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Abstract 

 

This study shows the application of a mathematical model, previously developed, 

carried out by applying classical dimensional analysis techniques (ADC) to 

determine the speed of spread of a virus infection. Different hypotheses have been 

made to determine the boundary conditions of the model, as well as to obtain greater 

objectivity in its application. As a sample space to validate its behaviour and 

adaptability of the model, the evolution of the number of infected people in Spain 

has been studied. Forecasting studies have also been carried out using quantitative 

methods in a comparative manner by measuring the errors made. Some conclusions 

have been obtained that could be relevant for the development of future 

mathematical models and applications oriented to the study of airborne diseases. 
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Introduction 
 

The epidemic of coronavirus disease 2019 (COVID-19) started in the Chinese city 

of Wuhan (in an animal market) at the end of December 2019 to spread rapidly 

throughout its territory and 172 other countries, generating to date a total of 378,815 

infected people worldwide with 16,390 deaths in total to date. Countries such as 

China, South Korea, Japan and Singapore have managed to slow down the virus. 

For example, in other countries such as Iran the epidemic is in an exponential phase 

of advance. 

 

The coronavirus Covid-19 has become a global public health alert. In Europe, the 

first outbreak of infection was recorded in Italy, followed by Spain. Right now, the 

coronavirus is growing exponentially throughout Europe (mainly in Germany, 

France, Switzerland, the Netherlands and the United Kingdom), waiting for 

population containment measures to smooth the advance curve of the number of 

infected people. 

 

The coronavirus has taken longer to reach South America, but several countries are 

already growing exponentially, such as Brazil, Chile, Peru and Colombia. The 

advantage of these countries is that they have been able to take measures previously 

warned by Europe. 
 

The United States is now suffering from one of the most worrying trends, with some 

45,000 cases confirmed, which are doubling almost every two days. The number of 

deaths exceeds 100 and is also doubling every few days. In Canada, 2,091 cases 

have been identified so far. 

 

According to the World Health Organization (WHO), 3-4% of people known to 

have contracted the disease have died. In South Korea this figure is 1.1%, in 

Germany 0.36%, while in China (4%), Spain (5.1%) and Italy (8.6%) it is much 

higher. This metric seems imprecise as in some countries the lethality could be 

higher than their figures say as deaths are delayed. 

 

 It is necessary to have an idea of the evolution of the epidemic in order to know 

what the world population is facing. In order to obtain relevant data in this regard, 

mathematical models are being developed (39,40,43) based on a series of 

parameters checked by epidemiologists that help to determine the speed of the 

spread of the number of people infected so that the appropriate agencies can take 

appropriate health measures.  

 

For all these reasons, an improvement to a previously developed mathematical 

model is going to be applied in this work and confronted with real data on the evolu-  
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tion of the epidemic in Spain in order to be able to contrast and see its effectiveness. 

By applying quantitative prognosis models and including prognosis errors, the 

adjustment result obtained to the real data on the evolution of the number of infected 

people in Spain will be improved (2,17). 

 

Material and methods 
 

The initial mathematical model applied in this article was already developed by the 

authors in the article "Speed of virus infection by Classical Dimensional Analysis" 

(16). 

 

In this article, it was commented that viral infections of the respiratory tract are 

common acute diseases among the human population, and that the transmission of 

the virus, either by direct or indirect routes, occurs in the most dispersed areas of 

the world, and that a more in-depth analysis would lead to a consideration of how 

the transmission of these viruses can have a broad impact on public health (20,21). 

 

The development of the mathematical model took into account various 

meteorological factors: ambient temperature (θ), air currents (Ca) related to 

ventilation processes and air flows, air humidity or absolute humidity (H) and 

rainfall (Pr). It is possible that these meteorological factors play a more important 

role in some regions than in others.  

 

Other effects, such as non-environmental ones - family and social structures (Efs), 

seasonal changes in behaviour (Ce) and pre-existing immunity (Ip) - have been 

considered and could also play an important role in the transmissibility of 

respiratory viruses and infection rates (3,15,18,30). 

  

Based on the variables indicated above, and using the mathematical tool of Classical 

Dimensional Analysis (CDA) (6,11..13,32,33), the mathematical model to be used 

in this article was developed. 

