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ABSTRACT

In this study, the validity of the estimation of a single regression equation for the diffuse frac-
tion across 22 stations in India using the two parameters: the clearness index and the sunshine 
ratio is tested. The homogeneity test based on Fisher’s statistics was applied to test the homo-
geneity of the estimated parameters across all stations. The results showed that the p-value at 
the level of 5% for each model is smaller than 0.05, indicating that all stations were heteroge-
neous. The Hierarchical Cluster Analysis (HCA) was used to classify the data into homoge-
nous clusters. The results of HCA indicated that the longitudinal data were divided into four 
main clusters. For each cluster, the regression analysis was applied based on the longitudinal 
data then, the fixed effects model (FEM) and the random-effects model (REM) were used 
for the evaluation. Further, the Hausman test was applied to choose between the fixed effects 
model and the random-effects model. Finally, the results showed that the four best regression 
models were found for the selected stations in the study area.
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INTRODUCTION 

Solar energy is essentially a renewable energy source, and 
it plays an important role among other alternative energy 
sources. For any solar energy research (Solar Electricity, 
Solar Water Heating, Solar Heating, Solar drying...) [1], 
solar radiation information in a specific geographic loca-
tion is very important. India has a sufficient supply of solar 
energy throughout the year; the average sunshine hours 
are 2680 hours/year, which is enough to generate 6,081,709 
TWh/year of environmentally friendly energy [2]. Many 

authors have presented empirical equations for estimating 
diffuse solar radiation using the clearness index, Kt [3-4]. 
For example, the study [5] estimated the monthly average 
diffuse radiation by examining the interrelationships using 
measured data from several sites in Turkey, the study con-
cluded that the average daily spread rate is very related to 
the number of hours of sunshine.

Or Sunshine ratio (St) like the study [6] that proposed a 
new regression model that can predict daily global solar radi-
ation independent of location. The proposed index quadratic 

https://orcid.org/0000-0002-9142-0486
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model captures the correlation between measured global 
solar radiation values, sunshine hours, and the air pollution 
index of Indian cities. This analysis of real data from Indian 
cities shows that air pollution is a more important factor 
than location when predicting solar radiation. Finally, the 
model parameters (regression coefficients) of each model are 
listed. In addition, generalized model equations for the best 
performance model are provided [7-9], or combine between 
clearness index and Sunshine ratio; Salih [10] suggested forty 
models estimate the diffuse fraction and forty other models 
to estimate the diffuse coefficient. The monthly average of 
solar radiation was analyzed at Tamanrasset station and after 
estimating and comparing the models, the study concluded 
that the cubic model with sunshine ratio and clearness index 
is the best accurate model for estimating the diffuse solar 
radiation in Algeria. There are also many studies combined 
between St and Kt [11–12]. For India, many researchers esti-
mated solar radiation, [13] introduced a new method, i.e., 
Theory of Experimentation for prediction of monthly aver-
age global solar radiation in India. [14] Proposed models of 
Chennai and Trivandrum in 2015. They linked global radi-
ation to temperature. Based on sunshine duration and air 
pollution index in India [15] presented a regression model to 
predict solar radiation without using location as the param-
eter, on the same basis [16] employed six empirical correla-
tions to assess global solar radiation for Jaipur, India.

Jamil and Akhtar [17] performed a comparison of the 
models to evaluate the estimates for the monthly average 
diffuse solar radiation in the humid subtropical climate 
zone of India. The results of this study are valuable for loca-
tions in developing countries and remote areas with similar 
climatic conditions. 

Saud et al. [18] considered twenty-five model forms 
selected from the literature to correlate the clearness index 
with the period of sunshine. The coefficients of the model 
were extracted from the data using k-fold cross-validation 
thereby improving the performance of the models. The 
data was divided into k-groups, and each group contains 
the same amount of data. The (k-1) group is used for model 
development, and the remaining group is used for model 
performance testing. This process is repeated k-times, 
and those coefficients that produce the smallest error are 
selected. Evaluation and comparison of the models were 
achieved through the use of statistical errors.

Jamil and Akhtar [19] compared ground-based global 
solar radiation measurements with available satellite data 
at the nearest coordinate location. A strong correlation was 
found between ground measurements and satellite data. In 
addition, using ground measurement data, models based 
on single and two input variables (ie, clear sky index and 
relative sunshine period) were developed to estimate dif-
fuse solar radiation, thus empirically correlating monthly 
average diffuse solar radiation. 42 new models in 6 different 
categories were developed. The proposed models were also 
compared with the well-established models in the literature. 
Evaluation of the performance of the models was based on 

the ten most commonly used statistical indicators. It was 
inferred that the performance of the two-input variable 
model is much better than that of the single-variable input 
model. Among the two-variable models, the diffuse fraction 
model based on the clearness index and relative sunshine 
period (in order) was the most accurate. There was excellent 
agreement between the estimated and measured values   from 
the two-variable model. It is also recommended to use uni-
variate models within a reasonable range of accuracy.

The above-mentioned studies focused on proposing a 
single regression model that includes all stations without 
doing any statistical test to find out the homogeneity of the 
data from one station to another. The main objective of this 
paper is to prove the invalidity of a single regression model 
for 22 stations in India using Fisher’s homogeneity tests, 
After confirming the heterogeneity of the regression param-
eters at all stations, a cluster analysis was used to classify the 
stations into homogeneous subsets. For each subset among 
these groups, a regression model on the longitudinal data is 
estimated: the fixed effects model (fem) and the random-ef-
fects model (rem); Haussman test is used to compare the 
two models (fem) and (rem). Finally, we obtain a regression 
model on the longitudinal data for each subset of stations.

METHODOLOGY

Solar radiation data
India is located between 8°4’-37°6’ north latitude and 

68°7’-97°25’ east longitude. It is the seventh-largest country 

Figure 1. Solar radiation measurement facilities available 
under IMD (locations are marked on the map of India).
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in the world, with a land area of   2.9 million square kilo-
meters. Horizontal global solar radiation, diffuse solar radi-
ation, and sunshine period data from 23 stations in India 

[20] taken from the Indian Meteorological Service [21] 
from 1986 to 2000.

Table 1 & 2 shows the correlation coefficient and its 
significance between the stations. From the results, we can 
observe that all stations are positively correlated and statis-
tically significant at the 5% level except the Srinagar (SRN) 
station which is negatively correlated with all stations

Fisher’s tests of parameters homogeneity
We assume the following models in which the estimated 

parameters are constant over time but change from one sta-
tion to another. Based on the literature, most studies have 
proven that the best models in India are [17–19]: 

  (1)

  
(2)

  (3)

We use homogeneity tests based on Fisher’s statistic [22] 
to test the homogeneity of the estimated parameters across 
all stations. The first tested hypothesis is as follows:

  (4)

 To test this hypothesis, we use the following Fisher 
statistic:

  
(5)

Where: RSSC1 is the residual sum of squares of the 
restricted model according to the hypothesis H0

1 and we get 
it by estimating the pooled OLS model. The degrees of free-
dom are equal to the number of total observations (N * T) 
minus a K + 1 parameter. RSS  is the residual sum of squares 
for the models estimated using T the number of observa-
tions for each station:

  
(6)

The degrees of freedom are equal to the sum of N 
degrees of freedom for each station.

  
(7)

Degrees of freedom in the denominator is equal to the 
difference between degrees of freedom of RSSC1 and SS:

  (8)

The F1 statistic is compared with the tabular value of 
the Fisher distribution at the degrees of freedom of the 
numerator and denominator, respectively, and at the level 
5%. if  We reject the Null hypothesis H0

1.
The second tested hypothesis is as follows:

  (9)

To test this hypothesis, we use the following Fisher 
statistic: 

  (10)

Where: RSSC1 is the residual sum of squares of the 
restricted model according to the hypothesis H0

2, and we get 
it by estimating the individual effect model. The degrees of 
freedom are equal to the total observation N × T  munis  N 
+ K parameter (We estimate a K parameter and an N con-
stant). We reject the null hypothesis if  .

The third hypothesis tested is:

  (11)

To test this hypothesis, we use the following Fisher 
statistic: 

  (12)

if  We reject the Null hypothesis H0
3.

Hierarchical cluster analysis (HCA)
Through the results of the homogeneity tests, we con-

clude that the model parameters cannot be equal across all 
stations, and therefore we applied the Hierarchical cluster 
analysis to classify the stations into homogeneous groups.

Models for longitudinal data
Based on the Cluster analysis, through which we 

divided the data into four main groups (the first group, 
the second, and the third group consisting of 7 stations, 
and the last group consisting of only one station. We use 
regression analysis on the longitudinal data where we esti-
mate the fixed effects model (fem) and the random-effects 
model (rem). For each of the three groups (we will exclude 
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the last group because it consists of one station). Under the 
fixed effects specification the constants αi* are considered 
as free parameters which are incidental to the analysis, with 
β being the center of concern. while the random effects 
model suggests that αi* are realizations from a probability 
distribution function with a finite number of parameters, 
distributed independently of the regressors [23], and then 
we will use the Hausman test [24] to compare between the 
fixed effects model and the random-effects model, the null 
hypothesis of this test is: H0: E(εit\xit) = 0, This hypothesis 
is considered essential in the random-effects model. Under 
this hypothesis, the random-effects model estimated by the 
generalized least squares method is the most appropriate 
one, and the test statistic is given as follows24:

  (13)

The statistic H is distributed as χ2 under the null 
hypothesis with the degree of freedom corresponding to 
the dimension of β. If H > χ2 we reject the null hypothesis 
at level α%.

RESULTS AND DISCUSSION

Homogeneity Tests 
Table 3 shows the results of the homogeneity tests for 

the three models: M1, M2 and M3, where the results of the 
H0

1 hypothesis test show that the statistic F1 greater than the 
tabulated value of the Fisher distribution in the three mod-
els which means that the hypothesis H0

1 is rejected at the 
level of 5%. From this, we conclude that the parameters are 
not homogeneous between all stations. This is confirmed 
by the p-value which was exactly smaller than 0.05 in the 
following models. 

For the test of H0
2 hypothesis, the value of F calculated in 

the three models shows that it is greater than the tabulated 
F, and from it, we reject the H0

2 hypothesis at a level of 5% 
and this is confirmed by a p-value that is smaller than 0.05.

For the H0
3 the hypothesis that tests the homogeneity of 

the constants in the panel data model, the results show that 
the value of F is also completely greater than the tabulated 
value in the three models, and from this, we reject the H0

3 
hypothesis of homogeneity of the constants at the level of 5% 
and this is confirmed by a p-value that is smaller than 0.05.

Selection of the best number of clusters
Performed zoning to detect the most similar sites and 

group them into groups. For this reason, the method and 
zoning standard of solar radiation zoning must be selected. 
The different methods to calculate the number of clusters 
are available in Table 4 and Figure 2. According to the 
majority rule (40%), the best number of clusters is 4.

      

Figure 2. Optimal number of clusters.

Table 3. Homogeneity tests for the three models

Calculate Value Tabulate value p-value
M1 F1 8.8896775 1,36944711 2.721e-11

F2 6.4686733 1,43501381 2.450e-07
F3 7.3236137 1,58482692 3.502e-06

M2 F1 3.7519397 1,33745801 5.439e-14
F2 1.6917328 1,36131377 .00247467
F3 9.6393957 1,60048735 7.358e-22

M3 F1 18.359348 1,44018632 1.446e-51
F2 4.6818323 1,60415548 1.332e-09
F3 24.255218 1,59992937 7.432e-48
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In this study, we applied the hierarchical clustering anal-
ysis using Ward’s algorithm Ward JH [25] to understand the 
spatial distribution of the diffuse fraction in the study area. 

From Figure 3, we can see that the cluster analysis iden-
tified four homogeneous groups of the diffuse fraction. 
Group 1 (G1) was composed of stations (NDL, PTN, CHN, 
KLK), located on the humid subtropical Zone Figure 4, 
with tropical wet and dry for stations (MNC, VNS, TRV). 
Regarding the Group 2 and 3 cohorts, they are distributed 
over all regions of the country. The last group (G4), consists 
of one station (SNR) located in mountains.

Estimation model 
Table 5 shows the results of estimating the fixed effects 

model and the random-effects model for the proposed model 
M1 and for the three groups {G1, G2, G3}, as there do not seem 
to be significant differences in the estimation results between 
the (FEM) and the (REM), to compare between these two 
models we use the Haussman test whose results appear in 
Table 6 for the first group, the p - value = 0.9244 > 0.05 and 

from it, we accept the null hypothesis, therefore, the (REM) 
is the most appropriate model for G1. For G2 the p - value 
= 0.0004 < 0.05, we reject the null hypothesis that the ran-
dom effect model is the appropriate model, so the fixed effect 
model is the appropriate model. For the G3 the appropriate 
model according to the Hausman test is the (REM).

Table 4. The different methods calculate the number of 
clusters

Number_clusters Value_Index
KL 6 6.3478
CH 4 12.9456
Hartigan 5 19.157
CCC 4 -0.8011
Scott 10 128.9526
Marriot 4 572952.9
TrCovW 4 415.9892
TraceW 4 86.901
Friedman 10 26029.01
Rubin 4 -2.1706
Cindex 2 0.2992
DB 10 0.7448
Silhouette 10 0.4134
Duda 2 0.9052
PseudoT2 2 1.2564
Beale 2 0.7694
Ratkowsky 4 0.4123
Ball 3 41.893
PtBiserial 4 0.4599
Frey 1 NA
McClain 2 0.8061
Dunn 10 0.4887
Hubert 0 0
SDindex 4 1.1432
Dindex 0 0
SDbw 10 0.1272

Figure 3. Cluster analysis groups based on the spatial 
grouping of stations.

Figure 4. Climatic zones in India based on Köppen-Geiger 
climate classification.
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  (14)

Regarding the model M2, the results of estimating the 
(FEM) and the (REM) are shown in Table 7, and the results 
of the Hausman test appear in Table 8. Through these 
results, it is clear that the (REM) is the most appropriate 
model for group G1 and the (FEM) is the most appropriate 
model for the second group G2 And the third group G3.

  
(15)

Table 6. Hausman’s test for M1

Group chi-squared Prob > Kh2  The best model 
G1 0.16 0.9244

G2 15.61 0.0004

G3 2.81 0.2452

Table 5. estimating of fixed effect model and random effect 
model for M1

Group parameters FEM REM
G1 αi* 1.356985 1.35583

β1i -0.3302712 -0.3323464
β2i -1.197594 -1.192939

G2 αi* 1.299473  1.291561
β1i -0.055939 -0.039764
β2i -1.502283 -1.509459

G3 αi* 1.227283 1.223239
β1i -0.3276291 -0.319616
β2i -1.019594 -1.022661

Table 7. estimating of Fixed effect model and Random ef-
fect model for M2

Group parameters FEM REM
G1 αi* 0.976956 0.7718304

β1i -2.06129 -1.17832
β2i 8.857116 7.755474
β3i -15.69614 -15.52742
β4i  8.24894 8.528482

G2 αi* 2.384721 2.363621
β1i -14.04328 -14.67045
β2i 42.44249 45.65797
β3i -54.12448 -59.18861
β4i 23.79596 26.37172

G3 αi* 2.547389 2.356013
β1i -13.80677 -12.82972
β2i 38.48113 36.36594
β3i -47.26369 -45.12562
β4i 20.54023 19.74879

Table 8. Hausman’s test for M2

Groupe chi-squared Prob > Kh2  The best model 
G1 6.10 0.1922

G2 24.55 0.0001

G3 19.29 0.0007
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For the model M3, the results of estimating the (FEM) 
and the (REM) are shown in Table 9. Also, the results of the 
Hausman test are shown in Table 10. Through these results, 
we conclude that the (FEM) is the most appropriate model 
for all groups {G1, G2, G3}, as the p-value of Haussmann’s 
test was smaller than 0.05. 

  
(16)

CONCLUSION

In the current study, solar radiation data was used to 
evaluate the diffuse fraction, the sunshine ratio, and the 
clearness index. Here, we selected 22 stations in India. The 
homogeneity test, Hierarchical Cluster Analysis (HCA), 
fixed effects model (FEM), random-effects model (REM), 
and Hausman test were applied in this study. 

The main conclusions can be summarized as follows:
1) Fisher’s test of the homogeneity of the regression 

parameters proved that the choice of the unified 
model for all stations was wrong. The Fisher values 
of the three models are equal to 8.88, 6.46, and 7.32, 
respectively. This is confirmed by the p-value which 
was exactly smaller than 0.05 in the three models.

2) Four homogeneous groups of the diffuse frac-
tion  were  identified  using Hierarchical Cluster 
Analysis. Groups 1, 2, and 3 consists of 7 stations, 
and the last group (G4) consists of a station (SNR) 
located in a mountainous area.

 3) The Haussmann test is used to compare these mod-
els, and the results show that each group contains 
three empirical equations for estimating diffuse solar 
radiation using the clearness index or Sunshine ratio 
or combining between clearness index and Sunshine 
ratio.

4) The main objective of this paper is to prove the 
invalidity of one regression model for all stations in 
India. We advise researchers in this field to take this 
observation in future studies.

NOMENCLATURE

Hd diffuse solar radiation on a horizontal surface (MJ/
m2-day)

H global solar radiation on a horizontal surface (MJ/
m2-day)

H0 extraterrestrial radiation
kd diffuse fraction (or cloudiness index)
Kt clearness index
St sunshine ratio
So maximum possible sunshine duration (hours)
S sunshine duration (hours)
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