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ABSTRACT

Mossop's size distribution of stratospheric-volcanic parti-
cles, sampled over northeast Australia in May 1963, about 10
weeks after Mt Agung's first eruption, is used for estimat-
ing the effect of these particles on solar radiation. The
particles are idealised to be concentric spheres having a
mineral core (Mossop's 'volcanic' particles) and an outer
shell of concentrated sulphuric acid, and the Mie theory
appropriate to concentric spheres (Kerker) is applied. Mak-
ing the arbitrary assumption that the particles occupied a
stratospheric air layer 10 km thick, we find that the total
reduction in the direct solar flux could not have amounted
to more than about 0.5 per cent; corrections applied to
Mossop's reported particle-size distribution raise the
latter figure to 1 per cent or to, at most, 2 per cent.
Mossop's stratospheric particle samplings over the ocean
area off Tasmania, to the south of Melbourne, lead to cal-
culated reduction rates in solar radiation that are even
lower than those computed for northeast Australia. In

contrast, about that time over the Melbourne area, 1500 km
south of Mossop's northeast Australian sampling line, the
observed decrease in the direct flux time reached some 20
per cent (Dyer and Hicks).

An examination is made of other factors whose neglect or
underestimation may have led to the very low computed
effects on solar radiation. The conclusions are negative
with respect to all but one; that remaining factor is not
thought to have had a protracted influence. We thus infer
that, in all probability, the concentration of stratos-
pheric-volcanic particles over northeast Australia must have
been substantially lower than over the southeast., An in-
spection of upper air charts suggests that the upper air
flowing over southeast Australia passed earlier close to the
general area of Mt Agung, which is not the case for the air
that crossed the northeast of "the continent during the
period of concern. This is the 1likely explanation for the
inferred great disparity for the two regions of concern.
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INTRODUCTION

This paper is the outcome of an endeavor to understand the great apparent discrep-
ancies between the results of a theoretical calculation of the reduction in direct
solar radiation over Queensland, northeast Australia, due to Mie scattering and
absorption by the stratospheric-volcanic particles actually sampled, and the reduct-
ion in the same radiation measured in the Melbourne area, southeast Australia,
following the eruptions of Mt Agung, Bali, in March and May 1963. It will be seen
below that theoretical methods applied to the stratospheric particle-size distri-
bution, as measured by Mossop (1964) over northeast Australia about 1500 km north
‘of Melbourne, indicate a reduction of approximately 0.5 per cent. Even when cor-
rections are applied (see section 'Discussion' below) to Mossop's reported size
distributions, which lead to increased number densities of particles, the resulting
computed reduction in the direct solar flux does not amount to more than 1 to 2 per
cent. In sharp contrast the observed decrease over the Melbourne area, as reported
by Dyer and Hicks (1965), amounted to something like 20 per cent. Mossop's strato-
spheric particle samplings for an ocean area south of Melbourne lead to even lower
calculated reduction rates than those estimated for the Queensland area.

DATA

The sampling referred to above is that carried out by Mossop (1964) on 28 May 1963
(see hisoFig 3), at a height of 20 km, between latitudes 18  and ZSOS, along longi-
tude 145°E, Melbourne's longitude. It is known that by that date at Aspendale, near
Melbourne, about noon on days when the sky was cloudless within one hour of midday,
direct solar radiation was down 20 to 25 per cent and diffuse solar radiation up 100
per cent, compared with data for the parallel class of hours of the previous four
years (Dyer and Hicks 1965, Fig 1). There are no solar radiation figures for north-
east Australia for the period of concern (personal communication by Dr A.J. Dyer,
dated 7 March 1973), but optical phenomena, characteristic of stratospheric 'dust'
layers, were observed over the region as from the latter part of April 1963 (Weinert
1967, Fig 1).

