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Abstract 

Energies plays an essential role in the society and economic development of a country. In this paper, an artificial 

neural network (ANN) model is used to predict the monthly solar energy potential in Kapisa province of 

Afghanistan. Used data are taken from NASA database and meteorological deportment of Afghanistan for the past 9 

year’s average from 2010 to 2018 from Kapisa province of Afghanistan in this study. A multi-layered feed forward 

ANN model of four layers with five independent input variable i.e. precipitation, relative humidity , maximum 

temperature , minimum temperature and hours sunshine and one output radiation to predict the monthly solar 

irradiation dataregister for Kapisa province the solar constants were gained. MATLAB Artificial Neural Network 

tool was used for training and regression analysis accounted. The result using Artificial Neural Network encourages 

the development of a Neural Network Model application for developing a substantial model for appraised the solar 

potential in Kapisa province of Afghanistan. 2018 is the year with the best solar energy which was recorded as 

5.57kwh and the minimum solar energy was 5.21kwh from the 2014. All in all these values are sufficient for power 

generation and solar development. 
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1. Introduction 

Kapisa province is located in easternpart of 

Afghanistan between 34.63-35.19 degrees latitude 

and 69.27-69.93 degrees longitude. The area of 

Kapisa is 1842 square kilometers and computed 

population as of 2013 was 419800 persons. Kapisa is 

situated at a heightof 1500 meters above sea 

level.The electricity energy in Kapisa province is 

imported from Tajikistan by a 230KVcapacity and 

28% of people have access to electricity. The 

remaining people still need electricity. 

Approximately all areas are stricken from electricity 

crisis. 
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Electricity supply in the village areas is not 

enough which barely meet the needs especially in 

some areas where electricity has not reached yet. 

Natural catastrophesoften strikethe country and badly 

damage the foundation. Payments of new power 

plants are costly but the requirement is increasing. To 

meet the increasing requirement of electricity, uses of 

solar energy could be a big chance and the amount of 

solar energy incident over Kapisa makes it 

comfortable. With the help of solar power plant, this 

requirement can be relieved, especially the domestic 

requirement to a great gamut. While organizing solar 

power plant, cost effectiveness should be kept under 

consideration. So location selection, system design 

and performance are the key things for cost effective 

solar power plant and for that solar irradiation data is 

prerequisite to have impressive system design and 

better solar output.  

Kapisa has 10.8557 hours sunshine in summer 

and 4.9744hours sunshine in winter and also this 

province has more than 300 sunny days.Sun is a 

source of energy that is gratuitous, clean and 

available in abundance. Thepower output of solar 

energy transformation conventions such 

asphotovoltaic systems is highly dependent and 

proportional area. In order to have efficient designs 

of these systems, it is necessary to perform solar 

reserve evaluation on the envisioned location 

previous to installation. Studies have been done to 

model connections and estimate the amount of 

existing solar radiation in a specific location. 

Different solar models have been used to predict 

daily global solar radiation all over the world. Solar 

prediction models can be categorized in two 

distinguished teams. First team in this classification 

are experimental models. Experimental models were 

used by many researchers to estimate global solar 

radiation[1-2]. 

 These models usually include of a few 

measurable meteorological parameters. Experimental 

models to estimate global solar radiation requires the 

development of a set of equation that relate it to other 

meteorological parameters. Other experimental 

models were also developed using different 

meteorological data such as in sunshine duration [3], 

maximum and minimum air temperatures [4], the 

evaluation of eight models using only the sunshine 

duration for estimating global solar radiations [5]and 

an application of multilayer perceptron has been used 

to obtain solar radiation maps in Spain study 

[6].Multilayer preceptor was applied in [7] using air 

temperature, relative humidity, and sunshine duration 

data as inputs resulting to mean absolute percentage 

error (MAPE) within 8.84%, in [8] using earth skin 

temperature, relative humidity, day, and month of the 

year as inputs resulting to MAPE within 9.18%, and 

in [9] using latitude, longitude, altitude, sunshine 

duration, day of year, air temperature, rainfall, 

relative humidity, and atmospheric pressure as inputs 

resulting to coefficient of determination of 93.2%. 