 

The objective is to carry out a comparative study between the data obtained in real 

terms and the data obtained by the improved model from equation 1. Quantitative 

forecasting methods and the calculation of their respective forecasting errors have 

been applied to this model in order to adjust it even more to the real data on the 

evolution of the number of people infected by coronavirus (Covid-19) compared to 

their evolution over time in Spain. 

 

This study was based on the equation deduced in the above-mentioned article, 

which related the speed of virus propagation (Vp) to the environmental and non-

environmental parameters considered. This equation is given in the following form: 

 

                                       𝑉𝑝 =
𝐶𝑎

𝑃𝑟
2 𝑎 + 𝑏 

  𝐶𝑒.𝐶𝑎
2

𝑃𝑟
3 . 𝐸𝑓𝑠. 𝐼𝑝                                         (1) 
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In its application to determine the prediction of the results, different hypotheses 

were made which will be seen later in this study.  

 

In this phase we will explain which considerations and hypotheses were taken into 

account when introducing the data into equation 1. 

 

Figure 1 shows the evolution of the number of coronavirus infections in Spain since 

the first case was detected on 25 February until 20 March 2020 (study period) and 

the line of linear adjustment with its equation and correlation index (1). It is 

observed that the curve of the number of infected has an exponential evolution, 

while a linear adjustment has been made, this is because in the initial mathematical 

model, given by equation 1, a study by classical dimensional analysis was made 

discussing the final result for such an adjustment. In this article, a finer adjustment 

of that mathematical model has been made, resulting in an improved one, and then 

achieving a better result using quantitative forecasting methods (7..10,14,19). 

 

 

 
Figure 1. Number of coronavirus (COVID-19) infections in Spain. 

 

 

Any measure is related to other variables, for example y=f(x). This function could 

have any shape: linear, quadratic, harmonic, etc. The most commonly used 

adjustment is the straight line, as the data are usually considered to follow a linear 

relationship. A least-squares adjustment of the curve has been made to avoid more 

complicated polynomial adjustments, as only a basic prediction model that fits 

reality is sought.  

 

From the curve fitting equation (y = bx + a), it follows that the values of the 

parameters sought a and b are: 

 

a = -3E+07 y b = 587,86 
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with a correlation index of R=0.7042.  

 

The data on population and surface area in Spain, as well as for the different 

Autonomous Communities (ACs) have been obtained from the National Statistics 

Institute (INE) for the year 2019 (23).  

 

With these parameters it has been possible to determine the population density 

(inhabitants/Km2) in each Autonomous Community. The data on ambient 

temperature, absolute humidity and wind speed were obtained from the State 

Meteorological Agency (AEMET), with an average for all Autonomous 

Communities (19). 

 

With regard to the data on average annual wind speed, these have been collected at 

30 m from the ground, since this is considered the height with the least influence, 

in order to subsequently determine the air mass flow for a given surface. 

 

Results 
 

In Spain, to date, 35,068 people have been infected, 2,229 have died and 3,350 have 

been recovered or cured. The Autonomous Communities most affected have been 

Madrid, the Pais Vasco and La Rioja, as can be seen in Figure 2. 
 

 
Figure 2. Evolution of the coronavirus (COVID-19) by Autonomous Communities in 

Spain. 

 

Figure 1 shows the evolution of the coronavirus from 25 February to 20 March in 

Spain. As we can see, the evolution of the number of infected people is important  
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and worrying. We have tried to obtain a basic adjustment of the curve by minimum 

squares as it appears in this graph.  The equation obtained is as follows: 

 

Y = 587,86.X – 3E+07 con R=0,7042. 

 

As indicated above, the value of the correlation coefficient (R) indicates that the 

adjustment is not very fine, more data would be needed to obtain a better adjustment 

but this will be useful to be able to apply the foreseen methodology and obtain 

approximate results. 

 

With the data collected from the different sources of information mentioned above, 

the following data have been selected from the different Autonomous Communities 

of Spain: 

 

 
 

Table 1. Population, surface and meteorological data on the different communities of Spain 

to be introduced in the mathematical model. 

