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Resumen

El anélisis de grandes volumenes de datos se esta convirtiendo en un elemento clave para
las organizaciones de cualquier sector debido al soporte que brinda en la toma de
decisiones. El propdsito de la siguiente investigacion es aportar soluciones tecnoldgicas que
permitan identificar el comportamiento o generar patrones en torno a datos climatoldgicos,
como la precipitacién registrada por el Servicio Meteorolégico Nacional (SMN) en los
estados de Chiapas, Oaxaca, Tabasco y Veracruz, contrastada con el nivel del gasto de los
principales rios de dichos estados. Para este estudio se utilizd la herramienta computacional

de mineria de datos Watson Analytics, la cual se caracteriza por realizar de forma
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automatica la modelizacion de los datos y mostrar los hechos mas relevantes, asi como los
patrones y relaciones que subyacen en ellos. En cuanto a la metodologia de mineria de
datos empleada, se utilizé la metodologia CRISP-DM propuesta por Chapman et al. (2000),
debido a las caracteristicas de esta investigacion. La extraccion de comportamiento y
patrones de datos climatoldgicos proporcionaron informacién relevante para que
organizaciones como el Servicio Meteoroldgico Nacional pueda tomar medidas y formular

estrategias de prevencion ante cualquier eventualidad ocasionada por el clima.

Palabras clave: datos climatoldgicos, metodologia CRISP-DM, mineria de datos, Watson

Analytics.

Abstract

The analysis of large volumes of data is becoming a key element for organizations in any
sector, due to the support it provides in decision making. The purpose of the following
research is to provide technological solutions of data mining (DM) that allow identifying
the behavior or patterns presented by climatological data, such as precipitation, recorded by
the National Meteorological Service (SMN) in the states of Chiapas. , Oaxaca, Tabasco and
Veracruz, contrasted with the level of expenditure of the main rivers of these states. For the
present investigation, the Watson Analytics data mining tool was used, which is
characterized by the automatic modeling of the data, showing the most relevant facts, as
well as the patterns and relationships that underlie them. Regarding the data mining
methodology used, the one proposed by NCR, AG, SPSS, OHRA, Teradata and Daimer-
Chrysler was used. CRISP-DM (Cross Industry Standard Process for Data Mining), due to
the characteristics presented by the research was exploratory. The extraction of behavior
and weather data patterns provide relevant information so that organizations such as the
National Meteorological Service (SMN) can take measures and formulate prevention

strategies in the face of any event caused by the weather.

Key words: climatological data, crisp methodology, data mining, Watson Analytics.
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Resumo

A analise de grandes volumes de dados esta se tornando um elemento chave para as
organizagdes em qualquer setor devido ao suporte que ele fornece na tomada de decisdes. O
objetivo da pesquisa a seguir é fornecer solugdes tecnoldgicas para identificar o
comportamento ou gerar padrdes em torno de dados climatologicos, como chuvas
registradas pelo Servico Meteorologico Nacional (SMN) nos estados de Chiapas, Oaxaca,
Tabasco e Veracruz, em contraste com o nivel de gastos dos principais rios dos referidos
estados. A ferramenta de mineracdo de dados Watson Analytics foi utilizada para este
estudo, que se caracteriza pela realizacdo automatica de modelagem de dados e mostra 0s
fatos mais relevantes, bem como os padrdes e relacionamentos que os fundamentam.
Quanto & metodologia de mineracdo de dados utilizada, foi utilizado o proposto por NCR,
AG, SPSS, OHRA, Teradata e Daimer-Chrysler. O CRISP-DM, devido as caracteristicas
apresentadas pela pesquisa, foi exploratorio. A extracdo de padrdes de comportamento e
dados meteorologicos forneceu informacdes relevantes para organizagdes como 0 Servico
Meteoroldgico Nacional para tomar medidas e formular estratégias de prevencao em face
de qualquer eventualidade causada pelo clima.

Palavras-chave: dados climatolégicos, metodologia nitida, mineracdo de dados, Watson

Analytics.

