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Seasonal characterization of tropospheric ozone fluctuation in Mexico City
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The air pollution due to tropospheric 0zone;@ one of the most serious problems of large industrialized cities in the world. The excessive
increase in @ has a negative impact on the population health. Consequently, researchers have focused their efforts establishing measure
to characterize the statistical analysis of spatio-temporal data. This work shows a study based on seasonal analysis of spatio-temporal da
through second order structure function to and the scale behavior in power law by using the Hurst exponent (H) and analyzing the trend of
fluctuations associated withs@ollution concentration records at four monitoring stations in the Metropolitan Area of Mexico City (MAMC)
considering the four season of the year. The records were consulted from the database of the Automatic Atmospheric Monitoring Network
(AAMN) in Mexico City from 2010 to 2018. The results show the differences in behavior of ozone according to the seasons of the year in this
megacity. The behavior of statistical persistence predominates in spring, with 63.89% of occurrence over the total of the samples analyzed
In winter, the observed regime is antipersistent, with 80.56%. The three regimes: persistence, randomness and antipersistence were observ
in summer and autumn, with a similar proportion of occurrence of 33%%6. Given the above, the climatological characteristics of each
season could be associated with the regimes of persistent, random and antipersistent behavior of the fluctuation of the concentration of th:
pollutant G..
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1. Introduction and SQ, are higher in the stations that report the heaviest
traffic and the concentrations of RMand Q are influenced
Tropospheric ozone (§) is formed from the chemical re- by regional tropical factors, biomass burning, and ultraviolet
action between the action of sunlight and different precur+adiation [10]; furthermore, they considered significant dif-
sor substances such as volatile organic compounds, carbdéerences between pollutant concentrations in different mon-
monoxide C'O) and nitrogen oxides, among others studieditoring stations, suggesting that the local environment influ-
by [1]; it has origin in combustion processes from industrialences the concentration of gases in each season. In similar
emissions and vehicular traffic defined by [2]. Given the naway, in Malaysia during period from 1999 to 2010, it were
ture of Q; in large cities, it is subject of numerous studiesreported in their study variations insQevels due to mete-
that show its adverse effects on health [3-5]. For this reasomrological variables with highest concentrations in the first
studies of the temporal records of @ave been carried outto quarter of 2009 [11]. Also, they show that the average O
understand its behavior from data analysis [6,7]. Also, it haveconcentration was higher in February and lower in Novem-
been found the climatic variables play an important role in theber.
process of accumulation or dispersion of €oncentration The evaluation of @ contaminants carried out by [12],
levels [8,9]. For example, in the Klang Valley, Malaysia be-in Deradun, India, consider environmental volatile organic
tween January 1997 and December 2006, the analysis shaempounds (VOC) samples for three seasons: summer, win-
that the concentrations of some pollutants, such as CGQ, NCOter and the monsoon. They report that recorded toluene en-
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vironmental concentration is higher during winters and lower1993-1999, studies of pollutants; OPM;, and PM, using

in monsoons. According to [12], the high toluene propor-Sigma-T (ST), Hurst and the rescaled range to determine the
tion indicates vehicular emission as the main source, becausturst exponent index were carried out in the United King-
toluene and xylenes are found in the hydrocarbons that cordom by [30]. They found persistence of pollutant fluctuation
tribute the most to @formation [13], in the city of Tenerife, over a temporal period of days. Detrended fluctuation analy-
describe the influence of climatic conditions and find that thesis (DFA) on time series of £ NO, and PM,, for the cities
PM;, are lower during the rain and describe the temporabf Athens, Greece and Baltimore, USA, were performed by
evolution of the pollutant concentrationsg dcluded. C.A. Varotoset al,, [30]. They found that while @and NO,

On the other hand, the findings in the literature suggespollutants show persistance in time scales ranging from one
several underlying relationships between meteorology, anweek to five years; foP M, persistence appears at intervals
thropogenic sources, and pollutant concentrations that aref four hours to nine months. Also, the Detrended Moving-
useful for establishing local trends in air pollution over time Median (DMM) method to estimate both the Hurst persis-
and geographical space. Hence, a large number of rdence degree and persistence properties of ozone concentra-
searchers have focused their efforts on characterizingp®  tions, from eight air quality monitoring stations in urban and
tamination records among others [14-17]. To accomplistsuburban areas of peninsular Malaysia, was used by [32]. The
this, they make use of Fractal theory tools due to the comprevious studies empirically determine the multifractal con-
plex and chaotic nature of the phenomenon. Consequentldition of the time series of atmospheric pollutants in different
it has been possible to characterize data series of differemities of the world, including Mexico City; as well as the per-
environmental pollutants with a small data set. sistence associated with the time scale. In addition to this,

