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ABSTRACT

The use of artificial radio-activity measurements to study atmospheric transfer pro-
cesses is particularly attractive in the Southern Hemisphere because of the absence
of atomic testing at other than equatorial regions.

Observations of volcanic dust at Aspendale (38° S) following the Bali eruption of
1963 show that the bulk of the material arrived in these latitudes after about six
months at a height of 20 km. Simple diffusion theory would imply a horizontal transfer
coefficient of 4 x 10° cm? sec~!. A similar value would be inferred from the initial
appearance of artificial radio-activity in rainfall following the 1962 series of atomic
tests at the equator.

However, stratospheric sampling carried out at Mildura (35° 8) indicate the poleward
transfer of fission products to be rather complex. The first arrival after about six
months is well demonstrated at a height of 18 km; but other, stronger centres of
activity appeared at 33 km after 6-9 months, and at 25 km after 12 months.

Seasonal effects are observed in all tracers, but with the various maxima occurring
at slightly different times of the year, presumably due to the different heights involved

in transfer from an equatorial reservoir.

1. Introduction

In recent years there has been considerable
interest in attempting to document the large-
scale transfer processes in the stratosphere by
means of various tracers. Some definite patterns
are now emerging although individual studies
occasionally appear to yield contradictory re-
sults. Most of these investigations have been
confined to the Northern Hemisphere.

The need to extend this type of research to
the Southern Hemisphere can be advanced for
a number of reasons. There is a distinct possi-
bility that the circulations in the two hemispheres
are not identical. Some experimental evidence
of this is already available from ozone observa-
tions. Where artificial radio-activity is used as
a tracer the Southern Hemisphere offers unique
opportunities in that no large atomic bombs
have been exploded south of the Equator at
any time. Thus the ambiguity regarding the
source of fission products which exists in the

1 Paper presented at the CACR Symposium on
Atmospheric Chemistry, Circulation and Aerosols,
Visby, Sweden, August 18-24, 1965.

Northern Hemisphere does not arise. Further-
more, although interaction between the two
hemispheres is generally considered to be very
small, there have been recent suggestions of a
very definite link at heights of the order 50-60
km (GoLpsMITH, 1962).

The present paper summarises recent infor-
mation which has been obtained in a series of
investigations by members of the C.S.I.R.O.
Division of Meteorological Physics, Australia.

Measurements of total ozone by means of the
Dobson spectrophotometer have been obtained
at the main laboratory at Aspendale, Victoria
(38° S) since 1955, at Brisbane (27°8) since
1956, at Macquarie Island (54° S) since 1957
and at Port Moresby (8°8) since April 1965.
Recently a programme of ozone soundings using
the Mast-Brewer instrument has been instiga-
ted at Aspendale.

Artificial radio-activity occurring in rainfall
at Aspendale as a result of nuclear tests has
been measured since 1958. Similar data is also
available for other Australian stations in papers
published by the Australian Atomic Weapons
Test Safety Committee.
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A continuous record of solar radiation data
has been obtained at Aspendale since 1959 by
a variety of meteorological instruments. Re-
cently these data have been re-examined and
have yielded considerable information regard-
ing the movement of volcanic dust from the
Bali eruption of March 17, 1963.

2. Ozone observations

Monthly mean values of total ozone observed
at Aspendale are presented in Fig. 1. The
familiar spring increase is seen with the maxi-
mum occurring in September of each year.
Using the Aspendale ozone date up until 1961,
Funk & GARNHAM (1962) drew attention to a
two-year cycle. The more recent data of Fig. 1
for the years 1962-1965 reveals a modification
of this feature, such as would occur if the
oscillation were not exactly biennial. A more
complete discussion of this is being prepared
for publication elsewhere (Kulkarni).

KUuLKARNI (1962) has discussed the distribu-
tion of ozone with latitude in the Southern
Hemisphere and finds that the greatest amount
occurs in October at a latitude of 54°S. This
is unlike the Northern Hemisphere where the
Spring maximum occurs at much higher lati-
tudes. The Southern Hemisphere “Spring”
maximum i8 found to occur in September at
38° 8, in QOctober at 54° S and in December at
75° 8.

