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ABSTRACT

A study has been made of the decrease in intensity of the direct solar radiation at the
South Pole which occurred in late 1963. The decrease has been ascribed to an influx
of volcanic dust in the stratosphere from the eruption of Mt. Agung, Bali. Following
the decrease in 1963, the direct solar radiation values gradually approached their
normal value by February 1966. Measurements of the total solar radiation received
at the surface show a much smaller decrease. The solar radiation budget during this
period is discussed and the influence of the dust on the radiation examined. Air trajec-
tories at several stratospheric levels were used to indicate the height of the influx over
the South Pole and the probable source region of the aerosol outside the Antarctic

continental limits.

1. Introduction

Beginning in 1957, solar radiation measure-
ments have been made at the Amundsen-Scott
(South Pole) Station as part of a comprehensive
surface radiation program. With the exception
of the period from January 1963 to October
1963, when the instruments were returned to
the United States for calibration and other
checks, the program has been in continuous
operation. The solar portion of the radiation
budget was obtained by measuring the normal-
ineident (direct component), horizontal-incident
(total solar radiation), diffuse, and reflected
radiation. In addition, some filter measurements
were obtained of the direct solar beam. A photo-

. graph of the radiation instrumentation at the
South Pole is shown in Fig. 1.

In November and December 1963 a series of
sharp oscillations in intensity of the direct solar
radiation occurred, followed by a marked de-
crease at the South Pole. There was a similar
though considerably smaller decrease in the
total solar radiation measured on a horizontal
surface. These effects are believed to be due to
an influx of voleanic dust at stratospheric levels
from the eruption of Mt. Agung, Bali, in March

1963. Fig. 2. shows a map of the Southern
Hemisphere indicating the location of Mt. Agung
and the Antarctic continent. Only a few of the
Antarctic stations have been labelled for refer-
ence purposes.

2. Direct solar radiation measurements

Direct solar radiation measurements were
made with an automatic tracking Eppley Pyr-
heliometer with an aperture of 5°43" and equip-
ped with a collar containing three Schott filters.
Pyrheliometer #3546 was used from 1959-66.
Information on the calibration and data reduc-
tion techniques for this instrument is given by
Flowers & Helfert (1965). A description of
methods used to confirm the low values ob-
served is given in Flowers & Viebrock (1965).

Fig. 3 shows the daily maximum direct solar
radiation values measured from November 12,
1963, to February 16, 1966. The smooth upper
curve shows the 1957-62 mean values with a
mean deviation of +1.99 which were assumed
to represent the normal daily values.

The radiation instrumentation was removed
on January 1, 1963, and returned in November
1963. Sharp oscillations were first noted in the
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Fig. 1. The South Pole radiation instrumentation. From left to right: Campbell Stokes sunshine recor-
ders, Eppley pyranometer with shade ring, empty platform, upfacing Eppley pyranometer, Eppley
pyrheliometer with filter collar, downfacing Eppley pyranometer, and CSIRO (Funk) radiometer.

normal-incidence intensity curve in late No-
vember 1963. It appears that the observed in-
tensity began to drop sharply in the latter part
of November and early December from 96.39%,
of normal on November 12 to 72.3 % on Decem-
ber 18. After December 18 the intensity con-
tinued to decrease slowly until sunset on
March 21, 1964.

On the basis of this data, it appears that the
atmospheric aerosol causing the reduction in
the normal-incidence intensity arrived in mas-
sive amounts in late November and early De-
cember with only small continuous changes
thereafter. Part of the decrease near sunset is
due to the small solar elevation angle. The low
radiation values near sunrise and sunset of the
following two years show a similar effect. Clouds
of the material seem to have passed over the
station in October, November and early Decem-
ber of each of the austral summers.

The material seems to have spread relatively
evenly throughout the Antarctic region follow-
ing the large input in the austral summer of
1963-64. From October to February of the fol-
lowing two years the normal-incidence values
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Fig. 2. Map of the Southern Hemisphere with the
location of Mt. Agung marked by a star.

are relatively uniform, ranging from 70-799,
of normal in 1964-65 and from 90-959 of
normal in 1965-66. A gradual return to normal
is ovident during this three year period and
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Fig. 4. Extrapolated turbidity factor, T',, for Amundsen-Scott (South Pole) Station. T, increases

downward.
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Fig. 5. Ratio, 4, at Amundsen-Scott (South Pole) Station of the observed total solar radiation on a
horizontal surface for clear skies to the theoretical values for a Rayleigh Atmosphere determined by

Deirmendjian & Sekara (1954).

indicates the attrition of the aerosol through
sedimentation and horizontal transfer.

