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ABSTRACT

Data on global solar radiation is an essential input variable to many crop models from the
process oriented crop models at field scale, to the land surface based ecological models at regional
scale and the global circulation models. Here an attempt has been made to delineate four temperature
based relations proposed by Bristow and Campbell (1984), Hargreaves (1985), Richardson ( 1985) and
Goodin et al., (1999) for their relevance to the actually measured. Daily data on measured solar radiation,
maximum and minimum air temperatures at Patancheru location is collected for the period 1t Jan 2009
to 1st April 2011. Models performance has been evaluated using mean bias error, mean absolute
percentage error, root mean square error and D-index of agreement. The comparative analysis revealed
that among the four models Bristow-Campbell model estimated solar radiation comparatively with less
errors and the estimated radiation values were most close to the measured values.
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Many models have been proposed by various
researchers for estimating solar radiation in relation with
different atmospheric parameterssuch asrel ative humidity,
air temperature, rain fall, cloud cover etc. Though direct
measurement of solar radiaiotn can be doneusing avariety
of instruments, adroitnessisimportant to operatethem and
even during odd weather days many errors could be
confronted. By using appropriate relations one can
successfully estimate those missing days data of solar
radiation. Since measurement of air temperatureisaways
most accurate and easy, hereair temperature based rel ations
are examined for their accuracy. Relations proposed by
Bristow-Campbell (1984), Hargreaves (1985), Richardson
(1985) and Goodinet. al.,(1999) are coped here.

MATERIALSAND METHODS

Daily data on global solar radiation (MJ m2day?),
maximumair temperature(°C), minimumair temperature(°C),
were collected from Agrometeorological Observatory
situated at the International Crop Research Institute for
Semi Arid Tropics(ICRISAT), Patancheru (17.54° N, 78.26°
E), Hyderabad covering the period from 1% January 2009 to
1¢April 2011.

In the absence of measured solar radiation dataitis
possible to estimate radiation using empirical relations
between solar radiation and commonly measured
meteorol ogical parameters. Four different models, based on
maxi mum and minimum temperature, were used to estimate
solar radiation and werecompared for their applicability in
the location on the basis of accuracy with least error. The
details of each model is given below.

Bristow and Campbell model (1984)

The Bristow-Campbell model described R_ as an
exponential asymptotic function of daily temperaturerange
which calculates R_ by estimating the daily transmissivity
coefficient (T,), defined as

R
Tt:_

R, (Eq.1)

T, is estimated from the daily air temperature range (DT)
using an exponential equation:
T.= a[l—exp(-b (AT9))]  (Eq.2)

where a, b and c areempirical coefficients. The coefficient
areprsentsthe maximum val ue of atmospherictransmission
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coefficient and depends on pollution content of theair and
elevation. The coefficients b and c determine the effect of
incrementsinthe DT on themaximum val ue of atmospheric
transmission.

Hargreaves model (1985)

Hargreavesestimatethesolar radiation (R ) by relating
thedaily temperaturerange (difference between maximum
and minimumtemperature) to extraterrestrial radiation (R))
which is given by the relation

Rs

R_a: a\,meax_Tmin"' b

where, aand bare the coefficients, T __ and T . are

min

thedaily maximum and minimum temperaturerespectively.

(Eq.3)

Richardson model (1985)

A relationship between daily temperature and sol ar
radiation was developed by Richardson (1985) using the
dayswhen actual radiation datawereavailable. Theequation
that was developed is

Rs

o a( Tmax - Tmin)b

R, (Eq.4)

where aand b are the coefficients.
Goodin et al., (1999) model

Goodinet al., (1999) refined the Bristow-Campbell
model by adding extraterrestrial radiation (R ) meant to act
as a scaling factor allowing DT to accomodate a greater
range of R_values. The equation is given by

R, AT®
- = a[l—exp (—b( R, )] (Eq.5)

Extraterrestrial radiation (R)

All the four models uses extraterrestrial radiation
(R,) asacommon parameter in estimating the sol ar radiation
at a given location which is computed after Duffie and
Beckman (1991) as

24 % 60

R - GS.[dr[W; Sin(LAT)Sin(d) +

Cos(LAT)Cos(d)Sin(W;)]] (Eq.6)

whereGS_isthesolar constant (0.82 M Jm?min™), dristhe
relative distance of the Earth from the Sun, d is the solar
declinationinradiance. Thedistancefromthe Earthto Sun
is calculated as
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dr=1+0.033C (211:*i) Eq.7
r= . oS | 3¢z (Eq.7)

wherei isthe Julian day. Solar declination (d) iscomputed
as

284 + i)]

d = 0.4093 Sin [2 (
in [21 365

(Eq.8)

