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ABSTRACT
This work presents the results of the analysis of meteorological variables applying the modeling Ion-Wavelets in a hypothetical manner. In this case the Morlet wavelet transform is used, which is the result of a huge number of researches
made in the 80’s and applied to various physical phenomena derived from natural chaotic processes; the data were
processed using the phenomenon “El Niño” and CO2 (Carbon dioxide) due to the fact that these are the meteorological
phenomena which best adapt to our object of study correlating with distribution of Gauss and Morlet during the study
period in the Puebla Valley.
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1. Introduction
This case is using the Morlet wavelet transform which is
the result of a huge number of researches made in the
80’s and applying to various physical phenomena derived
from natural chaotic processes, it says a complex understanding and development which constitutes recent analysis technique.
This term is defined as a small wave or localizable
function in time for the representation and signals segmentation in the time-frequency study.
The Morlet wavelet transform has begun to be applied
in different fields for instance astronomy, acoustic, nuclear engineering, earthquake detection, image compression, optics, MRI, radar, meteorology, etc. [1,2].
The Wavelet analysis, whose mathematical basis is
similar to the Fourier Theory, decomposes a temporary
series in the domains of time and frequency, which turns
into an appropriate analysis for the study of non-stationary series that contain variability in different temporary
scales, which is the case of meteorological series. With
the decomposition in the domains of time and frequency,
it is feasible to obtain both the most important modes of
temporary variability and their evolution in time; this
Copyright © 2013 SciRes.

also allows the location in time of oscillatory signals of
very short duration [3].
It was utilized the following Gaussian wavelet for the
variables of temperature, energy and rainfall.
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where Cn is a constant determined for 2-norm de gauss
(x,n) = 1; where just is possible perform the wavelts continuous transform which can be symmetrical or asymmetrical depending on the value of n [4].
Subsequently, El Niño and CO2 programs were utilized for applying the Morlet wavelet transform whose
mathematical model is expressed as:
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to co-relate the thermal peaks to the rainfall points during
the months analyzed.

2. Data Processing in Morlet Wavelet
Transform
The first thing to consider is the shape of the wavelet, for
decomposing “El Niño data”, we chose the Morlet waveACS
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let because: it looks like a wave, it is commonly used,
and it's simple.
The base data were processed in Ion Wavelet, which is
a program developed for the analysis of continuous variables like the meteorological ones, as it requires only the
analytical instrumentation. Registered data can be processed through different models such as El Niño phenomenon, Monzon, CO2 and Sunspots. In this case, they
were processed only by El Niño phenomenon and CO2,
due to the fact that these are the meteorological phenomena which best adapt to our object of study [5].
Remember that El Niño phenomenon is a cyclical climate process which provokes havoc worldwide, affecting
mostly South America and the areas between Indonesia
and Australia, causing warming of Pacific waters; using
this model in a hypothetical manner to understand the
possibility of climatic change caused for this process in
the centre of Mexican Republic, more specifically in
Puebla city [6].
The Morlet wavelet is used, and the transform is performed in Fourier space. To reduce wraparound effects,
each time series is padded with zeros [7].
The Morlet wavelet consists of a complex exponential
modulated by a Gaussian, where t is the iv t/s 2t2/(2s2) e
0 e time, s is the wavelet scale, and v0 is a nondimensional frequency. For v0 5 6 (used here), there are approximately three oscillations within the Gaussian envelope. The wavelet scale s is almost identical to the corresponding Fourier period of the complex exponential [8,
9].
The relationship between the phenomenon El Niño and
CO2 is ideal to this study due to the meteorological conditions that could be reflected in the behavior of the
winds, temperature, rainfall and solar radiation; also the
constant pollution of CO2 that occur in the capital and
their probable relation between them; After this, the reconstruction signal of the Wavelet transform is utilized
(See Figure 1).
This model allows analyzing the data through a 2D
graphic that is generated in the processing. In axis “x” is
located in the time scale and the “y” axis scale analysis;
using only Gauss and Morlet algorithms. In the Wavelet
spectrum appear located in the temporal space areas
where there is increased energy accumulation. It is interesting see how the accumulation of solar energy, temperature, humidity and rainfall are distributed over time
at different time scales (Ramos, R. et al. 2003).
The study of the graphs it is useful to understand the
behavior of the processed variables during the time of the
study 2011-2012.

