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ABSTRACT

The main objective of this work is to present a descriptive statistical analysis of the climatological variables in the city of San Jose de
Cucuta, and with this data, understand the interrelation of the aforementioned variables and how they have kept on over time, therefore
making it possible to identify their potential applications in different areas. To develop the analysis, the Pearson correlation coefficient
was calculated among the relative variables of humidity, solar radiation, sunshine duration, temperature and wind speed. Climographs
and the data from the variables were plotted together with their respective linear regression; alongside their fluctuations through the
months and years. It was evidenced that the analyzed climatological variables are directly and inversely correlated, and the highest value
of the correlation coefficient was -0.9056, corresponding to temperature and relative humidity.

RESUMEN

El objetivo del presente estudio es presentar una estadistica descriptiva de las variables climatologicas en la ciudad de San José de
Cucuta; para con esos datos, conocer cudl es su interrelacion y como ésta se ha mantenido en el tiempo, determinando asi posibles
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gllrrfl_ograltnad lacis aplicaciones de estas variables en diferentes areas. Para el desarrollo de este analisis se calculo el coeficiente de correlacion de Pearson
dO;:’ leiente de correlaclon  onpe as variables de humedad relativa, radiacion solar, brillo solar, temperatura ambiente y velocidad del viento. Se graficaron
e Pearson

climogramas y las relaciones de las variables junto con su respectiva regresion lineal; ademas, de la variacion de éstas a través de los
afos y los meses. En tal sentido, se logrd evidenciar que las variables climaticas analizadas se encuentran correlacionadas inversa y
directamente entre ellas, y el valor mas alto del coeficiente de correlacion es de -0.9056 presente entre la humedad relativa y la
temperatura ambiente.

Variables climatologicas

Introduction

Climatology is the science which studies climate and its
variations. By making analytical interpretations and practical
deductions from them, it favors a detailed insight of the
meteorological variables of a region.

When studying the behavior of these meteorological variables,
the characteristics of a particular region can be clearly defined
[1]; by knowing the climate of a region it is possible to
discover the optimal places are to live, the fruit or vegetable
that can be grown in the area, the characteristics of the flora and
fauna, and other activities which require intricate knowledge of
the  climate: such as industrial, environmental, and energy
operations, among others [2].

As San Jose de Cucuta is located approximately at a latitude of
7°54' north of the Equator, it is a city with only two seasons:
dry and wet. The dry season is characterized by a relative
humidity which can reach maximum levels of 50% and in the
rainy season can reach an average level between 70% and
100% [3].

. .
Corresponding author.

In this regard, studies have been carried out related to the city’s
wind and solar power potential, which have determined that the
amount of solar radiation present in the city is greater compa-
red to the energy power that was extracted by wind energy
generation systems [4] [5].

There are also studies measuring climate variability over the
years, where an increase in temperature and precipitation is
evident, demonstrating the present climate change in the city
[6]. Currently, there are not enough statistical studies involving
a larger number of meteorological variables in Cucuta.

This work aims aims to present a statistical description of the
variables, using data obtained from two meteorological stations
belonging to the Institute of Hydrology, Meteorology and
Environmental Studies IDEAM).

The results of the statistical analysis of this data are shown in
graphs and tables created by specialized statistical software,
which facilitates a more thorough interpretation of the data.
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Materials and methods

This study was divided into two phases. The first consisted of
collecting and organizing hourly and monthly data from two
weather station shown in Table I.

The second stage concerned the statistical analysis of the
meteorological variables contained in the databases from each
one of the stations.

Table I. Weather Stations

Location Latitude Longitude Institution
Camilo Daza oL LA PO
International Airport 7°55'49"N 72°30'33" 0 IDEAM
Francisco de Paula
Santander University 7°53'38"N 72°30'28" O IDEAM
(UFPS)

The weather station at the Francisco de Paula Santander
University (UFPS), stores hourly information, while the station
at the airport takes monthly records; thus, the analysis from
each station differed significantly. Accordingly, the existing
databases from both two weather stations in the city were
requested to the Institute of Hydrology, Meteorology and
Environmental Studies (IDEAM). The data was organized
based on the climatic environment variables: environmental
temperature, relative humidity, solar radiation, sunshine and
wind speed. However, due to failures in the measuring instru-
ments and/or communication stations, there is missing data for
some of the time periods, therefore, the data was filtered to
make a correct assessment, and by doing so creating complete
information for the climate variables under study. It is impor-
tant to clarify at this point that the data used in the UFPS station
is part of a record from 2005 to 2015, while the data from the
airport station is from 1944 to 2014. A descriptive and graphic
analysis of data from the UFPS station was conducted. It
comprised of climographs, correlations, and linear regressions
between the tested variables.

