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Computation of global solar radiation over monsoon
trough region in summer (May to July)
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ABSTRACT

The attenuation coefficients a, and a_ are evaluated using 15 years daily hourly global sofar
radiation data far May, June and July for @ stations in the northwest and central India in the southwest
mansoon trough region, These coefiicients determine the attenuation of the global solar radiation due
to the water vapor and dust. The spatial distribution of a, revealed a decreasing tendency from south
o north and west to east with the advance of southwest monsoon, The coefficient a, reduced
considerably in the maonth of July with the establishment of monsoon over the country. The estimated
values of global solar radiation are compared with the observed values and it is found that they maich
each dather reasonably, The root mean square error was 3-10% In May, 10-20 % in June and 15-22
% in July. The instantanecus global solar radiation for any station within the monsoon trough region
can be computed with sufficient. accuracy for fair weather conditions, using the areal mean values of

a, and a, with the empirical equation suggested in this study which establishes a relationship between
the global solar radiation and the sine of the solar elevation angle (q) within an average rmse of 15.

20%.
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Sun is the ultimate source of energy
that is received on the earth. A knowledge of
the solar radiation received at the earth’s sur-
face is of fundamental importance in under-
standing different biological and physical pro-
cesses that take place at the earth-atmosphere
interface.

Radiation measurements are gener-
ally made at a very limited number of stations
in any region due to econemical constraints.
It is thus imperative to estimate the incident
radiation, within an acceptable degree of ac-
curacy, in places where no measurements are
made by using indirect metheds, A number of
semi-empirical correction formulae were de-
veloped (Budyko, 1974, Reed. 1977) incorpo-
rating cloud amount and noon altitude of the

sun to estimate the GSE. Lumb {1964) over
North Atlantic region, Collier and Lockwood
(1974,1975) over Harrogate computed hourly
GSR for clear/cloudy sky nsing second degree
relation between GSR and solar elevation.
Recently, Munner ef al, (1996,1997) devel-
oped the Meteorological Radiation Model
{MRM) which requires three commonly mea-
sured parameters viz. hourly dry and wet bulb
temperature and sunshine fraction. The MBRM
has been found to perform satisfactorily for
the United Kingdom, Japan and other Euro-
pean sites. Maxwell (1998) has developed
METSTAT model to estimate hourly values
of direct. normal and diffuse horizontal and
global solar radiation for those times and lo-
cations in USA for which measured data were
not available. But for this model, the input pa-
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Fig. 1! Location map of the radiation stations in the monseon trough region. The line joining
Ganganagar (GGN) and Caleutta (CAL) shows the mean position of the monsoon trough.

During May (pre-onset)’ the atmosphere is
cloudless over almost all stations. The dust
particles are predominant in the air. This leads
to high values of transmittance, whereas, dur-
ing June, due to the incursion of moisture with
the advance of monsoon, the transnuittance val-
ues are reduced. In July {established phasc of
monsoon) precipitation is effective in the re-
moval of acrosols from the atmosphere. This
reduction of transmittance values are in ac-
cordance with the sudden fall in the
Angstrom’s Turbidity coefTicient after the on-
set of monsocon as noticed by Mani er af.,
{1964),
The empirical relationship between
GSR and solar elevation according to HUR3
is given as,
GER=a sinG-a,
Where 9 is the solar elevation and

a, and a, are empirical coefficients in units of
Wm=. These turbidity coefficients describe the

