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ABSTRACT

Following a method outlined by Liu and Jordan (1960) a
nomogram is presented, from which the statistical distri-
bution of daily global radiation* for each month at any
Australian locality can be estimated when the long-term
monthly average of global radiation is known. One hundred
months of daily global radiation records were used for the
development of the nomogram, covering 5 recent years at
seven Australian actinograph stations.

Predicted distributions for two months at two north
Australian stations not used in developing the nomogram
_ were in good agreement with the observed frequency dis-
. tributions using 5 years of records, Good agreement was
_also found between predicted cumulative frequency distri-
butions for ‘June and December at Darwin, Alice Springs
and Melbourne and those reported by Loewe (1956) for
these months and localities. ‘

1. INTRODUCTION

- It was reported by Liu and Jordan (1960) for 27 widely separated north
American localities (latitude 19°-55°N; elevation 11-8400 ft above M. S. L. ) that the
statistical distribution of daily global radiation for a certain month expressed as a
fraction of mean daily extra-terrestrial radiation, can be predicted sufficiently .
accurately for many practical purposes, from the ratio of mean daily global radiation
at the surface to mean daily extra-terrestrial radiation. A set of generalized
monthly accumulated frequency distribution curves for daily global radiation was
subsequently produced. It is clear from both the original frequency distributions
and the generalized curves that daily totals of global radiation are not normally
distributed. Means and standard deviations therefore do not completely describe
these distributions. ; '

Surprisingly, no independent verification of these findings, or use of the
generalized distribution curves elsewhere, has to the best of the author's knowledge
been reported in the literature despite their great potential value.

* Global radiation is the sum of radiation directly from the sun and.
indirectly from the sky and is contained in the short WaV'e-le'ngths
from 0. 15 to 4.0 y. Ia this study the energy received by a hori-
zontal surface per unit time (radiant flux) is expressed in ly/day.
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This paper examines the approach of Liu and Jordan (1960) to determine
whether a set of generalized distribution curves can be derived for Australian
conditions. It is evident that such information could be of great use to workers in
the field of agrometeorological and hydrological research and in the possible use of
solar energy for domestic and industrial purposes.

Between 1953 and 1968 a network of seven Robitzsch bimetallic actinographs
was in operation in Australia and the Territories (Albrecht,1956). Hounam (1963,
1969) has developed regression equations for estimating global radiation over Australia
from cloudiness and sunshine observations which are based on this network.

Since 1967 a new network of 20 Eppley-pyranometer stations (Jesson,1970)
has gradually replaced the actinograph network, but it will take several years before
more accurate data are available. Information on spatial distribution of monthly
averages of daily global radiation will certainly be more reliable in the next few
years, but the statistical distribution of global radiation could remain extremely
difficult to predict at places other than the pyranometer stations.

2. METHODS AND RESULTS

The average monthly global radiation (Q ly/day) has been calculated for all
seven stations of the actinograph network for all available years and from the last
5 years of records. The name, coordinates and elevation of each station have been
listed in Table 1. The first value for each month for each station is the overall
average, the second value the 5-year mean. Values of the mean daily extra-
terrestrial radiation (EA ly/day} for the various latitudes and all months were read
from tables prepared by McCullough (1968), They can also be obtained from graphical
representations such as Fig. 1. 'Eighty four values of 6/6A were calculated, ranging
between 0.426 (Rabaul, January) and 0. 736 (Darwin, July), using 5-year averages
since both averages are sufficiently close to justify use of the last five years only in
the subsequent - analysis. Twenty months were selected covering the full range of
Q/Qa values encountered. Th'ey have been indicated in Table 1, by italicizing their
5-year averages of Q. Corresponding B/BA values for these months are given
between brackets.