This paper is structured as follows. In Sec. 2, state of th@ther works report the influence of both meteorological fac-
art review on statistical persistence studies of air pollutantors, i.e.,, temperature, humidity and wind speed [26]; and
records in different cities in the world are considered. Secseasonal effects, on concentration levels through long-term
tion 3 describes the performed analysis using seasonal flucorrelations [18]. However, as it is well known, quantita-
tuation and structure function to that characterize long-terntively the formation, deposition and distribution of pollutants
correlations of the data series. Section 4 shows the resulis the environment are characteristic of the dynamics of envi-
obtained to explain the behavior of the data series for the difronmental factors and anthropogenic activities in each region
ferent seasons of the year in Mexico City. Finally, in Sec. 5,0f the world [33-35]. Then, it is important to understand the
conclusions are described. extrinsic information of the factors influencing the time se-
ries behavior of various atmospheric pollutants with respect
to seasonal dynamics. For this reason, a local analysis is pro-
posed to examine the statistical persistence associated with

In the last decades, studies have been conducted on the sthe time scale of the influence of meteorological factors im-
tistical persistence in air pollutant records in different citiesplicitly associated with the dynamics of each season of the
around the world [18-23]. It was also established that timeyear.

series associated with different air pollutants are complex In this work we use a metric that determines the charac-
systems and multifractal in nature [24-28]. The multifractalteristic behavior of time series (in the context of the Hurst ex-
behavior was characterized under different analysis metricgonent), in particular those associated with®cords from
from those referred to as FA fluctuation analysis, FDA de-four different RAMA sites in Mexico City. Consequently, a
trended fluctuation analysis, rescaled range, spectral analysigjantitative estimation of the statistical behaviors of persis-
two-dimensional multifractal detrended fluctuation analysistence, antipersistence and randomness of the spring, summer,
(2D-MFDMA) [18,26,27,29]. A study on air quality index autumn and winter seasons of each year analyzed is given.
(AQI) time series for CO, N, O3, PM, 5, PM;q and SQ

pollutants using multifractal fluctuation detrended analysis

(MF-FDA) was carried out by [28]; He found multifractal 3. Methodology

behaviors for pollutant concentration series for Beijing, Jinan

and Zhengzhou cities in China. In other study conducted oWe analyze the fluctuations of the time series associated with
API time series between 2001 and 2012 in Nanjing, ChinaQ3 in Mexico City during 2010-2018, and determining the
the multifractal nature and long-term correlations were repersistence in the seasonal periads, Spring, Summer, Au-
ported by [25]. Furthermore, the existence of multifractal natumn, and Winter, through the dynamic scaling approach us-
ture and statistical persistendes., long-range correlations, ing the structure function [36]. In this work, the used records
for major air pollutants @, SO,, CO, NG,, and PMy, in of O3 concentration indices were obtained from Automatic
Mexico City, have also been empirically demonstrated, a®Atmospheric Monitoring Network (AAMN) of Mexico City
can be seen in Refs. [20,24]. On the other hand, analysisom four different monitoring stations: Cuajimalpa (CUA),
on atmospheric pollutants from a classical fractal model and/lerced (MER), Tlalnepantla (TLA), and Xalostoc (XAL),
the fluctuation associated with these series of records wergccording to Fig. 1. The concentration indices correspond to
conducted on other works. For example, during the perioc nine-year period, from 2010 to 2018, and time series are

2. State of the art review
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(R T i qeSC N Sy
Station Abbreviation | Latitude Longitude Altitude
Cuajimalpa CUA 19.365313 | -99.291705 | 2704 masl
Merced MER 19.42461 -99.119594 | 2245 masl
Tlalnepantal TLA 19.52077 -99.204597 | 2311 masl d)
Xalostoc XAL 19.525995 | -99.0824 | 2160 masl 2010 2012 %{g;‘ 2016 2018

FIGURE 1. Location of air quality monitoring stations in Mexic0.  ¢syre 2. 0, concentration profiles of four monitoring stations:

City. a) CUA, b) MER, c) TLA and d) XAL.

constructed from data of the seasonal periods Spring, Sumgipration (See Table I). Each site was chosen because they
mer, Autumn, and Winter. The persistence of these seasong|ifest highest levels of On Mexico City. For example,
periods is studied by determining the Hurst exponent (H) forya| corresponds to an area composed of a high vehicular
the fluctuation associated with these time series by means @fxffic that connects the Metropolitan area in the northern part
the second order structure function. of Mexico City, and every day around 1.5 million people mo-
bilize to carry out their work and education activities. In ad-
dition, it has an industrial zone, that is considered one of the