The comments made above are very clearly
illustrated in Fig. 4. Fig. 4 is a plot of the daily
“extrapolated turbidity factor”, T, (Feusener
& Dubois, 1930), computed from the normal-
incidence values presented in Fig. 3. T, is
Linke’s turbidity factor extrapolated to sea
level. For the 1957-62 base period, the average
daily values were used rather than the smoothed
values. The values for this period centered
around 2.1 as shown by the upper curve. A
sharp increase in the turbidity values occurred
in late November 1963 and continued to in-
crease until March 1964.

From October to February of the following
years the turbidity factors are relatively uni-
form ranging from 3.7 to 5.2 in 1964-65 and
from 2.4 to 3.3 in 1965-66. Gradually as the
atmospheric aerosol was depleted the turbidity
value tended to approach the 1957-62 values.

3. Total solar radiation measurements
Using Eppley 50-junction pyranometer #3070,

total (horizontal-incidence) solar radiation mea-
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surements were made over the same period as
the normal incidence observations. Calibration
and data reduction corrections are discussed in
Flowers & Helfert (1965). This data was com-
pared with theoretical values derived by Deir-
mendjian & Sekera (1954), for radiation reach-
ing the surface through a Rayleigh atmosphere
with multiple scattering.

A graph of the ratio, 4, of the observed
values to the theoretical values is presented in
Fig. 5 for the years from 1961 to 1966. The ratio,
A, was determined for days with clear skies at
1200 GMT. Deirmendjian & Sekera estimated
the radiation on a horizontal surface for several
values of the surface albedo. Their values for
an albedo of .80 were used. The ratio, 4, is a
measure of the attenuation of the solar radiation
due to absorption by ozone, water vapor and
aerosols, and scattering by aerosols. Therefore
a decrease in 4 means an increase in attenua-
tion due to absorption and non-Rayleigh scat-
tering.

The period from 1961 to 1962 was used to
provide a base for comparative purposes. Val-
ues during this period ranged from .89-.97
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from November to February. Similar values
occur in early November 1963. In late Novem-
ber and early December 1963 the ratio dropped
to .89-.92 and remained there until early Feb-
ruary when it began to drop continuously until
sunset. This latter effect near sunset and sunrise
occurs in all the years and is a function of the
low solar elevation angle.

By the following austral summer the values of
A ran from .78 to .93. The greatest fluctuation
occurred during October, November and early
December 1964. In the 1965-66 austral summer
the total solar radiation values have become
almost indistinguishable from those of the base
year. Strong oscillations occurred again during
the spring of 1965.

There are two possible explanations for the
fluctuations which occurred during the spring
of 1964. Since these oscillations seem to occur
at or near the time of the spring stratospheric
warmings, they may be due to the passage of
clouds of the atmospheric aerosol over the sta-
tion. During 1964 and 1965, the ozone absorp-
tion accounted for only part of the amplitude
of the oscillation. It played a greater role in
1965 than in 1964. Therefore, it seems likely
that clouds of material passed over the station
each spring. Following the oscillations the ob-
served values assume a fairly uniform value
which is higher than that for the previous year
indicating an apparently uniform distribution
of the material but of lower density.

It appears, as is also clearly shown by the
direct solar radiation data previously discussed,
that most of the aerosol causing the observed
reduction over the three year period had been
removed from the atmosphere over the South
Pole by 1966.

