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Abstract. Solar radiation data are of great significance for energy harvesting. This paper’s main 
objective is to study clearness index of atmosphere over Biratnagar (latitude: 26.45oN, longitude: 87.27oE, 

altitude: 72 m a. s. l.), an eastern city of Nepal.  Daily global solar radiation data are derived by using 

CMP6 pyranometer for one year period (2015). The monthly, annual and seasonal variations of global 

solar radiation, clearness index and visibility were analyzed. The annual average of global solar radiation 

(GSR), clearness index (KT) and visibility indices are found to be 11.37 ± 3.76 MJ/m2/day, 0.37 ± 0.15 and 
7.06 ± 5.56 km are respectively. In the study period, number of clear days (KT >0.65) and number of cloudy 

days (KT <0.34) are found to be 26 and 172 respectively. Study of clearness index of atmosphere and its 

dependence on meteorological parameters (such as maximum temperature, minimum temperature, rainfall, 

relative humidity, total ozone column and dew point) are used on agriculture, hydrology, and climate 

change. Finding of GSR and visibility helps for energy harvesting and aviation.   
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INTRODUCTION 

The Sun radiates 4 x1026 J energy per second in the 

form of an electromagnetic wave of wavelength 
300 nm to 3000 nm [1]. The average solar radiation 

1367 W/m2(solar constant, Isc) [2] incidents on the 

outer layer of the atmosphere when Earth is at 

mean distance 1.49 x108 km from the Sun. As the 
orbit of the Earth around the Sun is elliptical with

eccentricity (𝜀), the solar energy incident on a

specific point of outer layer of the atmosphere at a 
specific time (Ho) is inversely proportional to the 

square of distance between the Sun and the Earth. 

It depends on solar sunshine angle (ws), solar 

declination (d) latitude (f) and day numbers of 

year (DOY, nd) [3]. The solar radiation passing 

through the atmosphere is scattered and absorbed 
by molecules, water droplets, dust and aerosol. 

According to the Beer Lambert's law, solar 

radiation (Ho) is attenuated exponentially in the 

atmosphere with extinction coefficient (k) and 

optical air mass (m)[4]. The solar radiation that 

reaches to the ground is given by 

𝐻! = 𝐻"𝑒#$%	  (1) 

where, 𝐻" = &'
( 𝐼)*𝜀(𝜔)𝑠𝑖𝑛𝛿𝑠𝑖𝑛𝜙 +	𝑐𝑜𝑠𝛿	𝑐𝑜𝑠𝜙	𝑠𝑖𝑛𝜔))

d = 23.45sin	(+,-+,. (284 + 𝑛/))
𝜀 = 1 + 0.033 cos ?+,-+,.𝑛/@
ws =	𝑐𝑜𝑠#0(−𝑡𝑎𝑛𝛿𝑡𝑎𝑛𝜙)

Sun is the nearest star to us. Solar energy is free 

energy and a harmless source of energy. Study of 
clearness index of atmospheric turbidity and its 

effect of different meteorological parameters are 

used in agriculture, hydrology, climate change and 
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energy harvesting. The solar radiation depends on 
physical parameters (attitude, longitude, altitude, 

optical air mass, aerosol, scattering, cloud, 

absorption, ozone and albedo) and   meteorological 

parameters (such as precipitation, ambient 
temperature, wind speed, humidity, local weather 

conditions and seasonal variation) [5]. The solar 

energy on ground is due to direct and diffused 
radiation. The sum of the direct solar radiation and 

the diffused solar radiation is global solar radiation 

(GSR) [6]. 

Figure.1: Map of Biratnagar [source: Survey 

Department,2020] 

Nepal is a landlocked South Asian mountainous 

country with a large beautiful landscape situated 

between latitudes of 26.36o N to 30.45o N and 
longitudes of 80.06o E to 88.2o E. The elevation of 

the country ranges from 60m to 8848 m within a 

span of 200 km from south to north and about 800 

km from east to west [7]. The population growth 
rate of Nepal is about 1.34 % [8]. In the fiscal year 

2018/19, 587 x1012J energy was consumed. Out of 

that energy, conventional, commercial and 
renewable energy consumption were 68.5 %, 29.4 

% and 2.1 % respectively [9] which shows 

significant need for energy harvesting. Nepal is 

situated between two giant industrial countries 
India and China and their industrial byproduct can 

directly impact on atmosphere over Nepal. 