The Atmospheric Monitoring System (AMS) of Mexico City _most polluted areas in Mexico. TLA is another area that is

is responsible for the permanent measurement of the main affmersed in the Valley of Mexico and it is part of the most
pollutants (S@, NO,, CO, O;, PMo, and PM 5), AAMN polluted places in the country providing 18% of greenhouse

is made up of 29 monitoring stations and provides imme92Ses. MER is in the center of Mexico City with commer-
diate information for activation or deactivation of alert or ¢i&l @nd vehicular traffic activities. CUA is in the southwest

emergency procedures for environmental contingency. Pf Mexico City _and itis considered one of mosg_@olluted
addition, it has historical records of the pollutants of Mex- Places 80% of its surface correspond to ecological protected

ico City and the metropolitan areht{p://www.aire. areas.
cdmx.gob.mx/detault.php ). Hence, the daily records
by hour of G from January 1, 2010 to December 31, 2018

of the CUA, MER, TLA, and XAL monitoring stations areé The methodology used in this work is based on the fluctua-

considered. Figure 2 shows the total records from each sitg,, analysis (FA), it since allows the detection of long- term
with their respective concentration variation in parts per bil--, relations in time series. From a time serfest) : ¢t =

lion (ppb). 1,2,..., N} with a nonzero mean, a new time series is con-

. The.following data for each monitoring station are CON-structedy(t), which is determined by the cumulative sum of
sidered: 56217 records were taken from CUA, 56239 record§(t) [37], and the fluctuation functioi (¢) is obtained as

from MER, 54744 records were 140 taken from TLA and gnown in Eq.T) and Fig. 5.

58687 records from XAL. In general, there are 9 years of

records corresponding to four monitoring sites, for a total of Y (t) = y(t) — g(t), 1)

36 samples for each season of the year (see Table I). Notice

the data differences of the consulted records, this is becauseherey(t) is a first-degree polynomial function, and is the
in some hours the monitoring station were in maintenance orendency associated with the functigft) [38].

3.1. Data collection

3.2. Seasonal fluctuation

Rev. Mex. Fis69021402
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TABLE |. Total data analyzed by monitoring station by year and season.

Monitoring Station Year Spring Summer Autumn Winter Total data

2010 2188 1674 1859 53
2011 1564 1760 1584 263
2012 2210 2226 2082 256
2013 2141 2116 1827 249

CUA 2014 2083 1605 1934 259 56217
2015 2214 2180 2160 258
2016 2197 1965 2108 254
2017 2118 1828 2102 256
2018 2156 2168 2062 258
2010 2052 1900 1787 64
2011 2053 1956 2038 244
2012 2097 2093 2076 256
2013 2058 2065 1962 207

MER 2014 2081 1939 1798 259 56239
2015 2187 2077 2072 254
2016 1896 2073 1776 257
2017 2143 1922 1866 256
2018 2128 2110 2012 225
2010 1910 1776 1821 228
2011 2111 2033 1999 248
2012 1889 1892 1738 251
2013 2059 2013 1641 251

TLA 2014 2008 2076 1902 259 54744
2015 2175 2177 1916 258
2016 2019 1593 2110 226
2017 2173 2179 1873 254
2018 1803 1609 2016 258
2010 2182 2161 2184 263
2011 2141 2186 2160 243
2012 2146 2099 2184 257
2013 1885 2166 2184 258

XAL 2014 1850 2188 2184 166 58687
2015 2208 2168 2160 258
2016 1389 2099 2184 257
2017 2191 2138 2184 252
2018 1869 1800 2184 259

X (t,) is obtained fromz(t) for each season, where =  mulative sum igy,,(t,) = > X, (¢,). The hourly mean of

Spring, Summer, Autumn and Wintet,, € [1,N] and the O; concentration variations can be seen in Fig. 4.

n =1,2,3,4,.... Note that Fig. 3 shows the variation 0§ O

concentration profiles for each season of the year 2010 fog.3. Structure function

CUA monitoring station, defined hy,, (¢,,). Itis also noted

that the number of records varies according to the season afithe Structure function used in turbulence analysis establishes
time of year considered. Using Edl)(in X,,(¢,) gives the the scale dependence in power law of the fluctuation function.
fluctuation functionZ,, (¢,) = ym (t.) — y(t») where the cu-  In addition, it exhibits correlation of time sequences [36,39].

Rev. Mex. Fis69021402
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FIGURE 3. O3 concentration variation of seasonal sites for CUA monitoring station in 2010: a) Spring, b) Summer, ¢) Autumn and d) Winter.

To characterize the behavior of the fluctuation sefigst,, ), the use of the Structure functidfa(A,,) is proposed. The second
order Structure function is defined by Eq. (2) [40].