3. Weather Variables Modeling in Puebla
City
El Niño phenomenon (EN) and CO2 (C) models were
Copyright © 2013 SciRes.

451

applied: a) according to the characteristics of Puebla
Valley, b) depending on atmospheric conditions and pollutants (including Popocatepetl volcano) and c) to correlate the results and models obtained between the processed meteorological variables and those which might be
affected by some pollutant; resulting in the 2D modeling.
El Niño phenomenon is the normal atmospheric circulation in the Pacific and the convergence of Northwest and
Southeast winds on the surface, which causes a convective cell related to temperature, humidity and rainfall
[10].
Data processing, the creation of these models and the
results will be useful in the near future to follow up important climate variations related to global warming. (EN)
was applied to the variables of temperature, humidity,
rainfall and energy in the months of June-July-December
2011 and May-June 2012, as they are representative
months according to the variations of the analyzed variables. In this analysis the period of rain begins in May,
with high humidity, important rainfall and constantly
varying energy. Within this month, the Earth’s surface
receives energy proceeding from the Sun in the form of
electromagnetic radiation: absorbs heat and emits radiation in the infrared range, so that this would generate a
constant source of energy to maintain the whole flow of
the atmosphere [11].
The energy which Puebla Valley’s surface receives
depends on the incidence angle of the rays and altitude;
temperature remains relatively continuous.
Figure 1 (subsections a to d) shows graphs and spectrums obtained from the processed variables.
The result of (EN) suggests an alteration in the system
of normal average rainfall; falling behind the rainy season in 2011 and, in 2012, entering a normal process from
May; i.e. there is a clear relationship of El Niño activity
in the Valley of Puebla in annual period studied.
Using (C), the pollution factor of carbon dioxide is not
important for the Valley of Puebla yet. The result of the
processed variables is identical to (EN), i.e. in this model,
there is no atmospheric alteration with carbon dioxide.
The activity of Popocatepetl volcano did not influence
the atmospheric behavior of the processed variables either, due to wind conditions that favor rapid dispersion of
particles emanating from the volcano [12].
The hypothesis suggested by these results is that by
applying the model of El Niño phenomenon, the result
obtained is directly related to the Valley of Puebla, while
the CO2 model is related to climate change and should be
applied to future studies.
In Figures 2-4 are presented the modeling of maximum and minimum temperatures (2), rainfall and humidity (3) and finally the solar energy (4); the modeling does
not change significantly, it is almost the same for all results obtained between 2005 to 2010, showing that have
remained in a range almost equal.
ACS
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Processed graphs with the Fenómenodel Niño model.

(a)
Processed graphs with the CO2 model.

Processedgraphs withthe Fenómenodel Niño model.

(b)
Processed graphs with the CO2 model.
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Processedgraphs with the Fenómenodel Niño model.

(c)
Processed graphs with the CO2 model.

Processed graphs with the Fenómenodel Niño model.

(c)
Processed graphs with the CO2 model.

Figure 1. Processed graphs with the Fenómenodel Niño model and CO2 model.
Copyright © 2013 SciRes.
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Figure 2. Modeling of maximum and minimum temperatures during June-July-December of 2011 and May-June of 2012,
there is any significant variation comparing with other years. The maximum temperature in May of 2012 was 30˚, the minimum temperature in December of 2011 was −2˚C.

The following is a briefly description of the hydrometeorological forecasting divided in areas during May-

November 2013 in the State of Puebla, applying the
IONWAVELETS hypothesis (Chart 1).

Area of Tepeaca/Tepexi: we expect between 5 and 15 hailings.
1) Forecast moderate to heavy rains (15 to 60 or more mm/hr):
Area of Huauchinango: we expect between 25 and 30 storms
Area of Tehuacán: we expect 5 and 8 hailings.
Area of Zacatlán: we expect between 22 and 33 storms.
Area of Izúcar: we expect between 1 and 5 hailings.
Area of Cuetzalan: we expect between 20 and 30 storms.
Area of Acatlán: we expect between1 and 5 hailings.
Area of Teziutlán: we expect between 20 and 29 storms.
3) Precipitation forecast of moderate to heavy rains
Area of Tlachichuca: we expect between 22 and 33 storms.
(Approximate total accumulation):
Area of Huejotzingo (Puebla city): we expect between 25 and 30 storms. Area of Huauchinango: Approximately 1325 mm.
Area of Tepeaca/Tepexi: we expect between 9 and 21 storms.
Area of Zacatlán: Approximately 1650 mm.
Area of Tehuacán: we expect between 18 and 32 storms.
Area of Cuetzalan: Approximately 1350 mm.
Area of Izúcar: we expect between 15 and 29 storms.
Area of Teziutlán: Approximately 1725 mm.
Area of Acatlán: we expect between 20 and 29 storms.
Area of Tlachichuca: Approximately 1700 mm.
Area of Huejotzingo (Puebla City): Approximately 1560 mm.
2) Hailing forecast:
Area of Tepeaca/Tepexi: Approximately 1075 mm.
Area of Huauchinango: we expect between 1 and 5 hailings.
Area of Tehuacán: Approximately 1700 mm.
Area of Zacatlán: we expect between 1 and 5 hailings.
Area of Izúcar: Approximately 1050 mm.
Area of Cuetzalan: we expect between 1 and 5 hailings.
Area of Acatlán: Approximately 1005 mm.
Area of Teziutlán: we expect between 1 and 5 hailings.
Area of Tlachichuca: we expect between 1 and 8 hailings.
Area ofHuejotzingo (Puebla City): we expect between 5 and 15 hailings.

