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Abstract: The study includes an analysis of data from 2010 to 2018, it was proposed to obtain the best or
better features probability distribution model the concentrations of PM10 in México City using the following
pdf, probability distribution function gama, probability density function of extreme value, probability
distribution function gumbel and probability distribution function weibull, to obtain estimators by method
maximum likelihood and moments was used and helped the Matlab 2017 program, assessment forecasting
model RMSE, MSE, coefficient of determination and Index of Approximation, at the same time an analysis is
made to observe its tendency within the period to data of concentrations of daily maximum after corroborating
with the official page of air of méxico city, the trend analysis is done with Bayesian Inference.
Keywords:Particulate Matter of 10 micrometers, probability distributions, adjustment indicators, Extreme
Value Theory, Bayesian Inference

The particles come from smoke trucks and factories, fire, plant pollens, spores of fungi, skin emerges
from body, oxides and metals are contaminants breathed by people of México City.

The classification of particulate material. In general, and for purposes of environmental pollution and
health effects, Particulate material is classified according to its size expressed in micrometers (one micrometer is
one thousandth of a millimeter, the diameter of a hair is between 70 and 80 micrometers). Particulate material
with an aerodynamic diameter less than or equal to 10 micrometers is referred to as PM10.

From the toxicological point of view, particles greater than 10 micrometers are efficiently retained by
the upper respiratory tract, including the nose, larynx, larynx and trachea, but smaller particles (PM4.7- PMO0.65)
can penetrate up to the bronchi and even the alveoli (PM 0.65-PMO0.43); the deepest part of the respiratory
system.

Particulate coarse material (the largest particles) usually contains soil and dust derived from the action
of the wind that results from agricultural activities, unpaved roads, buildings, some industrial activities or
simply from the action of wind on the bare ground. It also includes pollen particles, mold spores and parts of
plants and insects and, near the coasts, particles produced by the marine aerosol.

In general, contamination with particulate material has effects on the respiratory and cardiovascular
system. Some estimates indicate that particulate matter (PM) pollution is the cause of around 2.1 million deaths
per year on the planet; approximately four times more than deaths attributable to ozone pollution.

Given the stochastic nature of atmospheric processes, concentrations of air pollutants can be treated as
random variables with measurable statistical properties. If certain conditions are the statistical characteristics of
pollutant concentrations, they can be described by probability density functions. Probability density functions
(pdf) have been widely used in recent years in a variety of applications, where smoothing data.

Interpolation or extrapolation is needed (Wilks, 1995). Specifically, in the atmospheric sciences the
most characteristic applications include the approximation of the frequency of exceedances of the critical levels
of concentration and the estimation of the reduction of emissions, required for the standard of air quality
objectives (Georgopoulos and Seinfend, 1982; Abatzoglou et al., 1996; Burkehardt et al., 1998; Morel et al.,
1999).

The maximum likelihood method is considered advantageous for estimating parameters compared to
moment methods (which is also occasionally used). On the other hand, the maximum likelihood method requires
a great processing power due to the complex numerical calculations involved, when large data sets are analyzed,
computational time increases substantially.
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Probability Distribution Functions and Methodology
Four probability distribution functions were used, which are the function of gamma distribution,
distribution function GEV, Gumbel distribution function maximum, and the Weibull distribution function.

Table 1. Probability Distribution Functions and Their Parameters.
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Statistical Adjustment Estimators
Indicators deviation of a group of data relative to a model can be used to assess the goodness of fit
between the two. Among the most common indicators they are as follows: RMSE, MAE, NRMSE, CV-MRSE,
SDR, and. Those who were used to determine the distribution that best fit the data gave. Are the mean square
error (RMSE), mean square error (MSE), prediction accuracy (AP), 1A and determination coefficient (R?)

Table 2. Adjustment Estimator

Estimator Equation

Error Measures

Root Mean Square Error RMSE

Error Measures
Mean Square Error

(ﬁ)i(m — 0i)?
N

i=1

Accuracy Measures

MSE = (%) Z(Pi — 0i)?
— P)(0i —

e es , (TP 0)\*
Coefficient of Determination R* =
NS,S,
Y, (Pi — 0i)?

N, (IPi— 0] —|(0i — 0)])?