 

From the previous table, in some cases adding and in others averaging, the data of 

the characteristic parameters have been obtained to introduce in the mathematical 

model proposed by equation 1: 

 

Ca = 5,22 m/s 

Pr = 606 litre/m2 * year 

Ce = time periods (25 days of study, from February 25 to March 20).   

Efs = 752,32 inhabitants/Km2 

Ip = 1 (1 % best case). 

 

In an experimental way, from model 1, an improved model has been obtained that 

better fits the real data of the temporal evolution of the number of infected by  

Autonomous Capital Population Surface Population Density Precipitation Wind

Communities (number of inhabitants) (Km2) (inha./Km2) (L/m2)year (m/s)

Andalucía Sevilla 8446561 87599 96,42 534 5,2

Cataluña Barcelona 7609499 32113 236,96 640 5

Comunidad de Madrid Madrid 6685471 8028 832,77 436 4,2

Comunidad Valenciana Valencia 4998711 23255 214,95 454 4,5

Galicia Santiago 2698764 29575 91,25 1691 5

Castilla y León Valladolid 2407877 94224 25,55 435 4,5

País Vasco Vitoria 2181919 7234 301,62 779 5

Canarias Las Palmas 2206270 7447 296,26 324 6,1

Castilla-La Mancha Toledo 2038440 79461 25,65 357 4

Región de Murcia Murcia 1494442 11314 132,09 301 5,2

Aragón Zaragoza 1324397 47720 27,75 318 5,5

Islas Baleares Palma 1198220 4992 240,03 427 5

Extremadura Mérida 1062797 41634 25,53 523 4,5

Principado de Asturias Oviedo 1019993 10604 96,19 973 5,5

Navarra Pamplona 652526 10391 62,80 721 5

Cantabria Santander 581949 5321 109,37 1246 5

La Rioja Logroño 314487 5045 62,34 399 4,5

Ceuta Ceuta 84434 18,5 4564,00 586 8,5

Melilla Melilla 84286 12,3 6852,52 370 7
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coronavirus in Spain that is presented by equation 2 where a second term of 

compensation of the deviation of the first model has been added: 

 

       𝑉𝑝𝑖 =  ∑ | 𝑎.
𝐶𝑎

𝑃𝑟
2 + 𝑏.

𝐶𝑒..𝐶𝑎
2

𝑃𝑟
2  𝐸𝑓𝑠. 𝐼𝑝| + ∑ [(𝑉𝑝𝑖−2

+ 𝑉𝑝𝑖−1
)𝑛

𝑖=3 . 𝐹] 2
𝑖=1                    (2) 

 
The first term of equation 2, which corresponds to the first mathematical model 

developed, provides the first two terms of the prognosis of the number of people 

infected by the COVID-19 in Spain, and the rest of terms would be obtained by the 

second term of the model of equation The final data obtained from the number of 

actual infections and those obtained with the improved  

model are as follow:  

 

 
 

 
 

Table 2. Comparison of real data with data obtained by improved model of the number of 

COVID-19 infections in Spain. 

 

 

A graph showing the real data on coronavirus infections in Spain during the study 

period compared with the data obtained by the improved mathematical model given 

by equation 2 gives the following figure: 
 
 

Date Time Nº Infected Prognosis

dd:mm (days) (real) (Model)

25-feb 1 9 5,69

26-feb 2 9 5,69

27-feb 3 9 9,67

28-feb 4 34 13,05

29-feb 5 51 19,31

01-mar 6 74 27,50

02-mar 7 129 39,79

03-mar 8 153 57,20

04-mar 9 201 82,44

05-mar 10 255 118,69

06-mar 11 335 170,95

07-mar 12 430 246,20

08-mar 13 599 354,58

09-mar 14 1073 510,66

10-mar 15 1452 735,45

11-mar 16 1898 1059,19

12-mar 17 2677 1525,45

13-mar 18 3900 2196,94

14-mar 19 5100 3164,03

15-mar 20 6948 4556,83

16-mar 21 8352 6562,73

17-mar 22 9659 9451,62

18-mar 23 12037 13612,20

19-mar 24 15273 19604,25

20-mar 25 17393 28233,98
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Figure 3. Comparison of real data with modelled data (equation 2) of the number of people 

infected by COVID-19 in Spain. 