The sunset hour angle, W, in radians is calculated as
¢ W; = arc Cos (—Tan (LAT) Tan(d)) (Eq.9)

The maximum possible hours of sunshine (N) issimulated
using the following function

N= (i) Cos™* (—Tan (LAT) Tan(d)) (Eq.10)

15

where

284 + 1)] (Eq.11)

365
where LAt islatitude of the station.

d = 23.45 Sin [360 (

Evaluation of models performance

The estimated global solar radiation with four
temperature based relations were compared with observed
data using Mean Bias Error (MBE), Mean Absolute Error
(MAE), Root Mean SquareError (RM SE) and D-index (Ahuja
etal., 2002). D-index isameasure of thedeviation between
model prediction and observed in relationship to the
scattering of the observed data. It hasavalueranging from
0 to 1, where if the value is equal to 1 means perfect
simulation. MBE, MAE, RM SE and D-index aregiven by the
followingrelations,

MBE = —L(P;]_ %) (Eq.12)
MAE = w (Eq.13)
RMSE = w (Eq. 14)
D1 L (P, — 0;)? (Eq. 15)

£i1(|Pi - Oavg| + |Oi - Oavg|)2
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RESULTSAND DISCUSSION

Four relations proposed by Bristow and Campbell
(1984), Hargreaves(1985), Richardson (1985), and Goodin
et.al (1999) were considered for theanal ysiswhich estimate
global solar radiationinrel ationwith maximumand minimum
air temperature. The coefficient values for each relations
which varieswith location were estimated using Okadales
DataFit 9.0. by regressing and presented in Table 1.

Statistical evaluation of model performance

The accuracy of each temperature based relationin
estimating global solar radiation has been assessed using
statistical measureslike MBE, MAE, RM SE and D-index.
The results of the analysis for different relations are
presented in the Table 2.

The analysis indicated that Hargreaves relations
under estimated the radiation to a larger extent (-0.21)
followed by Bristow-Campbell (-0.18). Whilst therel ation of
Goodin over estimated the radiation (0.16). The errors
associated with the estimation of radiation are generally
large(2.19) with Goodin followed by Hargreaves(1.86) and
Richardson (1.79). Least error of 1.76 was noticed with
Bristow-Campbell model. Further the estimated valueswere
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Table 1: Coefficients generated using different empirical
models

SI.No. Empirical Models  Coefficients R2
1 Bristow-Campbell a=0.63 0.67
b=0.08
c=125
2 Hargreaves a=0.14 0.64
b=0.54
3 Richardson a=0.15 0.64
b=0.49
4, Goodin a=0.62 048
b=2.35
c=1.39
Table2: Statistical resultsfor different models
SI.No. Empirical Model MBE MAE RMSE D-index
L Bristow-Campbell -018 176 240 090
2 Hargreaves -021 18 253 088
3 Richardson -001 179 252 088
4 Goodin 016 219 244 090
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Fig. 1: Measured vs estimated solar radiation using different models
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subjected to index of agreement (D-index) which is a
comparatively better statistical tool to assessthe accuracy
of estimation. It is observed from the Table 2 that, the D-
index of Bristow-Campbell model iscloser to unity with the
lowest RMSE of 2.40 MJ m day* compared to the other
three models. It can be inferred from the present
investigationthat Bristow-Campbell model can beused for
the estimation of global solar radiation for Hyderabad
conditionswithminimal errors.

Measured Vs estimated global solar radiation

The estimated global solar radiation using different
relations were plotted against measured and presented in
Fig. latod. Itisevident from the figurethat the estimated
values are more closer to the measured with B-C model
compared to all other models. The R2values, ameasurefor
the close agreement between thetwo variablesare presented
intable 10. They arealsointheconformity of theobservation
on the B-C model as highest R? value of 0.67 was noticed.

CONCLUSION

Four models (Bristow-Campbell, Hargreaves,
Richardson, and Goodin) which estimate global solar
radiation in relation with air temperature were tested for
Patancheru location. A comparison is made between the
measured and estimated global solar radiation using
statistical measureslike MBE, MAE, RM SE and D-Index.
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Bristow-Campbell model was found to be more practiable
for estimating theglobal solar radiation asthe model possess
high D-index valueof 0.90withthelowest RM SE of 2.40MJ
m2 day* compared to the other three models.
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