(2}

average attenuation of GSR due to the water
vapor and dust at a given site. We have used
the above relation o compute attenuation co-
efficients a, and a, separately for 9 Indian sta-
lions by linear regression (least square)
method. To determine these coefficients the
GSR for B 10 degrees only has been consid-
ered n order to ignore the refraction effects
of atmospheric curvature (Raju et al., 1999).
Gueymard and Vignola (1998) have shown
that the coefficients in their model are differ-
ent for solar zenith angle Z<75% and Z >75°,
For Z< 75°, psudolinearity in turbidity is ob-
served by them. Kambezidis et al, {1998)
while estimating the Linke and Unsworth
Monteith turbidity factors in the visible spec-
trum for Anthes, Greece rejected the irradi-
ance values for a solar altitude < 3°, Further,
Hay (1974}, in connection with an analysis of
the Angstrom-Page regression, suggested use
of the time period when the sun is more than
3% above the horizon to compensate for the
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dead band of the instruments that regisier the
nsolation, Thus our consideration of data for

Bz 10 © is justified. The solar elevation is
computed from the geographical position of
the station, solar declination and hour angle.
The solar declination is computed following
Rachele and Tunic (1994),

RESULTS AND DISCUSSION

Table 3 illustrates the published val-
ues (HUS3) for the attennation coefficients a,
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Fig. 2 ; Spatial distribution of the coefficient
4, for the months May, June and July.
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and a, for different regions. The computed
mean a, and a, for the month of May aver-
aged over the study area are also presented in
this Table. Such estimates for the nine mon-
soon trough stations for the months of May,
June and July are presented in Table 4. The
spatial distributions of &, and a for the three
months are given in Figures 2 and 3, Values of
a, and a, (Tables 3 and 4) during dry period
(May) are found to be comparable with the
published values (HUS3) in Table 3.
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Fig. 3 : Spatial distribution of the coefficient
a, for the months May, June and July.
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Distributions of a and a,

The magnitude of a, decreases gradu-
ally from May to July over all stations. It also
decreases from south to north and west to cast.
In May, high values of about 1100 Wm*? ac-
curred over Punc (PNA), Mumbai (EME) and
Alimedabad (AHM) aleng the west coast of
India while low values (1022 to 1006 Wm'™®)
occurred over the central parts of India i.¢. at
MNagpur (NGP) and Varanasi (BNS), In June
high values (1025 Wm™) shifted to desert re-
gion 1.e. at Jodhpur (JDP) and AHM and low
values (930 Wm™?) are concentrated along the
east coast of India at Calcotta (CAL) and
Varanasi (BNS). In July, high values (953 Wi
*) continued over desert region (JDP) and
along the monsoon trough region while the
lowest value (833 Wm'™) occurred at Nagpur
(NGP). Along the east coast of India, the val-
ues are fairly high (955 Wm®) at Vizag (VSK).
The mean valugs of a, for the entire monsoon
trough region are 1061 Wm®, 986 Wm* and
894 Wm* for May, June and July respectively.

The low values of the cocfficient a,

() Win™) are concentrated along the mon-
soon trough in May. This coefficient does not
show amy large variation from May to July.,
The areal mean values of a, for the entire mon-
soon trough region are 106 Wm?, 112 Wm*?
and 99 Wm* for May, June and July respec-
tively. HUS3 obtained a, and a, as 990 and
30 Wm? respectively at De-Bilt (Netherlands)
and Cabauw under clear sky conditions. Tt is
to be noted that Gul et af , (1998) have evalu-
ated the GSR under cloudless sky with the
same formula for a few stations north of 50
M and they found that a, varies from 910 to
1024 Wm* while a, varies from 30 to 54 Wm*.
In India, during May, relative humid-

ity (RH} is quite low (20-50%) due to prevail-
ing dry weather in summer, while it increases
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gradually with the advance of monsoon and
reaches very high values upto 85-95% in July,
However, dust is high in May and it reduces
in June and July. The gradual decreasing trend
of a, from May (highest) to July (lowest) im-
plies that a, decreases with increasing RH from
May to July, Recently Devara ef al., {1997)
found that the agrosol loading over Pune
(PN A) exhibits minimum during the southwest
monsgon (June to September), gradually
builds-up during the post monsoon (Octaber
and November) and reaches a maxdmum value
in winter (December to February) and remains
same up to May. Similar situation may also
prevail over the other Indian stations as the
monsoon advances from May to July. The de-
crease in a, for overall region from May to
July is also in confirmity of the atmospheric
transmittance values shown in Table 2. Our
results over the Indian region further confirm
that water vapor and dust play an important
role in receiving GSR.