Simultaneously with the total and normal-
incidence observations, measurements of the
diffuse radiation reaching the surface were made
using a shielded Eppley pyranometer. Even
though the total radiation has virtually re-
turned to normal by 1966 the ratio of the diffuse
to the total is still slightly higher. This is shown
in Table 1 for selected clear days between Feb-
ruary 10 and 15 for five years: two prior to and
three after the arrival of the aerosol. The ratio
is .185 and .210 in 1960 and 1962 respectively.
This is the result of Rayleigh scattering and
scattering by the normal aerosol content of the
Antarctic atmosphere. Following the arrival of
the dust in late 1963, the ratio increased to a
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Table 1. Variation of the diffuse to total solar
radiation ratio for selected days from February

10-15
Normal- Diffuse/
Year incidence Diffuse Total total
1960 .349 079 428 .185
1962 345 .092 437 210
1964 .189 .216 405 .533
1965 .263 .158 421 .375
1966 .329 114 .443 .257

value of .533 in 1964. This was followed by a
gradual decrease in the ratio to .375 in 1965 and
257 in 1966, reflecting the gradual depletion
of the dust.

It should be noted that there was only a small
decrease in the total values. The small decrease
in the total solar radiation accompanying a
large decrease in the direct beam was also ob-
served by Bosua (1963) and Dyer & Hicks
(1965). Similar effects were found as a result
of the Katmai eruption in 1912 (Kimball, 1914).

4. Aerosol source and height

Reduction in solar radiation and increases in
atmospheric turbidity were reported from many
points of the globe beginning in the late spring
of 1963 (Bosua, 1963; Hogg, 1963; Burdecki,
1964; Moreno & Stack, 1964; Volz, 1965; Flowers
& Viebrock, 1965). Simultaneously, many ob-
servers (Hogg, 1963; Burdecki, 1963; Meinel &
Meinel, 1963, 1964; Volz, 1964), reported bril-
liant atmospheric optical phenomena beginning
approximately at the same time. All of these
effects have been ascribed to the eruption of
Mt. Agung, Bali (8°25'S, 115°30'E) on 17
March 1963.

Earlier eruptions, such as Krakatoa in 1883
and Katmai in 1912, produced similar effects.
These have been discussed by various authors
for different volcanic eruptions including Sy-
mons (1888) (Krakatoa), Wexler (1951), (Kraka-
toa), Humphreys (1913, 1940) (Katmai) Kim-
ball (1912, 19134, 1913b, 1914, 1918) (Katmai),
and Rimmer (1937) (Andes in 1932).

Estimates of the height of the aerosol from
the Mt. Agung eruption were made by several
authors using various optical techniques. Mei-
nel & Meinel (1963) using the twilight glow
estimated the dust layer to be at 22.3 km over
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Fig. 6. 50 mb trajectories for air arriving at the South Pole on November 26, December 1 and
December 8, 1963. The diagram in the upper left shows the direct solar radiation values at the South

Pole on these dates.

Tucson, Arizona, in September 1963. In 1964,
they obtained a corrected mean height of the
layer at 17.8 km and the top at 20 km based on
observations in November 1963. Volz (1964)
obtained values of 20-25 km over Weissenau
in November 1963 using similar techniques. In
1965 he estimated the dust in May of 1963 to be
at about 17 km or 100 mb over Weissenau.
Harris (1964) using the extinction of sunlight
reflected from a balloon computed heights of
21-25 km in October 1963 and 19-23 km in
May 1964 over Melbourne, Australia.

Mossop (1964) detected volcanic particles in
samples collected by U-2 aircraft flying at 20
km along 145° E from 15-35°S and 40-45°S8
during 1963 and 1964. Rosen (1964) made a
number of balloon soundings of the atmospheric
aerosol content over Minnesota using a photo-
electric particle counter. His soundings show a
large flat maximum at 80 to 150 mb. The author
makes no attempt to identify the source, but
the large values found in this layer during
1963 and 1964 could be related to the influx of
voleanic debris. Several trajectories were drawn
at 100 mb using monthly mean charts to exam-
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ine the possibility that the dust observed by
Rosen might have come from low latitudes. The
air parcels can be easily traced to low latitudes,
so that an equatorial source for the material is
possible.

Based on the various estimates mentioned
above, daily trajectories were drawn for the
Antarctic region on the 30 (22-24 km), 50 (19—
20 km), 100 (15-16 km), and 200 mb (10--11 km)
surfaces for the months of November and
December 1963. It was hoped that the trajec-
tory analysis would provide some clue as to the
level or layer where the dust was located and
the direction of the influx from the surrounding
oceanic regions. Dyer & Hicks (1965), assumed
a height of 10 km over the South Pole in their
analysis. The actual force of the eruption,
height of injection of the debris and quantity
of material injected are unknown.

