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ABSTRACT 

Accurate knowledge of global solar radiation distribution is essential for designing, sizing, and 

performing an evaluation of solar energy system in any part of the world. However, it is not 

available in many sites of Nepal due to the high expense of the technical process. This study is 

focused on the performance of different models based on daily global solar radiation, sunshine 

hour, temperature, and relative humidity at mid-hill region Lumle, (lat. 28.2965
0
N, long. 

83.8179
o
E, and Alt. 1740.0 m.a.s.l.). This study is carried for the year 2018 to 2020. The 

performance of different models based on sunshine hour, temperature, and relative humidity 

were analyzed using the regression technique and statistical tools such as Root Mean Square 

Error (RMSE), Mean Bias Error (MBE), Mean Percentage Error (MPE), and Coefficient of 

determination (R
2
). After the analysis, the modified Angstrom model (M-9) based on 

temperature difference and relative humidity was found to be the best in terms of accuracy of 

least RMSE value and highest coefficient of determination. Finally, the empirical constants for 

model m-9 are a = 0.003, b = 0.523, c = 0.118 and, d = 0.002 obtained. The calculated 

empirical constants can be utilized for the prediction of GSR at similar geographical locations 

of Nepal. 

 

Keywords: Global Solar Radiation, Sunshine hours, Regression technique, Empirical 

constants, Statistical tools. 

 

1.  INTRODUCTION 

The sun has ample energy which is vital for the 

existence of human life as well as creatures on the 

earth. Solar energy is obtained by the 

thermonuclear fusion process that converts about 

5×10
6
 tons of hydrogen every second [1]. The solar 

energy transmitted as global solar radiation on the 

earth surface is considerably affected by 

meteorological parameters such as relative 

humidity, temperature, water vapour, clouds, 

ozone, aerosols, etc. on passing through the earth’s 

atmosphere [2, 3]. Clouds are the key factor 

affecting solar radiation [4]. Global solar radiation 

is also affected by geographical parameters such as 

solar zenith angle, altitude, latitude, longitude, day 

length, declination, and local weather condition [5]. 

Cloud directly relates with bright sunshine hours 

which also affects solar radiation. Temperature also 

influences solar radiation so; solar radiation is more 

in summer than winter [4]. 

In Nepal, 83% of the total population lives in rural 

areas [6]. Many people have no access to modern 

form of energy like electricity, petroleum products, 

and renewable energy sources. Even in this 
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developed world, about 83.7% of total energy 

consumption in Nepal if fulfilled from traditional 

energy resources such as fuel, wood, agriculture 

residue, and cattle dung which are used for cooking 

and heating purposes in rural areas [7]. Solar 

energy is used as an alternative source of energy. It 

is the largest renewable resource on the earth. It can 

be converted into useful energy with the help of 

photovoltaic cells which can generate electricity.  

The implementation of solar as well as other 

alternative sources of energy helps to gain quality 

life and prevent environmental degradation [8, 9]. 

So, the estimation of solar energy potential at the 

measuring site will be essential for modern 

agriculture, study about climate change, hydrology, 

environmental studies, solar energy system, and 

other applications [10, 11]. 

Furthermore, daily data of solar radiation as well as 

other meteorological parameters are the essential 

for estimation of long-term solar system 

performance. The availability of these data at every 

location is minimal due to the cost, maintenance, 

and calibration requirement of the measuring 

equipment [12]. In locations where no measured 

values are available, a common application has 

been to determine this parameter by appropriate 

correlations which are empirically established using 

measured data. 