 

As shown in figure 3, there is a positive relationship between the number of infected 

and time, as time increases the number of infected (41,45).  

It is recalled that as a first approximation, a linear model was assumed that was 

given by equation 1, where the monitoring of the data was not as desirable, 

however, this model has been improved by applying equation 2.  

 

To further improve the data obtained, a better fit to the real data curve of the 

improved mathematical model has been made by applying quantitative forecasting 

methods: simple moving average, weighted average, simple exponential smoothing 

and double exponential smoothing. The process is as indicated by the following 

scheme: 

 

 

 

 

 

 
Definition of measurement factors 
 
Cumulative Forecast Error total (CFE): allows you to evaluate forecast bias. For 

example, if over time periods (days) the actual value of the number of infected 

people is always higher than the forecast value, the CFE will be larger, indicating  

 

Improved Mathematical 

Model (equation 2) 
Initial Mathematical 

Model (equation 1) 
Quantitative 

Forecast Models 
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the existence of a systematic error in the calculation of the speed of spread of the 

infection. This parameter is given by: 

 

                                 𝐶𝐹𝐸 =  ∑ 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑖𝑛𝑔 𝑒𝑟𝑟𝑜𝑟                               (3) 

 

Mean Absolute Deviation (MAD): This parameter measures the dispersion of the 

forecast error, or in other words, the measurement of the error size in units. It is the 

absolute value of the difference between the actual and forecast number of infected, 

divided over the number of periods (days). Its value is given by: 

 

                                      𝑀𝐴𝐷 =  
∑⌈𝐴𝑐𝑡𝑢𝑎𝑙−𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡⌉

𝑛
                                             (4) 

 

Mean Square Error (MSE): is a measure of the dispersion of the forecast error. The 

measure maximizes the error when squared, punishing those periods where the 

difference was higher than others. Consequently, the use of MSE is recommended 

for periods with small deviations. It is determined by:  

 

                                     𝑀𝑆𝐸 =  
∑(𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑖𝑛𝑔 𝑒𝑟𝑟𝑜𝑟)2

𝑛
                                             (5) 

 

Percentage absolute mean error (ASM): this is the average of the absolute error or 

difference between the actual and forecast infection values, expressed as a 

percentage of the actual values. It gives the deviation in percentage terms and not 

in units as the previous measures. 

 

                                   𝑀𝐴𝑃𝐸 =  

∑ 100∗⌈𝐴𝑐𝑡𝑢𝑎𝑙𝑖−𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡 ⌉𝑛
𝑖=1

𝐴𝑐𝑡𝑢𝑎𝑙𝑖

𝑛
                                       (6) 

 

The determination of forecasting errors will allow decisions to be made regarding 

which forecasting method is the best and to detect when something in the forecast 

of the number of infected people is not going well, thus managing to change the 

course of decisions in order to find the right solutions (4,23..25). 

 

Forecasts and errors 

 

These methods aim to eliminate random fluctuations in the time series by providing 

less distorted data of the actual time series behaviour. 

 

The time series, also called time series or historical series, is a set of numerical data 

obtained in regular and specific periods through time. This type of method is 

appropriate for a stable time series, that is, one that does not exhibit significant 

trend, cyclical, or seasonal effects. 

 

In the data calculation summary tables, the cumulative forecast error sum (CFE), 

mean absolute deviation (MAD), mean square error (MSE) and absolute percentage  
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error (ASM) parameters have been determined for the four previous forecasts for 

comparison (22). Each method is detailed below and the equations used in the 

calculations are presented. 

 

a) Forecasting the number of infected with the Simple Moving Average 

method 

 

This technique is used when you want to give more importance to more recent data 

sets to obtain the forecast, this is obtained by calculating the arithmetic mean of the 

most recent data set selected. The sensitivity to changes in series behavior is 

reduced by using a larger number of observations in the data set. 

 

The calculations shown in table 3 have been obtained taking into account that the 

number of periods that are predicted is twenty-five, which is the number of days in 

the study.  
 