About 150 daily totals of global radiation (Q) were available for each
selected month (Bureau of Meteorology, 1966, 1970). For all months the period
1964-1968 was used, except for December at Alice Springs where December 1966
and 1967 were not available and December 1962 and 1963 have been used instead. ‘

Accumulated frequencies, f, were calculated {0 <f <1) for Q/aA in 40 steps
of 0.025, and graphical presentations of the cumulative frequency distributions for
all 20 months were produced.. Examples of these accumulated frequency distributions
are presented in Figs. 5A and 5B. Note that each value of f gives the number of days
relative to the total number of days used in the sample on which Q/QA is less than

‘or equal to a certain value between 0 and 1. As illustrated in Fig. 5 all frequency
distributions (one for each value of 6/6A) were slightly smoothed by eye-fitted
curves, :
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From all 20 frequency distribution curves, Q/EA was obtained for
£f=0.0, 0.1, 0.2, ..., 1,0. These 220 values were consequently used to obtain
11 f-curves, illustrating the interrelationship between Q/6A and 6/6A Five of
these eye-fitted f-curves (£=0.1, 0.3, 0.5, 0.7, and 0.9) are presented in Fig, 2,
which includes the individual points as well. In Fig., 3, the 11 f-curves are given
together. The top 9 curves apparently converge to a point which theoretically should
be Q/Qp = Q/Qp = 1.0 (no depletion of the solar beam). The top ends (6/6A > 0.7)
of the curves for f = 0.0 and f = 0.1 have therefore been directed to this hypothetical
point, :

The following example illustrates the use of Fig. 3. The average monthly
global radiation Q for October at Townsville over 1964-68 is 591 ly/day. Mean
extra-terrestrial radiation Qp for 19°S is 912 ly/day (see Fig. 1). Entering Fig. 3
with Q/Q 4 = 0. 648 leads to the prediction that Q/@a < 0. 68 on 50% of all October
days or that the daily global radiation g 620 ly/day on 15-16 days.

3. DISCUSSION

The surprisingly small scatter of points around the eye-fitted f-curves,
five of which have been presented in greater detail in Fig. 2, indicate that for each
constant value of f a well-defined relationship exists between Q/(_)A and 6/6A This
confirms Liu and Jordan's observations (1960)., Fig., 4 gives generalized distribution
curves for (_)/aA = 0.4, 0.5, 0.6 and 0.7 as derived from Fig. 3 for Australia.

Liu and Jordan's curves for the same four Q—/C—)A values in north America have also
been included. It should be noted that agreement between the curves is poor for
Q/Q-A = 0.4, 0,5 and 0. 6 and fair for C/QA = 0.7. It may be assumed that the

four generalized curves of the present study are as representative for Australia as
Liu and Jordan's curves are for the north American continent. Fig. 4 indicates that
the results obtained for north America are not applicable to Australian conditions
and vice versa. '

It may be assumed that f = 1, 0 corresponds to clear days except for very
low values of Q/QA. In actual fact only two months are used for 6/6A < 0,45,
viz. December, Rabaul and January, Darwin, Both months are months of (near)
maximum rainfall with a low percentage clear days, Q/Qp is about 0. 83 for most
other months used in the present analysis with the exception of April and August at
Alice Sprihgs and September at Townsville, This indicates that the transmission
coefficient for clear days tends to be constant for most latitudes and months with
Q/Q A between 0,50 and 0. 75.

A discussion of regional differences in solar radiation depletion character-
istics falls outside the scope of the present paper. It may be stated, however, that
in several recent climatological studies (Sellers, 1965; Bridgman, 1969) significant
differences were noted in the magnitude of the various components of the radiation
balance between corresponding latitudes in both hemispheres.

This method of predicting the statistical distribution of global radiation
for Australian latitudes has been tested for Katherine Research Station (KNRS;
14. 3°s, 132.2°E) and Coastal Plains Research Station (CPRS; 12.5°5, 131, 3°E),
two stations not used in deriving the generalized curves of Fig. 3. 5-values were
obtained from 5 recent years of Kipp-solarimeter records and Q4 values were read
from Fig. 1. Two months were selected randomly for both stations. The Q/Qa
ratios for May and November at KNRS were 0. 628 and 0. 603 respectively. January
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Fig.2 Empirical relation between daily global radiation (Q) and mean daily global radiation (Q),
as fractions of mean daily extra-terrestrial radiation (Q p) for five values of cumulative
frequency (f). -
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Fig. 3 Nomogram for estimating deciles of the statistical distribution of daily global radiation in

Australia or alternatively by interpolation the frequency of occurrence that radiation is
equal to or less than a specified value, at different values of the ratio of mean daily
globat radiation at the surface to mean daily extra~terrestrial insolation (Q/Q ).
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Fig. 4 Generalized cumulative frequency distribution curves for four values ofﬁ/ﬁA Solid
curves obtained in this study. Broken curves derived from Liu and Jordan (1960).