Therefore, a detailed study of the clearness index 
of atmospheric parameters is very important. 

Nepal lies in the sunbelt (latitude 15o N to 35o N). 

The annual average solar energy measuring 4.95, 
5.44, 5.19 and 4.61 kWh/m2/day are found in 

Biratnagar, Pokhara, Kathmandu and Lukla 

respectively in 26th January, 2010[1]. The annual 

average global solar radiation and clearness index 
are 16.68 ± 4.60 MJ/m2/day and 0.51 ± 0.12 

respectively on Kathmandu Valley for 2012 [10]. 

The annual average solar insolation and clearness 
index 5.11 ± 2.34kWh/m2/day and 0.71 ± 0.12 on 

Jumla for 2012[11]. In comparison, annual average 

Global solar radiation for New Delhi is 18.25 
MJ/m2/day for 1986 – 2000[12]. The annual 

average of Global solar radiation for 1995 to 2010 
in Beijing and in Lhasa are 13.5 MJ/m2/day and 

20.4 MJ/m2/day respectively [13]. 

Biratnagar (latitude: 26.45oN, longitude: 87.27oE, 

altitude: 72 m a. s. l.) is the eastern metropolitan 

city of Nepal, the capital of Province number 1. It 

covers 77 square km area shown in figure 1. 
Population and population density of Biratnagar 

are respectively are 2,42,548 and 3,100 per square 

km [14]. It lies in the subtropics climate zone. The 
average annual the maximum temperature is 30.2o

C and the minimum temperature is 19.0o C with 

average precipitation is 1,891.8 mm. Using 

satellite data, the average annual mean solar 
insolation and clearness index for 1983 to 2005 

was 32.4 MJ/m2/day and 0.58 respectively [15]. 

Figure.2: CMP6 pyranometer  

[source: www.kippzonen.com] 

MATERIALS AND METHODS 

The solar radiation is attenuated exponentially in 

the atmosphere with extinction coefficient (k) and 
optical air mass (m). Clearness index (KT) is ratio 

of Hg to Ho and extinction coefficient is due to 

ozone, water vapor, gas mixture, aerosol and 

Rayleigh scattering. Optical air mass (m) depends 
on atmospheric pressure (P), solar zenith angle 

(qz), solar hour angle (w), latitude (f)[16]. 

	𝑚 = 1
0-0+&. 	 0

(3456"7-.0.(9+.::.	#6")#$.&'()   (2)

where 

𝜃= = cos	#0(sin𝛿sin𝜙 + cos𝛿cos𝜙cos𝜔)
For a cloudy day, KT is less than 0.34 while for a 

clear day, KT is greater than 0.65 [17]. 

Visibility of atmosphere in km [18] is given by 

𝑅 = +.9&0
$ 	   (3) 

7
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Daily GSR and meteorological data are collected 

from the Department of Hydrology and 
Meteorology (DHM), government of Nepal for the 

year 2015. GSR is measured by CMP6 first class 

pyranometer in W/m2 shown in Figure 2.CMP6 

pyranometer has thermopile sensor with spectral 
range 285 nm to 2800 nm [19]. Data of Total ozone 

content (TOC) are collected from NASA website. 

Open-source software Python 3.7 is used to 

analyze data and plot graphs. Mean, standard 

deviation (s) and correlation coefficient(r) and 

standard error (SE) is used as statistical parameters 

to analyze and describe graphs. Data are presented 

in form of mean ± standard deviation. 