To do so, a time range in which all variables would have a
significant value was selected, (between 06:00 and 19:00).
Otherwise, the data from sunlight and solar radiation would be
recorded at zero, and thus affect the proposed interrelationship
with the other variables.

The variables and measurement units were as follows:

» Environmental temperature Related to the perceived thermal
sensation on any given object at a specific location. It can be
measured by thermometers, sensors and/or thermistors.
Temperature can be expressed in three globally known scales:
Fahrenheit (°F), Kelvin (K) and Celsius (° C)[7]. Celsius was
the temperature scale used in this research.

* Solar radiation. This concerns the electromagnetic radiation
emitted by the Sun; which is distributed from ultraviolet radia-
tion (A = 250 nm) to infrared radiation (A = 2500 nm) going
through visible light. When studying the amount of solar radia-
tion measured at the earth’s surface in Cucuta, it is shown in
units of W / m2[8].

* Sunshine. The number of hours a day in which sunlight is
visible on a given surface [9].

* Relative humidity. This refers to the percentage of vapor
pressure of water in the air [10].

* Wind speed. This represents the rate at which air on the
Earth's crust moves. It represents the energy in the atmospheric
air. This is expressed in units of m/s[10].

* Precipitation. This is the amount of water that falls from the
atmosphere onto the earth's crust, expressed in mm,
representing the height of the water level formed by precipita-
tion. Imm equals 1 liter / m2 [10].

Results and analysis

To analyze the climatic variables behavior, the data was filtered
considering the information for each of the intact variables. The
filter individually analyzed the average behavior of each varia-
ble of throughout the day for twelve months; Figures 1, 2, 3, 4
and 5 correspond to the intensities of the variables: environ-
mental temperature, relative humidity, solar radiation, sunshine
and wind speed respectively.
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Figure 1. Behavior of Cacuta room temperature
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Figure 2. Behavior of the relative humidity in Cacuta
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Figure 3. Behavior of Clicuta sunlight
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Figure 4. Behavior of sunshine in Cucuta
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Figure 5. Behavior of Clicuta wind speed

Figure 3 shows the high solar potential of the city throughout
the year — the minimum average insolation is 4743 W*m-
2*day-1, which represents 4.7 minimum peak solar hours.

From Figures 1 and 2 it can be deduced that the months of
March, April, November and December are the wettest and that
temperatures reach the lowest values. Continuing, Figure 7
displays the precipitation behavior in the city dating from 65
years back. Moreover, Figure 5 shows that the months with the
most wind potential are June, July and August. As seen in
Table II, some climatic variables have an inversely proportio-
nal relationship, as is the case for wind speed and relative
humidity. That is to say, as wind increases, humidity decreases,
indicating that the environmental temperature increases as
humidity decreases; this behavior is clearly evident in Figures
1 and 2. On the other hand, temperature is directly linked to
solar radiation, which in turn depends on sunlight; subse-
quently indicating the length of time that the sun hits the earth
surface, which in effect can be interpreted as solar radiation.

From this perspective, the climatic conditions set forth in Table
II make Cucuta a suitable city to implement projects to harness
renewable energy resources, such as solar energy, due to the
consistently high radiation. Wind energy is also a good choice
when considering renewable energy; this type of generation
would be at its highest point in June, July and August;
However, it is recommended that only low-power wind genera-
tors are used [6].

In addition, these  environmental conditions facilitate the
execution of agricultural activities, such as growing rice,
cassava, bananas and coffee. It is also suitable climate for
breeding farms, such as fish (bream and cachama) and other
livestock.

Table II. Climatic Variables

Characteristic T(ing;' Rh (%) (v:?fﬂ%t::ﬂ) flll"/ﬂl;%ll;’; :re::

(m/s)

Minimum value 22.0 23 4743 7.44 0.20

Average 29.2 64 5309 8.2 1.65

Maximum value 39.7 100 6133 8.84 5.63
1\1/5;\);%}51 tv;i/t:r;l;e December September March March December

I}\.‘/Iigﬂte};tv;i‘f}elrglgz September December September September July

In the climograph (Figure 7), the two stations of the equatorial
country present various data. An average temperature of 20°C
and a maximum average of 37°C can be observed. In October
and November heavy rainfall occurs, and in contrast the

months June, July and August present the lowest values of
precipitation.