Mossop plots the size distribution of particles (1964, Fig 3) larger than about
0.1 um in radius, for his measuring technique was not capable of sensing particles
(of a density 2 g cm’) smaller in radius than the aforementioned figure. The
'equivalent' sizes* presented by him are for the 'volcanic' particles, that is, the
rather angular, water-insoluble cores left over after the removal of a water-soluble
coating. Mossop states that the most likely composition of the coating is thought
to be sulphuric acid. In a private communication, dated 16 February 1973, he points
out that in subsequent stratospheric samplings the coating increased in thickness
with time and in a manner that, about one year after the eruptions, the volume of
the coating was, roughly speaking, about ten times larger than the volume of the
coret, 1In view of this information, we have assumed that towards the end of May 1963,
about ten weeks after Mt Agung's first major eruption on 17 March 1963, the volume
of the water-soluble matter was something like 150 per cent of the volume of the
core, or the outer radius of the 'equivalent' spherical shell was 4/3 times greater
than the radius of the 'equivalent' core. Had we 'counted' the growth of the
particles from the date of Mt Agung's second eruption, namely from 16 May 1963
(Weinert 1967, p. 225), the resulting calculated particle sizes and their effect on
solar radiation would have worked out smaller.

* The 'diameter' of these non-spherical particles was taken (Mossop 1964, p. 825)
as the average of two dimensions at right angles to one another, measured from
electron micrographs.

+ Harris (1964, p. 477) states that about one year after the eruption the outer
radius of the coating was about nine times that of the core. On the basis of
Mossop's letter, we believe that the latter figure should apply to the volume.
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Coming to the spectral distribution of solar radiation in the lower stratos-
phere, a knowledge of which is also needed for the Mie calculations, we have taken
that it is identical with that for the solar constant for A > 0.35 um (most of the
energy at A < 0.35 um is absorbed in the ozonosphere and higher up, A being the
wavelength). We have adopted the spectral distribution proposed by F.S. Johnson
(Robinson 1966, p. 2). :

Additionally, we require for the Mie calculations the complex index of re-
fraction n.o+ ini, say, for the core and the coating. For the core, we have

assumed that n, = 1.65, which holds for basaltic matter (Egan and Becker 1969) and
ni=0, this latter in view of the fact that minerals in general have little or no

absorption on the wavelengths of the solar radiation. As to concentrated sulphuric
acid, we have adopted n. = 1.43, while for its n, the values recently published by

Neumann (1973, Fig 1) have been used for 73% solution of HZSO4 in water. This is in
accordance with recent findings indicating that the particles are composed of a 75%
solution of HZSO4 (Rosen 1971, Toon and Pollack 1973). We note that sulphuric acid

has a week absorption on the wavelengths of solar radiation at X 3 1.60 um, and
virtually no absorption on the shorter wavelengths of the same.

In a paper by Pollack et al. (1973), which has only recently come to our
attention, better data concerning the values of n. and n, for basaltic matter (for

0.2 < A < 50 um) are given. However, these new figures do not change the results
and calculations of this work, as set forth in section 'Discussion', subsection (g).

THEORY AND COMPUTATION

Because of the 'Agung particles' sampled by Mossop are.composed of a core and an
outer coating, we have chosen the model of 'concentric spheres' for the particles.
Formally, the Mie scattering and absorption theory for concentric spheres (Kerker
1969, pp. 189-96) is the same as for homogeneous spheres, but the so-called Mie
coefficients (usually denoted as aj and bj’ j=1, 2, . . .) are different. Because

of the low number density apparent in Mossop's data, we will assume single scatter-
ing and justify it in the section 'Discussion' below.

Since we contemplate single scattering, this allows us to assume that whenever
the scattering angle <900, the scattered radiation emerges below the particle layer,
that is, we then have forward scatter; for scattering angles >90 , the scattering is
taken to be back to space, that is, it is backscatter.

In the numerical integration of the equations of the theory we have been
greatly aided by a Fortran program constructed for the concentric-sphere problem by
Dr 0. Neall Strand, Wave Propagation Laboratory, Environmental Research Laboratories,
NOAA, Boulder, Colorado.

Before stating the results, we have to point out that we have assumed a particle
layer homogeneous with respect to size distribution. No data are available on the
thickness of the stratospheric air layer bearing the particles but photographs of
the horizon, taken from an altitude of 20 km by Bigg (1971, Fig 1) in May 1963, are
suggestive of a layer of appreciable depth. For that reason we have adopted a
'‘working figure' of 10 km. Should we wish to have an approximate estimate for
scattering and absorption either for a thinner or for a thicker layer, we would have
to divide or multiply the appropriate figures in Table 1 accordingly. Although our
calculations took account of the progressive depletion of the direct solar flux as
it propagates through the layer, the figures listed in Table 1 are so small, the
depletion so minute, that the above recommended division or multiplication, which
ignores the gradual attenuation of the solar beam, will little affect the accuracy
of the results.
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RESULTS

