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ABSTRACT

Past and current work in the field of solar and thermal
radiation research at the CSIRO Division of Atmospheric
Physics, Aspendale, Victoria is summarised, and some
results from the routine radiation. observations are
given.

PART | — HISTORICAL

General

Radiation studies at the CSIRO Division of Atmospheric (then Meteorological) Physics
were commenced in 1957, initially as an adjunct to other programs of work already in
progress, eg, evaporation investigations, However, they quickly assumed a greater
importance for their intrinsic value.

Early work, although limited in extent, was comprehensive in character, including
continuous measurement of the main radiation-quantities (the 'observatory program'),
calibration of radiation instruments, maintenance of radiation standards and develop-
ment of new instruments for radiation measurement. A number of research projects
was 1initiated and assistance to other organisations was provided on a cooperative
‘basis.

As resources have become available the scale of the work has expanded, but along
the same lines as in the initial program.

By 1966 the Division had acquired sufficient equipment and developed the necessary
expertise to be designated the Regional Radiation Centre for the Southwest Pacific
(World Meteorological Organization (WMO) Region V) as well as the National Radiation
Centre for Australia. Extension of the calibration work also resulted in the labora-
tory being registered by the National Association of Testing Authorities Australia
(NATA), for. calibration of instruments to measure thermal radiant flux. Both these
appointments require the maintenance of certain defined standards of equipment and
procedures on a par with those of similar institutions elsewhere in the world.

The observatory pfogram

From the beginning, the importance of accurate, continuous measurements of
radiation quantities has been recognised and these have been extended as facilities
have permitted. Initially global radiation, diffuse radiation and net radiation over
a grass surface were measured on an autographic recorder and integrated electro-
mechanically to give daily totals (Funk 1963). Duration of sunshine was measured
with the standard Campbell-Stokes instrument. :

With the development of a more advanced type of data-logging equipment capable
of providing hourly integrated totals (Collins and Patterson 1968), the number of
parameters measured was extended to include direct radiation on a surface normal to
the solar beam and global ultraviolet radiation. Integrated hourly totals of sunshine
duration were also measured using a modified type of Campbell-Stokes sunshine recorder,
the output from which was fed into the data logging system (Collins 1968a).
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The hourly totals of each radiation quantity are processed by computer, which
provides monthly printed records. These are sent to the Bureau of Meteorology for
retention and are available to interested bodies and persons as required. Selected
extracts are sent to the Main Geophysical Observatory of the USSR at Leningrad for
publication intfqlar Radiation and Radiation Balance Data (The World Network).

On clear days the spectral distribution of direct radiation is measured using
an automatic spectral pyrheliometer with broad band glass filters to divide the
spectrum into bands of about 100 nm width. The spectral distribution of global
radiation in narrow (1 nm) bands over the restricted range of 380 to 780 nm has been
measured, although not continuously.

The records from the spectral pyrheliometer are also used to calculate the
atmospheric turbidity, thus supplementing the manual turbidity records made since
1965 with the Linke-Feussner pyrheliometer and standard glass filters (Collins 1972).
In 1971 measurements were commenced using Volz sun photometers (Volz 1959) to deter-
mine atmospheric turbidity as part of the network operated by the National Oceanic
and Atmospheric Administration of the US Department of Commerce. The results
obtained are published biannually in Atmospheric Turbidity Data for the World.

The observatory program has also included other measurements made from time to
time on a non-permanent basis, such as net long-wave radiation, and downward long-
wave radiation. The main meteorological elements are also monitored on an hourly
basis.

Radiation standards and radiometer calibration

With the development and local manufacture of the polythene shielded net
pyrradiometer it was necessary to provide calibration facilities which would cover
both solar and thermal wavelengths. The initial arrangements described by Funk (1959)
proved inadequate with the larger numbers of instruments being submitted for calibra-
tion and the increased accuracy required for WMO and NATA acceptance.

To meet WMO requirements, a representation of the International Pvrheliometric
Scale (1956) is necessary, and at Aspendale this is maintained by two Angstrom
compensation pyrheliometers and two silver disc pyrheliometers which together comprise
the Regional and National Radiation Standards. The instruments have recently been
supplemented by an active cavity pyrheliometer of the most recent design (Willson
1973). Local comparisons are held annually and countries in Region V which have
suitable pyrheliometers are encouraged to participate in them. At five year intervals
the WMO arranges inter-regional comparisons to ensure the concordance of radiation
measurements made in the various Regions. One of the Rngstram pyrheliometers is used
at these comparisons, the most recent of which was held in September 1970*.

The long-wave radiation standard is an electrically heated conical cavity of
cast aluminium, maintained at constant temperature. The maintenance and measurement
of its temperature are sufficiently precise to ensure that its radiation output can
be determined to within * 0.4% (Collins 1968b).

