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TWO YEARS OF SOLAR RADIATION MEASUREMENTS .

-AT - 'DENILIQUIN-- -
by D.A. de Vries
Division of Plant Industry, C.S.I.R.0., Deniliquin, N.S.W.
(Manuscript received June, 1958)

Abstract: Results of solar radiation measurements
at Deniliquin (35° 32' S, 144° 58! E) during the
period March 1956 to February 1958 by means of a
Moll-Gorczynski solarimeter are presented and
analysed.

The daily-totals of radiation intensity

on a horizontal surface (Q) are correlated with hours
of bright sunshine (n, measured with a Campbell~Stokes

instrument) and fractional cloudiness (m) by the
equations:

UQy = 0,27 + 0.54 /N,
Q/Qq = 0083 = 0.45 m,

where Q, is the calculated intensity on a horizontal

surface at the upper limit of the atmosphere and N
the maximum possible hours of bright sunshine.

The present results are compared with
other radiation measurements in Australia.

l. INTRODUCTION

Recent years have seen a rapidly increasing interest in the
gsolar radiation climate of Australia (Black, Bonython and Prescott
195335 Albrecht 19565 Loewe 1956; Sapsford 1957). 4s a
contribution to this subjeect results of two years of solar radiation
measurements at Deniliquin (N.S.W.) are presented in this paper.

The methods used are described in section II and results are
presented in section III., A discussion of these results and a
comparison with those of other investigators is given in section IV,
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2. METHODS OF MEASUREMENT AND ANALYSIS

The instrumentation and method of analysis were similar to
those described by the author in detail for solar radiation measurements
at Wageningen, Netherlands (de Vries, 1955).

The intensity of total short wave radiation from sun and sky
(the so-called total global radiation) was measured at the C.S.I.R.O.
Regional Pastoral Laboratory, Deniliquin, New South Wales, (35° 32! S,
1440 58" E, altitude 102 m) by a Moll-Gorczynski solarimeter,
manufactured by Kipp and Zonen, connected through a series resistor to
a Cambridge thread recorder, The properties of the instrument were
investigated in detail by Bener (1951) and the reader is referred to
his paper for a full discussion.

From 1 March 1956 to 1/ June 1957 the solarimeter was
situated on the roof of the Laboratory at a height of 5.10 m, after
the latter date it was transferred to the meteorological enclosure of
the Laboratory where it is supported on a pole at a height of 2,20 m.

A calibration of the instrument by the C.S.I.R.0. Division
of Meteorological Physics before installation yielded exactly the same
value as that given by the manufacturers. No recalibration was carried
out during the period reported on here. However, previous experience
over many years (de Vries, 1955) has shown that instruments of this
type do not change their calibration as long as the black surface and
the junctions remain in good condition, as was the case.

Daily sums of total global radiation (Q) were obtained by
planimetering the recorded curves. They are expressed as

cal em™? (1 cal em™2 = 4,1855 x 104 J m—2).

Systematic corrections due to a slight dependence of the
calibration factor on ambient temperature and radiation intensity, and
to the geometry of the recorder (see Bener,1951; de Vries, 1955) were
applied to the daily totals. Average correction factors for each
month are listed in Table 1. Random errors in the individual
Q-values are estimated at 5 per cent.

Hours of bright sunshine have been measured since January 1951
with a Campbell=-Stokes recorder at the C.S.I.R.0. Falkiner Memorial
Field Station (35° 22' S, 145° 0' E) where a climatological station
was established in October 1947 by the Commonwealth Bureau of
Meteorology.
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Table 1, Average correction factors

JANUATY e e ooo0eooooassooelol?  JUl¥.eececocccceccocescs0s9%
February.occcecescoocoeloll AugustesocooocsccccoocsesPe95
Marcheoscocscococescoeosle00 - Septembersscoscccsoocose0s97
Aprilocoocccccsoecoccoos0e97 Octobercoccoccscsosccse00a98
MaYoooo000c0000000000000095 | Novembersoosoocoocesooooole00
JUNEosooooccscnsocosscclol Decembercooscococscoseeloll

Cloudiness was estimated daily at the Laboratory at 9 a.m.
and 3 p.m. Australian eastern time. The average of these values was
taken as representative for the cloudiness during dqylight hours
(cfo de Vries, 1955).