𝜎 = H0
>∑ (𝑥? − 𝑥̅)&>?@0 (4) 

𝑆𝐸 = A
√>. (5) 

𝑟 = ∑ (D)#D̅)(F)#FG*
)+$ )

H∑ (D)#D̅)&*
)+$ H∑ (F)#FG)&*

)+$

      (6) 

Here n is number of data. Correlation coefficient 
is used to find relation between two data. Its 

values lie between -1 to 1.   

a) GSR

b) Clearness index

c) Visibility

 Figure.3: Daily variation of solar parameters 

a)GSR

b) Clearness index

c) Visibility

d)Frequency distribution of cloudy and

clear days 

Figure.4: Monthly variation of solar 

parameters 

8
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RESULTS AND DISCUSSION 

Figure 3(a) indicates the daily variation of global 

solar radiation. GSR is a maximum 19.22 
MJ/m2/day on July 26 and minimum 1.47 

MJ/m2/day on August 20. The annual mean of 

global solar radiation (GSR) is 11.37 ± 3.76 
MJ/m2/day. Figure 3(b) indicates the daily 

variation of clearness index (KT). According to 

ground-based data, clearness index is a 
maximum of 0.82 on September 18 and a 

minimum of 0.05 on March 2 due to local 

weather while from satellite-based data, the 

maximum value of 0.7 on September 27 and the 
minimum of 0.06 on August 19. Deviation of 

ground- based and satellite-  

based data is due to reflection of solar radiation 

by cloud and absorption by atmosphere. Annual 

mean of clearness index (KT) for ground-based 
data and satellite-based data are 0.37 ± 0.15 and 

0.53 ± 0.13 respectively. Number of clear days 

(KT >0.65) is 26 and that of cloudy days (KT 

<0.34) is 172. Figure 3(c) indicates a daily 
variation of visibility. Visibility is a maximum 

of 43 km on September 18 and a minimum of 2 

km on March 2. 

Figure 4(a) shows the monthly variation of 

global solar radiation. GSR is a maximum of 

13.91± 3.93 MJ/m2/day in April and a minimum 

of 7.51 ± 3.64 MJ/m2/day in January. Variation 

is significant high in March whereas less 
variation is in November. Figure 4(b) shows 

monthly variation of clearness index. According 

to ground -based data, clearness index is 
maximum 0.56 ± 0.14 in September whereas 

minimum 0.19± 0.09 in January. However, 

according to satellite data, the clearness index is 

maximum 0.63±0.02 in November whereas 
minimum 0.41± 0.11 in June. Figure 4(c) shows 

a monthly variation of visibility. Visibility is a 

maximum of 15± 10 km in September and a 
minimum of 3 ± 1 km in January. Large 

variation of visibility in September whereas less 

variation in February. The annual mean of 
visibility is 7 ± 5 km. Figure 4(d) show the 

monthly variation of frequency distribution of 

cloudy and clear days. There are no clear days in 

January to May and November to December. 
There is seen to be 11 clear days on August, 29 

cloudy days on January and one day in 

September.  

a) GSR

b) Clearness index

c) Visibility

d) Frequency distribution of cloudy  and clear

days

Figure.5: Seasonal variation of solar parameters 

9
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Figure 5(a) shows seasonal variation of GSR.GSR 
is maximum 13.09± 4.09 MJ/m2/day in pre 

monsoon (March, April, May) whereas minimum 

9.09 ± 3.12 MJ/m2/day in winter (December, 

January, February). Figure5(b) shows seasonal 
variation of clearness index. According to ground 

-based data, clearness index is a maximum of

0.47± 0.12 in post monsoon (October, November)
whereas a     minimum of 0.23± 0.08 in winter.

According to satellite- based data, clearness index

is a maximum of 0.62± 0.04 in post monsoon
(October, November) whereas a minimum of 0.43

± 0.12 in monsoon (June, July, August,

September).

Figure 5(c) shows seasonal variation of visibility. 

Visibility is maximum 11± 5 km in post monsoon 

whereas minimum value is 4 ± 1 km in winter. 
Figure 5(d) shows seasonal variation of frequency 

distribution of cloudy and clear days. There is no 

clear day in pre monsoon and winter. It seems that 
18 days are clear in monsoon, 83 days are cloudy 

in winter and 5 days are cloudy in post monsoon. 

Figure 6 is a histogram of the clearness index. First 
quartile, second quartile (median) and third 

quartile are 0.27, 0.35 and 0.44 respectively. 

Skewness is 0.62. The distribution of clearness 
index is positively tailed. Kurtosis is. 0.26. The 

distribution is leptokurtic. Data are fitted in normal 

distribution with mean (µ) 0.37 and standard 

deviation ( s) 0.15. Then c2 test is done. 