 
 

Table 3. Prognosis and errors of the number of infected with the Simple Moving Average 

method 

 

b) Prognosis of the number of infected with the Weighted Average method 

 

 

Date Time Nº Infected Prediction Prediction MAD MSE MAPE

dd:mm (days) (real) (Model) error (%)

25-feb 1 9 5,69 3,31 0,13 0,44 1,47

26-feb 2 9 5,69 3,31 0,13 0,44 1,47

27-feb 3 9 9,67 -0,67 0,03 0,02 0,30

28-feb 4 34 13,05 20,95 0,84 17,56 2,46

29-feb 5 51 19,31 31,69 1,27 40,18 2,49

01-mar 6 74 27,50 46,50 1,86 86,48 2,51

02-mar 7 129 39,79 89,21 3,57 318,35 2,77

03-mar 8 153 57,20 95,80 3,83 367,14 2,50

04-mar 9 201 82,44 118,56 4,74 562,30 2,36

05-mar 10 255 118,69 136,31 5,45 743,25 2,14

06-mar 11 335 170,95 164,05 6,56 1076,43 1,96

07-mar 12 430 246,20 183,80 7,35 1351,36 1,71

08-mar 13 599 354,58 244,42 9,78 2389,68 1,63

09-mar 14 1073 510,66 562,34 22,49 12649,15 2,10

10-mar 15 1452 735,45 716,55 28,66 20537,73 1,97

11-mar 16 1898 1059,19 838,81 33,55 28143,95 1,77

12-mar 17 2677 1525,45 1151,55 46,06 53043,05 1,72

13-mar 18 3900 2196,94 1703,06 68,12 116016,20 1,75

14-mar 19 5100 3164,03 1935,97 77,44 149919,15 1,52

15-mar 20 6948 4556,83 2391,17 95,65 228708,37 1,38

16-mar 21 8352 6562,73 1789,27 71,57 128059,70 0,86

17-mar 22 9659 9451,62 207,38 8,30 1720,22 0,09

18-mar 23 12037 13612,20 -1575,20 63,01 99249,95 0,52

19-mar 24 15273 19604,25 -4331,25 173,25 750388,04 1,13

20-mar 25 17393 28233,98 -10840,98 433,64 4701072,40 2,49

Error total: 10436,72 46,69 251858,46 1,72
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This method discards the oldest data and considers the most recent, as it works with 

simple moving averages. The difference is that historical data are weighted, that is, 

they are assigned different weights, in the model the weights used have been 40%, 

30% and 30% for the most recent, intermediate and furthest periods respectively, 

using an n=3 for the most recent period (43). 

 

The formula was used to calculate the forecast using this methodology: 

 

𝐹𝑡 =  
𝑤1. 𝐷𝑡−1 + 𝑤2. 𝐷𝑡−2 + 𝑤3. 𝐷𝑡−3 + ⋯ + 𝑤𝑛. 𝐷𝑡−𝑛

𝑤1 + 𝑤2 + 𝑤3 + ⋯ + 𝑤𝑛
 

 

where: 

 

Ft: forecast for the next period (day) t. 

Dt: observed value of the number of infected people in the period (day) 

wi: weight or weighting for the observed value of the number of infected in period 

t-i. 

 

The calculations obtained are shown in the following table: 
 

 
 

Table 4. Prognosis and errors of the number of infected with the Weighted Average method 

 

 

Date Time Nº Infected Prediction Prediction MAD MSE MAPE

dd:mm (days) (real) (Model) error (%)