142

10 T T 1 T *T°— N\ T—T—T2.xe
o/ ‘ *
- A ./o X /é x -1
0.8 |- /o 0 x .
_ | S
06 | - November /o x o x .
6/Q,=0.603 |
H\ - / /.Q x -1
04 <'>x X .
J ]
/ i
™ X ] X0 —
1
/ .
0.2 [ x o/' x 3,/ .
o 7 May
- x o ,'/ x o."/ 6/6A 0.628 -1
[ 4 o
> e’
e . "
I TN = D e i S R
0 0.2 04 0.2 0.4 0.6 0.8 1.0
1.0 T T T T T T O X "\ T R |
ol H
. B /o x o .
L[]
0.8 |- o./x fox -
/
= I6 X ax -
..
0.6 |- January -3 0 -
Q/G,-0493
"H - ?Ix -~
04 xc/ . [ ) .
/ :
L J
- x of .
I H
0.2 - X o./ / —
/ .
. / August
- o/ ‘ o 4/Q,=0.705
l'. . ' -
0 Lxcoeeesi 1~ 1 AL ol x L i..o-o"{ I SR S
0 0.2 0.4 0.2 0.4 0.6 0.8 1.0
Q/q,
Fig. 5 Comparison of observed cumulative frequency distributions (curves).for May and November
at Katherine Research Station (A) and for January and August at Coastal Plains Research
Station (B) with distributions predicted from Fig. 3 (open circles) and from Liu and

Jordan’s (1960) results (crosses)



143"

and August at CPRS had Q/Qp ratios of 0.493 and 0.705. Cumulative frequency
distributions were calculated for these four months as for the 20 months used for the
generalized f-curves. In Fig. 5A the calculated frequencies for May and November
at KNRS have been plotted and curves of best fit drawn through these points. Similarly,
in Fig. 5B cumulative frequency distribution.curves have been drawn through the
observed frequencies for January and August at CPRS. For all four months Q/GA
was also obtained for f=0, 0.1, 0.2, ..., 1.0 from the curves presented in Fig, 3
for the calculated values of ﬁ/ﬁA. These sets of predicted frequencies have been
plotted in Figs. 5A and 5B as well. It can be seen that agreement between observed
and predicted frequencies is extremély good for January at CPRS and May at KNRS,
good for November at KNRS and reasonable for August at CPRS.. By interpolation
Q/GA values were also obtained for all four Q/QA ratios from Liu and Jordan's
generalized curves for £=0, 0.1, 0.2, ..., 1.0.” These values have also been
included in Figs. 5A and 5B. Note the great improvement in prediction when using
the generahzed curves obtained from the Australian stations, especially for

Q/QA = 0. 493 0. 603 and- 0. 628. As pointed out above, the frequency curves for
Q/QA = 0.7 obtained by Liu and Jordan and in this study (F1g 4} are rather similar,
resulting in very 11tt1e improvement for Q/QA = 0.703,

In an analysis of the first three years of records for all stations of the
Robitzsch actinograph network except Rabaul (where recordings started in 1956),
Loewe (1956) presents tables containing monthly frequency distributions of global
radiation over 17 equal classes of 50 ly/day for 0 to 850 ly/day. This information
has been used here for comparing the observed statistical distributions of global
radiation for Darwin, Alice Springs and Melbourne for June and December with the
predicted distributions using Fig. 3. The number of occasions on which global
radiation was less than or equal to the upper limit of each class (Q,,,4) Was calculated
and could be translated into the relative frequency f of Q/QA, being smaller than or
equal to a specific value for each class ( max/QA Extra-terrestrial radiation
values were obtained from Fig. 1. Predicted frequency distribution curves and
observed frequencies for all 6 months are presented in Fig. 6 and it can be seen that
agreement is good in all cases. .