Fecha Recepcion: Abril 2017 Fecha Aceptacion: Diciembre 2017
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Introduction

At present, information and communication technologies (ICT) have become one of
the most significant tools for any organization that wishes to collect and analyze efficiently
and efficiently the data generated every day (Ruiz, 2011). Indeed, ICTs allow information
to be created, stored, exchanged and processed in different ways that can be used for their
own benefit (Tello, 2007). Therefore, more and more organizations acquire or develop
technological platforms to evaluate large volumes of data that serve to support decision
making and respond to changes presented by the environment.

However, among the most relevant technologies in recent years to analyze this
abundant information is data mining (in English data mining or DM), which has become
indispensable for examining and obtaining results that until recently were hidden in profuse
amounts of data. Effectively, thanks to this, behaviors can be identified on a specific good
or service, which can be used to predict and extract information about certain patterns that
would be impossible with other methods.

Data mining, therefore, is a new information management and analysis technology
that takes advantage of existing capacity not only to process, store and transmit data at high
speed and at low cost, but also to find specific content within the diversity of existing
sources, which is very useful for organizations, because it allows them to make better
informed decisions for their future (Altamiranda et al., 2013).

In this context, climatology has long used statistical techniques and tools in a
recurrent and systematic way to describe and predict climate behavior; however, the results
with this type of methods are usually lower if they are purchased with other more
sophisticated techniques such as data mining (Joya, Sistachs, Cabrera and Roura, 2014).

In fact, the application of data mining techniques in historical meteorological
records allows us to give advance signals about eventual natural disasters caused by
meteorological phenomena (Duque, Orozco and Hincapié, 2010), which makes it a useful
tool to guide the way act in the face of an unexpected incident.

For this reason, the following study aims to provide technological solutions to

identify the behavior or generate patterns around climatological data, such as rainfall
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recorded by the National Meteorological Service (SMN) in the states of Chiapas, Oaxaca,

Tabasco and Veracruz , contrasted with the level of expenditure of the main rivers of these

states. This is intended to generate measures and formulate prevention strategies in the face
of any eventuality caused by the climate.

The article is structured in four sections: in the first one, some technological data
mining tools are indicated; In the second section the CRISP-DM methodology (Cross
Industry Standard Process for Data Mining) is explained, which has been used to analyze
data; in the third, the results obtained with the Watson Analytics data mining tool are

presented, and finally, in the last section, the conclusions are offered.

Technological tools of data mining

Today there are different technological tools of data mining that serve organizations
as support for decision making, because they allow to identify behaviors or patterns on a
specific good or service. Among the most popular tools include Clementine SPSS, Oracle
Data Miner (Rodriguez and Diaz, 2007), although one of the most used in recent years is
Watson Analytics because not only allows you to automatically perform data modeling, but
also which also shows the most relevant facts, as well as the patterns and relationships that
underlie them, through the exploration, prediction and presentation modules; In other
words, it is a tool that allows you to get the most out of the data with minimal effort.
Among its benefits are the following: automates predictive analysis, allows the formulation
of interesting questions, facilitates the creation of dashboards and infographics, and
provides an efficient exploration and data analysis.
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Materials and methods

Given the characteristics of the present study (to examine the climatological data
recorded by the National Meteorological Service in the states of Chiapas, Oaxaca, Tabasco
and Veracruz), the CRISP-DM methodology was used, which is one of the most used to
analyze large volumes of data and discover valuable information. The CRISP-DM
methodology, according to Chapman et al. (2000), consists of six phases: understanding the
business, understanding the data, preparing the data, modeling, evaluation and

implementation.

Figura 1. Modelo de proceso CRISP-DM
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Fuente: Chapman et al. (2000)
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Business understanding

In this phase, the scope and requirements were exhaustively analyzed; With this, it
was possible to have an overview of the problem and develop a plan to offer a possible
solution to the defined objective. The topic chosen in this research is the analysis of the
variables rainfall and river expenditures within certain regions of the country where several
natural disasters have been recorded, which could be prevented if a better analysis of the
behavior of these two variables was made. The research is divided into two stages: the first
consists of the creation of the model and its experimentation; the second (to be presented in
a future study) is based on the implementation and demonstration of the results in real time.

