
INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
N. Marrugo and D. Amaya, Vol.7, No.2, 2017 

Behavior Prediction Algorithm of Solar Radiation and 

Temperature in Cajicá, Colombia  
*‡Nicolás Marrugo, **Dario Amaya 

 

*Universidad Militar Nueva Granda, Mechatronic Engineering program, Research assistant, 110111 

**Universidad Militar Nueva Granda, Mechatronic Engineering program, Full time professor, 110111 

(tmp.nicolas.marrugo@unimilitar.edu.co, dario.amaya@unimilitar.edu.co) 

 

‡ Corresponding Author; First Author, Postal address, Tel: +57 317 316 1490,  

Fax: +57 1 792 6340, tmp.nicolas.marrugo@unimilitar.edu.co 

 

Received: 02.11.2016 Accepted:29.12.2016 

 

Abstract- The forecast of meteorological variables such as solar radiation, temperature, humidity, wind speed or precipitation is a 

procedure that have been taking relevance last years, due to its importance for sizing energetic systems especially those based on 

renewables sources. This paper has as objective to design and develop a prediction algorithm using artificial intelligence to 

determine the future behavior of solar radiation and temperature in  Cajicá, Colombia. In order to do that, a study of the Cajicá 

meteorological data from 2010 to 2015 was made and the data forecasted by the algorithm was validated with the data obtained 

through the application web POWER (Prediction Of Worldwide Energy Resource) developed by NASA. Obtaining as result a 

prediction tool able to forecast the increasing, decreasing or constant behavior of solar radiation with an average error of 3.4% and 

temperature with an average error of 9.9 %, which can be used to support the developing of energetic projects based on renewables 

energies in Cajicá. 
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1. Introduction  

The repercussions around the world caused by the 

climate change have woken the interest in develop 

environmentally friendly technologies the past 20 years [1]. 

But another trigger to develop these kind of energetic 

projects is that the renewable sources are at moment the best 

solution against the lack of fossil resources for producing 

energy [2]. 

This trend has led to recognize the renewable energies 

production as un of the biggest contributor in the current 

worldwide economy. Proof of this is that in last year the 

consumption of solar energy increased 28% while the wind 

power increased 15% [3].   Nonetheless, the efficiency of 

these technologies need to improve, due to current systems 

such as solar panels have an efficiency between 30% and 

45%, wind power turbines have from 50% to 60% and solar 

collectors have a maximum of 85% [4],[5]. 

In order to improve this efficiency, the new renewable 

energetic projects are including new designs, robust control, 

hybrid technologies and even the prediction of climate 

variables. Due to this, developments in renewable energies 

from first world countries has led to consider the solar 

radiation as one of the most important factors in the 

prediction of meteorological variables [6].  Its importance 

lies in its utility in the construction of environmental 

simulation systems such as greenhouses or farming, as well 

as a factor for  sizing energetic systems such as photovoltaic 

plants [7], [8]. 

One of the most accurate way to forecast climate 

variables is through the application of artificial intelligence 

algorithms, cause this type of methods are able to identify 

behaviors or features although the fluctuation of the climate 

data that can acquired in one area. Example of this is the 

work [9] which did a review about different Artificial Neural 

networks techniques to identify a configuration and 
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combination of methods that can reach the most accurate 

technic to predict solar radiation. Another example is the 

work developed in [10] which analyzed different methods to 

find the parameters necessary to take into account during the 

forecasting solar radiation in a specific area. 

As example of current applications that uses artificial 

intelligence techniques to forecast is possible find the 

software METEONORM by METEOTEST, which uses 

information form meteorological stations around the world 

to forecast temperature, relative humidity, radiation, 

precipitation and hours of solar brightness through 

mathematical models for any place in its database [11],[12]. 

Another example is the web application POWER by NASA, 

which is able to forecast more than 10 climate factors for any 

latitude and longitude [13],[14]. 

On the other hand, in Colombia the tool used to forecast 

meteorological variables is the “Atlas de radiacion solar en 

Colombia” made by the IDEAM and UPME in 2005. This 

atlas uses the mathematical model of angstrom to made the 

prediction of solar radiation with the data collected from 

meteorological stations throughout Colombia [15],[16].. Due 

to that the atlas is out of date the forecasted data might be 

inaccurately but the worldwide applications give an average 

information that although is more accurate than the atlas still 

have a considerable error in comparison with the real climate 

behavior in Colombia. 