Accuracy Measures

Index of Accuracy IA=1-

Notation: N = number of observations, P,= predictive valles, 0,= observed values, P = average of predicted
values, O = average of the observed values, S,= Standard Deviation of Predicted valles, S, = Standard
deviation of the observed values.

Study Area
The México city in its geographical location is located in a closed or almost closed basin, which in all
directions is north, south, east or west, adjoins a mountain range or mountain pass, which is the highest altitude
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with volcanoes to the east the Popocatepetl and the 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. szal'igve of Mexico Ciiy (Source: https://www.paratodomexico.com/ )

Statistical Data Description

In the table below we can see the features of the database which show a 6% or unread null values.
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Figure 2. Concentrations of PM10 Daily Mexico City 2010-2018

Table 3. Description of PM10 Data 2010-2018 Trend of Media Concentration Statistics

AViiRimUmSE 0.3750ugr /m”
AVISXRUmI 261.95ugr /m?

30.96pgr /m3

AVAFiERCENII 289.00ugr /m?

17.23ugr /m3
27.83ugr /m3
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Results
Table 4. Parameters of Estimation and Indicators Adjustment Trend 2010-2018
Distributi Dear RMSE MSE R? IA Kolmogorov- Chi Test
on parameters Smirnov
GEV K =0.0422 h=0
sigma = 8.12 4462 1991 .8108 .6517 0 p =0.4971
mu = 22.97
mu = 23.21 h=0
Gumbel | sigma =0.074 .7528 0.5667 5727 .3465 p =0.4834
Alpha Beta = h=0
Weibull | 1.90=35 4513 .2037 .8020 .6486 0 p =0.2385
Spectrum Alpha = h=0
3.242beta = 4439 1970 0.8150 .6555 0 p = 0.4966
9,552

Table 4. PDF Adjusted Trend 2010-2018
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The best pdf modeling the concentration of PM10 are the GEV, Gama and Weibull, most closely the first
two pdf and pdf Weibull like third option, of trend 2010-2018
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Table 5. Concentrations 2010-2018 of PM10

Year GEV Mean of PM10 Year Weibull Mean of PM10
ugr /m3 ugr /m3

2010 45.2440 2010 45.3768

2011 44.6359 2011 44.6995

2012 42.0050 2012 42,1212

2013 43.2191 2013 43.3425

2014 36.4488 2014 36.5970

2015 32.8680 2015 32.9692

2016 34.9588 2016 35.0874

2017 33.9663 2017 34.0939

2018 29.9577 2018 30.0508

Year Gama Mean of PM10 Mean Weibull 31.05 pgr /m3
ugr /m3 Mean GEV 30.95 pgr /m3

2010 45.2532 Mean Gama 30.96 pgr /m3

2011 44,6331

2012 42.0153

2013 43.2324

2014 36.4795

2015 32.8798

2016 34.9660

2017 34.0331

2018 29.9632

Table 6. Adjustment of the Graphics 2018

Gama pdf

2018
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Beta=8.7114

RMSE = 0.3792
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In Table 5 we can see the trend is decreasing and comparison with the data obtained from the official
website of the México City is made. Now an analysis is done to observe the trend within the period using the
method of obtaining new functions Distribution Probability Normal and Extreme Value for Bayesian Inference
Data of Maximum Daily, which have a type behavior Gaussian biased, see in [20] then we can also observe
whether a function of the type GEV one more or less variance than the other anger concentration obtained by
decreasing or increasing.
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Figure 3. Concentrations of PM10 Maximum daily Mexico City 2010-2018

Statistics Maximun Daily of PM10
min: 2708ugr /m?
max: 412.29ugr /m?
mean: 74.90ugr /m3
median: 67.91ugr /m?
std: 40.91pgr /m?
The News GEV or GEV One we find them with the following expressions:

n n-1
GEV( Zﬂ 1 Nk W
n'n-1 v
i=1 i=1
i o
With k<0x € [—m,u——]
k>0x€[u—g+m] &
k )
New GEV
GEVk + GEVKA @)
k=\—F7———
i1 pn
. (GEVsd + PostSD) (3)
Sigma = 7
i=1 PN
(GE Vmu + Postmean) 4)
Mu = %
i=1pn