1 N—-An
FQ(AH) = N — An Z |Zm(tn) - Zm(tn-‘rAn)F' (2)
n=1

The window width or sampled intervahk,, € [1,N]
with a data series lengtv. Thus, considering that for time IeX|s:tence of trends and was possibly due to situations that
series with long-range correlation8;(A,,) is expected to  were atypical (see Table II).
exhibit a behavior in power lawy(A,) o« (A, with Merazet al, observed a decrease iy @oncentration in
H € [0,1] and H is identified as Hurst exponent [41,43]. the nineties and non-decreasing seasonality for 2007, there-
Then, H characterizes the invariance of statistical scale asfore it is stated that the dynamics of®ave changed dra-
sociated with long and short-range correlations. For this, thenatically in this studied decade [20].
following criterion is considered: short-term negative corre-  Figure 4 shows the Qrecord values for the different
lation if 0 < H < 0.5 indicates antipersistencé&l = 0.5  monitoring sites corresponding to: a) MER, b) XAL, c) TLA
indicates randomness, and)ib < H < 1 indicates persis- and d) CUA, for the analysis period 2010-2018. For each
tence, that is, it shows correlations of long range [44]. hour of the day, the values ofs®ecords were averaged con-
sidering the data corresponding to each of the seasons of the
year (spring, summer, autumn and winter), but not only for a
single year, but for the entire period 2010-2018. Itis observed
4.1. Descriptive analysis that the maximum @ records occur in the range from 14

4. Analysis and discussion of results

According to Fig. 2, the @variation in four different mon-
itoring stations (CUA, MER, TLA, and XAL) from January
1, 2010 to December 31, 2018, indicate the maximum level
allowed by the World Health Organization [45] and the Of-

TABLE Il. Number of occasions that concentration values were
over 100 ppb, total in each station for the 2010-2018 period and
Yotal per season.

ficial Mexican Standard NOM-020-SSA1-2014 [46] for air Monitoring 2010
quality. Note that the values above the dotted line indicate station Spring  Summer Autumn  Winter -2018
afflictions mainly in the airways and consequently the health  \yer 717 123 107 25 972
of people. However, the Oconcentration records that ex-

ceed the permissible threshold of 100 ppb have few incidents. XAL 332 18 0 3 423
The high occurrences index of maximum permissibleo®- TLA 480 & 96 6 653
served throughout the study period suggests conducting stud- CUA 734 346 229 1 1320
ies in a contamination range oG- 100 ppb to neglect the Total 2263 558 502 45 3368

Rev. Mex. Fis69021402
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FIGURE 4. O3 concentration variations hourly mean in the 2010-2018 period for: a) MER, b) XAL, c) TLA and d) CUA.
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FIGURE 5. Fluctuation function associated with theg ©@oncentration variations corresponding to the year 2010 for: a) Spring, b) Summer,

¢) Autumn and d) Winter.
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FIGURE 6. Structure function>(A,,) for differentA,, sizes for: Spring, Summer, Autumn and Winter from to CUA monitoring station.

to 17 hrs with values ranging from 80 ppb to 160 ppb for thestructed from Q concentration profiles (Fig. 3) concentration
four sites and stations studied; analogous observations can kariations of CUA for Spring, Summer, Autumn and Winter
seen in Refs. [47-50]. We also note in this Fig. 4 that the magduring 2010.

nitudes of the spring maximumsQecords are always higher For the Structure function considering Spring, Summer,
than the magnitudes of the winter maximurg @cords. A Autumn and Winter seasons corresponding to CUA, scaling
similar behavior in @ concentration variations is maintained in power law are consider to exist, according to the log-log
in different monitoring sites in Seul Corea for the four sea-graph of Fig. 6. It can be seen that the slope corresponds
sons of the year as observed by [51]. For the summer anth A sampled from the four monitoring stations during the
fall at the four monitoring sites studied, the magnitude of the2010-2018 period. An average value Efis estimated dur-
maximum records is lower than those observed in spring, buihg the indicated period of the four monitoring zones for the
higher than those observed in winter. Locally, monitoringSpring, Summer, Autumn and Winter seasons.

sites show diferences regard Goncentration levels. Higher

values are found for MER, XAL, and TLA sites, while the 4.2,  Structure function analysis

lowest concentration values are observed for CUA.

In addition, the maximum record values of the pollutantFigure 6 shows the scaling in power law of the fluctuations
03, which exceed the limits allowed by the Mexican official associated with @concentration variation of the CUA moni-
standard NOM-020-SSA1-2021 and have led to environmentoring station for the 2010-2018 period. Note that for Spring,
tal contingencies, are observed too in the spring, summer arlummer and Autumn seasons, it is observed a scale up to
winter seasons. Figure 5 shows the fluctuation function conthree orders of magnitude, whekeis determined by the re-