radial basis function was applied in [10] using 

latitude, longitude, altitude, sunshine duration, and 

month number as inputs resulting to MAPE within 

10.1% and outperforming multilayer perceptron with 

higher MAPE within 12.6%, in [11] using different 

daily data with the MAPE found out in different 
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models are 63.3%, 19.6% and 13.25% respectively 

and in [12] using sunshine duration and air 

temperature as inputs resulting to mean relative error 

not exceeding 1.5%. 

Artificial neural network (ANN) models are the 

second type of solar prediction models. ANN 

provides a computationally efficient way of 

determining nonlinear relationship between a number 

of inputs and one or more outputs. In recent years, 

ANN models were used by many researchers to 

estimate global solar radiation [13-14]. 

Approximately all the literatures concluded that ANN 

model is preferable to other experimental regression 

models.The mean point of this study is to set up an 

Artificial Neural Network model to give a prediction 

on solar irradiation in Kapisa based on NASA earth 

data and meteorological department of Afghanistan.  

2. Artificial Neural Networks 

The artificial neural network (ANN) method is a 

computational intelligence method based on the 

information processing system of the human brain 

[15]. Artificial Neural Networks (ANN) are designed 

to compete with the way the human brain functions, 

capable of machine learning and pattern recognition.  

An ANN has a parallel-distributed structure and 

include of a set of processing elements called 

“neurons” that can compute values from inputs by 

nutrition information through the network [16]. 

Artificial neural Networks have been widely 

used to solve a variety of tasks that are difficult to 

solve using commonplace rule-based 

programming.The artificial neural networks structure 

contains: an input layer which receives data, an 

output layer which sends calculated information and 

hidden layers linking the input and output layers. 

This is because ANNs learn the relationship between 

the input parameters and the controlled and 

uncontrolled variables by studying before recorded 

data, in a way comparable to how a non-linear 

regression may be performed. In addition to not 

requiring particular system information. 

 One advantage of using ANNs is their capacity 

to grip large and complex systems with many 

interrelated parameters. To develop an ANN model, 

the network is processed through threesteps: a 

training/learning step, validation step and a testing 

step. In the learning step, the network is trained to 

predict an output based on input data. In the 

validation step, the network is tested to either cease, 

or maintain, training in order to produce the 

prediction of an output. The network training process 

is stopped when the generated testing error falls 

within a retained range of tolerability. Eventually, in 

the testing step, data are used for testing the final 

solution in order to confirm the actual predictive 

power of network. The mean profit of using ANNs is 

that they do not require a clear formulation of the 

physical connections of the problem under study. 

This reduces both the overall calculations time and 

the amount of calculation power required to perform 

the test, thus making the simulation process much 

more best work. 
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3. Methodology 

This paper is about Kapisa province of 

Afghanistan, monthly average data including air 

temperature, relative humidity (%), solar 

radiation(Wh/m
2
), and rainfall and hour’s sunshine 

duration (hour) monthly data between 2010 and 2018 

were collected from NASA and Afghanistan 

meteorological department. The data set was split 

into two sets. The training data set: the group of data 

by which the network regulates, in education to reach 

the best suitable of the nonlinear function 

representing the phenomenon and it contained648 

data sets. The testing data set: a set of new data used 

to appraise the developed artificial neural network 

model extension and it contained of 365 days of year 

data sets. The training data set was between the year 

2010 and 2018. The testing data set was from the 

year 2019.The ANN model was developed using 

neural network tool of MATLAB version R2013a. 

This algorithm is a controlled iterative training 

method that updates the weights and bias values 

according to Levenberge-Marquardt optimization 

[17].MATLAB representation of the final neural 

network model is presented in Fig. 1.  

 

 

Fig 1. Final Neural Network Schematic. 