Understanding the data

The data was collected, which were provided by the National Water Commission
(Conagua) and the Mexican Institute of Water Technology (IMTA). In this phase we tried
to have reliable and reliable data to be able to achieve the initial objective of the
investigation. The records analyzed were 197 146, which included the period 2000-2010, as

shown in Figure 2 and Figure 3.
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Figura 2. Datos de la variable precipitacion en los estados Chiapas, Oaxaca, Tabasco y

Veracruz
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Fuente: Conagua (2011)

Figura 3. Datos de rios con datos anuales de gasto maximo, minimo y medio

pk_anio - pk mes - | ngasto_mxn - |ndia_gmxm - nhora_gmxr - nlect gmxmw » ngasto_mim » | ndia_gmim - nhora_gmin = nlect_gmim - | nlect_mxm -

2007 a 17,4 a 0,96 7,01 18 0,73 0,9t
2007 5 14,6 a 0,91 7,01 7 0,73 0,9
2007 6 36,5 27 1,23 7,01 1 0,73 1,2:
2007 7 154 20 2,1 7,86 9 0,75 2,
2007 3 97,4 22 1,75 11,8 4 0,85 1,7t
2007 E) 386 7 3,15 32,3 28 1,18 3,1
2007 10 28,1 10 1,29 12,6 13 1,13 1,2¢
2007 1 19,4 28 1,21 10,4 17 1,09 1,2
2007 12 10,4 1 1,09 8,42 21 1,05 1,0¢
2008 1 8,42 1 1,05 7,58 22 1,03 1,0t
2008 2 7,58 1 1,03 6,73 18 1,01 1,0
2008 3 6,73 1 1,01 5,89 16 0,99 1,0:
2008 a 6,45 1 1 5,61 23 0,98 i
2008 5 a3 14 1,45 5,61 14 0,98 1,4t
2008 6 69 3 1,6 5,61 a 0,98 1,t
2008 7 109 4 1,82 20,6 30 1,2 1,8
2008 3 58,5 12 1,52 16 23 1,15 1,5
2008 E) 274 8 2,42 27,4 1 1,15 2,4
2008 10 47,1 7 1,43 25,3 31 1,11 1,45
2008 11 25.3 1 111 21 29 1.01 11

Fuente: IMTA (2017)
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Preparation of the data

In this phase the process of selection, cleaning and transformation of data was
carried out in order to clearly and precisely define the data set that best characterized the

problem; this to be able to feed the data model built in the next phase, as shown in figure 4.

Figura 4. Metodologia del proceso de extraccion, limpieza y transformacion de datos
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Fuente: Elaboracion propia

Modeling

It is very important to make an appropriate data model so that the information load
is as simple as possible, as well as ensuring that the processes do not break easily. Within

the modeling, three types were reviewed: star scheme, snowflake and constellation.

Star scheme

It is a type of relational database scheme that consists of a central table of facts,
which is surrounded by tables of dimensions that form a kind of "star" (Poblete and

Zambrano, 2013). This can have any number of dimension tables.
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Snowflake

It is an extension of the star schema, which consists of a fact table that is connected
to many dimension tables, which can be linked to other dimension tables through a many-
to-one relationship (Cedefio, 2006). The most important advantage of this is that it occupies

less storage space.
Constellation

This model is a combination between the star and snowflake scheme, in which
several tables of facts have dimension tables. The main objective of this is to take

advantage of both schemes.

Once each of the schemes was analyzed, it was determined that the constellation
model was the most appropriate, according to the characteristics of this study (see Figure
5). After elaborating the data model, it was fed with the data of the previous phase, so that

it could be evaluated and validated for its correct functioning.

Figura 5. Modelo de datos constelacion DM
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Evaluation

In this phase, each of the generated models was explored, through experimentation,
to verify its correct functioning and efficiency, so that the best results for the problem and
the data in question could be ensured. The evaluation consisted in feeding each one of the
models with real data, in such a way that a series of consultations could be carried out.
Once the results were obtained, they were analyzed in detail to verify that the model was
fulfilling the main objective of the investigation. Likewise, the documentation of the results

obtained from the data model was made to promote decision making.