Taking into account the previous information, this paper 

has as objective implement a prediction algorithm that allow 

identify the future behavior of solar radiation and 

temperature in the specific area of Cajicá, Colombia. For 

developing this work was used the collected data by a 

meteorological station since 2011 until 2015, this 

information was used to train an Artificial Neural Network 

(ANN) to forecast future climate conditions for the selected 

region. Obtained as a result, a tool oriented to be a 

information source that allow known future patterns of 

increasing, decreasing or constant of solar radiation and 

temperature during 2016, which are fundamental factors for 

sizing energetic systems based on solar energy. 

2. Methodology 

In order to make this paper, was required identify if the 

solar radiation and temperature data given by the POWER 

application have a considerable error, due to that the purpose 

of this algorithm is reduces that error. The Power application 

data error was calculated through a comparison between 

forecasted data for Cajicá with the data obtained from a 

meteorological station in Cajicá. After, the solar radiation 

and temperature data collected from 2010 to 2015 was used 

to train an Artificial Neural Network for identifying the 

behavior patterns and in this way forecast future patterns, 

this methodology is shown in figure 1. 

 

Fig. 1. Used Methodology.   

2.1 POWER data error 

In order to identify the error of the forecasted data made 

by the web application POWER for the selected area in 

Colombia, a meteorological station was taken into account to 

compare the forecasted data with measured data. The 

meteorological station is located in 4º56`42.2” N of latitude 

and 74º00`50.9” W of longitude, these geographic 

coordinates correspond to the location of the Nueva Granada 

Military University (UMNG) campus in Cajicá. 

The previous geographic coordinates were used as 

inputs for the POWER application to predict solar radiation 

and temperature from November 2015 to February 2016. 

This data was compared with the data measured through the 

meteorological station, to determine the data error of 

POWER application. 

2.2 Artificial Neural Network  

For training the Artificial Neural Network (ANN), the 

data collected by the meteorological station since 2011 until 

2015 was used. This data was normalized and was used to 

train two different ANN, one to predict solar radiation and 

other to predict temperature, in this way is possible obtain 

better performance for forecasting each variable. 

Both ANN have 4 inputs (day, month, year and average 

temperature or average solar radiation) and are composed by 

200 neurons in the hidden layer and 1 neuron in the output 

layer, as is shown in figure 2. 

 

Fig. 2. Artificial Neural Network architecture. 

Both the hidden layer as the output layer have as 

activation function sigmoidal tangent, represented by 
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equation 1 [17].. This function allows work with data 

between -1 and 1, due to that the data is normalized this 

function allows obtain a better performance in the 

recognition of future data. 

𝑃(𝑡) =
1

1 +  𝑒−𝑡
 

(1) 

 Once the ANN achieves a data adjustment greater to 

90%, then the ANN is appropriate to forecast solar radiation 

and temperature in Cajicá. This forecasting was designed to 

predict one future year, this means that the algorithm will 

able to predict behavioral patterns of temperature and solar 

radiation in Cajicá for the year 2016. 

2.3 Hysteresis range for the behavioral patterns 

Once forecasted the solar radiation and temperature is 

possible identify the parameters to define the patterns of each 

meteorological variable. First of all, is necessary define the 

reference point for each factor, these references are the daily 

average of solar radiation and temperature in Cajicá. 

Due to that selected location have not seasons during the 

year, is possible assume the average daily value per day of 

temperature and solar radiation is almost the same every 

year. Taking into account this information, the collected data 

was used to define the average daily value of both factors per 

year. 

Finally, averaging the values of the 5 years are obtain 

the reference point for the temperature and solar radiation in 

Cajicá, Colombia. This reference indicates the value of 

temperature and solar radiation that usually is present the 

most part of the year in Cajicá  

Taking into account the previous information, is correct 

assume that any future value of temperature or solar 

radiation that are higher or lower to the reference, indicates 

that is a increasing or decreasing future behavior. But due to 

the variation of meteorological values the reference point 

must be a reference range to reduce these fluctuations. 