 

4. Artificial Neural Network Modelling 

Paper shows a feed forward back dissemination 

neural network with 11 hidden layer to estimate the 

monthly solar radiation for Kapisa province of 

Afghanistan. Here the input layer included of five 

neurons and 11 hidden layer neurons and output layer 

with one neuron (fig. 1) to estimate solar irradiation. 

70% of the total data was used for training, 15% for 

testing and 15% for validating the developed model. 

11 combinations are tested and mean absolute 

percentage error (MAPE) is determined for each of 

them (Table 1). The combination with lowest MAPE 

is chosen for prediction. 
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NO Combination MAPE 

1 5-8-1 -0.375323052 

2 5-9-1 -0.72176521 

3 5-10-1 -0.52940772 

4 5-11-1 -0.325908684 

5 5-12-1 -0.14591307 

6 5-13-1 -0.076754135 

7 5-14-1 -0.287572291 

8 5-15-1 -0.497932484 

9 5-16-1 -0.147381611 

10 5-17-1 -1.59713336 

11 5-18-1 -0.05902142 

 

In the table 1, minimum MAPE is (-

0.05902142) from combination of 5-18-1, figure 2 

demonstrate an artificial neuron and schematic 

illustration of a multi-layer network, respectively.In a 

typical neural network an input xm is transmitted 

through a connection, a weight Wm as strength is 

multiplied to obtain a product is represented as Ym, 

where m is index in hidden layer and j is input [14]. 

𝑌𝑖 = 𝑓( 𝑋𝑚𝑊𝑚)
𝑚
𝑗=1 Eq.(1) 

 

 
Fig 2. Neural Network Schematic 

Table 1. Mean Absolute Percentage Error for Different Layer Combination 
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5. Result and Discussion 

The monthly experiential value of solar radiation 

in Kapisa province has been shown in Table 3. Fig 5, 

it is shown the highest value of solar radiation turn up 

in April and the lowest solar radiation occurred in 

September. It is also found from the fig. 5 is that the 

difference between the predicted and experimental 

value were approximately close. The output for 

Monthly Solar Irradiation Data from Kapisa Province 

of Afghanistan from past and upcoming years are 

shown in Table 2 and Table 3. 

YEAR JAN  FEB MAR APR MAY JUN JUL AUG SEP OCT NEB DEC 

2010 3.3126 3.7089 5.4681 5.9973 7.1964 7.6743 7.5639 6.2358 6.1853 5.1768 3.9823 3.2645 

2011 3.4629 3.3314 5.0797 6.3367 7.8922 8.278 8.0413 7.0184 5.99 4.6329 3.331 3.3613 

2012 2.8109 3.2311 5.0529 5.8727 7.3768 7.813 8.071 7.1755 5.7863 4.9745 3.568 2.6706 

2013 3.0645 3.1861 4.3877 5.3527 7.1635 7.522 7.5316 6.6606 6.1924 4.8219 3.287 2.6706 

2014 3.2681 3.7546 3.9342 5.7683 6.4271 7.9083 7.5545 6.9574 6.244 4.5648 3.3863 3.1358 

2015 3.0281 3.5736 3.8894 6.199 7.1726 7.6623 7.0991 6.6413 5.9137 4.6977 2.9073 2.7987 

2016 3.1103 4.8617 3.9591 5.6403 7.0442 7.3847 7.5842 6.5148 6.1743 5.0149 3.5257 3.1581 

2017 2.3977 3.1535 4.5971 6.4057 7.0132 7.8983 7.4158 6.8655 6.143 5.0803 3.3457 2.8748 

2018 3.8734 4.77 6.6 7.442 8.1028 8.2237 7.9529 7.4289 6.4112 5.1912 4.0337 3.4217 

 

 

Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NEV DEC Annual  

2010 3.0521 3.6095 5.6194 6.4456 7.4827 7.3865 7.4119 6.5679 6.7817 5.1879 3.8459 3.1758 5.5472 