Rev. Mex. Fis69021402



8 S. MATIAS-GUTIERRES, E. I. GARGA-OTAMENDI, L. MORALES-RUIZ, AND L. PALACIOS-LUENGAS

0.75 T T T T 0.7 T T T T T
xaL —l— XAL —8
0.7 | Persistent @._ a4 . 065 I b G~
[ @ MER —&— - MER
0.6 TLA 7
0.65 - 1 i
055 [ 1
06 T 05 fF==-===-===k==k=- ..--:.. ........ F?fijl_s[_e[ﬂ.__-
0.55 |- L % . 045 [ i
\ : 0.4 ' .
0.5 == a i
[\ 035 [ : 1
Qs \ I 0.3 [-Anti-Persistent
.3 [FAnti-Persisten .
—u Anti-Persistent
04 1 1 1 | 1 025 1 1 I ] |
a) 2010 2012 2014 2016 2018 b) 2010 2012 2014 2016 2018
Years Years
0.75 T T T T 0.65 r T T T
n xAL —l—
0.7 | I\ cus —@— - 0.6 - / i
=Y MER —— - -1
/o i 0.55
0.65 |- /A e o5 | Persistent i \ »
. i i B e s 7 e - -
0.6 | :
0.45 - '\‘\\// / / :
0.55 04 o . Q4
4 H A\ 172 b/
0.5 GasE W g 2% i
_— 03} \\ = \ ///A 2
0.25 |- 1\ /7 .
0.4 \ AL —l \\v
\ 0.2 ‘i/ cus —@— N &
0.35 @ _ _ 015 L ; MER —d -]
Anti-Persistent Anti-Persistent TLA —O—
0.3 - L 1 0.1 1 1 L ! I
2010 2012 2014 2016 2018 2010 2012 2014 2016 2018
C) Years d) Years

FIGURE 7. Hurst exponent distribution for year: a) Spring, b) Summer, ¢) Autumn and d) Winter.

lation log F»(An) ~ log(An)H. Table Ill, and Fig. 7 show the three regimes with similar proportion of occurrence, sum-
the influence of temporality in the four monitoring stations. mer 33.33%, which is antipersistent, followed by randomness
According, it is observed that the Spring season of the CUAwith 30.56% and for persistence a rate of 36.11%. While for
XAL, TLA, and MER monitoring stations predominates the autumn there is an increase in the percentage of antipersis-
trend of H to statistical persistence, with an occurrence ratd¢ence with respect to summer of 36.11%, followed by a de-
of 63.8% andH = 0.61, which implies that the @concen-  crease with respect to the random regime with a percentage
tration variation values subsequently registered and in proef 25%.
cess maintain the sign of the variations [32]. Finally, statistical persistence is characterized with a rate
If the registered @ levels reach relatively high values, of 38.89%. In addition, Summer is an intermittence between
then the system tends to keep them high, indicating that ihot days and rainy days, with greater and lesser solar radia-
is limited by the scaling range where the power law pre-tion. This suggests high and low levels of Concentration
dominates, and, consequently, the high @lues decrease as reported by (Baldasano and Massag2017) where they
to oscillate around a relatively low value, where the tendencyound that pollutant records are lower during rainy times. In
is to maintain those values, until a transition occurs againAutumn, the winds that help dissipate the @redominate as
The trends of Hurts exponents seem to correspond to the clieported by [52]. For Winter, the four monitoring stations
matic conditions of Mexico City, where, in Spring, a climatic show a well-defined Hurst exponent as antipersistent with an
variable in this season is the high heat condition due to ineccurrence of 80.56%. This process indicates that the incre-
creased solar radiation. Which would imply higher levels ofments are independent and considered to be short memory
O3 concentration at this time, by its very nature of formationprocesses.
and, which corresponds to the time wherg é@ncentration The antipersistence in winter indicates that high or low
rates are high, as observed by [11,35]. For the Summer an@s; concentration levels do not necessarily influence the val-
Autumn seasons in the same monitoring statidiigeveals ues of subsequent records.

Rev. Mex. Fis69021402
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TABLE Ill. H obtained in period 2010-2018 for each monitoring station.

(H) Hurst exponent
Season Monitoring station 2010 2011 2012 2013 2014 2015 2016 2017 2018 Antipersistent Randomness Persistent

MER 0.524 0.504 0.614 0.608 0.515 0.472 0.622 0.607 0.467
XAL 0.434 0.668 0.620 0.627 0.428 0.424 0.575 0.533 0.588 0.45 0.50 0.61
TLA 0.536 0.493 0.580 0.594 0.463 0.462 0.639 0.550 0.445  19.44% 16.67% = 63.89%
CUA 0.621 0.480 0.697 0.682 0.567 0.536 0.668 0.671 0.553
MER 0.512/0.636 0.478 0.520 0.528/0.449 0.419 0.487/0.311

Summer XAL 0.568 0.636 0.444 0.576 0.552 0.475 0.344 0.465 0.292 40 0.50 0.61
TLA 0.487 0.637 0.414 0.585 0.536 0.452 0.519 0.491/0.438  33.33% 30.56% = 36.11%
CUA 0.560 0.666 0.516 0.636 0.626 0.562 0.371 0.471 0.391
MER 0.535 0.358 0.424 0.519 0.407 0.55 0.499 0.521/0.429