The temperature in Cajicá presents a minimum value 

10ºC and a maximum value 20ºC and knowing that the 

changes in temperature are slow, is possible assume that a 

change of  0.5ºC is enough to identify changes in the 

behavior of temperature specifically for Cajicá. The rules to 

identify each behavior are describing in table 1 [18]. 

Table 1. Rules to identify the behaviors of the temperature 

in Cajicá. 

Behavior Range 

Constant 
<0.5ºC  

>-0.5ºC 

Increasing >= 0.5ºC 

Decreasing <= -0.5ºC 

 

       On the other hand, the solar radiation in Cajicá presents 

a minimum value 4000 kWh/m2 and a maximum value 8000 

kWh/m2 and identifying that the changes of irradiation occur 

in considerable amounts, is possible assume that a change of 

 500 kWh/m2 is enough to identify changes in the behavior 

of solar radiation specifically for Cajicá. The rules to 

describe each behavior are shown in table 2 [19]. 

Table 2. Rules to identify the behaviors of the solar radiation 

in Cajicá. 

Behavior Range 

Constant 
< 500 kWh/m2   

> -500 kWh/m2 

Increasing >= 500 kWh/m2 

Decreasing <= -500 kWh/m2 

 

3. Results 

In order to identify the error of the forecasted data given 

by the POWER application, the data collected between 20th 

November 2015 and 10th February 2016 was used to 

compare with the data given by the web application for the 

same period. Due to the variation of the meteorological data, 

the best way to observe the data error is through of knowing 

the offset of POWER data set regarding to the measured data 

set, this offset is shown in figure 3 and figure 4. 

 

Fig. 3. Offset of Solar radiation web application data with 

regard to the measured data 
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The 0 axis in the figure 3 indicates the measured value 

of solar radiation per day, in the 4 selected months to 

compare the POWER data with the metrological station data. 

This means that the higher or lower values of solar radiation 

are the offset per day that have the POWER data with regard 

to the measured data in Cajicá. 

The solar radiation data forecasted by the web 

application have an average positive offset of 894.78 

kWh/m2 and an average negative offset of -572.46 kWh/m2, 

as is shown in figure 3. The average offsets indicate that the 

forecasted data of solar radiation by the POWER application 

have an average error of 13.69% specifically for Cajicá. 

 

Fig. 4. Offset of temperature web application data with 

regard to the measured data. 

The 0 axis in the figure 4 indicates the measured value 

of temperature per day, in the 4 selected months to compare 

the POWER data with the metrological station data. This 

means that the higher values of temperature are the offset per 

day that have the POWER data regarding to the measured 

data in Cajica. 

The temperature data forecasted by the web application 

have an average positive offset of 6.45ºC, as is shown in 

figure 4. This offset represents that the forecasted data of 

temperature by the POWER application have an average 

error of 48.3% specifically for Cajica. 

Knowing the error of the solar radiation and temperature 

data given by the POWER application, two artificial neural 

networks were trained to predict both variables in Cajica for 

the year 2016. The ANN trained with the solar radiation data 

reached a correlation coefficient of 0.99704, the forecasted 

values were compare with the measured data for the same 

period that was used to compare with the POWER data. This 

comparison determined that this ANN have an average error 

of 4,76%  

On the other hand, the ANN trained with the 

temperature data reached a correlation coefficient of 

0.99345. Comparing the forecasted values with the measured 

data from the selected period, evidenced that the forecasted 

data through the ANN have an average error of 10.14% 

Once verified that the error of the ANNs is lower than 

the POWER application, was proceeded to identify the 

average daily value of solar radiation and temperature in 

Cajicá, using the collected data of the last 5 years by the 

meteorological station. Through this process was obtain that 

the average daily value of solar radiation is 4338.64 kWh/m2 

from 7 am to 5 pm and the average daily value of 

temperature is 14.28ºC for the same hours. 

The 0 axis in figure 5 corresponds to the average daily 

value of solar radiation in Cajicá and according with the 

rules of behavior, any day that has more of + 500 kWh/m2 of 

that value has a increasing behavior, days with less than – 

500 kWh/m2 have a decreasing behavior and the other days 

have constant behavior. 

According to figure 5, the solar radiation in Cajicá for 

the year 2016 will have 50 days with increasing behavior 

distributed between January, February, July and September. 

Will have 94 days with a decreasing behavior distributed in 

May, August and from October to December. Finally, will 

have 221 days with constant behavior distributed all year 

round. 

