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Abstract. The objective of this article is to present a computational estimate from a statistical 
physics approach and its contributions to Covid-19 in Colombia. Based on the daily data of 
contagions, recoveries and deaths, during the months of March to July, the estimation of the 
behavior of the epidemic was made using the nonlinear regression method with adjustment of 
curves by minimum squares. Highlighting the benefits that this method presents in the study of 
physical phenomena, it was used in the present research developing two types of modeling: 
exponential and Gaussian, and with these some predictions were made. The coefficients of 
determination of the exponential model were: 0.9641 for contagions, 0.9400 for recoveries and 
0.9788 for deaths, and those of the Gaussian model were: 0.9799 for contagions, 0.9606 for 
recoveries and 0.9894 for deaths, showing a good correlation between the models and the real 
behavior of the pandemic, being the Gaussian one, the most approximate. This was also 
evidenced by comparing the prognosis of both models with the actual data for the first 13 days 
of August, concluding that the pandemic is beginning to mitigate, and the curve is flattening out. 

1. Introduction 
Covid-19 is a virus unknown to mankind. Its understanding is based on the hard work of countless 
researchers [1]. Many of them have analyzed the epidemic from a statistical point of view using different 
models, such as susceptible, exposed, infected and recovered (SEIR) [2] and Susceptible, Infected and 
recovered (SIR) [3], specialized in the prediction of infectious diseases, however, these could generate 
imprecise results due to the systematic variations in the prognosis curve and the complexity of the 
epidemic [2], therefore, it is extremely important for science and humanity to have more research using 
different methods such as: non-linear regression modeling [4]. 

Non-linear regression is a method that uses least-squares curve fitting [5]. This method emerged from 
the fields of astronomy and geodesy. The first scientists to contribute to this method were Carl Friedrich 
Gauss, Adrien-Marie Legendre and Robert Adrain in the XVIII century [6]. It has been widely used in 
different areas of knowledge such as statistical mechanics, a discipline that was born in the nineteenth 
century with the contributions of Rudolf Clausius, James Clerk Maxwell and especially Ludwig 
Boltzmann [7]. All these scientists established the basis of statistical physics and their contributions still 
have great importance in research of recent years, such as those carried out by Flórez and Laguado, for 
example, in computational fluid dynamics [8], that of Plaza in the modeling of physical and natural 
phenomena [9] or Vera, Delgado and Sepulveda, in solar energy [10]. 

Statistical mechanics is as a link between a macroscopic world treated as continuous and a 
microscopic world of discrete nature [6]; as the Covid-19, whose discrete components are the data 
reported each day, and these describe behavior that can be modeled continuously over time [11], this, in 
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a computational way, with the objective of optimizing the estimation and decision making [12]. 

2. Materials and methods 
The research was carried out using a descriptive and applied methodology that can be seen in Figure 1. 
 

 
Figure 1. Methodology used in the project. 

2.1. Collecting data 
Recent studies such as those conducted by Diaz Pinzón [13], Verbel, Mejía, Manjarres and Troncoso 
[14], show that the pandemic does not have a defined behavior. Figure 2 for example, shows the behavior 
of the pandemic in Colombia. This figure was made with data on contagions, recoveries and deaths 
reported by the "Instituto Nacional de Salud" (INS) [15]. 

Figure 2 shows that the Colombia curve has a growing exponential behavior. Although the effects of 
the pandemic were initially mitigated, the curve has been steadily increasing, reaching levels of 
contagion and deaths similar to those countries that initially did not take preventive measures and were 
greatly impacted by the pandemic. In those countries, drastic measures were taken due to the high rate 
of contagions and deaths and a flattening of the curve was witnessed. In Colombia, on the contrary, 
measures are being taken, but the curve continues to increase exponentially. 
 

 
Figure 2. Covid-19 in Colombia. 

2.2. Modelling 
Using non-linear regression with a technological tool, two types of mathematical models were chosen: 
exponential [16] and Gaussian [5]. Exponential due to the behavior of the curve in Colombia, which 
does not yet show any kind of flattening. And the Gaussian one to estimate a flattening in the following 
months. 

2.3. Model analysis 
The number of terms indicated were chosen to obtain a better result in the behavior of the curve and in 
the calculation of the determination coefficient. 

2.4. Prediction development 
With the exponential model, predictions were made for the months of August and September, 
considering that the curve is close to the flattening point, and with the Gaussian model, predictions were 
made for the months of August, September, October, November and December. With both models the 
error between the predicted and actual data was calculated for the first 13 days of August. 
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3. Results and discussion 
Below are the two types of models estimated from data collected between March 6, 2020, the day the 
first contagion occurred, and July 31, 2020. 

