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ABSTRACT

Data collected at Wollongbar on the north coast of New South
Wales were wused to establish the relation Qn = 118 + 0.635

Qt - 714 Qt/Qe for predicting net radiation (Qn) from daily
measurements of global solar radiation (Qt) and tabulated
values of extraterrestrial radiation (Qe), expressed in units

of J cm 2 d"'. The inclusion of the atmospheric transmissiv-
ity term (Qt/Qe) in the  relation increased the amount of

explained variation in Qn from 79 to 85 per cent. The data

were collected over a green grass sward with an albedo of
0.23.

INTRODUCTION

Net radiation is an important climatic parameter, especially with regard to evapor-
ation. However, as instrumentation difficulties and standardisation of site sur-
faces restrict the number of sites where net radiation is recorded, it is frequently
estimated from the more easily measured global solar radiation. The reliability of
this approach is aided by the high correlation between the two values arising from
the inclusion of global solar radiation as an important component of net radiation
(Gay 1971). Many workers have found that a simple linear relation can be used to
predict net radiation from global solar radiation, but the coefficients in the
‘relation vary between regions. Consequently, it is advisable to use relations
which have been established either locally or in a region with generally similar
vegetation and temperature,

Fitzpatrick .and Stern (1973) described a further refinement of including
atmospheric transmissivity (the ratio of daily global solar radiation to extra-
terrestrial solar radiation on a horizontal surface) in the relation. This inclu-
sion accounts for some of the variation due to differing climatic conditions with-
out requiring additional measurements as extraterrestrial solar radiation is given
in standard tables (List 1963)., This paper describes relations for predlctlng net
radiation over green pasture on the north coast of New South Wales. .

METHODS

Measurements were made at Wollongbar (latitude 28° 50° S, longitude 153° 25' E,
altitude 180 m) near Lismore, on the north coast of New South Wales. The area is
in a sub-tropical temperature zone, with a high (1658 mm annual mean) summer-
dominant rainfall.

- 111



112 AUSTRALIAN METEOROLOGICAL MAGAZINE 24:3 SEPTEMBER 1976

Global solar radiation was measured with a. 'Kipp and Zonen' pyranometer, and
net radiation with a 'Funk-CSIRO' shielded net pyrradiometer. Both instruments
were exposed at a height of 180 cm, over a clipped, basically kikuyu sward which
completely covered the ground and remained green throughout the year. Recorders,
based on a variable speed motor, were used to obtain integrated totals of daily
radiation from January 1972 to May 1976. A positive-voltage bias was applied con
tinually to the net pyrradiometer circuit to convert all negative signals to a
positive form. Reflected short-wave radiation was measured with a second pyrano-
meter, in an inverted position, during February-April 1975. The albedo was cal-
culated as the ratio of daily totals of reflected to incoming global solar radi-
ation. The presence of sunshine was recorded at 6-minute intervals on a 'Rimco-
Sumner' recorder from March 1972 to May 1976. " Both daily totals and weekly means
of daily radiation were used to fit the relations between net and global solar
radiation. The relation between atmospheric transmissivity of short-wave radi-
ation and relative duration of sunshine was obtained from weekly means only. The
ranges of daily values for the different parameters were: net radiation (Q ),
26-1763 J cm 2 d”'; global solar radiation (Q ), 112-3335 J cm 2 d”'; extraterrest-

rial solar radiation (Q.), 1824-4356 J em™? d7!; atmospheric transmissivity (Qt/Qe),
0.07-0.82.

RESULTS AND DISCUSSION

Daily totals of Qe were obtained from standard tables (List 1963) and for conven-
ience the tabulatéd values were expressed as a function of time (Eqn 1) which is
applicable at a latitude of 30°S.

Q = 3132 - 1261 sin(T - 1.415) + 42 sin(27-1.089), J em 2 ¢7! vel 1

where T is an angular measure in radians of the day number, with day 1 = 1 January,
day 2 = 2 January, etc. Multiplying the day number by a constant, 2m/365 = 0.01721,
converts it to the angular measure T.

The simple linear relation between daily values of Qn and Qt explained 79 per
cent of the variation, with a standard error of 182 J cm 2 d™!, which is 23 per
cent of the mean Qn.

Q, = =70 + 0.507 Q, J em 2 47! cer 2

The inclusion of Qt/Q in the relation explained an additional 6 per cent of
e

the variation. All coefficients in Eqn 3 were highly significant (P < 0.01) and
the standard error of the estimate was 154 J cm 2 d7! (19 per cent).

— -2 =1
Q = 118 + 0.635 Q. - 714 Q,/Q,, J cm * d ve. 3

When the relations were established from weekly means of daily radiation,
there was only a small change in the coefficients of Q_but the coefficient of
Q./Q and the constant terms varied considerably. Howéver, when the differences
ik s&ale of the various parameters were considered, the changes to all coeffic-
ients-were approximately of equal importance.

Q = -157 + 0.561 Q, J em2 47! "

%

Eqn 4 (Eqn 5) explained 79 (88) per cent of the variation, with a standard
error of 146 (113) J em~2 47! which is 18 (14) per cent of the mean Qn'

255 + 0.624 Q, - 921 Qt/Qe, J em 2 gt ve. 5
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The aibedg was 0.23 (SE = 0.027) which is similar to the generally accepted
value of 0.25 for well-watered grass (Linacre 1969). Daily estimates of albedo
were not obviously related to time or any climatic measure.

Many studies have shown that the coefficient of Q_ in the regression equation
approximates to 0.6-0.7 when daily or longer-term mean values are used to relate
net and global solar radiation. Davies (1967) obtained a coefficient of 0.62 using
data from 14 centres throughout the world, and the Q_ coefficients in Eqns 2,

3, 4, and 5 are in general agreement with other studies . However, daily or
longer-term mean values usually provide no values near the origin., If such values
are used when fitting the relation, as when hourly values are used, the Q, coef-
ficient will increase considerably (Idso, Baker, and Blad 1969). Further increases
in the precision of the relation can be obtained by accounting for variation in
albedo with varying solar position, but models without albedo are equally effective
for daily totals (Nkemdirim 1973).

The improved precision resulting from the inclusion of atmospheric trans-
missivity in the relation probably reflects the effect of cloudiness on net long-
wave radiation since the measurement of Q_ already takes atmospheric transmissivity
into account. Variation in net long-wave radiation would influence measurements
of Q but not Q . Fitzpatrick and Stern (1973) also obtained a substantial in-
creafe (19 per Cent) in the coefficient of determination by including atmospheric
transmissivity in the relation at one site, but the increase was only 2 per cent
at a second site. Since the inclusion of the atmospheric transmissivity term re-
quires no additional measurements, it should be included in equations to predict
net radiation, .

Duration of sunshine (n) can be used to estimate global solar radiationm,
usually in a relation of the form

Q/Q, = ¢+ d (/N) e 6

where N-is the maximum possible duration of sunshine and ¢ and d are coefficients.
Data from Wollongbar gave c and d coefficients of 0,30 and 0.50, respectively, but
the coefficient of determination was only 42 per cent and the standard error of the
estimate of Q_/Q was 0.09. Linacre (1967) noted that the c¢ and d coefficients

vary between Iocdtions, and that d is also influenced by the latitude. The Wollong-
bar coefficients are similar to the mean coefficients of 0.28 and 0.49 for c ‘and d
respectively given by Linacre for the 18 to 30° range of latitude. They are also
similar to the coefficients of 0.27 and 0.50 respectlvely given by Hounam (1969)

in a general equation for Australian locations,
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