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ABSTRACT 

Global dimming term was introduced in 1990s which means the decline in global radiation. This decline was reported in 
several studies across the world. In the present study time series analysis of global radiation (1960-2003), transmissivity 
(1960-2003) and bright sunshine hours (1973-2003) has been done over Nagpur during pre-monsoon (March to May) 
and monsoon seasons (June-September). A significant decrease in global radiation and transmissivity has been reported 
for both the seasons and it was higher during pre-monsoon compared to monsoon. Bright sunshine hour has also shown 
good agreement with the previous trend with a significant trend on pre-monsoon months only. Mann Kendall test was 
performed to confirm the significance of reported trend. 
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1. Introduction 

Amount of solar radiation reaching to the Earth’s surface 
determined by the atmospheric conditions, latitude and 
seasons. Solar radiation flux at the Earth’s surface is the 
primary source of energy for life as well as a regulator of 
climate on our planet [1]. Solar radiation incident on the 
Earth’s surface is very important in many applications; 
such as atmospheric energy balance studies, global land 
carbon sink studies [2], canopy gas exchange processes 
[3], analysis of thermal load on buildings, and solar en-
ergy collecting systems. For designing any solar energy 
conversion device (Solar collectors, photovoltaic, solar 
thermal generator), amount of insolation availability at 
that site is needed. A complete knowledge of solar radia-
tion is very important for understanding the climatology 
of any place. But with urbanization [4], industrialization 
and other anthropogenic activities, atmospheric load has 
been increased which has caused sufficient reduction in 
solar radiation (global dimming) and it is reported in 
several studies [5-7]. Aerosol effect the incoming solar 
radiation directly by scattering and absorption of solar 
radiation and indirectly by acting as cloud condensation 
nuclei [8,9] which decides the fate of cloud and it also 
alter the reflectivity of cloud for solar radiation. Mul-
tidecadal changes in incoming global radiation are highly 

modulated by cloudiness [10] at the surface.  
Natural forcing of Earth’s Climate has been observed 

on both global and regional scale with small variation in 
solar irradiance [11,12]. Net radiant energy available to 
the Earth’s atmosphere is a driving force for monsoonal 
rainfall [13], so any change in it will disturb the monsoon 
patterns and dynamics that will affect hydrosphere, at-
mosphere, lithosphere and biosphere. So the long term 
trend analysis of solar radiation is very essential to un-
derstand the different changes which are occurring or 
have already occurred in the perspective of climate change. 
Many studies have been done to see the long term trend of 
solar radiation on annual scale but not much emphasis 
has been given on the analysis of long term seasonal 
trend of solar radiation. To feel this gap we have decided 
to see the change in solar radiation on seasonal scale. Our 
main aim of this paper is to find whether such decreasing 
trend is also applicable for Indian conditions in different 
seasons or not? In the present study trend analysis of 
solar radiation for pre-monsoon and monsoon seasons 
were studied over Nagpur to see the possibility of de-
clining trend for these two seasons. Significance of 
trends were analysed by using non parametric statistical 
test “Mann Kendall Test”. 

2. Datasets and Methodology 

Secondary data for radiation for Nagpur is obtained from *Corresponding author. 

Copyright © 2012 SciRes.                                                                                  ACS 



J. SINGH  ET  AL. 207

India Meteorological Department (Pune). Nagpur (21˚08′N, 
79˚10′E) is a part of Maharastra, India whose elevation 
is 310 m from sea level. It has tropical wet and dry con-
ditions prevailing for most of the year. Radiation data 
comprises global radiation, G  (1960-2003) and bright 
sunshine hour,  (1973-2003) has been divided into 
two seasons pre-monsoon (March-May) and monsoon (June 
- September). The G  was measured using pyranometer. 
Sunshine recorder was used to calculate . All these 
data are quality checked and calibrated to world radio-
metric references [14]. Transmissivity T

 R


R
BSS

 

BSS

K  was cal-
culated as a ratio of global radiation to extraterrestrial 
radiation. Here extraterrestrial radiation was computed 
using formula given by [15]. Average of both the seasons 
was calculated to get trend. Mann Kendall Test [16,17] 
was conducted to test the significance of reported trend. 
Here we have calculated Mann Kendall Statistics  S , 
variance of  and then S Z  statistics. A very high posi- 
tive value of  is an indicator of an increasing trend and 
vice versa. Then values of calculated 

S
Z  are checked at 

 = 0.01 level of significance.  p

3. Results and Discussions 

3.1. Trend in RG, KT and BSS 

In Figures 1(a) and 1(b) trend of G  in pre-monsoon 
and monsoon seasons are shown where decline can be 
observed clearly. Values of G  in pre-monsoon are more 
than the monsoon because in monsoon cloud cover in-
creases which obstruct the incoming solar radiation. 
Slopes of G  trend line are given in Table 1 and it was 
found to be negative for both the seasons –0.088 for pre-
monsoon and –0.066 for the monsoon. Same behaviour 
was observed in case of 

R

R

R

TK  (Figures 1(c) and (d)). TK   

 

Figure 1. Trend of global radiation (RG) in MJ·m–2, trans-
missivity (KT), and bright sunshine hour (BSS).  

Table 1. Mann Kendall Test Results (S score and trend for 
RG, KT and BSS for pre-monsoon (March-May) and Mon-
soon (June - September) seasons along with their slope. 