Short-wave calibration of instruments on a routine basis is carried out using
the sun as source and Linke-Feussner pyrheliometers as transfer sub-standards.
However, the calibration of radiometers by this method is frequently hindered by
cloud, and an artificial light source which can be used in the laboratory is necessary.
A high pressure Xenon arc is used (Collins 1970), together with a rotating mirror
drum system to ensure uniformity of irradiation of the target area.

Most instruments calibrated at Aspendale are new net pyrradiometers manufactured
locally under license to the CSIRO. These are not only calibrated but are also
subjected to tests to determine the 'quality' of each instrument. Linearity, balance
and cosine response can all be examined if necessary, but it has been found that the
time response curve of an instrument when it is exposed to a step function increase

* A further comparison took place in October 1975,
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and decrease of irradiation provides valuable information as to its thermal and
electrical properties. This test is applied to all new radiometers calibrated
(Collins and Rabich 1971).

New instruments for radiation measurements

Development of new instruments and improvement of existing ones has been part
of the radiation program since its inception, and the CSIRO net pyrradiometer
(Funk 1959) was an early product. This had a novel plated thermopile and sensor
plates shielded from wind and rain by hemispheres of polythene, which is transparent
to both long and short wave radiation. This instrument was patented and is manufac-
tured locally under license.

The relatively short time constant and high sensitivity of the net pyrradiometer
facilitated the development of a scanning radiometer which measured directly the
radiation balance of an animal or human being (Funk 1964).

A novel type of net pyrradiometer that used quartz crystals with temperature
dependent resonance to measure the temperature difference between the two sensor
plates was described by Kyle (1966), and subsequently a single sided version of
pyrradiometer was developed (Kyle 1967). In both cases the output is in the form of
a change in frequency proportional to the quantity being measured. This arrangement
has the advantage that the signal can be amplified without taking special precautions
with regard to thermal voltages or small inductive pick-ups whilst integration can be
accomplished by counting pulses with a scaler or electromechanical counter.

The net long-wave radiometer developed by Paltridge (1969) measures long-wave
(thermal) radiation in the presence of short-wave (solar) radiation. The instrument
consists of a standard net pyrradiometer with a spherical black polythene shield to
reject the short wave. This shell is rotated continuously to eliminate the effect
of short-wave heating, and the radiometer can easily be converted to a single sided
instrument to measure uni-directional long-wave flux.

In pyrheliometry it is laborious to adjust an instrument constantly to follow
the sun while measurements are being made. The sun-tracking radiation instrument
stand (Sumner and Patterson 1969) does this automatically using photocell controlled
drive motors to 'seek' the sun continuously.

A long-wave narrow beam radiometer (Platt 1971) has been developed for studying
the radiative properties of clouds. It has a beam width of 0.3° and detects a
minimum radiance of 0.0056 mw cm 2Sr 'Hz %, It has been used in both ground based
and airborne applications.

Recent developments

During the past few years the program of radiation research has expanded
markedly with special emphasis on airborne measurements. Experiments have involved
_ the use of high altitude (32 km) balloons to carry equipment aloft (Paltridge and
_Sargent 1971) and also flights with conventional aircraft during which the radiative

properties of low and middle cloud have been studied (Paltridge 1971a and 1974a).
See Fig 1.

Less complex measurements of radiation profiles in the atmosphere customarily
use free-flight radiosondes. However, these are uncontrollable in flight path and
frequently not recoverable. To overcome these drawbacks, experiments were carried
out using a radio controlled model aircraft which could be used at heights up to
1.5 km and then.recovered to a soft landing at take-off point (Paltridge 1971b).
High level cloud has been studied from the ground with the use of lidar techniques
(Platt and Gambling 1971a and 1971b), and also with the narrow beam long-wave radio-
meter mentioned previously (Platt 1972).
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Future developments

Improvements in our knowledge of the general circulation depends to a considerable
extent on a better understanding of the radiation balance within the surface/atmosphere
system. The interaction of clouds and radiation is one particular aspect of this type
of work and the lidar equipment (Fig 2) currently being installed will give an added
impetus to research in this area. Increasing interest in atmospheric photochemical
reactions has resulted in an extension of the observations of ultraviolet radiation to
include narrow band measurements in the range 290 to 310 nm to be made at Aspendale
and elsewhere in Australia.

PART Il — RADIATION RECORDS

The improved radiation data logging system mentioned in the first part of this paper
came into use at Aspendale early in 1967. This provides continuous integration of the
main radiation parameters with hourly registration of integrated totals. The earlier
system integrated on a sampling basis from the movements of the balancing mechanism
of a multipoint strip-chart recorder, and only daily totals were obtained. The data
collected in the eight years to 1974 are summarised here and some relationships
emerging are given.