The 0 axis in figure 6 corresponds to the average daily 

value of temperature in Cajicá and according with the rules 

of behavior, any day that has more of + 0.5ºC of that value 

has a increasing behavior, days with less than –0.5ºC have a 

decreasing behavior and the other days have constant 

behavior. 
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Fig. 5. Behavioral patterns of solar radiation for the year 2016. 

 

Fig. 6. Behavioral patterns of temperature for the year 2016.

According to figure 6, the temperature in Cajicá for the 

year 2016 will have 127 days with increasing behavior 

distributed between February, March and between July and 

November. Will have 62 days with a decreasing behavior 

distributed in January and between April and July. Finally, 

will have 176 days with constant behavior distributed all 

year round. 

In order to validate the forecasted behavioral patterns by 

the ANNs, were used data collected from January to 

February by the meteorological station to compare with the 

ANN data. Obtaining as a result, that the ANN forecasted 

solar radiation values with an average error of 9.9%. 

 

Fig. 7. Behavior of solar radiation in Cajicá for the year 

2016. 

The ANN predicted an increasing behavior of solar 

radiation for February, this behavior was registered by the 

measured data in Cajicá by the end of the month, as is shown 

in figure 7. In which the red line indicates the range of solar 

radiation values corresponding to the constant behavior.  

On the other hand, the same comparison was made for 

the temperature data forecasted by the ANN, obtaining as a 
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result that that the ANN forecasted temperature values with 

an average error of 3.4%. 

 

Fig. 8. Behavior of temperature in Cajicá for the year 2016. 

The ANN predicted a decreasing behavior of the 

temperature between January and February, this behavior 

also was registered in the measured data in Cajicá the last 

days of January and the firsts days of February, as shown 

figure 8. In which the red line corresponds to the range of 

temperature values associated with the constant behavior.  

 

4. Conclusion  

The algorithm achieved predict values of temperature 

and solar radiation with an average error of 3.4% and 9.9% 

respectively. These errors were lower than the forecasted 

data for Cajicá Colombia by POWER application by 3.7% 

for solar radiation and by 44.9% for temperature. 

The error in the forecasted data of solar radiation is 

equivalent to an offset of  431.44 kWh/m2, due to this offset 

is lower than the value selected for the behavioral rules ( 

500 kWh/m2), the algorithm was able to predict solar 

radiation behavior with a small error that has minimum 

influence in the identification of future behavioral patterns in 

Cajicá, Colombia. 

On the other hand, the error in the forecasted data of 

temperature is equivalent to an offset of   0.48ºC, due to 

this offset is lower than the value selected for the behavioral 

rules (0.5ºC), the algorithm was able of identify the 

behavior change in the temperature in Cajicá, although that 

this changes are not higher than  3ºC between one day 

another. 

Through the prediction of the behavioral patterns of 

increasing, decreasing or constant, the algorithm reduced the 

error presented by the POWER the web application 

specifically for future values of meteorological variables in 

Cajicá. this is due to that the algorithm does not predict exact 

values instead of that, predict behavior of climate factors. 

This type of forecasted data can be used for climate 

characterization in a specific area, which is the first step in 

the development of any project based on renewable sources. 

The implementation of this methodology in other cities 

in Colombia, will allow not just characterize the climate 

behavior, but also make studies that identify the effects of 

meteorological phenomena such as EL NIÑO or LA NIÑA 

in the meteorological behavior of the cities, with the purpose 

of develop solutions to counter or take advantage of these 

effects. 

Acknowledgements 

The authors would like to express their special gratitude 

to the Research Vice-chancellorship of Nueva Granada 

Military University 

References 

[1] J. Hansen, M. Sato, and R. Ruedy, “Perception of 

climate change,” Proc. Natl. Acad. Sci., vol. 109, no. 

37, pp. E2415–E2423, Sep. 2012. 

[2] J. H. Seinfeld and S. N. Pandis, Atmospheric 

Chemistry and Physics: From Air Pollution to Climate 

Change. John Wiley & Sons, 2016. 

[3] O. C. Juan Francisco, “La contribución de las energías 

renovables al desarrollo económico, social y 

medioambiental,” Universidad de Extremadura, 2015. 

