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Abstract 
 
Recently there are some mathematical models of COVID-19 transmission have been developed in an 
attempt to understand the disease. Various approaches of modeling have been devised by many authors 
which broadly divided into two different methods, the mechanistic modeling method and the empiric 
modeling method. In empirical modeling process ones usually look at the available COVID-19 data such 
as the cumulative cases of insidence and the daily cases of incidence. The data of such cases are usually 
available from legit situs such as the Worldometer website. This website provides total confirmed cases, 
daily new cases, daily active cases, daily death, etc. Ones usually use the time series data of the total 
confirmed cases to fit with a certain growth model. In this paper we will model the COVID-19 disease 
transmission by looking at the growth of the confirmed and daily new cases data. The growth model we 
choose is the Morgan-Mercer-Flodin (MMF) equation. We use two methods depending on the minimization 
process of the RMSE. We used the equation to model the COVID-19 transmission of Indonesia data starting 
from 2 March 2020, the official first day of the reported pandemic cases in Indonesia, up to 30 November 
2020.  In applying the growth  equations to the pandemic data we  denoted that X(t) is the cumulative of 
confirmed case at time t. The calculation is done using Solver in the Microsoft Excel application by 
choosing the GRG Nonlinear (Generalized Reduced Gradient) for the oftimization to find the minimum 
root of the mean square error as the measure. The results show that both methods give relatively similar 
results and reveal the strongly dependence of prediction on the sufficiency number of data being used. 
 
Keywords 
COVID-19 Pandemic, Empirical Model, Indonesia, Morgan-Mercer-Flodin, Growth Equation, Peak of Epidemic 
Outbreak. 
 
1. Introduction 
COVID-19 pandemic was officially announced less than a year ago by the WHO. The disease has been declared as a 
Pandemic by the World Health Organization (WHO) on March 11, 2020. However, devastating impact to almost all 
aspect of human life becomes apparent from time to time. It is a very dangerous new disease in terms of health impact, 
economy, and other human aspects. COVID-19 so far is still regarded as a disease that difficult to understand, let 
alone to control, due to several reasons such as lack of data and confusing report  (Caudill 2020). This is among the 
reasons why so far most infected countries still struggling combating the disease. This disease is caused by the Corona 
SARS-2 virus and is thought to have originated in Wuhan, China. At that time, more than 118,000 cases were recorded 
in 114 countries with 4,291 people losing their lives (WHO 2020). To see the widespread of the disease, we note that 
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as of April 11, 2020, the figure has increased dramatically with a total number of more than 1.5 million cases of 
infection and more than one hundred fatalities and at the end of July 2020, there were 16,839,692 recorded positive 
cases of infection with 661,379 deaths, and even currently those number have reached to more than  65 million and 
one and a half  million, respectivelly (Worldometer 2020). 
 
Since the announcement of the pandemic, almost every country has made very intensive effort to combat the disease, 
albeit with a wide variety of responses. Efforts are generally directed to handling cases of infection, prevention of 
transmission and development of early detection methods for monitoring transmission of the disease. Since it first 
appearence in Wuhan, the propagation in many countries still in increasing phase, including in Indonesia. 
Theoretically all disease if it is untreated will experience a sigmoid curve growth for the total confirmed cases, since 
eventually most people will be contracted by the disease. Consequently, this will make the number of susceptible 
declines  and makes  the difficulty for the disease to find the target. This will also make the number of the daily new 
cases declines. This theoretical situation has not yet appeared in the case of Indonesia.  
 
So far there are a lot of mathematical model developed to study the COVID-19 data, using different mathematical 
methods and approaches. Some using mechanical  white box models and others using empirical  black box models. 
Both have equally strengths and weaknesses, depending on the target of the modeling purposes. Among the empirical 
models are (Shen 2020,  Zou et al. 2020, Aviv-Sharon and Aharoni 2020, Wang et al. 2020, Wu et al. 2020, Ghosh et 
al. 2020). All the above mentioned authors have utilized the logistic growth function (or the modified logistic of the 
classical Verhulst model) in analyzing the COVID-19 data for various countries. The results are quite good and fit to 
the real data. Some implication regarding control action and intervention are also suggested in their works.   
 
Growth function is among the tools in mathematical modeling to analyze the spread of disease infection. It measures 
the cummulative number of infection. Typically the graph of this growth function forms a sigmoid curve showing the 
temporal cumulative number of infection up to a certain time horizon. There are a lot of growth function available in 
literature, such as the classic Verhults logistic function, the Gompertz function, Von Bertalanffy function, Richards 
function, Brody function,  and  Morgan-Mercer-Flodin (MMF) function (Malthus, 1798; Verhulst, 1838; Vandermeer, 
2010; Topal, 2004; Morgan et al., 1975). These functions are heavily used in population problems and currently in 
epidemiological problems (e.g. Shen, 2020). The typical characteristic of growth function that it has an upperbound 
of growth which is assumed to be  constant and usually called as the carrying capacity of the growth. However there 
are also some models which assume a non-constant carrying capacity (Mir, 2015). 
 