The hourly totals of counts for global, diffuse, direct, net and global ultra-
violet radiation and for duration of bright sunshine are transferred to punched cards
together with the appropriate calibration constants and then analysed by computer.
The hourly and daily means are calculated and a monthly summary produced by the line
printer. The data are also printed in the form of a 'daily radiation summary' which
shows the hourly totals for all parameters for each day. Table 1, for example, is
the summary for 3 January 1974, This form has been found useful where meteorological
studies involving a particular day or days are being made. A similar day summary
giving wet and dry bulb temperatures, wind speed and direction is also produced for
use with these figures.

In analysing the data, clear days without significant amounts of cloud can
conveniently be considered separately. These days were identified by testing the
computer stored data with a numerical criterion involving relationships between
direct, diffuse and global radiation. At low solar elevations when irradiation is
small such a criterion cannot be satisfactorily applied and days with some cloud in
early morning or late afternoon have not therefore been excluded.

On the average 35 clear days occurred each year; the mean monthly distribution
is shown in Fig 3, : :

Simple analytical expressions for the three basic components of solar radiation
as functions of solar elevation are often required for solar engineering and meteo-
rology. The hourly totals of global, diffuse and direct radiation from the Aspendale
data have been plotted against the mean hourly solar elevation in Figs 4, 5 and 6.

The expressions for hourly totals (in mWh cm 2) of global radiation (G), diffuse
radiation (D) and direct radiation on a surface normal to the solar beam (I) best
fitting the data are:

. 1
= 1.0 + 141.1 sin S - 31.0 (sin S)? .1
D=1.0+9.6(l-e 005
= 100 (1 - ¢ 0-065, .3

Where S is the mean solar elevation in degrees for the hour. G is also defined by the
equation

G=1IsinS + D B -

which provides a useful check on the gonsistegcy of the three expressions. For hours
with mean solar elevations between 10~ and 75 the greatest discrepancy in G is less
than 1 mWh cm”? , 1
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Table 1 Daily radiation summary 3 January 1974

Hour
ending Global Diffuse Net uv Direct Sun
local apparent mWh cm 2 mWh cm 2 mWh cm”? mWh cm 2 mWh cm? hours
time (LAT)
1 0.0 0.0 -7.1 0.0 0.0 0.00
2 0.0 0.0 -6.5 0.0 0.0 0.00
3 0.0 0.0 -6.4 0.0 0.0 0.00
4 0.0 0.0 -5.6 0.0 0.0 0.00
S 0.5 0.5 -3.8 0.0 1.4 0.00
6 10.2 4.0 -2.0 0.9 38.2 0.74
7 30.0 6.9 13.0 1.6 67.7 1.00
8 51,2 8.8 23.7 2.9 80.5 1.00
9 70.1 9.9 35.4 3.7 86.8 1.00
10 87.4 11.2 46.4 4.3 90.0 1.00
11 95.5 15.2 51.7 4.6 83.1 0.98
12 103.7 12.8 48.6 5.4 93.9 1.00
13 97.0 15.2 40.1 4.8 90.4 0.92
14 83.8 23.4 38.1 4,2 68.8 0.80
15 33.1 17.4 13.4 1.7 15.¢8 0.26
16 52.3 49.3 25,5 2.8 1.8 0.54
17 35.1 33.1 14.4 1.9 0.8 0.48
18 30.5 30.1 10.1 1.7 0.8 0.98
19 5.4 5.3 -0.4 0.4 0.2 0.08
20 0.8 0.5 0.0 0.0 0.2 0.00
21 0.0 0.0 0.0 0.0 0.0 0.00
22 0.0 0.0 0.0 0.0 0.0 0.00
23 0.0 0.0 -1.3 0.0 0.0 0.00
24 0.0 0.0 -0.5 0.0 0.0 0.00
Daily

total 786.4 243.7 361.4 41.1 720.2 10.8

Although Aspendale is less than 30 km from the centre of Melbourne, the annual
mean turbidity, expressed in terms of Rngstram's B is low (0.04 * 20%) and the annual
mean atmospheric water content is 1.5 cm. Paltridge (1973) has pointed out that
short-wave flux is fairly insensitive to changes in water path where this exceeds
about 0.5 cm. Thus the expressions given could be expected to be widely applicable
at least to localities with turbidities similar to that at Aspendale.

For example; Table 2 compares hourly totals of global, diffuse and direct radi-
ation recorded at Bet Dagan, Israel (Manes, Teitelman and Fruhling 1970) with values
estimated from the given expressions,

Global and diffuse figures show good agreement, with about 9% over estimation
in the case of direct beam radiation. However, testing the Bet Dagan data by
equation 4 shows that I sin S + D is always less than the measured G, which is
consistent with the measured I (and/or D) being low.

The expressions given in the previous section can be used together with cloud
cover data to predict radiation fluxes at the earth's surface (Paltridge 1974b). The
following data (Tables 3, 4 and 5) from the Aspendale records for 1967-1974 can be
used as a reference for future comparisons and as a test for any prediction scheme.

The mean daily totals for global, diffuse, direct, net and global ultraviolet
radiation and duration of bright sunshine on clear days are given in Table 3.
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