We will express the results of the computations in terms of percentages of the
average solar radiation rate reaching a unit horizontal surface in the lower strat-
osphere on A > 0.35 pm as 100 per cent (7.85 X 10°° cal cm 2s”!), The latter has
been obtained from_F S. Johnson's (Robinson 1966, p. 2) figures after dividing his
data by four to get the average radiation rate on a horizontal surface. As stated
before, the calculations involve Mossop's particle-size distribution for 28 May
1963 with a total number density N = 0.16 cm °, and an assumed layer thickness

of 10 km. The results are listed in Table 1, column A. The fact that we. quote the
results for the various terms to the second digit after the decimal point does

not imply any high physical significance in them in view of the fact that the
estimates of several of the data forming the basis of the attenuation calculations
are fraught with uncertainties.

Table 1  Colwmm A: Calculated changes in solar radiation over
northeast Australia on 28 May 1963, assuming a uniform
particle distribution in a 10 km thick stratospheric layer.
Size distribution of particles is based on Mossop's
sampling on 28 May 1963, and is corrected for 'coating’,
see text and Table 2. '

(100% = direct solar flux on unit horizontal surface in the
lower stratosphere on A > 0.35 um = 7.85 x 10~ ° cal cm 25 1).

Columm B: Same as (A) except that the changes in solar
radiation are based on a 'corrected' size distribution,
see column (B) of Table 2. :

A . B
% %
(1) Backscattering 0.09 0.09
(ii) Forward scattering - 0.41 0.44
(iii) Total scattering = (i) + (ii) 0.50 0.53
(iv) Absorption 0. 0002 0.0002
) Direct solar flux at bottom of layer
(absorption is neglected) . 99.50 99.47
(vi) Total solar flux at bottom of layer = ' .
@1i) + v) 99.91 99.91

Thus, under the assumptions adopted, the reduction in direct solar radiation
over northeast Australia did not amount to more than something like 0.5 per cent.
The parallel reduction, computed for the area off Tasmania on the basis of Mossop's
'southern' sampling flights, is but 0.1 to 0.25 per cent. This smaller reduction is
due to the rather low particle-concentration data reported by Mossop: the concen-
trations over the general area off Tasmania are about 0.2 to 0.5 the figures reported
for northeast Australia. About that time at Melbourne, which lies in between the
aforementioned two areas, the observed decrease in the direct solar flux reached 20
to 25 per cent (Dyer and Hicks 1965), as was p01nted out above.

DISCUSSION

The smallness of the above results leads us to an examination of some of the factors
which we have either not considered or that we may, possibly, have underestimated.
Seven such factors will be considered here:

(a) the collection efficiency of Mossop’s sampling system
may have been low and, as a result, the reported number
density per size interval may have been underestimated;
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(b) Mossop's measuring technique (using an impactor) was
unable to sense particles of a radius < 0.1 um; '
perhaps the number density of these was large and this
factor, along with a possibly great thickness of the
stratospheric air layer bearing the said hypothetical
particles, may have been able to bring about a notable
attenuation of the direct solar flux;

(c) tropospheric particles may have made an important
contribution to the depletion of the direct solar
‘radiation;

(d) the computations are based on single-particle

scattering; had allowance been made for possibly
double and multiple scattering, the resulting
depletion of the direct solar flux may have, perhaps,
turned out larger;

(e) the layer thickness was much greater than assumed,
namely 10 km, or rather the total number of particles
in a vertical column of unit cross-section N L (L =
geometric thickness of particle layer) was larger than
implied;

() the assumption of 'smooth' spherical particles may have
led to a gross underestimation of extinction;

() the stratospheric particles had a different compositibn,
that is, indices of refraction and absorption different
from those assumed in this study.

Let us examine the above listed items individually.
(a) Collection efficiency of Mossop's sampling system

Dr K.E. Bigg believes (letters of 24 October and 27 November 1973) that
Mossop's sampling apparatus had a collection efficiency of unity, or close to
unity, for particles of equivalent radii > 0.25 um but that its collection effici-
ency fell off increasingly with decreasing radii for radii below 0.25 um. Dr Bigg
was good enough to supply a graph indicating the relationship between the size dis-
tribution given by Mossop (1965) and the distribution corrected by him based on a
comparison with later impactor results from balloons. As has just been pointed
out, the two differ only for radii < 0.25 um.*

Table 2 shows Mossop's distribution for 28 May 1963, as published in his 1964
paper, and the corresponding figures arrived at after applying Bigg's chart.