When considering the relationships between the climatic varia-
bles, the Pearson correlation coefficient was used, as indicated
in Table III. It can be deduced that the variables solar radiation,
relative humidity, environmental temperature and wind speed
are correlated both directly and inversely.
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The highest value of the correlation coefficient is -0.9056, a
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Figure 6. precipitation behavior through the years

Figure 7 shows a summary of the precipitation data and the

minimum, maximum and average room temperature. This
graph is called a climograph.
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Figure 7. Cucuta city climograph

Similarly, sunlight has very low correlation values with the
other variables; this is because the city of Cticuta has a tropical
climate with sunlight for on average over 90% of daylight
hours (06: 00-19: 00 hours), as was evidenced in Table II,
therefore, it is not necessary to perform a correlation between
sunlight and other variables, as it remains at a high value for
most hours of the day.

In Table IV, the coefficient of determination (R2) between the
variables is observed.

Table III. Pearson product-moment correlation coefficient between climate variables

Table IV. Coefficient of determination (R) between climatic variables

Variables RH F}'JIVI:;‘;‘;;‘:E‘}?' Wind speed | Sunshine rsgil:{ion
RH 1 0.82 0.4724 0.086 0.3265
Environmental
temperature 0.82 1 0.402 0.137 0.49
Wind speed 0.4724 0.402 1 0.04 0.195
Sunshine 0.086 0.137 0.04 1 0.14
Solar radiation 0.3265 0.49 0.195 0.14 1

Furthermore, a linear regression was calculated to determine
the approximate behavior that a variable has with respect to
each other, behavior that can be demonstrated in graphs 8§, 9,
10, 11, 12 and 13 together with their respective equations,
representing performed linear regression.
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Figure 8. Linear regression between relative humidity and wind velocity
Humidity=-10.93*Wind Speed+ 84.41 (1)
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Figure 9. Linear Regression between relative humidity and solar radiation
Humidity= -0.02475*Radiation+ 74.91583 (2)
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Figure 10. Linear regression analysis between wind speed and solar radiation
Wind speed= 0.001218*Radiation+ 1.258031 (3)

wind speed vs environmental temperature

Variables Rh Homperature | Wind speed| Sunshine rasd‘;!lat;on % o |
RH 1 -0.9056 | -0.6873 | -0.2931 | -0.5714 g -
o ronmentl -0.9056 1 0.6340 | 03694 | 0.7001 £ i
Wind speed | -0.6873 | 0.6340 1 0.1950 | 0.4415 “ R ; )
i lemperature
Sunshine -0.2931 0.3694 0.1950 1 0.3773 Figure 11. Linear regression between wind speed and temperature
Solar radiation | -0.5714 | 07001 | 04415 | 03773 1 ind speed= 01697 Temperature:3. 1949 ()
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Figure 12. Linear regression relative humidity and room temperature
Humidity= -3.745*Temperature+174.32 (5)

Conclusions

The average annual temperature of Cucuta is 27 © C, which is
characteristic of a warm climate. This temperature is vital to the
advancement of farming processes such as the cultivation of
rice [11], yucca[12], banana [13], and many others; as well as
the fattening of fish species such as crappie[14] and cachama
[15]; pigs and other livestock also feature strongly in the city’s
agriculture.

Solar Radiation Vs. Ambient Temperature

1000

800

Radiation (ij 2)
400
L

T T T T
25 30 35 40

Temperature

Figure 13. Linear regression between solar radiation and ambient temperature
Radiation= 68.48*Temperature-1595 (6)

The coldest month of the year is January, with an average
temperature of 26.3 ° C, while in September an upper tempera-
ture of 37 © C can be reached.

With regards to solar radiation in Cucuta, the average value is
5309 W/m2, which is equivalent to 5.3 peak sun hours (PSH).
This value favors the implementation of future photovoltaic or
thermal systems.

The total average precipitation per annum is 747.7438 mm and
the months where there is more rainfall are October and
November; and June and July are months where less rainfall
occurs. However, during the months of scant rainfall, humidity
was lower, which led to an increase in wind speed.

In periods of clear skies, solar radiation and environmental
temperature also increases. Based on this information, in the
months of June, July and August, the wind and solar potential
are greater.

References

[1] R.M. Rodriguez-Jiménez, A.B. Capa y A. Portela-Lozano,
Metereologia y Climatologia. Madrid, Espafia: FECYT -
Fundacion Espaiiola para la Ciencia y la Tecnologia, 2004.