Geostrophic trajectories were drawn back in
time beginning on each day from November 15
to December 31, 1963 at the South Pole. Figs.
6-7 show the trajectories from 6 selected days
on the 50 mb surface. The diagram in the upper
left hand corner of the figures shows the South
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Fig. 7. Similar to Fig. 6, but for November 28, December 5 and December 12, 1963.

Pole normal-incidence curve for November and
December 1963. For illustrative purposes, three
cases when the observed direct solar radiation
values were low and three when they were high
were selected for presentation. November 26,
December 1, and December 8 were chosen as
days when the atmospheric attentuation of the
direct solar beam was small. November 28,
December 5, and December 12 represent days
when the attenuation was high.

The trajectories can be divided into two
groups on the basis of the origin of the air par-
cels in the Antarctic region: continental and
oceanic. Termination of the trajectories was

based on three criteria: the trajectory passed
out of the Antarctic region; it entered a region
where the data was insufficient for analysis;
or a firm pattern had been formed after a mini-
mum of ten days. In the figures the trajectories
have been drawn only as far as necessary to
indicate the pattern and to avoid overlapping
of the lines.

The 30 mb trajectories indicated oceanic ori-
gins on December 5, 8 and 12 and continental
origins on November 26 and 28 and December 1.
At 50 mb (Figs. 6-7) November 28, December 5
and December 12 are oceanice, while November
26, December 1 and December 8 are continental.

Table 2. Normal-incidence values vs trajectory origin

Date N.IL 30 mb 50 mb 100 mb 200 mb
26 Nov. High Cont. Cont. Cont. Cont.
28 Nov. Low Cont. Oceanic Cont, Cont.
1 Dec. High Cont. Cont. (7 Cont.
5 Dec. Low Oceanic Oceanic Cont. Cont.
8 Dec. High Oceanic Cont. Cont, Cont.
12 Deec. Low Oceanic QOceanic Cont. Cont.

Tellus XX (1968), 3
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Table 3. Attenuation of the normal solar beam

All radiation values are in ly/min

Total Attenuation due to

Elev, Air Normal attenua- A \

Date angle mass ETR incident tion 0, H,0 Rayleigh Aerosol
14 Jan. 1962 21°2¢ 1.86 2.068 1.565 .513 .067 .031 222 .193
12 Jan. 1964 21°45 1.82 2.068 1.014 1.054 067 0.31 218 738
10 Feb. 1962 14°25’ 2.70 2.054 1.385 .669 .083 .034 .280 272
10 Feb. 1964 14°34’ 2.70 2.064 784 1.270 .078 034 274 884
9 Feb. 1965 14°39’ 2.60 2.054 1.023 1.031 .081 .034 275 641
9 Feb. 1966 14°44’ 2.60 2.054 1.287 .7167 081 034 273 .379

On the 100 and 200 mb. surfaces all the trajec-
tories are continental. Table 2 compares the
trajectory origins with the normal-incident (dir-
ect) solar radiation values.

The correlation between the normal-incidence
(N.I.) values and the 50 mb level appears to be
good; with low N.I. values resulting from clouds
of dust brought in from the oceanic area north
of the continent. This appears to agree with
the assumption that the source of the strato-
spheric dust was north of the continent, probably
Mt. Agung. The major portion of the material
arrived 8-9 months after the eruption.

Another possibility is a continental source,
but no visual or seismic indications of an erup-
tion have been reported from any of the con-
tinental stations. Even with the relatively sparse
network of stations, an eruption of sufficient
force to place material in the stratosphere would
have been easily detectable on a seismograph.

On the basis of the analysis shown in Table 2
and the indications of a source outside the Ant-
arctic Continent, the dust apparently reached
the South Pole at or near the 50 mb level.
It must lie between 16 (100 mb} and 22 (30 mb)
km, a relatively narrow layer. This is in sub-
stantial agreement with the findings of Harris
(1964), who estimated the height to be between
21-25 km in October 1963 over Melbourne,
Australia.