This expression was best worked, approaching the input distribution function by Bayesian Inference are
looking for values above the official standard annual average concentration. We obtain the following results:
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Table 6. Adjust Trends of Daily Maximum PM10 New GEV

PDF Estimators

PDF GEV New 2010 MSE = 0.00090098
RMSE = 0.0311

k =-0.2360 AP =0.7038

Sigma = 17272 R2 =0.94

Mu = 40.37 Al =0.9928

PDF GEV New 2011 MSE = 0.00086797
RMSE = 0.0298

k =-0.2309 AP =0.7327

Sigma = 14.55 R2=0.88

Mu = 33.64 Al =0.9938

PDF GEV New 2012 MSE = 0.0015
RMSE = 0.0400

k =-0.2165 AP =0.7650

Sigma = 14.1353 R2 =0.89

Mu = 35.38 Al =0.9877

PDF GEV New 2013 MSE = 0.0012
RMSE = 0.0358

k=-0.2191 AP =0.99

Sigma = 17.4188 R2=0.89

Mu = 38,721 Al =0.9814

PDF GEV New 2014 MSE = 0.00085351
RMSE = 0.0296

k =-0.2662 AP =0.8112

Sigma = 15.1624 R2=0.99

Mu = 39.0227 Al =0.9903

New PDF GEV 2015 MSE = 4.4678e-04
RMSE = 0.0214

k=-0.2511 AP =0.8621

Sigma =12.81 R2 =0.9001

Mu = 34.54 IA =0.9955

New PDF GEV 2016 RMSE = 0.00091391
MSE = 0.0306

k=-0.2254 AP =0.9728

Sigma = 14.3886 R2 =0.9600

Mu = 35.05 IA =0.9905

New PDF GEV 2017 RMSE = 0.0393
MSE = 0.0015

k =-0.2913 AP =0.9989

Sigma = 15.84 R2 =0.9763

Mu = 38.49 IA =0.9978

PDF GEV New 2018 RMSE = 0.0249
MSE = 0.0005953

k =-0.2186 AP =0.9820

Sigma = 12.22 R2 =0.9838

Mu = 31.3285 IA =0.9990
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Figure 4. Concentrations of PM10 Daily Mexico City 2017 and 2018 the New GEV

www.ijlret.com

29 | Page



International Journal of Latest Research in Engineering and Technology (IJLRET)
ISSN: 2454-5031
www.ijlret.com || Volume 05 - Issue 04 || April 2019 || PP. 18-36

Graph of the Official Website of México City
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Trend Average New GEV
pugr /m3 CDMX Air | maximums
web daily
2010 55 48
2011 60 40
2012 53 41
2013 50 47
2014 45 45
2015 48 40
2016 48 41
2017 53 44
2018 51 36

Figure 5. PM10 Maximum Daily Mexico City (Source: http://www.aire.cdmx.gob.mx/)

We are looking the trend of maximum daily of PM10, and we can observe that approximate the graph
officer of mexico city and both can see that the concentration decreases slowly.
PDF Gama de cada afio 2010-2018

003 R — CESE R srresensesiey e A TR B R RRRE .
: : : : —2010
| : ; : ’ : —2an
0.025}- R B, A B 2012 f:
FR : : : ] — 2013
— 2014
(] B (P2 . SN ARV IV . SO 2015
+ 2016
+ 207
= Ll o o s S B S S A SRS SR (o]
% 0.015 2018
001 .......................................................................
0.005 ” T ............ ............ ............ ............
0® e i . i j
1] 50 100 150 200 250 300 350
Concentraciones PM10 gr/m3
PDF GEY de cada afio 2010-2018
DDBS ............. TR SR s s e s sueea npmog ............ precyonmaeas e .
: : : : 3 — 2010
003_ ...... ............ ............ ...... 2011
‘ W ; : : : 2012
: : { ; : — 2013
0025 oo S s ST s s ———2014 |:
" N : : : : 2015
;- : : : : : + 2016
002- ............ ............ ............ ...... + 201? .
= 3 3 : ] o 2018
o ] ] : : 3 : 0 :
0015+ + ............ RS ............ Beeeeenes ............
0.01 - 5 ............ ............ ............ ............
0.005
0 . > R i . i ]
1] 50 100 150 200 250 300 350