Copyright © 2013 SciRes.
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Forecast total accumulation of rainfall for the period
May-November 2013 in representative municipalities of

Puebla (Chart 2).

ACAJETE: 956 mm

HUAQUECHULA: 861 mm

TEOTLALCO: 835 mm

ACATENO: 745 mm

HUAUCHINANGO: 975 mm

TEPANCO DE LÓPEZ: 934 mm

ACATLÁN: 646 mm

IXTACAMAXTITLÁN: 595 mm

TEPANGO DE RODRÍGUEZ: 1229 mm

ACATZINGO: 799 mm

IZÚCAR DE MATAMOROS: 971 mm

TEPEXCO: 895 mm

AHUAZOTEPEC: 525 mm

JALPAN: 835 mm

TEPEXI DE RODRÍGUEZ: 966 mm

AHUEHUETITLA: 845 mm

JOLALPAN: 876 mm

TEPEYAHUALCO: 892 mm

AJALPAN: 1152 mm

MOLCAXAC: 785 mm

TEPEYAHUALCO DE CUAUHTÉMOC: 834 mm

AMOZOC: 935 mm

OCOYUCAN: 811 mm

TETELA DE OCAMPO: 695 mm

ATLIXCO: 1093 mm

ORIENTAL: 1002 mm

TEZIUTLÁN: 1182 mm

AYOTOXCO DE
GUERRERO: 915 mm

PANTEPEC: 841 mm

TLACOTEPEC DE BENITO JUÁREZ: 1523 mm

CALPAN: 888 mm

PIAXTLA: 765 mm

TLAHUAPAN: 775 mm

CALTEPEC: 797 mm

PUEBLA: 1400 mm

TLATLAUQUITEPEC: 935 mm

COATZINGO: 872 mm

QUIMIXTLÁN: 777 mm

TLAXCO: 867 mm

COYOTEPEC: 794 mm

SAN ANDRÉS CHOLULA: 855 mm

TOCHIMILCO: 713 mm

CUETZALAN: 1975 mm

SAN JERÓNIMO XAYACATLÁN: 435 mm

TULCINGO: 505 mm

CUYOACO: 865 mm

SAN JUAN ATENCO: 759 mm

VENUSTIANO CARRANZA: 923 mm

CIUDAD SERDAN: 1065 mm

SAN MARTÍN TEXMELUCAN: 1086 mm

VICENTE GUERRERO: 2100 mm

CHAPULCO: 815 mm

SAN NICOLÁS
DE LOS RANCHOS: 868 mm

XICOTEPEC: 1446 mm

CHIETLA: 661 mm

SAN SALVADOR EL SECO: 725 mm

XOCHITLÁN TODOS SANTOS: 768 mm

CHIGNAHUAPAN: 1075 mm

SANTA INÉS AHUATEMPAN: 629 mm

ZACAPOAXTLA: 1078 mm

CHILA DE LA SAL: 879 mm

TECALI DE HERRERA: 875 mm

ZACATLÁN: 1043 mm

ESPERANZA: 1389 mm

TECAMACHALCO: 1155 mm

ZAPOTITLÁN: 993 mm

FRANCISCO Z. MENA: 719 mm

TEHUACÁN: 1225 mm

ZARAGOZA: 1179 mm

GUADALUPE: 873 mm

TEHUITZINGO: 799 mm

ZOQUITLÁN: 950 mm

GUADALUPE VICTORIA: 834 mm

TEOPANTLÁN: 845 mm

4. Conclusions
This work highlights the importance of the meteorological factors and their analysis in order to determine the
probability of climate conditions and the transition of
seasons, as well as the changes that are taking place.
Copyright © 2013 SciRes.