5. Solar radiation budget

The measured surface solar radiation fluxes
for selected days in pre-dust and dust years are
presented in Tables 3 and 4 along with estimate
of the atmospheric attenuation of the incoming
radiation. Two periods were selected for compari-
son between dust and pre-dust years: one when
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the sun is near it highest elevation in January
and one when the sun is lower in the sky in
February. At the South Pole the sun shines
twenty-four hours a day for approximately a
six month period, with very little variation in
elevation during the day. The selected days are
cloudless.

Table 3 shows the attenuation of the direct
beam. During January the solar elevation is
about 21-1/2° with an air mass of 1.82 to 1.86
and an extra-terrestrial radiation (ETR) value
of 2.068 ly/min; while in February the solar
elevation is about 14-1/2° with an air mass of
2.60 to 2.70 and ETR of 2.054 ly/min. The
extra-terrestrial radiation values are based on
a solar constant of 2.00 ly/min. Corrections have
been applied to the normal-incident values for
the effect of the solar aureole (Angstrém, 1964 a,
19645, Angstr('im & Rodhe, 1966). The total
attenuation is simply the difference between
the ETR and the normal-incident value.

Ozone absorption was computed first using
the Vigroux absorption coefficients and assum-
ing that all the ozone was located in a layer at
the top of the atmosphere. Actual observations

Table 4. Horizontal-incident solar radiation

All values in ly/min

Re- Al-

Date Direct Diffuse Total flected bedo
14 Jan. 1962 566 .106 672 545 .81
12 Jan. 1964 .376 .280 .656 541 .82
10 Feb. 1962 .345 .092 437 372 .85
10 Feb. 1964 .197 .208 .405 .336 .83
9 Feb. 1965 .259 .162 421 .349 .83
9 Feb. 1966 .327 .116 443 .363 .82
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Table 5. Diffuse radiation

All radiation values in ly/min

Ray- Ray- Ray- Diffuse Aerosol
leigh Aerosol Total leigh leigh Diffuse (—) —Aerosol cont.
atten. atten. atten. down- down- Albedo —alb.  total cont.to dust
of of of ward  ward effect effect  atten. diffuse atten.
Date direct direet direet 0 alb. .80alb. (6)-(5) Diffuse (8)~7) (9)/4) (8-8) (11)/(3)
(1) (2) (3) (4) (5) (6) (7 (8) ) (10) (11) (12)
14 Jan. 62 .080 070 150 040 .063 .023 .106 .083 .553 .043 614
12 Jan. 64 .080 273 .353 .040 .063 .023 .280 .257 .728 217 794
10 Feb. 62 .069 .068 137 .034 .049 .015 092 077 .562 .043 .632
10 Feb. 64 069 222 201 034 048 014 .208 194 .666 .160 .720
9 Feb. 65 069 162 231 034 .049 015 162 .147 .636 113 .697
9 Feb. 66 .089 096 165 034 .049 .015 116 101 612 .067 .697

of the total ozone made at the South Pole were
used. The spectral distribution of the extra-
terrestrial solar radiation used came from
Johnson (1954). Attenuation due to Rayleigh
scattering was found next by utilizing the rela-
tive diffuse sky radiation from Deirmendjian &
Sekera (1954) for 0 albedo and assuming that
the downward scattered radiation was 509, of
the Rayleigh scattering attenuation. Water
vapor absorption was determined by using the
curves presented by Kimball (1928). All calcula-
tions were based on actual observed vertical
distributions of temperature and moisture.
Above the —40°C level saturation was assumed.
This results in a slight overestimate of the effect
of water vapor. The effect of absorption and
scattering by the atmospheric aerosol content
was obtained as the residual.

There is very little change during a given
period between the pre-dust and dust years in
the absorption by ozone and water vapor and
the attenuation due to Rayleigh scattering. In
January the effect of aerosol absorption and
scattering increased by a factor of 3.8 from pre-
dust to dust year. Similarly in February it in-
creased by 3.75. Gradually it is returning to
the pre-dust value reached in February, 1962.
In February 1965 it is only 2.36 times greater,
while in 1966 it is greater by only 1.39. This
reflects the gradual attrition of the dust with
time.