On the basis of the modified figures in Table 2 we have recalculated the
extinction of the direct solar flux, etc. The new results are listed in column (B)
of Table 1. As before, we have assumed that the volcanic particles had towards the
end of May 1963 a sulphuric acid coating of a thickness amounting to 1/3 of the
equivalent radius of the core (see section 'Data'). As is seen, the 'corrected'

* Tt should be pointed out that Mossop (1965) did introduce a collection efficiency
correction to the average of his 1963 size distribution measurements, based on
theoretical grounds. However, according to him 'the correction made little
difference to the size distribution and added only 20% to the total concentrat-
ion', versus over 500 per cent in the correction applied by us following Bigg's
suggestion.
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Table 2 Columm A: Mossop's (1964) size distribution of 'volcanic!
particles in the stratosphere of northeast Australia on
28 May 1963,

Colwm B: Mosscp's distribution corrected for an assumed
low-collection efficiency of the sampling apparatus at the
small-particle end of the spectrum, Calibration curve was
supplied by K.E. Bigg.

Note: 1In the calculations reported in Table 1 above, we

have assumed, following Mossop, that the volcanic particles
of Table 2 (present table) have a coating of concentrated
sulphuric acid in the form of a spherical shell whose
thickness amounted to 1/3 of the 'volcanic' core. For values
of the refractive indices of the core and coating see text.

) . -3 .
Equivalent radius (um) Number density (cm °) of particles

at class-interval centre

A B
0.10 1.2 x 1072 6.8 x 10}
0.20 2.5 x 1072 5 x 1072
0.30 3.6 x 1072 3.6 x 1072
0.40 3.0 x 10 2 3.0 x 10”2
0.50 2.2 x 1072 2.2 x 1072
0.60 1.5 x 1072 1.5 x 10" 2
0.70 6.4 x 1073 6.4 x 1073
0.80 4.8 x 10°° 4,8 x 1073
0.90 3.2 x 103 3.2 x 10°°
1.00 1,6 x 1073 1.6 x 1073
1.10 g x107% 8§ x10°"
1.20 g8 x 10°* g x 107"
1.30 g x 10" § x 10"

figures for forward and total scattering are slightly larger than before. Yet,
despite the greatly increased concentration at the small-particle end of the size
distribution, the two sets of results for radiation differ very little. Simply,
individual particles whose radii are small compared with the wavelength at which
the radiation has a notable hump (and solar radiation energy density falls off

very sharply from A = 0.48 pm towards the shorter wavelengths; see, for instance,
US Air Force Cambridge Research Laboratories 1965, Fig 16-1), scatter but little.*
In order to produce a large amount of scattering we would require extremely large
concentrations and/or layer thickness of such particles for which we have no
evidence. Even if we assumed a 25 km thick stratospheric particle layer, in lieu
of 10 km as shown in Table 1, the diminution of the solar radiation would have been
rather insignificant compared to what was observed in southeast Australia, A recent
study by Neumann (1974) for the Melbourne area indicates that the observed large
reduction in the direct solar flux about mid-1963 must have been brought about by
particles of radii of about 0.5 um,

Nevertheless, in the next subsection we will examine the possible magnitude of
the effects of a hypothetical population of very small particles (%0.05um) whose
number density is assumed to have been very high.

* And there would absorb little, taken that the wavelength dependence of absorption
by concentrated sulphuric acid is as reported by Neumann (1973). As before, we
assume that absorption on the relevant wavelengths by the 'volcanic' core is
negligible.
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Before we proceed to the next subsection, a few words concerning some recent
works on the problem of the mass collection efficiency of impactors is in order.
By comparing stratospheric samples taken with filters (believed to be 100 per cent
efficient, except for condensation nuclei, where the efficiency is over 80 per cent)
and impactors of the type used by Junge et al. (1961), Cadle et al. (1973) concluded
that the mass collection efficiency of this type of impactor is as low as 20 per
cent, Rosen (1969) pointed out that the impactor used by Mossop was probably even
less efficient than the one used by Junge.

_However, there is also evidence that in some instances this impactor had
an efficiency close to that of a filter (Castleman et al. 1974). Moreover, Bigg
(1975) reported the results of two comparative measurements using an impactor and
filter which gave on two occasions (2 days apart) 19.4 per cent and 85 per cent mass
collection efficiencies for the impactor. Bigg theorises that this discrepancy
might be caused by -the state of the collected particles: 1liquid particles stick
better to the collecting surface than frozen ones.

Based on these conflicting data, one possible way to evaluate Mossop's
instrumentation collection efficiency is to compare the total mass concentration of
sulphates obtained, at that time, from sampling with filters to that computed from
his reported size distribution.

Castleman et al. (1974) report sulphate concentrations sampled by an IPC
filter on 21 May 1963, at the height of 18.3 km over Tasmania (41.505; 146.S°E) of
4.4 pg scm '*, This is equivalent to a sulphate concentration of ~ 0.3 x 107 !2
g cm ° at the height of 20 km (air density = 8,89 x 10°° g cm ), Mossop's size
distr%butiong measured during May and June 1963 at around the same location (40
to 45°S; 1457E), and after applying the abovementioned correction curve supplied
by Bigg, give sulphate concentrations of 0.07 to 0.14 x 10’2 g cm™® at the height
of 20 km. Thus, Mossop's mass collection efficiency at that time, for particles
bigger than 0.2 um seems to be low by about 20 to 40 per cent.

However, even if we assume particle number densities 5 times larger than given
in Table 2 column B, the reduction in direct solar radiation over northeast Aust-
ralia and Tasmania would amount to only, respectively, 2.5 per cent and 0.5 to 1.25
per cent.

(b) 'Small’ particles

As was pointed out earlier, Mossop's measuring technique was not able to
sense particles of radii less than about 0.1 um. It is then possible, in principle,
that large concentrations of 'small', a < 0.1 pm, particles were present in the
stratosphere and that they may have exerted a substantial influence on solar radi-
ation.

Before considering the possible presence and the hypothetically large effect of
'small' particles, we wish to introduce and equation for the optical depth T.' The
integral for the extinction coefficient (y) of a medium (vande Hulst 1957, p. 129),
for particles of uniform radii a, a uniform particle-number density N and air layer
thickness L, is given by

T = ma2QNL, .1

where Q = nondimensional Mie extinction efficiency factor (<scattering efficiency
factor, for we assume little absorption).

* scm = standard cubic metre (of filtered air).
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Suppose that the reduction in the direct solar flux over northeast Australia
amounted to 5 per cent, or e = 0.95, T = 0.05. With such a value we can assume
single scattering only was operative (van de Hulst 1957, p. 6). Consider the
hypothetical case of a = 0.05 um. Since such a radius is much smaller than the
wavelengths of solar radiation, we can use the equations on p. 70 of van de Hulst's
(1957) text appropriate to such a case or

_ 8.4 n?-1\?
Qsca =3X (n2+2> e 2

where x = 2ma/A, n=nr+ini and the subscript 'sca' stands for scattering. If n.<<n_,
i r

and we do assume little or no absorption, Eqn 2 may then be reduced to

(n*+n2-2)2
Q, = Ax', A=g 1T el 3
(n2+2)l+
T
Let us insert Eqn 3 into Eqn 1. With T = 0.05 and n.= 1.43, say, we get
NL=25x10"%cm™?), eo. 4

approximately. On the other hand, the total mass M of particles of radius 5 x 10" ° cm
of density 2 g cm ® in a vertical air column of unit horizontal cross-section and
of depth L would amount to

M= 2.6 %10 %(g cm 2). vees S

Eqn 5 is about half an order of magnitude larger than average 'Agung particle load'_
estimated by Deirmendjian (1971, p. 50), which is, for a particle density of 2 g cm 8,

about 6 x 10°°¢ g cm 2

That in the case of 'small' particles a very large mass per vertical column is
required, is explained by the fact in Eqn 2 that the scattering efficiency of small
particles is, at any given wavelength A >> a, proportional to the fourth power of
the radius. It therefore decreases more rapidly with size than the particle mass,
which is proportional to the cube of the radius.

Because of the very large total mass required in the case of small particles in
order to effect a notable reduction in the direct solar flux, we feel that the
case for a decisive role by small particles over northeast Australia (or over
southeast Australia, for that matter) is discouraging.