Recently, Supriatna and Husniah (2020) presented a black-box mathematical model of COVID-19 pandemic 
transmission to analyze the spread of the disease in Indonesia. They used the classic Verhulst logistic data and its 
modification. Although to some extent the model could describe the spread of the disease with a good agreement with 
historical data, but it could not perform satisfactorily for prediction. Some modification of the model still need to 
refine the model to increase the accuracy of the prediction. In general there are several option to do, such as to remodify 
the logistic function by other features (previous modification in Supriatna and Husniah (2020)  is done by allowing 
flexible upper bound) and  to change the fitting procedure (previous fitting in Supriatna and Husniah (2020) is done 
by using the cumulative confirmed cases instead of daily new confirmed cases. There is also an option to change the 
logistic function by other growth functions (various growth functions are abundance). 
 
Some literature have shown that the Morgan-Mercer-Flodin (MMF) model perform better to model a growth 
phenomenon in many circumstances. For example Topal and Bolukbasi  (2008) and Topal et al. (2013) showed that 
the MMF predict the growth of  certain process better (the growth of poultry and cattle) than other growth models 
used in their work. Interestingly, many papers have shown that the MMF also performed very good in fitting the 
COVID-19 infection data for the case of Arabia, The United States, Brazil, and Indonesia (Aissami and Abd-Shukor, 
2020; Yakasai and Abd-Shukor 2020; Uba et al. 2020; Umar and Abd-Shukor, 2020 ).  These authors only show the 
strength of MMF fitting to the data and do not attempt to use the model to predict outside the unseen data. Here we 
will evaluate the performance of the MMF in predicting the cumulative case of infection for the long-term COVID-
19 transmission in Indonesia.  

 
 
2. Method 
We use the MMF to fit the Indonesia COVID-19 pandemic data. The following sub-sections will briefly review the 
MMF growth model and explain the detail procedure of the fitting process. 
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2.1 The Morgan-Mercer-Flodin  Growth Function 
The MMF equation is among available equations to describe a growth phenomenon, although it is  not as popular as 
the Verhulst logistic growth equation. For biologists, techniques or models to understand the dynamics of growing 
and shrinking populations of living organisms is vital. Among the early researchers is Thomas Malthus who first 
pointed out that populations grew exponentially (Malthus 1798). This is true in some situation, e.g. in a relatively 
unlimited resources. However, in fact most populations grow approaching to an upperbound.  A model of  population 
growth that considers this upperbound, which later is called carrying capacity, is the logistic model of population 
growth which has been formulated by Pierre François Verhulst in 1838. It is a sigmoid curve that describes “the growth 
of a population as exponential, followed by a decrease in growth, and bound by a carrying capacity due to 
environmental pressures” (Renshaw 1991). Despite its popularity, the logistic equation sometimes perform 
unsatisfactorily (Supriatna and Husniah, 2020). There are a lot of modification of the logistic or new sigmoid equation 
available in the literature. One of theim is the one developed by Morgan et al. (1975) which better known as the 
Morgan-Mercer-Flodin (MMF) growth equation. 
 
The MMF function  has the form  (Tariq et al., 2013) 
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where L∞ is the carrying capacity or the maximum value of the curve and  β  is the  initial value of the growth. 
Appendix 1 shows that the logistic growth function  has an inflection point at (ti,xi) with  
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It is easy to prove that the function is initially increases with the curve concave up until the time ti, then afterwards 
concave down approaching the carrying capacity L∞  forming a sigmoid curve. 
 
2.2 The Curve Fiting Approach 
The COVID-19 pandemic data in Indonesia from the Worldometer website (Worldometer 2020) will be used as the 
underlying data for the MMF curve fitting. The data which are available from the website include total confirmed 
cases, daily new cases, daily active cases, daily death, etc. However, we use only the time series data of the total 
confirmed cases and the daily new cases to fit to the MMF model. We used the data starting on 2 March, the official 
first day of the reported pandemic cases in Indonesia, up to 30 November 2020.  We used the MMF model to fit the 
time series of the total confirmed cases by minimizing the minimum root of the mean square error (RMSE) of the total 
confirmed cases (Method 1) and by minimizing the RMSE of the daily new cases (Method 2). For each method we 
use the same nine sets of data, i.e. D1, D2, ...., and D9 contains the total confirmed cases and daily new cases starting 
from 2 March 2020 upto 30 March, 30 Mei, ...., and 30 November 2020, respectively. We compute the RMSE, model 
parameters, and important prediction (such as the peak of daily new cases and time to reach the peak) for each model. 
In applying the MMF equation to the pandemic data we  denoted that X(t) is the cumulative of confirmed cases at time 
t. The calculation is done using Solver in the Microsoft Excel application by choosing the GRG Nonlinear 
(Generalized Reduced Gradient) for the oftimization to find the MRSE as the objective function/measure in the fitting 
process. 