Auturmn XAL 0.587 0.394 0.345 0.519 0.728 0.536 0.544 0.631 0.430 0.39 0.50 0.60
TLA 0.583 0.313 0.442 0.516 0.334 0.554 0.508 0.549 0.414  36.11% 25% 38.89%
CUA 0.529/0.403 0.345 0.59 0.478 0.615 0.599 0.571 0.512
MER 0.331 0.333 0.314 0.326 0.514 0.339 0.316 0.148 0.306

Winter XAL 0.475 0.168 0.289 0.319 0.396 0.297 0.373 0.160 0.368 0.32 0.50 0.58
TLA 0.397 0.236 0.310 0.289 0.490 0.399 0.335 0.197 0.404  80.56% 16.67% 2.78%
CUA 0.489/0.379 0.401 0.462 0.611 0.406 0.475 0.368 0.530

In Winter, the decrease in solar radiation predominateseach monitoring site. It has been observed that the use of the
which would indicate lower concentration levels as reportedluctuation analysis and structure function technique are ap-
by [7]. In addition, the @ concentration records in this sea- propriate methods to characterize the power-law behavior (up
son can be mostly attributed to those caused by vehiculao three orders of magnitude) of;@oncentration levels for
traffic. That is indicated by the high proportion of toluene Mexico City. It was possible to characterize the power law
and xylenes, found in hydrocarbons, as the main source asend of the Q fluctuation vs. time for each of the series of
referred by [12]. Although this is a case study, the resultsecords for each season of the year by estimating the Hurst
suggest that could be associate persistence with warm seexponent. Using this method, it was possible to establish a
sons,.e. with higher solar incidence and higher incidence of correlation of persistence and antipersistence for spring and
records with high @ concentration indices. While antipersis- winter, respectively, in most cases. However, in some cases,
tence, could be associate it with cold seasoaswith lower  the O; records show no correlation for the fluctuation func-
solar incidence and lower incidence of high €ncentration tion; that is, their processes are random. The Hurst exponent

records. values for spring indicate statistical persistence and are there-
fore associated with long-range correlations. While those
5. Conclusions found for winter indicate statistical antipersistence, so they

are associated with short-range correlations. On the other
In this work it has been established that@ncentration lev- hand, the Hurst exponent values for summer and autumn
els are influenced by seasonal meteorological factors. Theere found to exhibit the three regimes of persistence, an-
maximum values of @concentration for a given hour of the tipersistence and randomness, approximately in equal parts.
day were observed during spring, while the minimum val-Although this is a case study, the results suggest that could be
ues were observed for winter. Between the two previougssociate persistence with warm seaspeswith higher so-
extremes were located the values for summer and autum#r incidence and higher incidence of records with high O
which are very similar. This behavior is maintained through-concentration indices. While antipersistence, could be as-
out the study period, and it is independent of the monitoringsociate it with cold seasonse., with lower solar incidence
site. Moreover, this behavior is congruent with the number oftind lower incidence of high Oconcentration records. Fi-
vehicle restriction measures taken by the city’s environmennally, due to the large number of incidences, higher than the
tal authorities, which occur mostly in spring, summer andmaximum allowed levels of ©concentration in spring and
autumn. Locally, the monitoring sites do show differencessummer, itis recommended that for a better understanding of
in the magnitudes of ©concentrations; however, since the the temporal and spatial evolution of (a local analysis by
highest values correspond both to the most industrialized azones and times of the year be considered; in addition to con-
eas and to the areas with the highest vehicular traffic, thisidering the influence of each of the anthropogenic variables
behavior can be associated to the anthropogenic activities &pPecific to Mexico City.

Rev. Mex. Fis69021402



10

—_

10.

11.

12.

13.

14.

15.

16.

17.

S. MATIAS-GUTIERRES, E. I. GARGA-OTAMENDI, L. MORALES-RUIZ, AND L. PALACIOS-LUENGAS

. K. Y. Kondratyev and C. A. Varotsos, Global total ozone 18

dynamics, Environmental Science and Pollution Resea&h
(1996) 153.

. W. Lei, et al., Characterizing ozone production in the Mexico 19.

City Metropolitan Area: a case study using a chemical transport
model,Atmos. Chem. Phy3.(2007) 1347.

. J. Samet and D. Krewski, Health effects associated with expo=0.

sure to ambient air pollutionJournal of toxicology and envi-
ronmental health, Part X0 (2007) 227.

. L. Curtiset al, Adverse health effects of outdoor air pollutants, 21

Environment internations&82 (2006) 815.

. K. R. Smith, Biofuels, air pollution, and health: a global review

(Springer Science & Business Media, 2013).

. H. Zhaoet al, Investigation of ground-level ozone and high-

pollution episodes in a megacity of Eastern ChiraS onel0
(2015) e0131878.

23.
. N. R. Awanget al., Diurnal variations of ground-level ozone in

three port cities in Malaysia, Air Qualitptmosphere & Health
9(2016) 25.