A renewed reference to the solar radiation data for the Melbourne area (Dyer
and Hicks 1965, Fig 1) shows that, while the reduction in the direct solar flux
was considerable, so was the increase in the 'diffuse' component (~ forward scatter)
and, as a result, the decrease in the total solar radiation was about 7 per cent.
Now, in the case of 'small' particles, the backscatter is about as large as the
forward scatter (Rayleigh scattering). Since the total radiation did not diminish
greatly, backscatter must have been comparatively small. This observation is a
further item of evidence against the possible importance of the contribution of
small particles in bringing about the measured changes in solar radiation. The
foregoing inference implies, however, the assumption that we can extend our
conclusions for southeast Australia to the situation that prevailed over the
northeast.

It is certainly true that estimates of the particle sizes both for the 1883
Krakatoa and the 1912 Katmai eruptions (see brief review in van de Hulst 1957,
p. 422), indicated the dominance of 'large', a > 0.1 um particles.
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(¢) Tropospheric particles

High concentrations of tropospheric particles could have contributed to the
depletion of direct solar radiation, In fact, Dr E.K. Bigg, Division of Cloud
Physics, CSIRO, noted (letter of 24 October 1973) on a flight from Sydney to
Darwin, in northeast Australia, at about latitude 20°s on 17 July 1963, strong
indications of large particles in the troposphere. Dr Bigg points out, addition-
ally, that northeast Australia has its minimum convective activity and no rain from
May to September. In fact, a reference to a publication of the Australian Bureau
of Meteorology (1963) indicates that in May 1963 rainfall in the northern section
of Queensland (close to 145°E) amounted to about 2.2 mm with only one rain day.
In the subsequent two months virtually no rain (less than 0.25 mm per month)
was recorded. The southern area of Queensland received over that period somewhat
more rain, during one or two days each month. It is then conceivable that in the
absence of the 'cleansing' effect of precipitation, the troposphere may have
had large concentrations of solid particles.

We have hoped that surface visibility data might be available from a climato-
logical station for the region of Mossop's stratospheric sampling work and that
these data might provide, perhaps, a qualitative intimation of tropospheric
particulate pollution. Our inquiries have shown, however, that no reliable observ-
ations are available for the area and period of interest.

Our own experience with visibility conditions in Israel's Negev Desert during
the usually rainless four to six summer months is that periods of poor visibility
due to any heavy particulate load are not protracted. Certainly, we do not have
on record periods extending several weeks. 1In the case of scutheast Australia,
the reduction of the direct solar flux by about 20 per cent lasted nearly three
months. Moreover, the abovementioned publication of the Australian Bureau of
Meteorology indicates that from May to July 1963 Aspendale received heavy rains
amounting to 150 to 200 per cent of normal, with 16 to 21 rainy days per month.

It is thus virtually certain that the observed considerable reduction in solar
flux in the Melbourne area could not have been due to tropospheric particles, which
must have been 'washed out' by the heavy precipitation.

It will be safe to sum up this subsection by saying that although we do not
have adequate data for or against the case of heavy and protracted tropospheric
particulate pollution over northeast Australia, indirect evidence does indicate
that the substantial reduction in the direct solar beam at the time in the Melbourne
area was caused by particles located above the troposphere.

(d) Multiple scattering

Based on experimental evidence, it is customary to assume that if the optical
depth T of a particle layer is less than, say, 0.1, then multiple scattering is
negligible (van de Hulst 1957, p. 6). Let us return to Eqn 1 in order to estimate
if multiple scattering may have been of importance.

If we increase the equivalent radii in Mossop's size distribution for 28
May 1963 by one third, in order to make allowance for the coating, the average
radius works out as 0.55 um. Let us choose a value Q = 4, which is large'as
extinction efficiency .factors go. In Mossop's data* for the abovementioned day, N
= 0.16 cm™ %, Finally, if L = 10 km, then T = 6 x 10”%, This latter value is so
small that even if we increase it by a factor of 10 we -are still below the value
T = 0.1. As was pointed out above, multiple scattering is negligible at values of
T smaller than about 0.1.

* It is worth pointing out that the largest number density of particles measured
by Mossop is that for 28 May 1963. Table 1 of Mossop (1964) indicates that the
next sampling over northeast Australia took place on 11 June 1963. Not only is
the particle number density reported for the latter date lower than for 28 May,
but so are the maximum, minimum, and median particle dimensions.






