1)-(3) against time for 

data on COVID-19 cases in Indonesia for the period 11 March - 25 September 2020. 
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Figure 12. Value of Ro parameter with SIR model which contains N (equation (5.1) - (5.3) against time 

for COVID-19 case data in Indonesia for the period 11 March - 25 September 2020. 
 
 The results of Figure 7-9 show that the parameter values decrease in both the beta and 
gamma parameters. Likewise, the value of Ro is already a more reasonable value with the value 
of Ro decreasing. The results also show that the initial parameter value is unstable or oscillating 
so that it cannot be used as a reference in analyzing Ro. Meanwhile, the two decreasing 
parameters also cause the decrease in Ro as expected. So the research has shown that the value 
of Ro has decreased both with models Eq.(1) – Eq.(3) and with models Eq.(4) – Eq.(6).   
 Authors have tried to find other result from other researchers to the study of reproduction 
number in Indonesia. Unfortunately, the reproduction number was computed in the early 
transmission of COVID-19  where the reproduction number R was estimated at 6.79 and 2.47 
for Jakarta-Depok and Batam respectively (Hasan et al., 2020). Therefore, the novelty of this 
article has shown that time dependent of reproduction number has been computed in the new 
normal period, which is not available in any other literature. However, the pandemic is still 
ongoing until this paper is written. The simulation of reproduction number in the last 4 months 
until March 2021 has not been studied.  

 
D. CONCLUSION AND SUGGESTIONS  
 In this article, the rates of change parameters of the SIR model have been shown in order 
to obtain the basic reproduction number (called Ro) for Jakarta, Salatiga and Indonesia. These 
three regions were chosen to represent the location of the spread of COVID-19 cases at the scale 
of the most populous province (Jakarta) as a medium scale area compared to Indonesia as the 
spread of the COVID-19 virus globally, and Salatiga was chosen as the location for the spread of 
the COVID-19 virus on a local scale (small town) where population mobilization is considered 
quite small. Based on the three types of areas, it has been shown that the Ro value has decreased 
regardless of whether the Ro value is obtained. This is needed to serve as a guide for 
government policy makers in carrying out further policies during this pandemic. The rate of 
decline shows that the government's efforts have shown good results in reducing the rate of 
decreasing the spread of the COVID-19 virus where the Ro rate has shown a decline. Readers 
can also learn more about the derivation of Ro in the literatures (Hurint et al., 2017). The 
magnitude of the parameters is likely to be incorrect. However, the rates of parameters are very 
important to show the rate of change in Ro with time so that the virus spreading behavior can 
be known. Authors here noticed that the number of infected individuals is still growing until 
this month (March, 2021). Therefore, it is suggested that this article needs to be improved.    
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