Implementation

Given the nature of the research and the definition of the problem, the results were
not implemented within the organization, since in this first stage -as mentioned above- the

study was exclusively designed to create, experiment and validate the data model.

Results and Discussion

Below are the findings found after analyzing the climatological data with the
Watson Analytics technology tool. According to the analysis of the rainfall variable, it was
clearly and easily identified that the state with the highest level of rainfall was the state of
Chiapas, which registered a maximum rainfall of 276 857 mm in the year 2005. it is a

variable of interest to alert about possible flood risks in that state, as shown in figure 6.
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Figura 6. Precipitacion por estados y afios
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Fuente: Elaboracion propia

Then, in figure 7, it shows how in most of the states of Chiapas, Oaxaca, Tabasco
and Veracruz the amount of rainfall recorded turns out to be more intense in summer, with
its highest point of precipitation in the month of September . This information is significant
for the municipalities of each of these states, because it would allow to take preventive
measures against possible floods. Bear in mind that 22.2% of annual accumulated
precipitation tends to run off rivers or streams (CONAGUA, 2014), which could cause

some type of overflow that generates flooding.
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Figura 7. Precipitacion total por estado y mes (periodo 2000-2010)

450K

"]
1]

400K

350K

300K

250K

200K

150K

100K

- | | |
Dol 0 RN el ol

Chiapas Oaxaca Tabasco Veracruz de Ignacio de la Llave
Estado

TotalPrecipitacion (Sum)

N o 2 T T ¢ [ nom ] I
g =+ = 2 B 3 ¥ o & e =
= E = § H § R

=
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On the other hand, the municipalities that registered the highest levels of
precipitation were Tapachula and Union Juarez, which indicates that these areas are more
likely to suffer some type of disaster due to the large accumulation of precipitation. In fact,
contrasting this information with a study by Vergara, Ellis, Cruz, Alarcon and Galvan
(2011), we can verify that the municipality of Tapachula of the state of Chiapas suffered
great floods in 2005, which left a considerable number of dignified

It should also be noted that during the exploitation of the data it was found that in
2005 the state of Chiapas, and specifically the municipality of Tapachula, recorded the

highest levels of precipitation, as shown in figure 8.
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Figura 8. Municipios con mayor precipitacion en el periodo 2000-2010

=
= T
(=]

&
2

c

i
-]
3

=

SEareEe T aEeETeee e
= P r v o « o B m & o =
! v o8 o E = ) " = = T T
] t B & 1 3 3 g o= = 3 !
7 = g = t 1 | ] [ 3
: = oo f o 1 3 o | T

20K 4K BOK BOK [ 120K 140K 160K 150K 00K, 220K 40K,
TekalPrecioitacion [ Suml
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Regarding the basin organizations, according to the historical data and the defined
study variables, the results show that the Golfo Sur basin has a high risk of flooding, while
the Central and South Pacific basins have a medium degree and under danger, respectively
(ver figura 9%). Therefore, it is necessary that the states belonging to these basin

organizations take preventive measures for this type of meteorological disasters.

! La informacion utilizada solo fue tomada de algunos estados donde se pudo constatar y comprobar la
existencia de los rios.
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Figura 9. Nivel de alerta por organismo de cuenca
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Conclusions

The new technological tools of data mining are one of the most valuable tools both
for current organizations, in general, and for the field of meteorology, in particular, due to
the large amount of data that can be generated, analyzed and understood to discover
patterns in climatological data. This serves to guide the decision-making process, as well as
the formulation of prevention strategies against possible natural disasters.

Through data mining technology tools (such as Watson Analytics), patterns and
behaviors can be obtained quickly and efficiently on large volumes of information, which
provide some kind of value for organizations. Likewise, the use of this type of technologies
facilitates the decision making thanks to the diverse predictive analysis that it offers

through the creation of dashboards and infographics.
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