Comparison of computed and observed
global solar radiation

The GSE values forall 9 stations for
May, June and July for 15 years are computed
using the mean values of a, and a, through the
empincal relation given {equation 2). The scat-
ter diagrams for three stations along the mon-
soon trough (CAL, DLH and JDP) are shown
in Figure 4. The straight lines in the figures
show one to one correspondence between
computed and observed values. I is seen from
the figures that during May, the scatter is com-
paratively least at all stations. It increases in
June and July. Large scatter over CAL is at-
tributable to the incursion of high moisture
with the advance and establishment of mon-
soon over the region. Figure 5 (ab,c) shows
the comparison of estimated and observed
mean hourly values of GSR for the same three
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stations. Here it is seem that estimated values
are close to the observed ones during the dry
period i.e, May, whereas in July, the estimated
values differ from the observed values due to
variation in atmospheric moisture, cloud
amounts and cloud type depending upon the

strength of the monsoon.

Table 5 gives the computed and ob-
served mean values of GSR for the months of
May, June and July for all 9 stations. The root
mean square error (rmse) between computed
and observed values of GSR are also shown
in the Table. The rmse in May varies from 35
to 108 Wm™ Le: from 5 to 20 % of observed
mean values of GSR. The rmise increases from
June (10 to 22 %) to July (15 to 22 %).

Validation of the relationship

Daily hourly mean values of GSR
were estimated for these ¥ stations for the vear
1990 with equation (2) using arcal mean val-
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ues (Table 4) of a and a,. The estimated val-
ues are then compared with the observed val-
ues. We have also computed GSR values by
using the above areal mean values of a, and a,
for other three stations viz. Jaipur (26*49 N
75°48'E). Bhopal (23*17'N,77°21'E) and
Fatna (25°36"N,85°10"E) which are situated
in the monsoon trough region and which are
not used to compute the coefficients a anda,
Table 6 gives rmse and its percentage Wll.l'l- the
observed mean value of GSR. It is seen from
the Table that during May, the performance is
excellent (rmse < 10%) except over Mumbai
and Calcutta where clouds are present during
the month of May also. The rmse increases in
June and July, This is due to the fact that our
regression equations are based an fair weather
data only obtained by considering the data
between mean and mean + 3 s.d.values as
stated in section 2. A limitation of the present
study is that it does not account for overcast
or mean overcast sky conditions,

Table 1: Duration of global solar radiation dats record
S.Mo.  station abbire- latitude longitude  years months Missing months
vialion May, June
& July

| Ahmedabad AHM BN TFIE 1971-1985 44 Juby 1984
2 Warsnasi BNS HIEN EOIE 1982-1985 10 May1982 July 1982
3 Muimbai EME I#0TN  T*SI'E 1971-1985 44 Tuly1972
4 Calcutia CAL 23N BTN 1980-1985 18 -
i Jodhpur Inp B IEN  TIOIE 1971-1985 39 May 1978,

June 1978,

July 1977,78,79,80
& Nagpur NGF AN T0IE 1971-19%85 45 -
T Mew Delh DLH B3N TPRIYE 1971-1985 43 B
£ Pine A PN TSIE 1971-1985 45 -
9 Vishekhaputanam VSK 143N BI*I4E 1971-1985 45 May1980
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Table 2 : The Solar Transmittance ai Troe Solar Noon for Global Solar Radiation on a hori
zontal surface

8. No. stalion May June July

| AHM 0,704 (1.653 0.558
2 ENS 0.621 {.585 0.535
3 EME 0.713 0.633 0.5338
4 CAL 0.652 0.592 0.552
3 IDP 0.678 0.657 0,604
i NGP 0,668 0.623 0.533
7 DLH 0.673 644 {.503
8 PNA 0.716 0.630 {.546
9 VSK 0.671 0613 0.609