It should be-noted, bhowever, that less than 100 daiiy totals were used by
Loewe for calculating the frequency distribution, whereas his total number of classes
(especially for the three June months) is comparatively small.

It may be concluded from the development of the present method and the
above comparisons, that the statistical distribution of daily global radiation for
various latitudes in Australia and Territories can,; for many purposes, be predicted
sufficiently accurately from reliable monthly averages of daily global radiation, If
past records for calculating monthly averages are not available, other methods

- may have to be used which are admittedly less accurate. It should be remembered
that small errors in Q result in more significant errors in Q, at constant QA and f.
Except for interpolation methods, several semi-empirical formulae exist, relating
global radiation to more readily available meteorological elements and variables
such as cloudiness or relative duration of bright sunshine. Certain formulae,
developed for whole regions, resulted in global radiation maps (Bureau of
Meteorology, 1964; Mani et al, 1967), Other formulae have been modified to suit
local requirements (Fitzpatrick and Stern, 1965),



144

ot

‘80

*(0961) ama07] wo1j. udXe} ‘sa1ouanbaly pajejndied ase sjulod ‘SUOIINGIISIP PajdIpald aJe SBAIND PjOS
‘auinog|al pue ‘sSundg adt|y ‘umieq Je Jaqwadag pue aunf lej suonnguisip Auanbay aAjenwnd papipald pue parIasqo Jo vosiedwo) 9314

Y0 /0
90

14" 0 0

I oe”

695°0="0 /D

Jaquiadaq
I 1

81r'0="0/0
wc:q.
| [}

<o \o
ot 80 90 0 z0 0
T T T Ze-0=0-07
, e .
s
= .\0 p
/
- o -
- £55°0=Y0/0
\\ " 19quadss(g
e— 1 1L
uimioQg
T e ="
- -
B ¥90=0/0
aung
o1 ] 1

.0l

80

Yo/0

90 vo (A Y

T Tt

Q\OA .
0\

90=Y0 /0
Jaquiedaq
| | 1

0

sBuudg aony

0£9'0="0/0
aunr
1 1

-t

[AY

0

90

80

0l

Ay

1 4Y

90

80

ol



The assistance of Mrs.

145

ACKNOWLEDGMENTS

A, Komarowski in data extraction and of

Mrs. K. Haszler in data processing is gratefully acknowledged.

Albrecht, F.H. W,
Bridgman, H. A,

Bureau of Meteorology

Fitzpatrick, E, A, and
Stern, W.R.

Hounam, C.E,

Jesson, E . E.

Liu, B, Y.H, and
Jordan, R.C.

Loewe, F.

Mani, A.,AChacko, o.,
Krishnamurthy, V. an

Desikan, V. :

McCullough, E.C.

Sellers, W.D.

1956

1969

1964

1966

1970

1965

1963

1969

1970

1960

1956

1967

1968

1965

REFERENCES

Arid Zone Research XI. Proceedings of the
Canberra Symposium, pp. 99-105.

Arch. Meteorol., Geophys. Bioklimatol.,
Ser. B., Vol. 17, pp. 325-344,

Maps of average monthly total radiation in
Australia. 12 sheets. Melbourne.

Australian Radiation Records, 1962-1‘)64,
25 pp. ‘

Solar Radiation Data, Australia, 1965-1968,
31 pp.

J. Appl. Met., Vol. 4, pp. 649-660,

Aust. Met. Mag., No. 43, pp. 1-14.
Aust. Met. Mag., Vol. 17, pp. 91-94.

Int, Solar Energy Soc. Conf., Melbourne,
Paper No. 3/5.J 6 pp. .

Solar Energy, Vol. 4, pp. 1-19.

Aust. Met. Mag., No. 15, pp. 31-40.
Arch. Meteorol., Geophys. Bioklimatol.,
Ser. B., Vol. 15, pp. 82-98.

\

Arch. Meteorol.,, Geophys. Bioklimatol.,
Ser. B., Vol. 16, pp. 129-143,

Physical Climatology, University of Chicago
Press, Chicago/London.