In addition, the most commonly used parameter for 

estimating global solar radiation is sunshine 

radiation. Angstrom [13] proposed the linear 

relationship between the ratios of daily average 

global solar radiation to the corresponding value on 

a completely clear day and relative sunshine hour 

(ratio of sunshine duration to the maximum 

possible sunshine duration). It was modified by 

Prescott using extraterrestrial solar radiation instead 

of clear sky radiation [14]. Models can be used to 

estimate and predict GSR where measurements are 

not available. There are several models that has 

been used to calculate solar radiation using easily 

available meteorological parameters and 

climatological parameters such as sunshine hour [8, 

15, 16, 17], temperature [18, 19, 20, 21], latitude 

[22, 23], relative humidity [24, 25], rainfall [26] 

and cloudiness [27]. In Nepal, the estimation of 

GSR, using empirical models and RadEst v3.0 

software were observed [28]. The available 

literature shows that limited studies have been 

conducted in Nepal related to solar radiation due to 

the scarcity of solar radiation data and lack of 

research culture. That is why it is necessary to 

develop authentic empirical constants based on 

meteorological parameters such as temperature, 

sunshine hour, and relative humidity. In addition, 

the empirical constants should be developed for 

every 200m altitude because of abruptly varying 

geographical structure, ecology and climate [29]. 

The objective of this study was to evaluate various 

models for the estimation of the daily average 

hourly global solar radiation on the horizontal 

surface from the bright sunshine hour, temperature, 

and relative humidity and to select appropriate 

models for Lumle. The process is followed by the 

linear regression technique used to develop a 

reductive model. Then, the estimated daily average 

hourly GSR is statistically compared to the 

measured data obtained for an even site. 

 

2. METHODS AND INSTRUMENTATION 

Site Location 

 
 

Fig. 1: Study site Mid Hill (Lumle), Nepal [31].  
(Source: Survey Department, GoN, 2020) 

 

Nepal lies on the most favorable range of solar 

energy on the global map. Lumle (lat. 28.2965
0
N, 

long. 83.8179
0
E, and Alt. 1740 masl) is a sub-urban 

and Village Development Committee in Kaski, 

Gandaki province. Lumle VDC has situated 32 km. 

west from Pokhara on Pokhara-Baglung Highway. 

It is about an hour’s drive from the Pokhara, Kaski. 

This site is lying in the subtropical region, where it 

receives the highest precipitation (5500 mm per 

year) in Nepal, with a subtropical highland climate 

with mild, very wet summers, and cold, fairly dry 

winters [30]. 

The daily data of GSR, sunshine hours, relative 

humidity, rainfall, and maximum & minimum 

temperature on the horizontal surface was collected 

from the Alternate Energy Promotion Centre, 

(AEPC), Government of Nepal, and collaborative 
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partner of World Bank Group, Department of 

Hydrology and Meteorology Government of Nepal, 

for the year 2018-2020 of Lumle. To measure the 

radiation data on the ground surface, 

CMP21pyranometer is used. CS215 Campbell 

Scientific is used to measure temperature and 

relative humidity. 52203 R M Young Tipping 

bucket rain gauge is used to measure rainfall [32]. 

According to the study of different literature 

reviews, the empirical models in Table 1 could be 

viable for the estimation of empirical constants at 

the measuring site.    

 

Table 1: List of models used 

Model Symbol Relation 

Angstrom-Prescott Model M-1   

  
     

 

 
  

Garica model (1994) M-2   

  
     

  

 
  

Swarthman- Oguniade Model M-3   

  
     

 

 
        

Modified Angstrom Model M-4   

  
     

 

 
        

Modified Angstrom Model M-5   

  
     

 

 
        

Olomiyesan-Oyedum Model M-6   

  
     

 

 
    

  

 
  

Abdalla model M-7   

  
     

 

 
                

Modified Angstrom (new)Model M-8   

  
     

 

 
                 

Modified Angstrom (new)Model M-9   

  
     

 

 
     

  

 
        

 

Extraterrestrial Radiation 

The extraterrestrial global solar radiation (Ho) can 

be calculated from the following equations, [33], 

 

   
  

 
               

     

   
   

                
 

   
            … (1) 

 

Where, 

Isc is the solar constant (=1367 W m
-2

), 

   the latitude of the site (rad),  

Δ = the solar declination (rad), 

Ω = the mean sunrise hour angle for the given 

month, and  

nd = the Julian day number of the year starting from 

the first of January.  