There arises the need of evidence of temperature and
rainfall trends in a finer scale to improve understanding
of climate variability and long-term change and its associated mechanisms.
The relationship between temperature and humidity is
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usually dispersed throughout the whole year; temperature
increases or decreases according to the amount of humidity existing in the air.
The relationship between humidity and rainfall shows
that humidity increases in the rainy season.
The relationship between rainfall and energy is given
by the existing thermal oscillation, i.e. less rainfall at
higher energy.
The study allowed the identification of the zones of
thermal accumulation, humidity and rainfall; both maximal and minimal. At the same time, the zones of accumulation of thermal isolines and isohyets were identified

during the study period for the Valley of Puebla.
The application of IONWAVELETS hypothesis,
shows atypical data to the period of study, for instance,
in a short period of time was presented great amount of
rain and hailstorms.
In addition with these data, it is pretended to contribute to the process of agricultural development, i. c. the
relation between the obtained data and any seed which
can be ideal to the edaphological development in the area
of study; the application of this model is going to take
more time in relation with the observation process to
determine if the applied hypothesis is variable.

Figure 3. Modelings of the studied months are presented, seeing that the most water accumulation was registered in June
2012 with 85 mm and the less in December 2011 with 0 mm. The highest accumulation of humidity was recorded in May with
85% and the lowest accumulation was recorded in December 2011 with 48%. 2Dand 3D graphics were obtained by use of
Puebla city coordinates and data was located in the z-axis, for distinguishing in a precise way the maxima and minima concentrations in the different months of year.
Copyright © 2013 SciRes.
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Figure 4. The figure presents the modeling of energy or solar radiation of the months studied, the highest amount of energy
was in July 2011 with 423 W/m2 and lowest in June of the same year with 148 W/m2.

The model applied to the characteristics of “El Niño
phenomenon, warm”, and the anthropogenic study (CO2
mainly) as well as the statistical and mathematical results
have a certain range of 75% - 85%.
Copyright © 2013 SciRes.
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Appendix
1) Municipalities in the area of Huauchinango:
Chiconcuautla, Francisco Z. Mena, Honey, Huauchinango, Jalpan, Jopala, Juan Galindo, Naupan, Pahuatlán, Pantepec,
Tlacuilotepec, Tlaola, Tlapacoya, Venustiano Carranza, Xicotepec, Zihuateutla.
2) Municipalities in the area of Zacatlán:
Ahuacatlán, Amixtlán, Camocuautla, Cuautempan, Hermenegildo Galeana, San Felipe Tepatlán, Tepango de Rodríguez,
Tepetzintla, Tetela de Ocampo, Zacatlán.
3) Municipalities in the area of Cuetzalan:
Atlequizayan, Caxhuacan, Coatepec, Cuetzalan del Progreso, Huehuetla, Hueytlalpan, Huitzilan de Serdán, Ixtepec,
Jonotla, Nauzontla, Olintla, Tuzamapan de Galeana, Xochiapulco.
4) Municipalities in the area of Teziutlán:
Acateno, Atempan, Ayotoxco de Guerrero, Chignautla, Hueyapan, Hueytamalco, Tenampulco, Teteles de Ávila Castillo,
Teziutlán, Tlatlauquitepec, Yaonáhuac.
5) Municipalities in the area of Tlachichuca:
Acatzingo, Chichiquila, Chilchotla, General Felipe Ángeles, Nopalucan, Oriental, Palmar de Bravo, Quecholac,
Quimixtlán, Rafael Lara Grajales, San José Chiapa, San Salvador el Seco, Soltepec.
6) Municipalities in the areaof Huejotzingo:
Chiautzingo, Huejotzingo, Puebla, San Felipe Teotlalcingo, San Matías Tlalancaleca, San Nicolás de los Ranchos, San
Salvador el Verde, Tlahuapan, Tochimilco.
7) Municipalities in the area of Tepeaca/Tepexi:
Acajete, Amozoc, Atoyatempan, Coatzingo, Coyotepec, Cuapiaxtla, Cuautinchán, Huatlatlauca, Huehuetlán el Grande,
Huitziltepec, Ixcaquixtla, Los Reyes de Juárez, Mixtla,
Molcaxac, Santa Catarina Tlaltempan, Santo Tomás Hueyotlipan, Tecali de Herrera, Tecamachalco, Tepatlaxco,
Tepeaca, Tepexi de Rodríguez, Tzicatlacoyan, Zacapala.
8) Municipalities in the area of Tehuacán:
Ajalpan, Atexcal, Coxcatlán, Coyomeapan, Eloxochitlán, San Sebastián Tlacotepec, Vicente Guerrero, Yehualtepec,
Zoquitlán.
9) Municipalities in the area of Izúcar:
Ahuatlán, Chiautla, Epatlán, Izúcar de Matamoros, Teopantlán, Xochiltepec.
10) Municipalities in the area of Acatlán:
Acatlán, Chila, Cuayuca de Andrade, Petlalcingo, San Miguel Ixitlán, Santa Inés Ahuatempan, Tehuitzingo, Totoltepec
de Guerrero, Xayacatlán de Bravo.
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