3.1. Models 
Figure 3 shows the exponential model for the contagion curve and Figure 4 shows the Gaussian model. 
The same modeling was done with the recoveries and deceased data. The exponential model in Figure 
3 is appropriate to predict a possible increase in contagions until day 209, which is equivalent to 
September 30th, 2020. The same modeling was used for the recoveries curve and the deaths curve. 

The Gaussian model predicts a possible flattening of the curve between the days 210 and 270, which 
is equivalent to the months of August and September 2020. The same modeling was used for the 
recoveries curve and the deaths curve. Two models were used for the forecasts: The exponential model 
predicts an increase in the number of contagions per day, a phenomenon that was evident in the behavior 
of the real data taken, and, if it is not contained, it can produce more than 80000 contagions per day after 
September 30th, 2020. On the contrary, the Gaussian model predicts a flattening of the curve, whose 
peak does not reach 20000 contagions per day, and by December 31, 2020, it expects to be below 300 
contagions per day. 
 

 
Figure 3. Exponential model for contagions. 

 

 
Figure 4. Gaussian model for contagions. 

3.2. Coefficients of determination 
Table 1 shows the determination coefficients of each of the models. The determination coefficients 
showed a good correlation between the models and the real behavior of the pandemic, being more 
approximate the Gaussian model. 
 

Table 1. Coefficients of determination. 
Model R2 Model R2 

Contagions per day, exponential 0.9641 Contagions per day, Gaussian 0.9799 
Recoveries per day, exponential 0.9400 Recoveries per day, Gaussian 0.9606 
Deaths per day, exponential 0.9788 Deceased per day, Gaussian 0.9894 
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3.3. Prediction development 
Table 2 shows the predictions of the exponential model for some days in August and September and 
Table 3 shows the predictions of the Gaussian model for a possible flattening of the curve. These 
predictions presented refer to accumulated data per day. With the exponential and Gaussian model, we 
calculated the accumulated contagions per day, the accumulated recoveries per day and the accumulated 
deaths per day and these were the data that were compared with the real ones. 
 

Table 2. Exponential model predictions. 
Date Total contagion Total 

recoveries 
Total, 
deaths Date Total 

contagion 
Total 

recoveries 
Total 
death 

Aug 1 311690 164519 12105 Sep 01 894255 996090 29685 
Aug 15 501981 333738 18169 Sep 15 1437855 3072007 44427 
Aug 31 864413 926131 28842 Sep 30 2390798 12191459 68384 

 
Table 3. Gaussian model predictions. 

Date Total, contagion Total, 
recoveries 

Total, 
deaths Date Total, 

contagion 
Total, 

recoveries 
Total, 
deaths 

Aug 1 305131 159820 11568 Oct 15 1305776 400487 42325 
Aug 15 452551 213615 16465 Nov 1 1556451 422088 47927 
Sept 1 652638 277827 23478 Nov 15 1739235 431755 51414 
Sept 15 846326 326640 29714 Dec 1 1912137 437190 54203 
Sept 30 1073203 369545 36318 Dec 15 2029065 439233 55770 
Oct 1 1088705 371987 36743 Dec 31 2125513 440132 56829 

 
It is observed that after a possible flattening of the Gaussian curve there will be fewer contagions and 

deaths by December 31st, 2020 than predicted by the exponential model for September 30th, 2020. 
Table 4 shows the comparison between actual contagions and models for the first 13 days of August. 
Table 4 shows that the errors of the Gaussian model were all below 1, while those of the exponential 
model were all above 1.5. Table 5 shows the comparison between actual recoveries and models for the 
first 13 days of August. In this table we can see that the errors started to increase above 5% for both 
models, after August 4th, 2020. What allows us to see this phenomenon is that the curve of recoveries 
per day does not seem to follow a defined pattern but remains between an exponential and a Gaussian 
behavior. For example, for the 13 of August of the 2020, the exponential model predicted almost 300000 
recoveries, whereas the Gaussian model just over 200000, and recoveries were 250971, that is to say, 
almost to half of a model and another one. 
 

Table 4. Models vs. real data for contagions, August 1 - August 13, 2020. 
Day Date Contagions 

actual 
Exponential 

model 
Error% in exponential 

model 
Gaussian 

model 
Error% in Gaussian 

model 
149 Aug 1 306181 311690 1.799 305131 0.342 
150 Aug 2 317651 322496 1.525 315325 0.732 
151 Aug 3 327850 333674 1.776 325663 0.667 
152 Aug 4 334979 345238 3.062 336106 0.336 
153 Aug 5 345714 357199 3.322 346622 0.262 
154 Aug 6 357710 369573 3.316 357180 0.148 
155 Aug 7 367196 382372 4.132 367757 0.152 
156 Aug 8 376870 395612 4.973 378339 0.389 
157 Aug 9 387481 409309 5.633 388915 0.370 
158 Aug 10 397623 423477 6.502 399485 0.468 
159 Aug 11 410453 438133 6.743 410054 0.097 
160 Aug 12 422519 453293 7.283 420630 0.447 
161 Aug 13 433805 468976 8.107 431228 0.594 
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Table 5. Models vs. real data for recoveries, August 1 - August 13, 2020. 
Day Date Recoveries 