The solar declination ( ) and the mean sunrise hour 

angle ( ) can be calculated by the following 

equations. 

 

                    
   

   
          ... (2) 

 

                   ... (3) 

 

The relation of the day length is  

 

  
 

  
  

 

  
                 … (4) 

 

Statistical Approach 

In this research work, the data of one-minute 

interval of daily solar radiation, maximum 

temperature, minimum temperature, relative 

humidity, and rainfall for the station at Lumle were 
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obtained from Alternate Energy Promotion Center 

(AEPC) and World Bank during years 2018-2020. 

The conversion of data from one-minute interval 

format to the daily average of different parameters 

was performing by using Python programming 

language.  The daily average hourly extraterrestrial 

radiation and day length were evaluated using the 

equations mentioned above. The values of 

empirical constants are found in different models 

using regression technique and then estimated 

values of global solar radiation were calculated. 

The performance of different models was evaluated 

based on statistical tools like Root Mean square 

error (RMSE), Mean percentage error (MPE), 

Mean bias error (MBE), and Coefficient of 

determination (R
2
). These statistical tools are 

defined as follows [12]. 

 

      
 

 
            

  
    (MJ/m

2
/day) ...(5) 

 

    
 

 
             

        (MJ/m
2
/day) … (6) 

 

     
 

 
    

         

    
       

        (%) ... (7) 

 

      
 

 
  

                             

     

 
    

 

 ... (8) 

 

Where, Hi,m is measured value, Hi,c is estimated 

value,   is the number of data,   
     is the average of 

measured solar radiation,   
     is the average of 

estimated solar radiation. 

 

3. RESULTS AND DISCUSSION 

The empirical constants for different models are 

determined by using the linear regression analysis 

technique for the years 2018 through 2020, which is 

given in Table 1. The performance of the models is 

evaluated by using four statistical tools i.e., MBE, 

RMSE, MPE, and coefficient of R
2
 which are listed 

in Table 1 for the given models. The lower value of 

MBE, RMSE, and MPE and higher value of R
2 

signify the reliability of a model. The coefficient of 

determination provides the proportion of variance 

in the dependent variable that can be explained by 

the independent variable. That means it tells how 

well the data fit the model. MBE provides the long-

term performance of examined regression captures 

the average bias in the estimated and the observed 

GSR. The mean percentage error (MPE) is the 

computed average of percentage errors by which 

forecasts of a model differ from actual values of the 

quantity being forecast. The RMSE provides 

information on the short-term comparison of actual 

deviation between estimated and observed values of 

GSR. The evaluated values of statistical errors are 

summarized in Table 2. 

Table 2: The empirical constants and statistical tools for different models for  

Lumle (optimal values are bold-faced) 

Models 

Empirical constants Statistical tools 

a b c d 
MBE 

(MJ/m
2
/day) 

RMSE 

(MJ/m
2
/day) 

MPE 

(%) 

R
2
 

M-1 0.27 0.526   0.017 1.352 0.831 0.904 

M-2 0.083 0.621   -0.014 2.596 2.733 0.645 

M-3 0.157 0.56 0.001  0.02 1.337 0.817 0.906 

M-4 0.253 0.51 0.003  0.023 1.352 0.814 0.904 

M-5 0.246 0.534 0.001  0.042 1.35 0.821 0.904 

M-6 0.247 0.495 0.055  0.003 1.342 0.805 0.905 

M-7 0.153 0.561 0.001 0.001 0.037 1.338 0.812 0.906 

M-8 0.046 0.542 0.007 0.002 0.038 1.323 0.77 0.908 

M-9 0.003 0.523 0.118 0.002 -0.006 1.297 0.75 0.912 

 

According to the statistical test results, it is inferred 

that the estimated values of daily GSR are in 

agreement with the measured value of daily average 

GSR for all the models except model M-2 where 
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the mean percentage error is highest (2.733%) 

among the models. Even though all 9 models had 

nearly equal errors, model M-9 had the lowest 

value of MBE, RMSE, and MPE. Also as seen in 

Table 1, the coefficient of determination for all 

models achieved the result above 0.90 except the 

M-2 model. Furthermore, model M-9 had the 

highest value of the coefficient of determination 

0.912. It is concluded that model M-9 was 

recommended to estimate daily average global solar 

radiation at Lumle, Nepal.  