24.
. A. Goraiet al, Influence of local meteorology and NO2 condi-

tions on ground-level ozone concentrations in the eastern part
of Texas, USA, Air QualityAtmosphere & Healtl® (2015) 81,

. K. Binaku and M. Schmeling, Multivariate statistical analyses

of air pollutants and meteorology in Chicago during summers
2010-2012, Air QualityAtmosphere & Healti0(2017) 1227.

S. Z. Azmiet al, Trend and status of air quality at three dif-
ferent monitoring stations in the Klang Valley, Malaysia, Air 9
Quality, Atmosphere & Healtl3 (2010) 53.

N. R. Awanget al., The influence of spatial variability of critical
conversion point (CCP) in production of ground level ozone in
the context of tropical climatéerosol Air Qual Resl6 (2016)
153.

N. Bauriet al., Evaluation of seasonal variations in abundance29

of BTXE hydrocarbons and their ozone forming potential in
ambient urban atmosphere of Dehradun (India), Air Quality,
Atmosphere & Healt® (2016) 95.

J. M. Baldasano and J. Mass&gurends and patterns of air

quality in Santa Cruz de Tenerife (Canary Islands) in the periody

2011-2015, Air QualityAtmosphere & Healtl0(2017) 939.

D. Tarasicket al, Quantifying stratosphere-troposphere trans-31 .

port of ozone using balloon-borne ozonesondes, radar wind-
profilers and trajectory modelgitmospheric Environmerit98
(2019) 496.

R. S. Williamset al., Characterising the seasonal and geograph-
ical variability in tropospheric ozone, stratospheric influence
and recent change8fmos. Chem. Phy49 (2019) 3589.

S. B. Shamet al,, Variations in the vertical profile of ozone at
four high-latitude Arctic sites from 2005 to 201&tmos. Chem.
Phys.19(2019) 9733.

T. Cieplak, T. Rymarczyk, and R. Tomaszewski, A concept of

the air quality monitoring system in the city of Lublin with ma- 34.

chine learning methods to detect data outliers (20it§)s:
//doi.org/10.1051/mateccont/201925203009

26.

7.

32.

33.

. A. B. Chelani, Statistical persistence analysis of hourly ground
level ozone concentrations in Delitmospheric Researd®?
(2009) 244.

A. Gauret al., Four-year measurements of trace gases; (SO
NOx, CO, and Q) at an urban location, Kanpur, in Northern
India, J. Atmospheric Chemistigl (2014) 283.

M. Meraz et al., Statistical persistence of air pollutantss(O
SO;, NO2 and PM10) in Mexico CityPhysica A: Statistical
Mechanics and its Application®27 (2015) 202.

Z. Chen, C. P. Barros, and L. A. Gil-Alana, The persistence of
air pollution in four mega-cities of Chinajabitat International
56(2016) 103.

22. L. Tohid et al., Spatiotemporal variation, ozone formation po-

tential and health risk assessment of ambient air VOCs in an
industrialized city in Iran Atmospheric Pollution Researd®
(2019) 556.

H. Guoet al,, Simulation of summer ozone and its sensitivity
to emission changes in Chinatmospheric Pollution Research
10(2019) 1543.

A. M. Diosdado, et al., Multifractal analysis of air pollutants
time seriesRev. Mex. Fis59 (2013) 7.

25. C.-H. Shen, Y. Huang, and Y.-N. Yan, An analysis of multifrac-

tal characteristics of API time series in Nanjing, ChiRhysica
A: Statistical Mechanics and its Applicatiod51(2016) 171.

H.-d. He, Multifractal analysis of interactive patterns between
meteorological factors and pollutants in urban and rural areas,
Atmospheric Environmer49(2017) 47.

Q. Dong, Y. Wang, and P. Li, Multifractal behavior of an air
pollutant time series and the relevance to the predictatiity,
vironmental pollutior222(2017) 444.

28. Q. Wang, Multifractal characterization of air polluted time se-

ries in ChinaPhysica A: Statistical Mechanics and its Applica-
tions514(2019) 167.

C. Xi et al, A comparative study of two-dimensional multifrac-
tal detrended fluctuation analysis and two-dimensional mul-
tifractal detrended moving average algorithm to estimate the
multifractal spectrumPhysica A: Statistical Mechanics and its
Applications454(2016) 34.

H. L. Windsor and R. Toumi, Scaling and persistence of UK
pollution, Atmospheric Environme35 (2001) 4545.

C. A. Varotsos, J. M. Ondov, and M. Efstathiou, Scaling proper-
ties of air pollution in Athens, Greece and Baltimore, Maryland,
Atmospheric Environmer®9 (2005) 4041.

