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Abstract: The study comprises an analysis of data from 2010 to 2020, it was proposed to obtain the best or 

best probability distribution functions that model SO2 concentrations in México City, using the following pdf, T 

location scale distribution function, extreme value distribution function and exponential distribution function, to 

obtain the estimators the method of maximum likelihood and moments was used and aided by the Matlab 

program, for valuation of the forecast model, RMSE, MSE, coefficient of determination, approximation of 

prediction and approximation index, in turn an analysis is made to observe its trend with an analysis of variance, 

the daily concentration data is downloaded from the official monitoring page and corroborating with the official 

air page of México City. 
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Probability Distribution Functions and Methodology 

 
 
Four probability distribution functions were used, which are the GEV distribution function, the 

exponential distribution function and the tlocation scale distribution function. 

 
Table 1 Probability Distribution Functions and their Parameters. 

Distribution Probability density function Parameters   

GEV  

 

K shape 

  scale 

µ  location  

TLocation Scale  

 

 

  scale 

 

µ location  
 
v shape 
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Exponential 

 

 

µ  mean 

 
Statistical Fit Estimators 

The deviation indicators of a group of data in relation to a model can be used to assess the goodness of fit 

between the two. Among the most common indicators are the following: RMSE, MAE, NRMSE, CV-MRSE, 

SDR, and R ^ 2. Those that were used to determine the distribution that best fit the data. They are the mean 

square error (RMSE), mean square error (MSE), prediction precision (AP) and coefficient of determination (R ^ 

2) Table2 gives the equations for the adjustment indicators that have been used by Lu (2003) and Junninen et al. 

(2002). 

 
Table 2 Fit Estimator 

Estimator Equation  

Error Measures 

 

Root Mean Square Error  
Error Measures 

Mean Square Error 
 

Accuracy Measures 

Coefficiente of Determination 

 
Accuracy Measures 

Prediction Accuracy 

 
Accuracy Measures 

Index of Accuracy 

 

 
 

Notation: N = Number of Observations, Pi = Predictive Values, Oi = Observed Values, P = Average of 

Predicted Values, O = Average of Observed Values, Sp = Standard Deviation of Predicted Values, So = 

Standard Deviation of Values Observed. 

 
Study área 

Mexico City in its geographical situation is located in a closed or almost closed basin, which in all 

directions is north, south, east or west, it borders a mountain range or mountain pass, which the highest altitude 

is with the volcanoes to the east the Popocatepetl and Iztaccihualt, which the circulation of wind and the 

dispersion of pollutants makes it difficult, both for suspended particles and for other pollutants. 
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Figure 1. Relief of Mexico City (Source: https://www.paratodomexico.com/ ) 

 

Statistical Description of the Data 
In the following table we can see the characteristics of the database which shows 5% of null or unread 

values. 

 

Table 3 Statistical Description of the Average Concentration of SO2 Data Trend 2010-2020 

Data Number   105408 

Minimum 0.1 ppb 

Maximum 40  ppb 

Mean 3.2 ppb 

Variance 18.10 ppb 

Standard deviation  4.25 ppb 

Median  1.66 ppb 

 
Results 

Table 4 Estimation Parameters and Trend Adjustment Indicators 2010-2020 in ppb 

Distributión  Parameters Mean and 

Variance 

RMSE MSE  IA 

GEV k  0.1139     sigma 0.1822      mu  

0.2931 

Mean=0.4235  

Var=0.0806 

 

0.3819 

 

0.1458 

 

0.8768 

 

0.7487 

 

TLocation 

 

mu= 0.36427 

sigma= 0.17782 

nu= 2.981 

Mean= 0.3643 

Var= 0.0960 

 

0.3708 

 

0.1374 

 

0.8490 

 

0.7583 

 

Exponential 

 

 

 Mu=0.4236 

Mean= 0.4236 

Var= 0.1794 

 

0.3094 

 

0.0957 

 

0.9002 

 

0.8047 

 
Fit Testing 

Kolmogorov– Smirnov  Chi Test  

Dmax= 0.5926 

KSSTAT = 0.0176 

h =     0 

p =    0.8027 

Dmax= 0.5941 

 

h =     0 

p =    0.8200 

Dmax= 0.4412 

KSSTAT =    0.2033 

h =     0 

p =    0.3900 

 
SO2 Trend Time Series 2010-2020 
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Figure 2 Time Series of SO2 Concentrations of México City, the Matrix 

 
Figure 3 Time Series of the SO2 Mean of México City. 

 

Analysis by probability distribution function 
GEV 
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TLS 

  

  
 

Exponential 
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Analysis of Variance of the SO2 Trend 2010-2020 
An analysis of variance (ANOVA) tests the hypothesis that the means of two or more populations are 

equal. ANOVAs assess the importance of one or more factors by comparing the means of the response variable 

at different levels of the factors. The null hypothesis states that all the population means (means of the factor 

levels) are equal while the alternative hypothesis states that at least one is different. 

To run an ANOVA, you must have a continuous response variable and at least one categorical factor 

with two or more levels. ANOVA analyzes require population data that follow an approximately normal 

distribution with equal variances between factor levels. However, ANOVA procedures work quite well even 

when the assumption of normality is violated, unless one or more of the distributions are highly skewed or the 

variances are quite different. Transformations of the original dataset can correct these violations. 

The name "analysis of variance" is based on the approach in which the procedure uses the variances to 

determine if the means are different. The procedure works by comparing the variance between the group means 

and the within-group variance as a way to determine whether the groups are all part of a larger population or 

separate populations with different characteristics. 
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Figure 4 Analysis of Variance of the Mean of SO2 of Mexico City, where 

(Mean 1 = 2010 to Mean 11 = 2020) 

 
Now with the year 2021 

 

 
 

 
Figure 5 Analysis of Variance of the Mean of SO2 of Mexico City, where 

(Mean 1 = 2010 to Mean 12 = 2021) 

 
Comparing with the Trend Charts of the Official Website of Mexico City 
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Conclusions 
With this study it was verified which type of probability distribution function was the most adequate for 

the behavior of daily SO2 data, the GEV pdf and the Exponential pdf were with the best fit, in comparison with 

the adjustment given by the official website of the Mexico City. 

With the trend analysis, the Analysis of Variance was used to see the trend of the concentration of SO2 in 

Mexico City, which can be seen that the trend is downward although with a slight increase for this year of 2021, 

It would be necessary to see in more detail where that source comes from, whether internal or external to 

Mexico City. 
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