25-feb 1 9 9,00 0,36 3,24 4,00

26-feb 2 9 9,00 0,36 3,24 4,00

27-feb 3 9 9,00 0,36 3,24 4,00

28-feb 4 34 9,00 25,00 1,00 25,00 2,94

29-feb 5 51 19,00 32,00 1,28 40,96 2,51

01-mar 6 74 33,30 40,70 1,63 66,26 2,20

02-mar 7 129 55,10 73,90 2,96 218,45 2,29

03-mar 8 153 89,10 63,90 2,56 163,33 1,67

04-mar 9 201 122,10 78,90 3,16 249,01 1,57

05-mar 10 255 165,00 90,00 3,60 324,00 1,41

06-mar 11 335 208,20 126,80 5,07 643,13 1,51

07-mar 12 430 270,80 159,20 6,37 1013,79 1,48

08-mar 13 599 349,00 250,00 10,00 2500,00 1,67

09-mar 14 1073 469,10 603,90 24,16 14587,81 2,25

10-mar 15 1452 737,90 714,10 28,56 20397,55 1,97

11-mar 16 1898 1082,40 815,60 32,62 26608,13 1,72

12-mar 17 2677 1516,70 1160,30 46,41 53851,84 1,73

13-mar 18 3900 2075,80 1824,20 72,97 133108,23 1,87

14-mar 19 5100 2932,50 2167,50 86,70 187922,25 1,70

15-mar 20 6948 4013,10 2934,90 117,40 344545,52 1,69

16-mar 21 8352 5479,20 2872,80 114,91 330119,19 1,38

17-mar 22 9659 6955,20 2703,80 108,15 292421,38 1,12

18-mar 23 12037 8453,60 3583,40 143,34 513630,22 1,19

19-mar 24 15273 10218,10 5054,90 202,20 1022080,56 1,32

20-mar 25 17393 12618,00 4775,00 191,00 912025,00 1,10

Error total: 30177,80 48,28 154262,05 2,01
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c) Prognosis of the number of infected with the Simple Exponential Smoothing 

method 

 

To generate a forecast by this method, you need the most recent forecast, the value 

of the number of infected people for that day, and the alpha smoothing constant (α). 

Each time the forecast is calculated, the previous observation is removed and 

replaced by the most recent number of infected, and this is where this method is 

interesting (36..38) 

 

The forecast has been calculated using the following formula: 

 

𝐹𝑡 = 𝐹𝑡−1 + 𝛼(𝐴𝑡−1 − 𝐹𝑡−1) 

  

Here: 

 

Ft: forecast for the next period (day) t. 

Ft-1: forecast of the previous period. 

At-1: number of infected in that day's period. 

At-1 - Ft-1= error of previous forecast.Alfa: constante de suavización (valor 

utilizado 0,4). 

 

The calculations obtained are shown in the following table: 
 

 
 

Table 5. Prognosis and errors of the number of infected with the Simple Exponential 

Smoothing method 

Date Time Nº Infected Prediction Prediction MAD MSE MAPE

dd:mm (days) (real) (Model) error (%)

25-feb 1 9 9,00 0,36 3,24 4,00

26-feb 2 9 12,60 -3,60 0,14 0,52 1,60

27-feb 3 9 7,56 1,44 0,06 0,08 0,64

28-feb 4 34 9,58 24,42 0,98 23,86 2,87

29-feb 5 51 43,77 7,23 0,29 2,09 0,57

01-mar 6 74 53,89 20,11 0,80 16,17 1,09

02-mar 7 129 82,04 46,96 1,88 88,20 1,46

03-mar 8 153 147,78 5,22 0,21 1,09 0,14

04-mar 9 201 155,09 45,91 1,84 84,32 0,91

05-mar 10 255 219,37 35,63 1,43 50,79 0,56

06-mar 11 335 269,25 65,75 2,63 172,90 0,79

07-mar 12 430 361,30 68,70 2,75 188,80 0,64

08-mar 13 599 457,48 141,52 5,66 801,11 0,95

09-mar 14 1073 655,61 417,39 16,70 6968,65 1,56

10-mar 15 1452 1239,96 212,04 8,48 1798,49 0,58

11-mar 16 1898 1536,82 361,18 14,45 5218,12 0,76

12-mar 17 2677 2042,47 634,53 25,38 16104,98 0,95

13-mar 18 3900 2930,81 969,19 38,77 37573,11 0,99

14-mar 19 5100 4287,68 812,32 32,49 26394,83 0,64

15-mar 20 6948 5424,93 1523,07 60,92 92789,72 0,88

16-mar 21 8352 7557,23 794,77 31,79 25266,49 0,38

17-mar 22 9659 8669,91 989,09 39,56 39132,06 0,41

18-mar 23 12037 10054,64 1982,36 79,29 157190,60 0,66

19-mar 24 15273 12829,95 2443,05 97,72 238740,63 0,64

20-mar 25 17393 16250,22 1142,78 45,71 52237,68 0,26

Error total: 12750,08 20,41 28033,94 1,00
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d) Prognosis of the number of infected with the Double Exponential 

Smoothing method 

 

This double exponential smoothing method seeks to incorporate the trend into an 

exponentially smoothed forecast. This method requires some additional parameters 

over the previous method such as a delta constant and a value for the trend. Two 

smoothing constants alpha (α) and delta (δ) with a value of 0.3 each have been used 

in its calculation. 