actual 
Exponential 

model 
Error% in exponential 

model 
Gaussian 

model 
Error% in Gaussian 

model 
149 Aug 1 162400 164519 1.287 159820 1.6143 
150 Aug 2 168876 172324 2.000 164623 2.5834 
151 Aug 3 175420 180596 2.866 168971 3.8166 
152 Aug 4 182058 189371 3.861 172987 5.2437 
153 Aug 5 187984 198689 5.387 176792 6.3306 
154 Aug 6 193876 208593 7.055 180481 7.4218 
155 Aug 7 199861 219132 8.794 184120 8.5493 
156 Aug 8 205758 230356 10.678 187747 9.5932 
157 Aug 9 213712 242325 11.807 191384 11.666 
158 Aug 10 221901 255099 13.013 195039 13.772 
159 Aug 11 230815 268750 14.115 198715 16.153 
160 Aug 12 240275 283351 15.202 202412 18.705 
161 Aug 13 250971 298987 16.059 206129 21.754 

 
Table 6 shows the comparison between actual deaths and models for the first 13 days of August. This 

table shows that the deaths curve followed the Gaussian model, since the errors were greater in the 
exponential model. Table 7 shows the average errors between the models and the real data for contagions 
and deaths during the first 13 days of August. It is observed that the mean error between the real data 
and the forecast is lower for the Gaussian model in the contagions and deaths, and lower in the recoveries 
for the exponential model. 
 

Table 6. Models vs. real data for deaths, August 1 - August 13, 2020. 
Day Date Deaths 

actual 
Exponential 

model 
Error% in exponential 

model 
Gaussian 

model 
Error% in Gaussian 

model 
149 Aug 1 11616 12105 4.039 11568 0.414 
150 Aug 2 11871 12463 4.750 11886 0.126 
151 Aug 3 12167 12830 5.167 12209 0.344 
152 Aug 4 12427 13208 5.913 12537 0.877 
153 Aug 5 12692 13597 6.655 12870 1.383 
154 Aug 6 12941 13998 7.551 13208 2.021 
155 Aug 7 13214 14410 8.299 13551 2.486 
156 Aug 8 13501 14834 8.986 13899 2.863 
157 Aug 9 13729 15270 10.091 14252 3.669 
158 Aug 10 13951 15720 11.253 14610 4.510 
159 Aug 11 14151 16182 12.550 14972 5.483 
160 Aug 12 14314 16657 14.066 15338 6.676 
161 Aug 13 14476 17147 15.577 15710 7.854 

 
Table 7 shows the average errors between the models and the real data for contagions and deaths 

during the first 13 days of August. It is observed that the mean error between the real data and the 
forecast is lower for the Gaussian model in the contagions and deaths, and lower in the recoveries for 
the exponential model. 
 

Table 7. Average errors in models vs. actual data 1 - 13 August 2020.  
Average error 

Real vs. exponential modeling 4.475 
Real deaths vs. exponential model 8.838 
Real recoveries vs. exponential model 8.625 
Real-life accounts vs. Gaussian model 0.385 
Actual deaths vs. Gaussian model 2.977 
Real-life recoveries vs. Gaussian model 9.785 
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4. Conclusions 
Approaching the research from a statistical physics approach was successful, because the behavior of 
covid-19 can be modeled as a macro system, continuous in time that depends on discrete elements, 
reported day by day. The use of technological instruments in the statistical analysis and the prediction 
methods facilitates the models' estimation, making the process more dynamic and shortening the 
necessary time to reach conclusions that can benefit the decision making. Differences that may arise 
between prognostic curves and actual data relate to the nation's response to the pandemic, the presence 
of asymptomatic patients, prevention measures, data collection capacity, processing times, and follow-
up of infected patients, but the results presented here are nonetheless relevant to the analysis of the 
pandemic. The determination coefficients showed a good correlation between the models and the 
pandemic, with the Gaussian model being the most accurate, allowing us to infer that the pandemic will 
begin to show mitigation from day 200, which is equivalent to the second week of September 2020. 

The behavior of the pandemic depends on the actions taken by the authorities to mitigate the 
contagion and the compliance of citizens to these actions, since the exponential curve shows that, if the 
current growth is not mitigated, we could have 2390798 contagions and more than 68000 deaths by 
September 30th, 2020. If the pandemic responds to Gaussian behavior it is expected to have more than 
2 million contagions and about 56800 deaths by December 31st, 2020, which is a much lower number 
than expected by the exponential curve, however, are still worrying figures that should lead the country 
to strengthen prevention measures. 
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