Table 4 shows the variation of the solar radia-
tion values measured on a horizontal surface.
The total horizontal-incident solar radiation
varies little between dust and non-dust years.
In January it decreased in 1964 to 87.6 %, of the

1962 value, while in February it decreased to
939, of the 1962 value. By 1965 it had returned
to 979 of the 1962 value and in 1966 it was
equivalent to that of 1962.

Even though the direct component shows a
large decrease, this is almost completely com-
pensated by an increase in the amount of diffuse
radiation. This implies that the aerosol causing
the increased attenuation of the direct beam is
primarily a scatterer rather than an absorber.
The albedo has remained virtually unchanged
during this time, so that the amount of radia-
tion reflected and absorbed by the snow varied
directly with the incoming total solar radiation.

A breakdown of the diffuse radiation reach-
ing the surface is outlined in Table 5. Columns
2 through 4 indicate the attenuation of the
direct beam by Rayleigh and aerosol scattering
and aerosol absorption. The values listed in
these columns come from Table 3 with the
appropriate geometric corrections to reduce
them to components on a horizontal surface.

Columns 5 through 7 outline the effect of the
high surface albedo on the Rayleigh seattering.
The downward Rayleigh scattered diffuse ra-
diation was determined by using the relative
diffuse values in Table 2 from Deirmendjian &
Sekera (1954). As done previously the spectral
breakdown of solar radiation from Johnson
(1954) was used here. Deirmendjian & Sekera’s
computations included the effects of multiple-
scattering and albedo. Column 7 represents the
difference between the multiple-scattering in a
Rayleigh atmosphere when the surface albedo
is 0 and .80. The effect of ozone absorption was
removed before the Rayleigh scattering was

Tellus XX (1968), 3
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determined. As is apparent from the table the
high surface albedo of .80 contributes approxi-
mately one-third of the Rayleigh contribution
to the diffuse radiation.

Column 8 lists the diffuse component of the
total horizontal-incident solar radiation from
Table 4. Column 9 is the same as column 8
minus the albedo effect. The ratio of the diffuse
minus the albedo effect to the total attenuation
of the direct beam due to scattering and aerosol
absorption is shown in column 10. The ratio
has increased from a normal to a dust year in
both January to February, implying that there
has been an increase in forward scattering. This
is as might be expected, if there is an increase in
large particles.

By subtracting column 6, the Rayleigh con-
tribution, from column 8, the diffuse radiation,
we obtain the aerosol contribution to the diffuse.
This is listed in column 11. Column 12 indicates
the percentage of the aerosol attenuation of the
direct beam (column 3) that reaches the surface
(column 11). The aerosol attenuation given
here includes both scattering and absorption.
From 1962 to 1964 in both January and Feb-
ruary, the percentage increased, implying a
greater increase in forward scattering than in
absorption or back scatter. In the following
year the forward scattering appears to have
decreased. This may be due to the change in
one of three particle characteristics or, as is
more likely, a combination of them: (1) size,
(2) configuration, and/or (3) composition (Ab-
sorptivity).

Mossop (1963, 1964, 1965), collected dust
particles at 20 km over northern and southern
Australia from an aircraft in 1963 and 1964.
Prior to the incursion of volcanic dust, typical
particles consisted of water-soluble material of
about 1 g in diameter containing insoluble
nuclei about one-tenth of their diameter. Im-
mediately following the eruption large angular
particles covered by soluble material appeared.
By December 1963 the particle size had dimin-
ished and the number of small volcanic par-
ticles had increased. All had a coating of soluble
material. Additionally, prior to the eruption,
the coating on the particles consisted of am-
monium sulphate and persulphate. After the
arrival of the volcanic material the amount of
coating material increased and appeared to
consist of sulphuric acid.

There appeared to be a decrease in particle
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size and an increase in the amount of fluid
coating on the particles with time. Both of these
changes would explain the decrease in forward
scattering observed.

Conclusions

The sequence of events, based on the data
presented here, seems to have been as follows:

1. On 17 March 1963, Mt. Agung, Bali, erup-
ted violently, sending large quantities of vol-
canic material into the stratosphere. The force
of eruption, amount of material injected into
the atmosphere and height of the injection are
unknown.

2. The material gradually spread over the
Southern Hemisphere reaching South Africa in
April (Bosua, 1963), Australia in April (Dyer
and Hicks, 1965; Hogg, 1963), Chile in May
(Moreno and Stock, 1964), and the South Pole
in November (Flowers and Viebrock, 1965),
8 months after the eruption.