2011 3.1292 3.1979 4.4402 6.2603 6.7266 7.9614 7.2562 7.2907 6.3069 5.1291 4.7934 3.1001 5.4659 

2012 3.0328 3.2951 4.8208 5.9806 7.0428 7.6109 8.5037 7.2318 6.4899 4.5574 3.5829 2.7083 5.4048 

2013 2.6675 3.2608 4.3813 5.2238 7.4485 7.6887 8.3351 7.0926 6.4992 4.9584 3.5391 3.2699 5.3637 

2014 2.8497 2.9179 4.0437 5.7875 5.5684 8.1013 7.7847 6.9565 6.3223 4.5522 4.3903 3.2094 5.2069 

2015 2.7736 3.4696 5.0028 6.6081 7.1189 8.1445 6.8798 6.9484 6.4129 5.8775 3.2247 2.9207 5.4485 

2016 3.1996 4.6397 4.1835 6.1398 6.1011 7.4121 7.3256 6.9732 6.4272 4.5998 3.1621 3.3748 5.2949 

2017 2.1862 4.2034 4.6363 6.4931 6.8517 8.0046 7.1639 7.2521 6.3574 4.2405 3.2966 2.9866 5.3061 

2018 3.2943 3.3749 6.1766 6.7374 6.4628 7.8352 7.8653 7.2715 6.2617 4.7198 3.8452 3.0316 5.5731 

 

Table 3: Output of Analyzing Data for Future 

 
2018 is the year with the best solar energy 

which was recorded as 5.57kwh and the minimum 

solar energy was 5.21kwh from the 2014. All in all 

these values are adequate for power generation and 

solar development. 

 

Table 2. Monthly Solar Irradiation Data from Kapisa Province of Afghanistan 
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Figure 3 shown the training, validation and 

test mean squared errors. At the time of training, the 

performance function MSE of the training data 

subdivision is nearly close to 10
-3 

where the MSE for 

validation and testing data was some greater than the 

stopping criteria. 

Error histogram isincluded to ensure the 

exactness of training and validation test. As it can be 

seen from fig. 5 that error between target and output 

values are in supportable limit for different examples 

of model. The fineness of fit between the targeted 

output and the predicted output has been shown in 

Fig 4. Training, Validation and Test Mean Squared Errors 

 

Fig 3. Performance Regression Plot for Predictive Model 
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fig. 3. The linear regression of each curve was in 

limited area of 90% accuracy. So it can be said that 

the ANN model prediction was excellent to estimate 

solar radiation. 

The collation between measured value (Hmi) 

and estimated value (Hpi) were determined by mean 

average percentage error (MAPE) by equation. 

 

𝑀𝐴𝑃𝐸 =
1

𝑛
 

𝐻𝑚𝑖 −𝐻𝑝𝑖

𝐻𝑚𝑖

𝑛
𝑖=1 Eq. (2) 

 

 

 

 

 

  

Fig 6. Training State Validation 

 

Fig 5. Error Histogram during Training and Validation 
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6. Conclusion 

This study represents a predictive model of solar 

irradiation using Artificial Neural Network (ANN). It 

is observed through the study that the ANN model 

developed can be perform for prediction of solar 

irradiation in Kapisa province.The model is 

developed for Kapisa province. Model has been 

trained for 70% of the total dataset while 15% data 

has been used for testing and the remaining 15% has 

been for validating.The trained model was used to 

predict the solar irradiation of Kapisa to determine its 

accuracy. It is found that, the predictive model holds 

good with the observed values. Thus, this predictive 

model can be useful to estimate solar irradiation 

potential in Kapisa where the solar potential is not 

much known.This predictive model will be helpful 

for researchers and engineers around the province for 

planning of solar plants. Hence, this model satisfies 

the predictive standard in both economic and 

environmental point of view.2018 is the year with the 

best solar energy which was recorded as 5.57kwh and 

the minimum solar energy was 5.21kwh from the 

2014. All in all these values are adequate for power 

generation and solar development. 
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