 

The formulas used for the calculation of the forecast were as follows: 

 

Ft = alpha (actual no. of infected on the previous day) + (1-alpha)*(previous day's 

forecast + estimated trend for the previous day) 

 

Tt = delta (current day forecast - last day forecast) + (1-delta)*(estimated trend for 

the last day) 

 

FITt = exponentially smoothed forecast (Ft) + exponentially smoothed trend (Tt) 

 

Here: 

 

Ft: exponentially smoothed forecast with the data series of day t. 

 

Tt: smoothed trend for day t 

 

At: actual number of infected for day t 

 

Alpha: smoothing constant for the average 

 

Delta: smoothing constant for the trend 

 

FITt: forecast of the number of infected with tendency 

 

To determine the smoothed forecast for the second day you would have: 

 

𝐹2 = 𝛼. 𝐴1 + (1 − 𝛼)(𝐹1 + 𝑇1) 

  

𝑇2 = 𝛿(𝐹2 − 𝐹1) + (1 + 𝛿)𝑇1 

 

𝐹𝐼𝑇2 = 𝐹2 + 𝑇2 

 

The data obtained are set out in the table below: 
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Table 6. Prognosis and errors of the number of infected with the Double Exponential 

Smoothing method. 

 

The forecast data obtained by the four quantitative methods analyzed will be 

graphically represented below: 

 
 

Figure 4. Real data versus data from all the forecasts of the number of COVI-19 infections 

in Spain. 

Date Time Nº Infected Prediction Prediction MAD MSE MAPE

dd:mm (days) (real) (Model) error (%)

25-feb 1 9 0,00 9,00 0,36 3,24 4,00

26-feb 2 9 15,82 -6,82 0,27 1,86 3,03

27-feb 3 9 23,30 -14,30 0,57 8,18 6,36

28-feb 4 34 32,97 1,03 0,04 0,04 0,12

29-feb 5 51 55,30 -4,30 0,17 0,74 0,34

01-mar 6 74 91,03 -17,03 0,68 11,60 0,92

02-mar 7 129 141,56 -12,56 0,50 6,31 0,39

03-mar 8 153 225,68 -72,68 2,91 211,27 1,90

04-mar 9 201 337,95 -136,95 5,48 750,22 2,73

05-mar 10 255 499,06 -244,06 9,76 2382,70 3,83

06-mar 11 335 727,40 -392,40 15,70 6159,03 4,69

07-mar 12 430 1056,85 -626,85 25,07 15717,46 5,83

08-mar 13 599 1527,85 -928,85 37,15 34510,16 6,20

09-mar 14 1073 2220,08 -1147,08 45,88 52631,74 4,28

10-mar 15 1452 3326,14 -1874,14 74,97 140496,16 5,16

11-mar 16 1898 4915,52 -3017,52 120,70 364217,37 6,36

12-mar 17 2677 7181,28 -4504,28 180,17 811543,01 6,73

13-mar 18 3900 10498,24 -6598,24 263,93 1741473,01 6,77

14-mar 19 5100 15394,12 -10294,12 411,76 4238757,31 8,07

15-mar 20 6948 22379,97 -15431,97 617,28 9525833,64 8,88

16-mar 21 8352 32480,05 -24128,05 965,12 23286508,21 11,56

17-mar 22 9659 46637,57 -36978,57 1479,14 54696599,53 15,31

18-mar 23 12037 66449,44 -54412,44 2176,50 118428528,77 18,08

19-mar 24 15273 94677,28 -79404,28 3176,17 252201590,10 20,80

20-mar 25 17393 134992,13 -117599,13 4703,97 553182226,06 27,05

Error total: -45314,12 572,57 40749206,71 7,17
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Prognosis error 

 

The measurement error is defined as the difference between a value being measured 

and a true value. If this is transferred to the forecasts in the calculation of the number 

of virus infections, and in the most general sense, the forecast error can be defined 

as the comparison between the forecast value and the true value. 