Concentraciones PM10 grim3

Figure 6. Concentrations of PM10 Daily Mexico City both pdf GEV and Gama

The result was compared against the Bayesian model for the average and standard deviation unknown
taking as forecast model pdf Inverse Gamma [21] to observe the new Max Daily Means of PM10 using Gibbs
sampling, with very excellent results , corroborating the approach of Method [20] for the News GEV were found
for these nearly Gaussian data.
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Trend Average New GEV IGamma IGamma
ugr /m3 CDMX Maximum Forecasted Parameters
Air Web Daily averages
2010 55 48 48,02 Alpha =2.03
Beta = 49.57
2011 60 40 40.10 Alpha =2.03
Beta = 41.35
2012 53 41 40.93 Alpha =2.03
Beta = 42.31
2013 50 47 53.68 Alpha =2.03
Beta = 55.39
2014 45 45 44.35 Alpha =2.03
Beta = 46.08
2015 48 40 40.35 Alpha =2.04
Beta = 42.09
2016 48 41 42.45 Alpha =2.03
Beta = 43.95
2017 53 44 42.12 Alpha =2.03
Beta = 43.61
2018 51 36 34.60 Alpha =2.03
Beta = 35.83

Figure 7. Maximum Daily of PM10 of Mexico City Comparative Measures of the News GEV and the predicted

averages

concentration of the Daily Maximum Concentrations and PM10, we have the following;
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Now just we calculate the days of exceedances for 2018 as an example, having the maximum
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Figure 7. 2018 Daily PM10 Concentrations in Mexico City and CDF
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Figure 8. PM10 Concentrations Maximum Daily CDF 2018 and Mexico City
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e Consultas

259 dias cumplen con el criterio.
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Figure 9. Consultation of PM10 Exceedance above 75 pgr /m? of 2018 México City

(Source:http://www.aire.cdmx.gob.mx/)
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Figure 10. Consultation Daily averages of PM10 2018 Mexico City (Source: http://www.aire.cdmx.gob.mx/)

Calculate the CDF New GEV to maximum concentration is approximately (1-0.4500) * 365 = 200.8
days excendencia which takes to the true value

Now with daily highs always have one or more the following as we are looking above the norm of 75,
it is considered a maximum, The New GEV give us (1-0.2700) * 365 = 266.45 days, which is very good and the
value is exceeded. See also the daily averages of Fig 10, the average without a maximum concentration is
120ugr /m? as at the beginning of the study.

The New Air Quality Standard is also given to the City of Mexico, in the following link: NADP-009-
AIR-2017 (http://www.aire.cdmx.gob.mx/default.php?ref=22Q=)

Conclusions
With this study it was found that the probability distribution function was the most adequate for the
behavior of daily data of PM10 which were with the best adjustment the pdf GEV and the pdf Gama, is
comparative with the adjustment given by the official page of the Mexico City, these distribution functions are
part of the Extreme Value Theory.
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With the trend analysis we used the methodology proposed in [20], for data with Gaussian behavior,
which for maximum ozone data is perfectly coupled, in this case it was used for the maximum data of PM10
which also adjusted but biased, almost Gaussian data as the case of PM2.5 Particles, adjust the maximum data
and give a good approximation of the parameters that we want to look for as the mean for the functions
generated by the GEV giving us approximate results and comparisons with the graph of the page of the of
Mexico City. We can also see in the QQ plot that the pdf New GEV or GEV 1 are adjusted to more extreme
concentrations can be seen as the CDF is better adjusted in higher concentrations to observe the desired trend,
could not adjust a second GEV as the case of Gaussian data given the nature of the data which allows only a
New GEV function and for exceedance calculations with this data it is possible to obtain it. Now making an
adjustment of the complete trend from 2010 to 2018 can be inferred in the possible concentration that can be
obtained for this year, but that will continue to be studied later.

It was also found that the tendency of the PM10 concentration is above the average, we can observe it
from the trend graph, the average is above and in others low, if we apply at maximum concentrations according
to the observed data without the atypical data, but the tendency of the concentration in general goes downwards.
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