An investigation using the curve fitting method to estimate the peak value of the COVID-19 outbreak and its application

Abstract 
Mathematical modeling plays a major role in assessing, controlling, and forecasting potential outbreaks. In this study, the curve fitting method is taken into consideration. We give the method of the least squares as a standard approach in regression analysis that estimates the attainable maximum (peak value) of the Coronavirus infection that started in Wuhan, China, and spread to the world in a short time period. Finally, we demonstrated its applications for three countries and presented results clearly that earns further detailed disquisition.
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1. INTRODUCTION
Mathematical modelling in epidemiology started with Bernoulli [1], and his model extended by Lambert [2] and Laplace [3]. However, first study of modern mathematical epidemiology was presented by Ross [4]. Ross’s model with utilizing modern computer power by MacDonald was extended in which the mathematical model for the dynamics and the control of mosquito-transmitted pathogens provided robust results in real-world applications as Ross–MacDonald models [5]. The first book on mathematical modeling of epidemiological systems is published by Bailey [6]. Moving to the 21st century, a mathematical model on H7N9 influenza, domestic poultry, and humans in China is introduced by Xing et al. [7], and for Zika virus using logistic growth in human populations is developed by Lee and Pietz [8]. Moreover, a complex dynamical behavior in epidemiological models is identified by Yu and Lin [9]. A susceptible-exposed-infectious-recovered (SEIR) model to describe the transmission dynamics is introduced by Wu et al. [10]. For the basic reproductive number based on data fitting of a SEIR model is reported by Read et al. [11]. The computational modeling of potential epidemic trajectories to estimate the size of the disease outbreak in Wuhan is conducted by Imai et al. [12].
Nowadays, especially for the evolution of COVID-19 some mathematical models that try to describe the dynamics are investigated. Some phenomenological models were presented by Roosa et al. [13], which were validated with outbreaks of other diseases different from COVID-19. Liang [14] presented an uncomplicated mathematical model with low percent error rates in which a 2-term ordinary differential equation, in which real cases and simulation result for COVID-19 in four different cities of China were implemented. Ivorra et al. [15] offer a novel approach that considers the fraction θ of detected cases over the real total infected cases, which allows studying the importance of this ratio on the impact of COVID-19. They also introduced a method to estimate some of the unknown parameters of their model, in which they proposed a study of the impact of the percentage of detection of cases and obtained that the magnitude of the pandemic can be drastically reduced when increasing this percentage. Ma [16] investigated a 3-term linear logarithmic equation, which offers a simple mathematical method. Yang and Wang’s model [17] consist of 5 ordinary differential equations and it has also multi-parameter like θ-SEHIRD model and provides numerical solutions with 3 linear equations. Chatterjee et al. [18] presented a stochastic mathematical model and investigated in India. They developed SEIR model, which consist of 6 ordinary differential equations.
The rest of this paper is organized as follows. In the next section, we remind in preparation for our method some basic information.  In section 3, as the application of our method, we demonstrate numerical simulations for the World Health Organization's [19] and for the Ministry of the Health of Turkey's publicly reported data [20]. Finally, we presented the application results briefly and in the last section, we conclude the paper with some discussion.
2. PRELIMINARIES
This study estimates the attainable maximum value (peak) of the coronavirus infected number of population, in which we investigated a 2nd order polynomial function and the logarithmic function that described approximately to the corresponding coronavirus data. Thus we remind in preparation for our method some basic info which we use to application in the next section.
The method of the least squares is a standard approach in regression analysis to approximate the solution of overdetermined systems by minimizing the sum of the squares of the residuals made in the results of every single equation, which is the most important application of the curve fitting [21].
A suitable 2nd order polynomial function and the logarithmic function for the points in  calculated by the method of least squares as follows:
2.1. 2nd order polynomial function:
Let

be the 2nd order polynomial with the least squares where c1, c2 , c3   R. Than

is minimum where  are the forecast values for all i =1,...,n.
Thus, by using the necessary conditions

linear equation system is obtained. Solving these linear equations system gives c1, c2, c3.
2.2. Logarithmic function: 
We can give this curve fitting model, which is used when the relationships between dependent and independent variables are not linear according to the parameters, as follows:
Let

be the logarithmic function with the least squares.

is minimum where  are the forecast value for all i = 1,...,n.
Thus, by using the necessary conditions

we obtain following nonlinear equation system:

For solving these nonlinear equations system by taking logarithm we obtain

with substitution Y=ln y, A=ln a1
.
3. APPLICATIONS 
This paper discussed World Health Organization [19] the National Health Commission (NHC) of Turkey's [20] reported data. The WHO and the NHC announced data of accumulated and newly confirmed cases of Covid-19 from March 10, 2020 day by day. In this study, the data from March 10, 2020 to May 15, 2020 is investigated.
3.1. The case of Turkey:
Total infected population's data between March 10, 2020 and May 15, 2020 of Turkey displayed as Figure 1.
From the reported data of the National Health Commission (NHC) of Turkey between March 29, 2020 and May 15, 2020 in Figure 2, we obtain 2nd order polynomial with the least squares as

that the date of the peak value and the infected population number calculated as follows

with substitution this value in 2nd order polynomial we obtain
Infected population number in peak value = N (87) 162842.
It is clear that second zero point of the parabola above, i.e. the approximate end date of the pandemic is August 30, 2020.
Now let us study what happens if measures are not taken:
Thus, it is obvious that the number of infected people increases logarithmical, as displayed in Figure 3. The logarithmic function with the least squares is
.
On the other hands, it is possible to work the whole through

ratio if it will be approximately equal 1 or not which also suggest whether the measures are taken reduce the spread the outbreaks.
 means all infected population is recovered at the moment also here are no intubated, dead, quarantined, exposed more. In Figure 4 demonstrated that the situation of Turkey.
The nonlinear function the least squares is

and the solving of

we obtain

that means 67th corona days in Turkey on May 13, 2020 this outbreak should have been ended.
3.2. The case of Spain:
Total infected population's data between March 10, 2020 and May 15, 2020 of Spain shown as Figure 5.
From the reported data of WHO between March 15, 2020 and May 15, 2020 in Figure 6, we obtain 2nd order polynomial with the least squares as

that the date of the peak value and the infected population number calculated as follows

with substitution this value in 2nd order polynomial we obtain
Infected population number in peak value = N (73) 280718.
It is clear that second zero point of the parabola above, i.e. the approximate end date of the pandemic is August 07, 2020.
Now let us study what happens if measures are not taken:
Thus, it is obvious that the number of infected people increases logarithmical, as shown in Figure 7. The logarithmic function with the least squares is
.
3.3. The case of United Kingdom:
Total infected population's data between March 10, 2020 and May 15, 2020 of United Kingdom shown as Figure 8. 
From the reported data of WHO between April 3, 2020 and May 15, 2020 in Figure 9, we obtain 2nd order polynomial with the least squares as

that the date of the peak value and the infected population number calculated as follows

with substitution this value in 2nd order polynomial we obtain
Infected population number in peak value = N (247) 684043.
It is clear that second zero point of the parabola above, i.e. the approximate end date of the pandemic is August 15, 2021.
Now let us study what happens if measures are not taken:
Thus, it is obvious that the number of infected people increases logarithmical, as shown in Figure 10. The logarithmic function with the least squares is
.
4. RESULTS
The total number of people infected by the COVID-19 pandemic by May 15, 2020 in Turkey, Spain and United Kingdom is shown in Figure 11.
In Turkey and in Spain with the parabolic curve fitting could be seen that the peak values of the infected numbers are very close, but it seems to take a long time to reach peak value in the United Kingdom.
In the following, the results of the calculations in the previous section are briefly presented in Table 1.
[bookmark: _GoBack]5. CONCLUSION
In this paper, a simple mathematical method of infectious diseases via curve fitting with the least squares method is presented which was used to analyze the pandemic characteristics of COVID-19. The analysis of the method reasonably explains the characteristics of their transmission and the measures taken in different places during the outbreak. On the other hand, it is clear that the success of all presented mathematical method, which demonstrated to give approximately the end time of the outbreak, depending on if the strict measures are taken and followed from the countries. For this aim, we offered a mathematical method and a detailed mathematical analysis to estimate the number of people infected from the COVID-19 outbreak and approximately the peak time and end time of the outbreak if strict measures are taken and followed.
Finally, we demonstrated that there are two possibilities after reaching a peak value, either outbreak will end as calculated via 2nd order polynomial or will increase as logarithmical that depends on how measures are taken in countries.
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