 

The calculation of the forecast error allows decisions to be made about which 

forecast method is the best and to detect when something in the forecast of the 

calculation of the number of infected people is not going well, thus changing the 

direction of the decisions made in order to make the best choices (29,34,35,42). 

 

Measures of forecast error calculated for a single method in a single period of time 

(days) are meaningless. Their usefulness lies in comparing the error measures with 

the measures of other forecasting methods or with other time periods. Only 

quantitative forecasting methods have been considered in this study: simple moving 

average, weighted average, simple exponential smoothing and double exponential 

smoothing (44..47) 

  

The summary error table for the four forecasting methods studied is as follows 

 

 
 

Table 7. Comparative summary table of data obtained from methods of forecasting the 

number of infected through measures of forecast error. 

 

From figure 3 it can be seen that the number of infected (blue curve) shows an 

increasing trend. This is reflected in the simple average, weighted average and 

simple exponential smoothing methods that respond better to the MAD and ASM 

measures compared to the double exponential smoothing, whose goodness is to 

foresee the trend in advance. 

 

Double exponential smoothing obtains the best result in CFE, but ends up being 

discarded by the values obtained in the other parameters studied.  

 

Figure 4 shows that the simple moving average, weighted average and simple 

exponential smoothing forecast models are the ones that best adapt to the real data 

curve of the number of infected, however, it is the latter that best adapts, since it 

presents better ASM and AEM values. 

 

 

Moving Average Simple Weighted Average Simple Exponential Smoothing Double Exponential Smoothing

CFE -4314,05 30177,80 12750,08 -357836,59

MAD 46,69 48,28 20,41 572,57

MSE 251858,46 154262,05 28033,94 40749206,71

MAPE (%) 1,72 2,01 1,00 7,17
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Discussion 
 

The importance that mathematical models can have with studies related to diseases 

and pandemics such as the coronavirus COVID-19 is highlighted, as it can be a 

preventive tool when taking health or other measures. 

 

The prognostic models show a better refinement on the proposed mathematical 

model (improved model) in obtaining results. 

 

Non-environmental effects such as family and social structure sizes, seasonal 

changes and pre-existing immunity are important in how they affect the speed of 

spread of the infection in the population so that for successive studies they should 

be taken into account.  

 

Environmental factors are also presented as important parameters. Increased 

airflow (air and ventilation) and rainfall is shown to be the most important variable 

in increasing the rate of spread of the disease. Atmospheric precipitation will do so 

to a lesser degree than ventilation. 

 

It can be seen that in the initial and improved models the parameters of 

environmental temperature and absolute humidity do not appear, which although 

they must be considered, do not show a relevant importance with respect to the 

other variables of the chosen system. According to Shaman (28), the influence on 

the mathematical model is between 3-5% on the final incidence in the speed of 

propagation of the virus. 

 

In the case of the study of the evolution of the number of infected people in Spain, 

the simple exponential smoothing model is the most effective quantitative 

prognostic method. However, it should be taken into account that its disadvantage, 

like the moving average methods, is the response to the trend. Even if an alpha value 

(α) manages to respond to changes in the average, systematic changes in the average 

will make the forecast error greater. So much so, that when an alpha greater than 

0.5 is being applied with good results (in this study we used an alpha=0.4), opting 

for double exponential smoothing is usually a better idea. 

 

When observing the CFE values, it can be deduced that there is a degree of 

systematization error in the analyzed models and it becomes necessary to change 

some values of the constants, especially double smoothing, taken for the study. Note 

that with the double exponential smoothing forecast method, values of 0.3 have 

been used for the mean (alpha) and trend (delta) constants. The average constant 

will depend on the importance given to recent data (highest alpha) or older data 

(lowest alpha). A high trend constant responds more quickly to changes in trend, 

while a lower delta tends to smooth out the current trend, giving less weight to 

recent data. 
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The quantitative forecasting model that best fits the actual trend in the number of 

infected people in Spain is the simple exponential smoothing model since it presents 

the best values of mean absolute deviation and mean absolute percentage error. 
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