 

 

Fig. 2: Variation of measured monthly average daily 
global solar radiation and simulated radiation 

 

The measured and estimated values of the monthly 

average daily GSR for all models were used for 

Lumle, it is shown in Fig. 2. In Table 1, the taking 

reference, there is less agreement between the 

values obtained from model M-2 with observed 

value, however, the remaining models have a better 

agreement. Therefore, the model M-9 was 

recommended for estimating daily average solar 

radiation at Lumle, Nepal. 

GSR is highly affected by relative sunshine 

duration, temperature, and temperature difference. 

There is an increase in maximum temperature from 

January to the middle of the year and decreases at 

end of the year, but GSR does not follow 

temperature at the middle of the year due to cloud 

cover, heavy rainfall at that time. The temperature 

change in is directly affecting GSR at all months 

except January and December.  However, GSR 

decreases with increases in relative humidity so it 

has anti-correlation with relative humidity.  It is 

clearly shown in Fig. 4. This study site is a place 

where the highest rainfall occurs in Nepal. It means 

that GSR decreases with increases in rainfall and 

relative humidity.  Especially, the GSR increases 

from January to March and then after it fluctuates 

of GSR due to the start of pre-monsoon. In the 

summer season, the temperature is higher, however, 

the GSR decreases with increases in heavy rainfall 

with thick clouds. 

 

 
Fig.3: Variation of measured monthly global solar 

radiation, Tmax and difference between Tmax and Tmin 

 

 

Fig.4: Variation of measured monthly global solar 
radiation, relative humidity and Rainfall 

 

Thus, it has been shown that global solar radiation 

can be related to sunshine duration as well as 

temperature and relative humidity. The linear 

model with empirical constants a=0.003, b=0.523, 

c=0.118, d= 0.0023 are found respectively. Finally, 

it is recommended to estimate daily average global 

solar radiation for Lumle based on statistical 

results. The finding values of empirical constants 

can be used to predict GSR for similar geographical 

locations of Lumle. The yearly average GSR is 

obtained is 15.55 MJ/m
2
 per day and the yearly 

total GSR is 5676.85 MJ/m
2
 per day. 

 

5. CONCLUSION 

The objective of this study was to evaluate various 

models and also find the empirical constants which 

can be utilized for the estimation of the daily 

average global solar radiation on a horizontal 
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surface. For the estimation of empirical constants of 

different models, the relative bright sunshine hour, 

temperature, and relative humidity were used by 

applying the linear regression technique for Lumle, 

Nepal.  Finally, the different empirical constants 

were found which are utilized and tested at 

different models using different statistical tools. 

Comparing all different parameters of statistical 

tools, the Model M-9 was the best and its values of 

mean bias error (MBE), mean percentage error 

(MPE), root mean square error (RMSE) and 

coefficient of determination(R
2
) were -0.006, 1.297, 

0.750, and 0.912 respectively.   Therefore, based on 

the statistical results a new simple multiple 

parameter model  
  

  
             

 

 
  

      
  

 
             based on the modified 

Angstrom model is extremely recommended to 

estimate daily global solar radiation for the mid-hill 

region Lumle, Nepal. The empirical constants can 

be utilized at similar geographical conditions of 

Nepal. The annual average solar insolation of 4.32 

kWh/m
2
/day was found in Lumle which is 

comparatively higher than in India (4.7 

kWh/m
2
/day) [34] and China (2.5 -6.4 

kWh/m
2
/day) [35]. So, it is confirmed that this 

amount of solar energy potential is significant to 

promote solar energy technology at the Lumle area. 
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