 Total S Score Trend Slope 

RG    

Pre-monsoon –432 Dec –0.088 

Monsoon –292 Dec –0.066 

KT    

Pre-monsoon –408 Dec –0.0022 

Monsoon –294 Dec –0.0017 

BSS    

Pre-monsoon –187 Dec –0.025 

Monsoon –23 No Trend –0.001 

 
ranged between 0.45 - 0.67 in pre-monsoon and 0.25 - 
0.48 for the monsoon.  have also shown good agree- 
ment with previous trends (Figures 1(e) and (f)) for pre- 
monsoon seasons and also high values with negative 
slope (–0.025) (Table 1), whereas no significant trend 
was observed in case of monsoon irrespective of negative 
slope (–0.001). 

BSS

R

BSS

S

3.2. Mann Kendall Test Results 

Mann Kendall test results are shown in Table 1, G  
has shown statistical significant declining trend in both 
pre-monsoon and monsoon season,  was also found 
to be statistical significant for premonsoon but no trend 
has been observed for the monsoon.  score for mon-
soon season in on negative side (–23) but still it was 
found to be insignificant. TK  have also declined sig-
nificantly in pre-monsoon and monsoon. If we seen  
score then it was lowest in pre-monsoon for all G , T

S
R K  

and  intending towards the more decline, as a more 
negative value of  indicates a more decreasing trend 
[15].  

BSS
S

3.3. Causes for Decreasing Trend in RG, KT and 
BSS 

There are different factors that effects the solar radiation 
and from Equation 1 [18], we can able to explain it  

 0 expG r g w a cR E          

E

      (1) 

where 0  is the extraterrestrial radiation at the top of 
the atmosphere and r , g , w , a  and c  are the 
five transmissivities representing Rayleigh scattering, 
permanent gas absorption, absorption by water vapour, 
absorptions and scattering by aerosols and cloud compo-
nents, respectively. The change in 0  is oftenly linked 
with 11 year solar cycle [19] but these variations are of 
smaller magnitude compared to variations observed in 
the solar radiation [19,20]. The increase in Rayleigh scat-  

E
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tering and permanent gas absorption has also less affect 
in causing any variation in G  [6,19]. It has been con-
firmed that a 10% increase in atmospheric water vapour 
content would cause decrease in G  < 0.5% [21], so it is 
not very sufficient to cause significant effect on w

R

R
 . So 

the rest two transmissivities a  and c  are the only 
two factors that can effect the incoming solar radiation. 
Measurement of both these factors is very difficult be-
cause of large variation in the aerosols and cloud optical 
properties and their distributions both in time and space 
[6]. Aerosols and clouds are not very much independent 
but they interact in various ways through different proc-
esses [22]. The source of aerosols in the atmosphere is 
anthropogenic as well as natural in nature. With increase 
in population and to satisfy the need of increasing popu-
lation many industries are spreading day by day and 
these urbanizations, industrialization and other anthro-
pogenic activities are contributing more in aerosol load 
in the atmosphere. Nagpur which is a big city represents 
a typical urban area with population of about 4.05 mil-
lion [23]. Aerosols from transport sector, industries and 
biomass burning are the main sources of anthropogenic 
aerosols. In premonsoon months concentration of aero-
sols from these sources increases very much in the ab-
sence of scavenging mechanism (wet deposition). This 
city also experiences a very hot summer that causes the 
excessive dryness in the soil and lead to the addition of 
more soil borne aerosols in the atmosphere. So the con-
tribution of both natural and anthropogenic aerosols ex-
plain the decreasing trend of G , TR K  and . But 
in monsoon months sky is obscured by cloud and these 
clouds reflects and backscatter solar radiation [13] and 
cause a significant reduction in solar radiation in mon-
soon season. The slopes of G , T

BSS

R K  and  in pre- 
monsoon months is more negative than the monsoon 
months. In premonsoon months concentrations of aero-
sols are more as compared to monsoon month where pre-
cipitation decreases the aerosols concentrations. Aerosols 
also contribute its effect in altering the properties of 
cloud i.e. they increase the reflectivity of cloud which is 
the indirect effect of aerosols. Thus, in both the months 
(premonsoon and monsoon) aerosol play a very signifi-
cant role in dimming of G  that also decrease the T

BSS

R K  
trend. The trend in  is not significant in monsoon 
months as sunshine recorder which is used for the meas-
uring the  is not very much sensitive to catch the 
variation in solar radiation.  

BSS

BSS

4. Conclusion 

Long term trend of G , TR K  and  are analysed in 
premonsoon and monsoon seasons over Nagpur. The 
values of G , T

BSS

R K  and  has been reported more 
in the pre-monsoon than monsoon season. In monsoon 

months most of the times overcast situation exists that 
cause less penetrations of solar radiation. But in general 
decreasing trend, in G  and T

BSS

R K  are more in premon-
soon months compared to monsoon months. In premon-
soon months concentration of aerosols is higher than 
monsoon months because of anthropogenic and natural 
sources. The concentrations of aerosols are minimal in 
monsoon months because of precipitation’s scavenging 
mechanism. This indicated that the influence of clouds is 
important in explaining the fewer G  values in monsoon 
months over Nagpur. However, the aerosols is playing 
significant role in explaining the decreasing the long term 
trend of G . In premonsoon months where aerosol con-
centration was higher have shown more decline in G  
trend. We have also observed negative trend in monsoon 
months and it was due to the combined effect of both 
aerosols and clouds. The T

R

R
R

K  have also shown good 
agreement with the G  trend.  have shown de-
creasing trend in premonsoon month but in monsoon it 
was not significant but have shown negative  value 
and slope. Thus, after the analysis of trend it is clearly 
visible that aerosols direct (scattering and absorption) 
and indirect effect (altering cloud properties) make it a 
potential candidate for becoming the main culprit of solar 
dimming in both the seasons. But still there is a need of 
detail investigation to understand the role of aerosols and 
clouds in dimming of solar radiation. 

R BSS

S
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