M. B. Musa and A. A. Jemain, Persistency of ozone concentra-
tions in urban and suburban area of Peninsular Malaysia (2017).
https://doi.org/10.1063/1.4983870

A. Manju et al, Spatio-seasonal variation in ambient
air pollutants and influence of meteorological factors in
Coimbatore, Southern India, Air QualityAtmosphere &
Health 11 (2018) 1179, https://doi.org/10.1007/
s11869-018-0617-X

M. L. Mansfield and C. F. Hall, Statistical analysis of winter
ozone events, Air QualityAtmosphere & Healtlé (2013) 687,
https://doi.org/10.1007/s11869-013-0204-0 |

Rev. Mex. Fis69021402


https://doi.org/10.1051/matecconf/201925203009�
https://doi.org/10.1051/matecconf/201925203009�
https://doi.org/10.1063/1.4983870�
https://doi.org/10.1007/s11869-018-0617-x�
https://doi.org/10.1007/s11869-018-0617-x�
https://doi.org/10.1007/s11869-013-0204-0�

36.

37.

38.

39.

40.

41.

42.

43.

44.

SEASONAL CHARACTERIZATION OF TROPOSPHERIC OZONE FLUCTUATION IN MEXICO CITY

. A. Mukherjee, S. B. Agrawal, and M. Agrawal, Intra-urban 46.

variability of ozone in a tropical city-characterization of local
and regional sources and major influencing factors, Air Quality,
Atmosphere & Healti1 (2018) 965 https://doi.org/
10.100//s11869-018-0600-6

A. S. Balankin, Dynamic scaling approach to study time series
fluctuationsPhys. Rev. E6 (2007) 056120.

Y.-H. Shaoet al, Comparing the performance of FA, DFA and
DMA using different synthetic long-range correlated time se-
ries, Scientific report® (2012) 835.

47.

Phys. Rev. E64 (2001) 011114,

U. Frisch, Turbulence: The Legacy of A. N. Kolmogorov (Cam-
bridge University Press, 1996).

P. Meakin, The growth of rough surfaces and interfaBbgysics
Reports235(1993) 189

A.-L. Baratasi and T. Vicsek, Multifractality of self-affine frac-
tals,Physical Review 44 (1991) 2730.

M. Rak, Fractals, Scaling and Growth Far from Equilibrium
(Universitetet i Oslo, 1999).

H.-O. Peitgen, H.,@irgens, and D. Saupe, Chaos and fractals-
new frontiers of science (Springer-Verlag New York, 2004).

B. B. Mandelbrot and I. Stewart, Fractals and scaling in finance,
Nature391(1998) 758.

. WHO, Air quality guidelines for particulate matter, ozone, 53.

nitrogen dioxide and sulfur dioxide: global update 2005:
summary of risk assessment (2006ips://apps.who.
Int/irns/handle/10665/107823

48.

K. Hu et al., Effect of trends on detrended fluctuation analysis, 4°-

50.

51.

52.

11

SSA, Valor imite permisible para la concentrani de ozono
(O3) en el aire ambiente y criterios para su eval@aci
(2014), |nttps:/iwww.dof.gob.mx/nota _detalle.
php?codigo=5356801&fecha=19/08/2014

I. Jhunet al.,, The impact of nitrogen oxides concentration de-
creases on ozone trends in the USA, Air Qualiymosphere
& Health 8 (2015) 283.

A. Monteiro et al,, Investigating ozone episodes in Portugal: a
wavelet-based approachir Qual Atmos Healt® (2016) 775.

A. Sharmaet al, Influence of ozone precursors and particu-
late matter on the variation of surface ozone at an urban site of
Delhi, India,Sustainable Environment Resea$(2016) 76.

A. Kumar et al, Dynamic interaction of trace gases (VOCs,
ozone, and NOX) in the rural atmosphere of sub-tropical India,
Air Quality, Atmosphere & Healti0(2017) 885.

M. A. Igbal et al., Comparison of ozone pollution levels at var-
ious sites in Seoul, a megacity in Northeast Agiamospheric
Researcl38(2014) 330.

E. Kova-Andri¢, J. Brana, and V. Gvoztli Impact of mete-
orological factors on ozone concentrations modelled by time
series analysis and multivariate statistical meth&islogical
Informatics4 (2009) 117 https://doi.org/10.1016/
j.ecoinf.2009.01.002

C.-Z. Yao, J.-N. Lin, and X.-Z. Zheng, Coupling detrended
fluctuation analysis for multiple warehouse-out behavioral se-
quencesPhysica A: Statistical Mechanics and its Applications
465(2017) 75.

Rev. Mex. Fis69021402


https://doi.org/10.1007/s11869-018-0600-6�
https://doi.org/10.1007/s11869-018-0600-6�
https://apps.who.int/iris/handle/10665/107823�
https://apps.who.int/iris/handle/10665/107823�
https://www.dof.gob.mx/nota_detalle.php?codigo=5356801&fecha=19/08/2014�
https://www.dof.gob.mx/nota_detalle.php?codigo=5356801&fecha=19/08/2014�
https://doi.org/10.1016/j.ecoinf.2009.01.002�
https://doi.org/10.1016/j.ecoinf.2009.01.002�

