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Solar energy being an unlimited source of energy is 
rapidly increasing in importance amongst the various 
energy sources. For the effective and efficient utiliza-
tion of any solar energy system, the site-specific data 
on solar radiation are the prime need. In the present 
communication, we have conducted an analytical 
study on available solar radiation data at Solar  
Energy Centre, Gwal Pahari, India. The study is carried 
out for daily global radiation on horizontal and tilted 
surface and for direct normal irradiance (DNI). An  
attempt is also made to analyse the clearness index as 
it is an important factor for the installation of any  
solar energy system. Additionally, three statistical  
parameters – standard deviation, kurtosis and skew-
ness are worked out for these solar radiation parame-
ters. Furthermore, the sunshine hours are computed 
exploiting the data of DNI. A comparison is also made 
between the ground measurements and satellite-
derived data – global and DNI. 
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SUN is the powerhouse that sustains life on Earth. It emits 

a large amount of energy. Earth receives only a small 

fraction of the Sun’s total energy. Harnessing solar  

energy has long been one of the important practices for 

combating the adverse effects of climate change and  

fossil fuels. 

 The knowledge of solar radiation of a region from cli-

mate point of view is of paramount importance in assess-

ing the potential use of solar energy as a power source in 

that area. Such information is a pre-requisite for the  

design of solar energy appliances. Solar energy, in the pre-

sent scenario, is already being used for a wide range of 

applications like power generation (whether it is through 

thermal or photovoltaic route), domestic water heating, 

drying, cooking, industrial process heat applications, 

street as well as home lighting and electrification for  

remote areas. It has the potential for use in many applica-

tions now emerging in the modern world. The Jawaharlal 

Nehru National Solar Mission has resulted in rapid 

growth in this area. In order to maximize use of the Sun’s 

energy for various applications, solar radiation measure-

ments play a pivotal role. The installation of proper radia-

tion-measuring sensors at the desired locations to gather 

all vital data will be effective for paving the way for 

utilization of solar energy. The solar radiation data on 

horizontal and inclined surfaces are reported for India
1,2

; 

Abu Dhabi, UAE
3
, and Lesotho, South Africa

4,5
. 

 The clearness index which is the ratio of the global  

radiation received on a horizontal surface to the extra-

terrestrial radiation, plays a vital role in the evaluation of 

atmospheric conditions. Many empirical formulae
6,7

 in 

which clearness indices are used for the separation of dif-

fused component from the total or global radiation have 

been developed under various weather conditions. The 

high value of clearness index means more direct radiation 

and less diffuse radiation favouring concentrating solar 

energy systems, while non-concentrating devices are 

needed for locations with low clearness index. 

 Measurement of three solar radiation parameters – 

global radiation at horizontal and tilted surface and direct 

normal irradiance (DNI) is being carried out at Solar  

Energy Centre (SEC), Gwal Pahari (28.42 N, 77.15 E), 

India. Two new instruments, i.e. pyranometer and pyra-

heliometer are calibrated to record per minute data. One 

of the pyranometers is inclined at the latitude of location 

(28.42 N) to measure the tilted irradiance. A list of  

instruments used to measure solar radiation is given in  

Table 1 and the instruments are shown in Figures 1–3. 

These instruments fulfil the performance criteria of 

WMO and they were fully calibrated at the time of pur-

chase. 

 We have made a study to check the distribution and 

availability of daily solar radiation at the SEC. The data 

are processed to get the daily sum of each of the afore-

mentioned parameters and an investigation is made on the 

basis of these data. The global and direct normal irradia-

tion data of one year from November 2009 to  

October 2010 are employed in the study. In July 2010, 

due to some instrumental problem, the global radiation 

could not be recorded properly, so we have incorporated 

the data of July 2009. Moreover, an effort is made to 

compute the daily clearness index to gauge the sky condi-

tions of the location of study. An exercise is also done for 

computing the sunshine hours utilizing the DNI data. 

Keeping in mind the utility of direct radiation, a band-

wise distribution of daily DNI from 100 W/m
2
 to 

900 W/m
2
 comprising eight bands is also worked out. 

 A comparison of satellite derived data
8
 of global and 

direct irradiance is carried out with ground measure-

ments. 

 The daily clearness index KT is given by 

 

 
g
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where Hg is the monthly average of daily global radiation 

in kWh/m
2
, H0 is the monthly mean of daily extraterres-
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Table 1. Details of the instruments 

  Sensitivity  

Irradiance component Instrument V/W-m2 Model no. Make Mounting arrangement 
 

Global horizontal Pyranometer 6.93 MS-802-C EKO, Japan Unshaded, horizontal plane 

Global tilted Pyranometer 6.64 MS-802-C EKO, Japan Unshaded, inclined plane 

Direct normal irradiance Pyraheliometer 9.11 CH-1 Kipp & Zonen, Japan Mounted on sun tracker 

 

 

 
 

Figure 1. Horizontal pyranometer for the measurement of global  
radiation falling on the horizontal surface. 

 

 
 

Figure 2. Tilted pyranometer at latitude used for recording the global 
radiation falling on the tilted surface. 

 
 

Figure 3. Pyraheliometer for measuring direct normal irradiance. 

 

 

trial radiation in kWh/m
2

 and can be obtained using the 

following relation
9
 

 

0 sc 0 s s s

24
cos cos sin cos

180
H I E  (2) 

 

here  is the latitude of location, E0 the eccentricity cor-

rection factor of the Earth’s orbit,  the declination, s 

the hour angle corresponding to sunshine or sunset and Isc 

is the solar constant having a value of 1.367 kW/m
2
. 

 Eccentricity correction factor E0 is given by
10

 

 

 0 1.000110 0.034221 cosE  

    0.001280sin 0.000719cos 2  

    0.000077sin 2  (3) 

 

Here  is the day angle and is represented by 
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Figure 4. Plot of global horizontal irradiance versus day of the month. 

 

 

n is the day number of the year. The declination is com-

puted as follows
10

 

 

 

0.006918 0.399912cos

1800.070257sin 0.006758cos 2

0.000907sin 2 0.002697cos3

0.00148sin 3

 (5) 

 

The sunrise or sunset hour angle s can be obtained as 

 1
s cos ( tan tan ).  (6) 

 

Three statistical indicators – standard deviation (SD), 

kurtosis (KURT) and skewness (SKEW) are used in the 

analysis. Average gives the arithmetic mean of the argu-

ments, whereas standard deviation indicates how widely 

values are dispersed from the average value. 

 Kurtosis is the relative peakedness or flatness of a dis-

tribution compared to the normal distribution. For a nor-

mal curve it has a value of 3 and the curve is said to be a 
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mesokurtic curve. The curve which is flatter than the 

normal curve is known as platykurtic and for such a curve 

kurtosis is less than 3. While a curve more peaked than 

the normal curve is called leptokurtic and for such a curve 

kurtosis is greater than 3. Kurtosis can be obtained as 

 
4 2( 1) 3( 1)

Kurt
( 1)( 2)( 3) ( 2)( 3)

jx xn n n

n n n s n n
  

  (7) 

 

where n is the number of observations, xj the jth value of 

observation and x  is the mean value of the observations. 

 Skewness means lack of symmetry. Measure of skew-

ness helps to distinguish between different types of dis-

tribution. It gives an idea about the direction of the 

variance or the departure from symmetry. Positive skew-

ness indicates a distribution with an asymmetric tail  

extending towards more positive values, whereas nega-

tive skewness means a distribution with an asymmetric 

tail extending towards more negative values. Skewness is 

calculated using following relation 

 

 

3

Skew
( 1)( 2)

jx xn

n n s
 (8) 

 

where s is the standard deviation (SD). 

 The 12 months (from November 2009 to October 2010) 

daily data of global radiation on horizontal surface are 

analysed and an analytical study is made for each  

month (Figure 4). In January, a minimum radiation of 

0.76 kWh/m
2
 is recorded on 8th and a maximum  

of 4.18 kWh/m
2
 at end of the month (31st). Similarly, in 

February, highest global radiation is observed on the last 

day (28) with a value of 5.21 kWh/m
2
, whereas the low-

est (1.79 kWh/m
2
) is on 10th. This considerable decrease 

may be due to fog in the beginning of January and Febru-

ary, which causes depletion of solar radiation resulting in 

less sunny days. But after middle of February, the atmo-

sphere is relatively clear and so radiation is good. The  

intensity of global radiation is comparatively high in 

March, comprising maximum value of 6.26 kWh/m
2
 on 

23rd. It increases by May with a peak value of 

7.43 kWh/m
2
. Additionally, in April (6.75 kWh/m

2
) and 

June (7.19 kWh/m
2
), the amount of radiation is signifi-

cant. April–June being the summer months are blessed 

with good irradiance. On the other hand, it will also be 

worthwhile to see the days getting minimum radiation. In 

March–June, dip is noticed on 27th (2.439 kWh/m
2
), 23rd 

(4.48 kWh/m
2
), 28th (4.54 kWh/m

2
) and 6th (3.23 kWh/m

2
) 

of the months respectively. 

 In India, rainy season starts at the end of June or in the 

beginning of July. Obviously, comparatively less solar 

radiation will be received because of the higher incidence 

of clouding. Depletion of radiation accompanied by  

attenuation of direct radiation takes place when the sky is 

overcast. Furthermore, the reflecting and scattering  

effects of clouds, air molecules and also of aerosols (a 

small solid or liquid particle suspended in air) present in 

the atmosphere result in excessive diffuse radiation during 

the monsoon months. In July, maximum (6.891 kWh/m
2
) 

global radiation is observed on 17th and minimum 

(2.507 kWh/m
2
) on 15th. For the other two rainy months, 

August and September, the highest values are 5.88 kWh/m
2
 

(on 7th) and 5.84 kWh/m
2
 (on 28th), while lowest are 

0.89 kWh/m
2
 and 0.98 kWh/m

2
 (both on 19th). 

 After the monsoon, i.e. during October–December, 

global radiation is rather low, because of the decreased 

day length in winter months. In October, the extreme val-

ues of solar radiation are noticed on 11th (5.38 kWh/m
2
) 

and 21st (3.11 kWh/m
2
), whereas in November; these are 

on 20th (3.832 kWh/m
2
) and 13th (0.924 kWh/m

2
). There 

is further fall in the solar radiation and maximum does 

not exceed 3.377 kWh/m
2
 (19th) in December. A mini-

mum of 2.043 kWh/m
2
 is found on the 10th of December; 

nevertheless, it is higher than that of the previous two 

months. 

 To make the study more comprehensive, a statistical 

analysis is also carried out using statistical parameters. It 

is seen from Figure 5 that SD is maximum in September 

indicating high deviation in global irradiation from the 

mean value during different days of the month, whereas it 

is minimum in December. Skewness (SKEW) is positive 

and right-skewed for April, September and December  

indicating that for most of the days, values of radiation 

lie on right side of the mean value during these months, 

but for the remaining months SKEW is negative and is 

left-skewed. 

 Kurtosis is greater than 3 in November, implying 

peaked distribution of radiation. Hence for this month of 

the year, distribution of radiation is peaked indicating  

 

 
 

Figure 5. Graph showing statistical parameters for global horizontal 
irradiance. 
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Figure 6. Variation of global tilted radiation with days of the month. 

 

 

high variation in global radiation values during different 

days of the month. The other months show flat distribu-

tion compared to the normal curve (Gaussian curve). It 

means difference in irradiances of these months is less. 

 The radiation arriving at the inclined surface is com-

posed of three components – direct radiation, diffuse ra-

diation and reflected radiation from the ground. Tilted 

radiation for the tilt equal to the latitude of SEC 

(29.42 N) against day of the month is plotted in Figure 6 

from January to December. The radiation varies from 

0.73 to 5.87 kWh/m
2
 in January and the days with  

extreme radiation are 8th (minimum) and 31st (maxi-

mum) of the months. Observations shows that in Febru-

ary, extreme values are 6.36 and 1.85 kWh/m
2
 received 

on 20th (maximum) and 8th (minimum) of the month. 

The incoming solar radiation at the surface is relatively 

high in March comprising maximum value of 6.77 kWh/m
2
 

(21st) and minimum of 4.67 kWh/m
2
 (25th). The peak  

radiation captured in April is 7.16 kWh/m
2
 on 7th and 

minimum is 5.13 kWh/m
2
 on 28th. Both the values are 

higher than that of extreme radiations of previous 

months. Comparatively less radiation is measured in May 

and June. It may be lower than that of the horizontal  

radiation. This is clear from the fact that in the summer 

months, tilted radiation is lower than the radiation at 

horizontal surface due to tilt factor. The tilt factor varies 
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according to the latitude, month and slope and will be 

less than one during the summer months. The highest 

amount of insolation arriving at the inclined surface in 

May, June and July is 6.77, 6.72 and 6.492 kWh/m
2  

respectively. These peak values are observed on 12 May, 

9 June and 17 July. Conversely, 6 May, 7 June and 15 

July receive minimal amount of insolation with values of 

3.11, 2.03 and 2.375 kWh/m
2
 respectively. 

 The extreme values of tilted radiation in August are 

found to be 5.92 and 0.86 kWh/m
2
 on 7th and 19th  

respectively. It is evident from Figure 6 that in September, 

incoming radiation ranges from 6.69 to 0.95 kWh/m
2
.  

After the end of the monsoon season, i.e. in the winter 

months, less radiation will be received at the inclined 

plane as in the case of the horizontal surface. Hence, we 

will focus on the availability of radiation during different 

months of the year at SEC. Examining the graph of Octo-

ber, a dip is found on the 7th with value of 3.37 kWh/m
2
 

and maximum radiation does not exceed 6.41 kWh/m
2
 

(11th). Comparatively less tilted irradiance is obtained 

during the remaining two months of the year. In November, 

the extreme values are 5.16 and 0.88 kWh/m
2
, whereas in 

December, these are 4.94 and 2.391 kWh/m
2
. The graph 

of December is zigzag compared to November, demon-

strating a considerable deviation in the insolation of dif-

ferent days. Atmospheric conditions are the main cause 

for this variation as excessive fog can be observed in this 

month. 

 The statistical indicators for the radiation received at 

the inclined plane (28.42 N) are shown in Figure 7. It can 

be seen that standard deviation is maximum in September 

representing a high deviation from the mean irradiance 

during this month. Conversely, minimum deviation is  

noticed in March. Skewness is positive for April and  

December, implying that irradiance for most of the days 

of these months falls on the right side of mean value, 

whereas in the case of other months, it is negative and is 

left-skewed. 

 Figure 7 also shows that kurtosis is greater than 3 for 

June and November, which means that distribution of  

tilted radiation is at a peak during these months. There 

may be some days in these months with high irradiance 

compared to the mean value which builds-up the peak of 

irradiance distribution curve. It can also be predicted that 

rest of the months of the year show flat distribution of  

radiation. Consequently, irradiance during these months 

will not be deviated more with respect to the mean. 

 Clearness index is a vital factor in the proper selection 

of solar energy appliances. The daily clearness index is 

computed using eq. (1) employing daily data of global 

horizontal irradiance. Figure 8 is the plot of KT versus 

months. The index of clearness of sky in January is maxi-

mum (0.62) on 31st and minimum (0.12) on 8th. In  

February, clearest sky is found on the 14th with value of 

index 0.65, implying more direct and less diffuse radia-

tion, whereas 8th is the day with the lowest KT value 

showing overcast sky. It increases by April comprising 

highest value of 0.68 and 7 April shows the maximum  

index of clearness of sky. In May extreme values are 

lower than that of April, indicating less clear sky condi-

tions. Out of all the months, the most overcast conditions 

are observed on 19 September with the lowest KT value 

(0.10), which may be due to the cloudy conditions and 

rainy season. 

 The statistical parameters are represented in Figure 9. 

It can be seen from the Figure 9 that SD in KT is maxi-

mum for September (0.15), implying high variance in sky 

conditions of different days of the month. On the other 

hand, SD is minimum (0.045) in March. Skewness is 

negative and left-skewed for all the months, except Sep-

tember. Hence, it can be predicted that for most of days 

of the months, clearness index lies in the left tail. 

 Figure 9 also shows that kurtosis is greater than 3 for 

February, October and November, indicating that distri-

bution of clearness index is at a peak and fluctuation in 

KT values amongst different days of the months is high. 

Rest of the months included in the analysis show flat dis-

tribution with kurtosis less than 3. This implies that sky 

conditions do not differ day to day during these months. 

 Figure 10 shows the variation of DNI with days of the 

month. In January, 4th is the day with minimum DNI  

of 0.003 kWh/m
2
, while, maximum of 5.34 kWh/m

2
 is  

recorded on 31st of the month. In fact, during winter, the 

plains generally have fog causing low incoming direct  

radiation. After January, there is a rise in the arriving 

DNI as the fog almost disappears and the atmosphere is 

quite clear; so comparatively high direct radiation can be 

received. Direct radiation is comparatively high in Febru-

ary with extreme values of 0.19 and 6.55 kWh/m
2
 on the 

8th and 20th of the month respectively. It increases by 

April with a peak value of 7.16 kWh/m
2
 and it is quite 

obvious from Figure 10 that 7 April has high amount of  

 

 
 

Figure 7. Plot of statistical parameters for global tilted radiation. 
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Figure 8. Variation of daily clearness index. 

 

DNI. Consequently, it can be predicted that, the sky 

would be clear and the particulate matter present in the 

atmosphere would be nominal on that day. 

 Moreover, March (6.62 kWh/m
2
) and May (6.68 kWh/m

2
) 

receive good amount of direct component. In June,  

extreme radiation of 0.05 and 5.81 kWh/m
2
 is noticed on 

the 7th and 18th. The comparatively low value in May 

and June is mainly because of the presence of dust parti-

cles, aerosols and other particulate matter. The atmo-

sphere will be loaded more with polluting particles in the 

extreme summer months causing the attenuation of DNI. 

 There is further drop of DNI during the monsoon sea-

son, mainly in July and August – 5.63 kWh/m
2
 (10 July) 

and 4.53 kWh/m
2
 (7 August). This is because of the 

clouds during these months. In September, direct irradi-

ance is relatively high with extreme values of 0.003 and 

6.81 kWh/m
2
. October also gets good direct radiation 

ranging from 0.86 to 6.30 kWh/m
2
. But, in the last two 

months of year, there is a decrease in DNI which is due to 

the shorter day length in winter months. In November and 

December, a minimum of 0.004 (12th) and 0.597 kWh/m
2
 

(10th) respectively is observed. On the other hand, maxi-

mum direct radiation recorded during these two months is 

4.28 (20th) and 4.88 kWh/m
2
 (19th) respectively. 