[2] "Informativo para agricultores de la oficina de estudios y
politicas agrarias", ODEPA-Ministerio de Agricultura,
Santiago de Chile, Chile, 2012 [En linea]. Disponible en:
https://www.odepa.gob.cl/odepaweb/servicios-
informacion/Coyuntura/jun-12.pdf [Accedido: 15-0ct-2016]

[3] M. Gonzalez-Rodriguez, M.C. Medina-Avila y A.M.
Spinola-Calvo, “Clima ecuatorial”, Titulacion Geografia,
Sevilla, Espaiia, [En linea]. Disponible en:
http://titulaciongeografia-sevilla.es/contenidos/profesores/mat
eriales/archivos/2012-04-16CLIMAeCUATORIAL.pdf
[Accedido: 10-ene-2017]

[4] F.A. Leal-Gonzalez y M.M. Hernandez-Cely, "Estudio del
potencial eodlico y solar de Cucuta, Norte de Santander",
Revista Colombiana de tecnologias avanzada, vol. 2, no. 22,
pp- 27-33, 2013.

[5] J.C. Serrano-Rico, G.G. Moreno-Contreras y S.J.
Figueroa-Salgado, "Anadlisis de las caracteristicas del viento y
potencial de energia edlica para Cucuta-Colombia", en Octavo
Congreso Iberoamericano de Ingenieria Mecanica, Cusco,
Peru, 2007.

[6] D. Alzate, E. Rojas, J. Mosquera y J. Ramon, "Cambio
climatico y variabilidad climatica para el periodo 1981-2010 en
las cuencas de los rios Zulia y Pamplonita, Norte de
Santander-Colombia", Revista Luna Azul, no. 40, pp. 127-153,
2015.

[7]17J. Sena, M. Pinheiro, A. Daniele, C. Teichrieb e P. Feldhaus,
"Simulagdo do comportamento da temperatura do solo através
da temperatura do ar," Ciencia e natura, pp. 258-261, 2013.

[8] I. Samson, R. Echarri, S. Vera, A. Sartarelli y E. Cyrulies,
"Medicion de la radiacion solar en Santo Domiengo", Ciencia
y sociedad, vol. 35, no. 4, pp. 555-565, 2010.

[9] A. Cargnelutti, R. Matzenauer, B. Radin e J. Tavares,
"Numero de anos para a estimag¢do da média decencial de
duragdo diaria do brilho solar no Rio Grande do Sul", Ciencia
rural, vol. 42, no. 3, pp. 407-413, 2012.

Respuestas, 23 (1) January - June 2018, pp. 39-44, ISSN 0122-820X 43



Statistical analysis of the climatological variables an their potential applications in the city of Cucuta

[10] M.M. Sierra-Urrego, "Establecer la asociacion existente
entre las variables meteorologicas temperatura, velocidad del
viento y precipitacion y las concentraciones de PM10 registra-
das en la red de calidad del aire de Bogota D.C.”, trabajo de fin
de grado, Universidad de la Salle, Bogota, 2006.

[11] V. Degiovanni, C. Martinez y F. Motta, Produccion
eco-eficiente de arroz en América Latina, Cali: CIAT Press,
2010.

[12] M. A. EL-sharkawy, J. H. Cock and A. A. Held, "Photosyn-
thetic responses of cassava cultivars (Manihot esculenta Crantz)
from different habitats to temperature", Photosynthesis
research, vol. 5, no. 3, pp. 243-250, 1984.

[13] J.C. Martinez-Frias, “Propagacion y técnicas de cultivo del
Platano (Musa paradisiaca)”, Vinculando, 26/11/2012 [En
linea]. Disponible en: http://vinculando.org
/mercado/agroindustria/propagacion-y-tecnicas-de-cultivo-
del-platano-musa-paradisiaca.html khttps://goo.gl/xaW;jZP.
[Accedido: 12-ene-2017]

[14] E. J. Nadal del Rio, “Cultivo de Camarén blanco
(litopenaeus vannamei) 'y mojarra (tilapia nilotica) en
estanques rusticos en la Ra. El Mingo, Cardenas Tabasco”,
Sistema Nacional de Tramites-SEMARNAT 2003. [En linea].
Disponible en: http:/sinat.semarnat. gob.mx/dgiraDocs-
/documentos/tab/estudios/2003/27TA2003PD001.pdf.
[Accedido: 23-ene-2017]

[15] G. Poleo, J.V. Aranbarrio, L. Mendoza y O. Romero,
“Cultivo de cachama blanca en altas densidades y en dos
sistemas cerrados”, Pesquisa Agropecudria Brasileira, vol. 46,
no. 4, pp. 429-437, 2011.

44 Respuestas, 23 (1) January - June 2018, pp. 39-44, ISSN 0122-820X