Statistical relations between Q and duration of bright sun-
shine or cloudiness were assumed to be of the form:

Ve = a + bo/N, (1)
Q/QA = a' - blm, - (2)

where Qy is the total radiation intensity on a horizontal surface at

the upper limit of the atmosphere (Angot's value, see Brunt, 1952) and
N the maximum possible duration of sunshine. Best estimates of the
"constants" in these equations were determined by the method of least
squares for each month separately and for all observations.

3. RESULTS

Daily values of total global radiation from March 1956 to
February 1958 inclusive are given in the appendix. When no radiation
records were available (due to faults in the recorder or the trans-
mission) the missing values have been filled in by application of
Equation (1) with values of the constants given in.Table 2; these
Q-values are given in brackets in the appendix.

The best estimates of the constants in Equations (1) and
(2) when applied to all pairs of simultaneous observations of Q and
n/N or Q and m were found to be:

a = 0027, b = 00549 at = 00839 b! = 00450
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Table 2. Values of Q4 at 359 32' S

Month Date Qa(cal/ em?) Month Date Qalcal/ em?)
I 1 1014 VI1I 1 373
11 1004 11 375

21 - 998 21 392 .
II 1 990 VIII 1 447
11 984 11 495
21 932 21 549
III 1 853 ' IX 1 610
11 768 11 671
21 700 21 725
Iv 1l 638 X 1l 768
1 583 - 11 810
21 530 21 860
v 1 LT74 X1 1 925
- 11 L27 11 980
21 390 21 1010
Vi 1 375 XII 1 1020
11 370 11 1027
21 371 21 1029

Values of Q, for the latitude 35° 32' S are listed for each lst, 11th
and 21st day of a month in Table 3. The standard deviations,

6 = [;L: (i = Qi) -2 % (3)

where Qmi is the measured Q=value and.Qci that calculated from
Equations (1) or (2), where & = 0,089 for Equation (1) and
6 = 0,099 for Eqation (2)

Values of a, a + b, a' and b* for each month separately are
listed in Table 3.
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Table 3. Values of the constants in Equations (1) and (2)

Month 8 a.+b 8l b
I 0,28 0,89 0.88 0.40

II 0426 0,77 \ 0,77 0.37
III 0.28 0.83 0.8 0.48
Iv 0.30 0,81 0.8, 0043

v 0.27 0.79 0.82 0.45

VI 0.26 0.7 0.7 0.46
VII 0.26 0.77 0.85 0054
VIII 0.31 0.73 0.79 0.41
IX 0,31 - 0.77 0.81" 0.41

X 0.24 0,81 0.87 0.49

XI 0.22 0.79 0.84 0.40.
XII 0.28 0.88 0.88 0,45

4.  DISCUSSION

The present measurements cover only two years both of which
had rather exceptional weather. Average monthly values of n/N for
this period are compared with average values for the years 1951 to
1957 in Table 4. It will be noted that the autumn and winter of 1956
had considerably less sunshine than average, whilst the reverse holds
true for the same period in 1957. '

Average Q-values, calculated from Eqation (1) with
a = 0,27, b = 0,54 are also listed in Table 4. Loewe (1956) has
published average values (1953-1955) for two coastal stations with
somewhat lower latitudes than Deniliquin, viz. Guildford (31.99s,
116,0° E) and Williasmtown (32.8° S, 151.8° E). Deniliquin receives
slightly more radiation than Guildford in January and February, but
slightly less in the remaining months. In comparison with Williamtown
it has higher averages in summer and slightly lower ones in winter,
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much as one would expect from the differences in latitude and the
general climatic conditions in these localities.

Table 4. Average values of Q4, n/N and Q

n/N Q, Q
Month 1956 1957 1958  1951-1957 (cal/em?)  (cal/em?)