 The statistical parameters for DNI are shown in Figure 

11. SD is maximum in September (2.23) showing a com-

paratively high deviation among the direct irradiances of 

different days of the month, whereas it is minimum in 

August. It can be noticed from Figure 11 that SKEW is 

positive during six months of the year, viz. January, 
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April, July, August, September and October, indicating 

the right-skewed distribution of DNI. The other months 

show left-skewed distribution as SKEW is negative. Kur-

tosis is less than 3 for all the months of year, showing a 

flat distribution compared to the normal Gaussian curve. 

 Furthermore, we have divided the arriving daily direct 

radiation into different bands. The DNI from 100 to 

900 W/m
2
 is categorized into eight bands

 
with a differ-

ence of 100 W/m
2
. Table 2 and Figure 11 shows its band-

wise distribution for all 12 months of the year. 

 Sunshine duration is the duration for which DNI  

exceeds 120 W/m
2
 and is computed utilizing the mea-

sured DNI data. The bright sunshine hours versus month 

plot is shown in Figure 12. In January, total sunshine 

hours are 142.85 h and these increase by March with 

maximum of 299.18 h. It is evident from Figure 12 that 

March has the highest bright sunshine hours. After this, 

there is a reduction in number of hours, but the two sum-

mer months April (284.27 h) and May (272.8 h) are have 

good sunshine. In July (149.37 h), August (127.37 h) and 

September (131.1 h), the number of sunshine hours is 

considerably low. This is clear from the fact that during 

rainy season, there will be a reduction in the amount of 

arriving DNI, as already mentioned. Therefore, sunshine 

hours will be less in these monsoon months. However, a 

good number of sunshine hours (264.8 h) is recorded dur-

ing October. November and December are also capable of 

receiving moderate sunshine with respective values of 

202.03 h and 226 h. 

 A comparative study is also made between the ground 

measurements at SEC, IMD (India Meteorological  

Department) data (http://mnre.gov.in/file-manager/User-

File/solar_radiant_energy_over_India.pdf) recorded from 

1986 to 2000, and satellite-derived monthly average data
8
 

of global horizontal irradiance (GHI) and DNI. The IMD 

average data are not available for Gwal Pahari; so the 

nearest site New Delhi (~
 
10 km from SEC) is chosen. 

 

 
 

Figure 9. Statistical parameters for clearness index. 

For global radiation, data are plotted in Figure 13. The 

satellite-derived (Meteosat 5 and 7; resolution 10  

10 km) data
8
 exceed the ground measurements for all the 

months. Examination of ground measurements shows that 

May has the highest GHI of 6.13 kWh/m
2
 from our mea-

surement and 6.79 kWh/m
2
 from IMD, whereas in  

December GHI is lowest – 2.92 kWh/m
2
 (measured) and 

3.33 kWh/m
2
 (IMD data)

 
. In the satellite-derived data, 

the radiation varies from 7.03 to 3.3 kWh/m
2
. Neverthe-

less, the months receiving the extreme radiation are the 

same as in the case of ground observations. The total  

annual global radiation on the horizontal surface is 

1497 kWh/m
2 

(measured), 1866.79 kWh/m
2
 (IMD data), 

while that from satellite-derived data is 1923.59 kWh/m
2
. 

 Figure 14 compares the satellite-derived DNI data with 

ground measurements. It can be seen that direct radiation 

derived from satellite shows overestimation. In March, 

DNI is highest (4.95 kWh/m
2
) and minimum in August 

(1.58 kWh/m
2
) in ground measurements while in satellite-

derived data these values are 6.42 kWh/m
2 

(March) and 

3.12 kWh/m
2
 (September). The total annual DNI from 

measured, IMD data and satellite is 987, 1192.87 and 

1618.14 kWh/m
2
 respectively. The reason of such large 

difference among the data obtained from the three differ-

ent sources is the following: the solar radiation data col-

lected at SEC are less than that of the IMD (http:// 

mnre.gov.in/file-manager/UserFile/solar_radiant_energy_ 

over_India.pdf) and satellite-derived data
8
. The differ-

ence between ground measurements and satellite-derived 

data is because of the attenuation in the path of solar  

radiation by the Earth’s atmosphere due to the presence 

of turbidity and other atmospheric constituents; also it 

may be on account of the resolution of the satellite and its 

tolerance power for microclimate. The data of IMD are 

not available for Gwal Pahari; thereby the nearest station 

New Delhi is selected for comparison purpose. This may 

be the cause of discrepancy in the data measured at SEC 

and IMD. 