3. A large amount of dust did not enter the
region occupied by the circumpolar vortex until
it had weakened considerably in November, At
that time the aerosol entered initially in the
form of impulses or clouds. By the middle of
December the dust had spread evenly through-
out the region. Prior to the massive input in
November and December, which was due almost
entirely to advective processes, some dust had
penetrated into the region by diffusion processes.

4. The dust, which was at a height of 21-25
km over Australia (Harris, 1964), is located in
a relatively thin layer around the 50 mb surface.
It is located between 16 and 22 km over the
South Pole, probably closer to 19-20 km.

5. Most of the dust appears to have entered
the continental area south of New Zealand and
Australia in the sector from Hallett to Mawson.

6. The relatively constant aerosol demsity
indicated by the solar radiation curves shown
in Figs. 4 and 5 during the southern daylight or
summer period each year suggests the depletion
of the aerosol over the Antarctic occurs largely
during the winter or dark period. This question
remains to be explored.

7. Following the arrival of volcanic dust over
the Antarctic continent in 1963, the normal-
incident (direct) solar radiation values fell
sharply at the South Pole, but the total solar
radiation reaching the surface changed only
slightly. The loss from the direct beam was
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almost completely compensated for by the dif-
fuse radiation. This indicates that the particles
were primarily scatterers rather than absorbers.

8. With time there was a change in particle
number and character. The change in number
has resulted in the direct solar radiation values
tending to return to their pre-dust values. A
change in particle composition and mean size
is indicated by a reduction in the amount of
forward scatter.

Additional investigations are now underway
to further examine the effect of volcanic mate-
rial on the observed radiation by utilizing the
pyrheliometric filter measurements; to examine
the effect, if any, on the net radiometer meas-

HERBERT J. VIEBROCK AND EDWIN C. FLOWERS

urements; {0 use the voleanic dust as a tracer
in the study of the Southern Hemispheric cir-
culation with special emphasis on the break-
down of the stratospheric circumpolar vortex;
and to study other meteorological parameters
to find the effect, if any, of the presence of vol-
canic dust.
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HKOMEHTAPHHU K HEJABHEMY YMEHBIIEHNIO COJTHEYHON PAJINA-
N HA IOHHOM ITOJIOCE

IlpoBeneHo M3yyeHMe YMEHbIIEHWA WHTEH-
CUBHOCTM NpPAMON COJHEYHOM paguanUH Ha
10:xHOM moaloce, UMeBIIee MECTO B KoHue 1963
rofa. 9To0 yMeHbilleHMe GHIJIO NPHNUCAHO BIUA-
HMIO ByJKaHuYecKolt melaum B crparocdepe or
H3Bep:KeHNA ByJaKana AryHr Ha o. DBasn.
ITocie ymeubpmenusa B 1963 r. MHTEHCHMBHOCTDb
npsMOol CoJIHeYHON paaMalM NMOCTENEeHHO NMpH-
6amanach K CBOeHl HOPDMAJbHON BeJUuMHe,
pocTursyTtoit B ¢eBpasie 1966 r. llasmepenus
MOJIHOW COJHeYHO! pajguanuu, NpuUxopAimmed k
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MOBEPXHOCTH, YKa3LBAOT Ha ropasmo OGoee
cnaboe yMeHbiIeHHMe HMHTeHCHBHOCTU. OGCym-
AaercA GaJaHC COMHeYHOR pamualMM RJIA 3TOTO
NepHoRa M pacCcMaTPHBAETCA BAMAHUE NBIIH HA
pagnanuio. [JiA YCTAHOBJIEHMA BHICOTH IpH-
ToKa NMeIN K IOHOMY momocy ObLIM MCNOJb-
30BaHBl TPAEKTOPUH BO3IYIIHHX YaCTHN HA pas-
JMYHHIX YPOBHSX B cTparocdepe, MOCITYHKUBIINE
TaKMe NJIA ONpefelleHUA BO3MOMHOIt obaactu
NPOUCXOAEHNA A3PO30JA BHE aHTapKTHYe-
CHOT'0 KOHTHHEHTA.