Table 3 : The attenuation coefficients a, and a, for different regions during dry period

S.Mo. Location a (Wm?) a, (Wm¥  Reference

1 Bosten (42°13'N,71207"W) 1098 65 Haurwitz {1945)

2 North Atlantic (32°30°'N20%00°W) 1100 50 Lumb (1964)

3 Harrogate (54°00 N, 01°30"W) 994 30 Collier and Lockwood (1974)

4 Hamburg (53°38"N,09°50°E) 910 30 Kasten and Czeplak {1950}
5 De-Bill (52°06'N,05°11°E) 1041 69 Holtslag and van Ulden (1983)
(§ Monsoon Trough Region in India 1060 106 Present stody for May *

* Values of a and a, for individual stations are given in Table 4.

Table 4 : Attenuation coefficients a, and a, for the stations in the monsoon trough region for
the months of May, June¢ and July (Units : Wm'™®)

S.Mo. Station May June July
al al al al al a2
| AHM 100,38 1128 1026.5 1274 8788 1050
2 BNS oed 1180 932.0 1141 8968 1052
3 BMB 1101.6 1152 1005,1 1274 8628 1218
4 CAL 10340 1191 Y359 1157 BR716 882
5 JDP 10528 89.1 1025.7 W7y 9527 ' 983
6  NGP 227 B89 9646 099 #30 771
7 DLH 10749 100.6 1020.9 1053 931.1 846
8 PNA 1103.0 1083 995.4 1084 8615 1013
9 VSK 1039.7 102.5 964.9 102.2 9345 1076
MEAN 1060.3 106.1 9857 1119 8936 988
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Table 5 : Comparison of computed and observed mean values of the Global Solar Radiation
{GSR) for the months of May, June and July for 9 Indian stations (Units:Wm™)

S5.No. Sin comp comp comp obs  obs  obs mnse %e)  mmse (%s)  mmse (%)
May Junz July May June July hay June July
| AHM 6495 3931 3105 62595645 509.0 59 103 16.3
2 BMS 386.1 5514 5288 63353762 5152 9.9 10.3 14.7
3 BMB 6303 5698 473.2 628.5 3563 5002 0.7 13:3 0.7
+ CAL 3963 3370 5124 6232 3560.1 300.0 8.7 16,7 196
5 JDP 6503 6246 5759 63175754 5158 34 9% 14.9
& NGF 6249 53010 53000 631.6 5683 303.0 56 1.9 15.0
i) DLH 6483 6208 370.2 6304 37335 5166 6.4 11.0 17.0
8 PNA 6518 53783 4901 6223 5530 4977 7.3 11.8 17.7
9 VSK 6337 5723 5572 6424 5617 5062 59 123 18.1

Table 6 : Rool mean square error and its percentage with the observed mean GSR for inde
pendent data set for the year 1990

SNo. Station Mav rmse rmse (%) Junermse rmse (%) Julvrmse rmse (%)

Wm? Wm Wm
1 AHM 7.0 39 49.5 8.7 13002 304
2 BNS Gl 3 106 a8, 12,3 1439 34.4
3 BMB 671 11.3 87.3 156 143 8 34.0
4 CAL 693 11.7 91.9 16.6 131.5 8.1
5 IDP 292 4.8 284 47 67.3 12.7
6 NGP 63.2 1kl 1094 19.8 1289 288
7 DLH 43.8 1.2 36,0 89 10006 17.0
8 PNA 462 T3 872 16.4 59.0 0.8
9 WVSK 42.0 6.6 7.0 15.5 101.9 199
10 Jaipur 4035 6.6 321 53 69.7 14.1
11 Bhopal 583 2.5 HIT.8 0.1 130.0 0.0
12 Pamna 532 9.2 552 9.9 136.6 310
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