[4] R. Righini, “EMPLEO DE IMÁGENES 

SATELITALES GOES 8 EN EL CÁLCULO DE LA 

IRRADIACIÓN SOLAR GLOBAL EN DISTINTAS 

ZONAS DE ARGENTINA.” 

[5] J. R. N. Altamiranda, F. de J. A. Lastre, and J. M. O. 

Cuéter, “Diseño y dimensionamiento de plantas 

solares autónomas para viviendas típicas de la zona 

rural del Departamento de Córdoba,” ELEMENTOS, 

vol. 2, no. 2, May 2013. 

[6] E. K. Rensheng Chen, “An hourly solar radiation 

model under actual weather and terrain conditions: A 

case study in Heihe river basin,” Energy, vol. 32, no. 

7, pp. 1148–1157, 2007. 

[7] S. Sperati, S. Alessandrini, P. Pinson, and G. 

Kariniotakis, “The ‘Weather Intelligence for 

Renewable Energies’ Benchmarking Exercise on 

Short-Term Forecasting of Wind and Solar Power 

Generation,” Energies, vol. 8, no. 9, pp. 9594–9619, 

2015. 

[8] J. L. Oviedo-Salazar, M. H. Badii, A. Guillen, and O. 

L. Serrato, “Historia y Uso de Energías Renovables 

History and Use of Renewable Energies,” Daena Int. 

J. Good Conscience, vol. 10, no. 1, pp. 1–18, 2015. 

[9] A. K. Yadav and S. S. Chandel, “Solar radiation 

prediction using Artificial Neural Network techniques: 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
N. Marrugo and D. Amaya, Vol.7, No.2, 2017 

635 

 

A review,” Renew. Sustain. Energy Rev., vol. 33, pp. 

772–781, May 2014. 

[10] R. H. Inman, H. T. C. Pedro, and C. F. M. Coimbra, 

“Solar forecasting methods for renewable energy 

integration,” Prog. Energy Combust. Sci., vol. 39, no. 

6, pp. 535–576, Dec. 2013. 

[11] J. A. Amador and E. Alfaro, “Métodos de reducción 

de escala: aplicaciones al tiempo, clima, variabilidad 

climática y cambio climático,” Rev. Iberoam. Econ. 

Ecológica REVIBEC, no. 11, pp. 39–52, 2009. 

[12] Universidad de Jaén, Matras. España: Universidad de 

Jaen. 

[13] W. S. Chandler, C. H. Whitlock, and J. Stackhouse 

Paul W., “NASA Climatological Data for Renewable 

Energy Assessment,” J. Sol. Energy Eng., vol. 126, no. 

3, pp. 945–949, Jul. 2004. 

[14] D. Peterson and J. Wang, “A sub-pixel-based 

calculation of fire radiative power from MODIS 

observations: 2. Sensitivity analysis and potential fire 

weather application,” Remote Sens. Environ., vol. 129, 

pp. 231–249, Feb. 2013. 

[15] S. Hernández R, E. Gómez V, R. A, and D. F, 

“Outstanding evaluation of radiation emitted by the 

sun as a power supplysystem for a pico-satellite 

"CUBESAT,” Tecnura, vol. 16, no. 31, pp. 19–32, 

Jan. 2012. 

[16] B. Palencia, S. Ernesto, P. Cubillos, and C. Andrés, 

“Administración de la información de alertas diarias 

del IDEAM a través del diseño de un sistema de 

información con una base de datos OLTP y un 

almacén de datos,” 2014. 

[17] H. Mohamed Ismail, H. K. Ng, C. W. Queck, and S. 

Gan, “Artificial neural networks modelling of engine-

out responses for a light-duty diesel engine fuelled 

with biodiesel blends,” Appl. Energy, vol. 92, pp. 769–

777, Apr. 2012. 

[18] G. P. Peters et al., “The challenge to keep global 

warming below 2 °C,” Nat. Clim. Change, vol. 3, no. 

1, pp. 4–6, Jan. 2013. 

[19] F. S. Tymvios, S. C. Michaelides, and C. S. Skouteli, 

“Estimation of Surface Solar Radiation with Artificial 

Neural Networks,” in Modeling Solar Radiation at the 

Earth’s Surface, V. Badescu, Ed. Springer Berlin 

Heidelberg, 2008, pp. 221–256. 

 

 