𝑓(𝑥) = 0
√&(A 𝑒#

$

&
(,#-
.
)&

               (7) 

𝜒& = ∑ (I)#J)I) )&>?@0 (8) 

Where Oi and Ei are observed and expected 

values respectively. The calculated value of c2 is 

40.03 whereas the table value of c2 at 95% 

confident label at 8 degree of freedom is 2.733. 
As the calculated value is large, the distribution is 

not normal (symmetric). 

Figure 7(a) shows trend analysis of clearness 

index with day numbers of year. In this analysis, 

data are fitted in straight line (y = mx +c).  Trend 

line is 

𝐾K = 0.27 + 	0.00054	n/ 

Slope (m) is positive, that mean clearness index 

slightly increases with day. Figure 7(b) shows a 

seasonal variation of clearness index. Fourier 

series is used to analysis seasonal variation 

𝐾K) = 𝑎- + 𝑎0 cos ?+,-+,.𝑛/@ + 𝑏0sin	(+,-+,.𝑛/) 
Offset (a0) is 0.37. Fourier coefficients, a1 and b1 
are - 0.05 and - 0.10 respectively. Seasonal 

amplitude (T𝑎0& + 𝑏0&) is 0.11. Figure 7(c) shows a 

cyclic variation of clearness index. For cyclic 
variation, 7 days moving average is taken. Average 

of clearness index increases from first day of year 

to 290 day of year and then it decreases. Figure 

7(d) shows autocorrelation of clearness index with 

day. Autocorrelation coefficient (ac) is given by  

𝑎𝑐 = ∑ (D)#D̅)(D)/0#D̅*#0
)+$ )

H∑ (D)#D̅)&*#0
)+$ H∑ (D)/0#D̅)&*#0

)+$

   (9) 

Autocorrelation coefficient is used to determine 
correlation of clearness index of ith and (i+t)th day 

of year. From t = 50 to t = 300-day, 

autocorrelation is negative. 

Figure.6: Histogram of clearness index 

Figure 8(a) shows a variation of clearness index 

with maximum temperature. The correlation 

coefficient is 0.61. The annual average of 
maximum temperature is 30 ± 4o C. Figure 8(b) 

shows a variation of clearness index with 

minimum temperature. The correlation coefficient 
is 0.36. The annual average of minimum 

temperature is 20 ± 6o C. Figure 8(c) shows the 

variation of clearness index with rainfall. The 

correlation coefficient is -0.10 whereas number of 
rainy days is 84 and annual rain fall is 940 mm. 

Figure 8(d) shows a variation of clearness index 

with relative humidity (RH). The correlation 
coefficient is -0.24. Figure 8(e) shows a variation 

of clearness index with water content (w). The 

correlation coefficient is 0.36. Figure 8(f) shows 

variation of clearness index with dew point.  

The correlation coefficient is 0.37. Figure 8(g) 

shows a variation of clearness index with total 

ozone content (TOC). 

The correlation coefficient is 0.50. The annual 
average of TOC is 265 ± 17 DU. Figure 8(h) shows 

a variation of clearness index with relative sun 

shine hour (rssh = n/N). Here n and N are sun shine 

10
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hour and day length respectively. The correlation 
coefficient is 0.53. There is positive correlation of 

clearness index with maximum temperature, total 

zone column and relative sun shine hour. No 

significant effect of minimum temperature, water 
content, dew point, rain fall and relative humidity 

on clearness index. 

CONCLUSIONS 

During the study period of the year 2015, about 

243 x103 MWh solar energy reaches on Biratnagar 

in a day which is about 37% of the solar energy 

that incidents on the upper surface of atmosphere 
above Biratnagar. That solar energy can be 

harvested into electric energy for industry as well 

as agriculture purpose. Due to fog, industry and 
high population density, visibility is less than 5 km 

in January. It is not good visibility for aviation and 

transportation. 
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a) Trend analysis

b) Seasonal variation

c) Cyclic variation

d) Autocorrelation

Figure.7: Time series analysis of 

clearness index 
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a) Maximum temperature b) Minimum temperature

c)Rainfall d) Relative humidity

e) Water content f ) Dew point 

g) Total ozone column(TOC) h) Relative sun shine hour (rssh)

Figure.8 (a-h): Variation of clearness index with meteorological parameters 
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