I 0.87  0.82 0.78 1002 69
11 0,78 0,72 0.78 956 660
III  0.52  0.79 0074 . 738 494
IV 0.5 0.7 0.66 559 352
VvV 0.56 0,76 0.58 413 240
VI 0.52 0,61 0.49 37 197
VII 0.49 0,53 0.54 -390 218
VIII 0,60  0.69 ' 0.62 523 314
IX 0,68 0,70 0.67 694 437
X 0.54 0.7 o 0,65 838 520
X 0.7 0.9 | 0,76 986 670
XII 0,81 0.70 0.7 1024, 707

The values found for a and b in Equation (1) agree well with
those r eported by Black, Bonython and Prescott (1954) for Dry Creek and
Mt, Stromlo, viz.

Lat. Longt. a b a+b Period
Dry Creek 34.8 138.6 0,30 0,50 0,80 1947=1950
Deniliquin. 35,5 145,0 0,27 0.5,  0.81 1956-1958
Mto S‘bromlO 35 03 14901 0025 . 0954 0079 1928"’1939

The values of a + b also fit in well with those obtained for other
latitudes (see Glover and McCulloch, 1958).



19qwiadaQ o3 Anr (q) aunr 03 Aibnupr (D) ‘(u) uczmc:m ybuq Jo
UO!3DJNp 0} uOIID)3l Ul () uolDIPDI 1DQO16 1030} jo s)D303 AyipQ | b1y

‘uinbijiuaQg 104 NJu Jo San|DA 3bpiany e
| | ~ (NJu¥s0 +17:0)VD=D-—-
(LG6L PJ0ysdDS 1334D) 0JWOI}S 3N 404 DIDP 3BDIAAY ——

?:C "|auIysuns Jo uoiybing ACVC ‘[duiysuns Jo uoiyping
9/ v/ 2 o & 9 vy 2 0. S v ¢l o g 9 y 2 0

T T T T N E— T 0 4 T ; T T T T T 0 =
Q o

a a

oor & - 0or

2 &

QQNm - ooc a

Q a

oog m. B OQM.A...WR

> =

ooy o - oot o

) [}

QQM.\DI - 100§ Q.

o 0

009 3 - 0093

g .h,

00L - ool S

< <
|- B 008 \

08 =2 (@ 1=

QOQ i 1 1 1 1 1 1 QQQ




43

" A more detailed comparison of the values predicted by
Equation (1) and the Mt. Stromlc data is given in Fig. 1, which shows
the observed average relation between Q and n for each month, as
published by Sapsford (1957), together with the lines calculated from
Equation (l§ witha = 0,27, b = 0,54, The points corresponding
to average values of n/N for Deniliquin (Table 4) are indicated by a
circle. In the figures the curves are terminated at average wvalues of
N for each month. The agreement between the two sets of curves is as
close as can be expected allowing for the approximate nature of
Equation (1) and possible differences in atmospheric turbidity and
cloud density between the two localities. For some months, notably
February and November, an even better agreement is obtained by using
the monthly a- and b-values of Table 3. For other months, January
and December in particular, the agreement becomes less close, It
will be noted that the values of Table 3 were obtained from
approximately 60 pairs of observations only.

It is remarkable that the values of a + b {and also of a'),
which are a measure of the transparency of the atmosphere in the
absence of cloud, are smaller in February and November than in the
preceding and following months. The Mt. Stromlo data show a similar
behaviour. This indicates that in February and November there must
be an extra source of turbidity over southeast Australia.

It also follows from Fig. 1 that Equation (1) with a = 0,27,
b = 0,54, is not inferior to the method proposed by Sapsford for
predicting monthly radiation intemsities except at low values of n/N,
say n/N < 0,2, However, these low values will rarely occur when
periods of a month are considered.

Finally Fig. 2 shows a comparison between the relation (2)
with a' = 0.83, b' = 0,45 and the quadratic relation derived by
Black (1956) for a worldwide network of stations. The differences
indicate that for a given value of m the cloud density over Deniliquin
is less than the awverage for the stations used in Black's analysis.

It will be noted that the standard deviation for estimates
derived from Equation (2) is only slightly higher than that for
estimates from (1), viz. 0,099 against 0,089. These values apply to
Q-values for single days; with averages for periods of k days the
standard deviations are to be divided by k (Brocks and Carruthers,
1953), This implies that sabisfactory estimates of solar radiation
intensity can be obtained from visual estimates of fractional cloud-
iness during daytime. The latter are, of course, more generally
available than measurements of sunshine hours,
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