 The main conclusions drawn on the basis of above 

analysis are as follows: 

 

 A peak global radiation of 7.43 kWh/m
2
 arriving at 

the horizontal surface is observed on 21 May. April, 

June and July also receive good amount of radiation 

with respective maximum values of 6.75, 7.19 and 

6.89 kWh/m
2
. Conversely, 8 January has minimum 

solar radiation of 0.76 kWh/m
2
 among the 12 months. 

 Tilted radiation is noticed maximum (7.09 kWh/m
2
) 

on the 7 April, whereas 8 January receives lowest  

irradiance (0.73 kWh/m
2
) at the inclined plane. 

 The clearest sky is found on 7 April with highest 

clearness index (0.68) and almost completely overcast  

sky is observed on 19 September (clearness index KT 

of 0.10). 

 A good amount DNI is recorded on the 7 April 

(7.16 kWh/m
2
), which is the peak value amongst all
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Figure 10. Daily direct normal irradiance versus days of the month. 

 

 
Table 2. Band-wise distribution of direct normal irradiance 

  No. of hours 

              Total 

DNI (W/m2) January February March April May June July August September October November December hours 
 

800–900 0 0.98 2.75 2.17 0.5 0 0.7 0 0.47 0 0 0 7.75 

700–800 2.17 20.3 39.15 13.13 7.73 2.15 3.58 1.25 19.25 8.7 0.02 1.88 119.31 

600–700 5.17 40.15 64.92 37.88 30.62 20.3 13.1 8.32 22.83 27.18 1.98 16.98 289.43 

500–600 17.03 42.1 62.1 61.3 46.2 46.9 23.13 17 23.9 48.32 29.3 41.05 458.33 

400–500 28.33 34.3 48.42 54.22 52.73 42.87 26.68 22.6 17.05 45.72 47.22 55.7 475.84 

300–400 30.32 28.2 34.73 43.78 52.88 42.25 28.08 27.2 16.55 55.38 49.1 44.23 452.7 

200–300 36.32 25 26.68 47.2 45.58 42.63 30.17 29.1 16.57 42.95 46.23 38.88 427.31 

100–200 29.77 27.95 26.38 31.75 42.85 38.37 30.22 28.2 18.62 45.37 35.48 35.18 390.14 
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Figure 11. Statistical parameters for DNI. 
 

 
 

Figure 12. Variation of sunshine hours with months. 
 

 
 

Figure 13. Ground-measured and satellite-based data of GHI. 

 
 

Figure 14. Ground-measured and satellite-based data of DNI. 

 

  the months. On the other hand, August being the mon-

soon month, receives minimum direct radiation of 

0.001 kWh/m
2
 on 19th. 

 March has maximum hours of bright sunshine 

(299.18 h). In September, the total duration of sun-

shine is found minimum (131.10 h). 

 The monthly average daily global horizontal radiation 

varies from 6.13 kWh/m
2
 (May) to 2.92 kWh/m

2
  

(December) in ground measurements. For satellite-

derived data, it ranges from 7.03 to 3.3 kWh/m
2
 for 

the same months. 

 The monthly average of daily DNI is highest in March, 

with a value of 4.95 kWh/m
2
 for ground observations 

(SEC measurements) and 6.42 kWh/m
2
 for satellite 

measurements. Conversely, August (1.58 kWh/m
2
) and 

September (3.12 kWh/m
2
) receive the lowest amount 

of direct radiation for ground and satellite measure-

ments. 
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