. 
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3. Results and Discussion 
We obtained pandemic data in Indonesia from the Worldometer website (Worldometer 2020). The data which are 
available from the website include total confirmed cases that we fitted to the MMF function (1) using two different 
methods as explained in the previous section. The results are presented in Tables 1 and 2, and  Figures 1 and 2. These 
tables and figures show that in general both method predict quite similar with the method 1 give a better ARMSE. It 
is the average RMSE of the cumulative cases and the daily new cases. However this prediction significantly depends 
on the number of data we use in the curve fitting process as seen in Table 3 for Method 1. Among the solutions only 
the last two solutions are feasible, this means the method only works when there is sufficient data available. Similar 
result also found for Method 2 (not shown here).  
 
 
Table 1. The resulting values of parameters 

Model Equation L k β δ RMSE ARMSE 

Method 1 (1, D9, M1) 2,295,855 0.0025 8.787E-14 3.0935 4,850 2,646 

Method 2 (1, D9, M2) 1,833,216 0,0028 8,787E-14 3,2953 441 3,557 

 
 

Table 2. The highlight resulting prediction 
Model Max Total 

Confirmed 
Cases 

Total Conf. 
Cases at 

Inflection 

Peak New 
Cases 

Daily New 
Cases Peak 

Time 

Total to 31 Dec 
2020 

Mehod 1 L = 2,295,855 777,317 4,939 Day 322 688,608 

Method 2 L = 1,833,216 638,448 4,636 Day 296 676,622 

 
 

Table 3. The dependence of  prediction on the use of the Data Sets for Method 1 
Data Set Cummulative 

Confirmed 
Cases  (31 Dec 
2020) 1) 

Cummulative 
Confirmed 
Cases 
(Equilibrium) 2) 

Cummulative 
Confirmed 
Cases (at 

Inflection) 3) 

Peak daily New 
Cases (at 

Inflection) 

Days to Peak 
daily New 

Cases  

D1 2,720,797 489,886,971 167,673,771 275,081 1,271 

D2 777,251 297,145,191 91,837,693 76,804 2,163 

D3 453,020 266,280,608 76,102,812 40,260 3,151 

D4 557,464 290,845,683 86,988,260 56,916 2,666 

D5 707,845 333,948,332 105,059,177 87,029 2,231 

D6 678,028 328,964,169 102,373,406 80,316 2,325 

D7 765.942 1,822,394,878 24,845,415 303,426 3,694 

D8 793,818 59,577,909 19,473,230 35,995 1,051 

D9 688,608 2,295,855 777,317 4,939 322 

 
 
There are the following notes to Table 3 above: 

1) Current total confirmed cases  (5/12/2020 =  309-th days of the Indonesia Pandemic)  is 563,680 
2) Some of the results is out of context, since it is exeeding the population  size of Indonesia.  
3) Theoretically, maximum  value could reach 70% of  total population. With the population size of  

274,740,300 it could reach 192,318,210 confirmed cases. 
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4) Shadow  background indicates non-feasible  solution.  
  

 

 
(a) 
 

 
 (b) 

 
Figure 1. Total Coronavirus Cases (a) and Daily New Cases (b) in Indonesia pandemic data fitted by the MMF 

growth function (Method 1). The data used to parameterize the equation are taken from the beginning of the disease 
(2 March 2020) to 30 November 2020. Figure (a) shows that the MMF growth function fits in agreement  with the 
cumulative data. Figure (b) shows that the model predicts that at this date the disease nearly reach the peak of the 

outbreak. The value of the peak significantly depends on the number of data we used (see Table 3).  
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(a) 
 

 
(b) 

 
Figure 2. Total Coronavirus Cases (a) and Daily New Cases (b) in Indonesia pandemic data fitted by the MMF 

growth function (Method 2). The data used  to parameterize the equation are taken from the beginning of the disease 
(2 March 2020) to 30 November 2020. Figure (a) shows that the MMF growth function fits in agreement  with the 
cumulative data. Figure (b) shows that the model predicts that at this date the disease nearly reach the peak of the 

outbreak. The value of the peak significantly depends on the number of data we used (see Table 3).  
 
 
4. Conclusion 
We modeled the pandemic data of Indonesia (the total confirmed cases and the daily new cases) from the Worldometer 
website (Worldometer, 2020) using the Morgan-Mercer-Flodin  (MMF) growth function. The results show that the 
MMF growth function fails to predict the long-term outcome due to the strong dependence of the method to the data. 
Sufficient data is needed to estimate the best parameter, hence the more accurate prediction can not be obtained in the 
case of lack of data.  There are some reasons why the MMF growth function cannot predict this long-term outcome.  
One of them is when it is applied too early, in which the disease still in the exponential growth phase, then  the method 
cannot locate the inflection point accurately.  
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Appendix: The inflection point of the MMF model  
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  and by substituting this critical value to the growth 

function using Maple 13 will end up to  
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