In a recent analysis of Umkehr measurements
Kulkarni (private communication) has con-
structed height-latitude distributions of ozone
for the Southern Hemisphere. These show
features similar to many other tracers with
isopleths of maximum concentration sloping
downwards from 30 km at the equator to 20
km at the pole in summer, and with the maxi-
mum concentration in spring occurring at 54° S
at a height of 20 km.
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F1e. 1. Total ozone at Aspendale 38° 8.
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Fie. 2. Quantity of volcanic dust inferred from solar
radiation measurements at Aspendale and the South
Pole.

3. Volcanic dust

Following the Mt. Agung eruption on March
17, 1963, at Bali (8° 8), the volcanic ash is known
to have spread on a global basis at a height
in middle latitudes of about 18-20 km (Hoegg,
1964; Mossop, 1964; MEINEL & MEINEL, 1964).
Solar radiation data at Aspendale and the
South Pole have been used to illustrate the
arrival of the dust layer (FLOWERS & VIEBROCK,
1965; DYER & Hicks, 1965).

If I represents the normal value of the direct
golar beam at the surface of the earth and I
the value found in the presence of voleanic dust
it can readily be shown that the quantity
Veostt +2k/RIn(I/I) is an index in arbitrary
units of the quantity of dust present. { is the
zenith angle, 2 the height of the dust stratum
and R the radius of the earth. Except when the
sun is very close to the horizon and the reduc-
tion AI of the solar beam is large, the above
expression reduces to cosl-AI/l

In Fig. 2 the solar radiation data is analysed
in this way. Data for the years 1957-1962 were
used to establish the normal values of the
South Pole. The years 1958-1962 were used in
a similar manner for the Aspendale data.

The major arrival of the dust occurred at
38° S after 4-5 months and after 11 months at
the South Pole. A return of the dust at reduced
intensity is evident at 37° S for the winters of
1964 and 1965. This is consistent with the
occurrences of spectacular sunsets over Southern
Australia during late 1963, the winter of 1964,
and to a lesser extent the winter of 1965.

Applying simple diffusion theory in the fami-
liar form x%/2 Kt =1 for the arrival of the first
maximum concentration we find K values of
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Fie. 3. Total f-activity in rain water at Aspendale and over Southern Australia.

4 x10° cm? sec~! for Aspendale data and
1.4 x 101 ¢m? sec~! for the South Pole data.
Alternatively a meridional mean motion model
would require poleward velocities of 25 cm sec—!
and 32 cm sec! respectively. These values are
consistent with those suggested by other tra-
cers. A discussion of seasonal effects on the
basis of either diffusion theory or mean motion
would require setting up an elaborate model,
and would be beyond the scope of this paper.

4. Artificial radio-activity

Measurements of total f-activity in rainfall
at Aspendale since 1958 are presented in Fig. 3
in the form of specific activity. Similar data
published by the Australian Atomic Weapons
Test Safety Committee averaged for Perth,
Adelaide, Melbourne, Hobart and Sydney are
included. These stations lie in a narrow latitude
belt (32° S—43° 8).

Seasonal effects are clearly evident for the
years 1959, 1960, 1961, 1963 and 1964, with
the maximum specific activity occurring in
November—December. No atomic tests were
conducted in the Southern Hemisphere during
these years. The arrival of new debris approxi-
mately six months after the 1958 and 1962
tests is clearly responsible for the broader peaks
of these years. Decay measurements verified
the origin of these fission products (DYER &
YEo, 1960; Dyer & Hicks, 1965).

There is evidence of a long stratospheric
residence time in that, except for the periods
of fresh injections the general level of radio-
getivity shows little diminution over several
years. A further evaluation of this aspect re-

quires either correction for decay or the use
of individual long-lived isotopes.

The arrival of new material in middle Southern
latitudes from the 1962 equatorial tests is
graphically illustrated in data from the balloon-
borne soundings made at Mildura (34° S) (Hasr,
1961-1965) (Project, “HIBAL” carried out by
Australian Department of Supply and Health
and Safety Laboratory, U.S. Atomic Energy
Commission). Fig. 4 shows a time-height ana-
lysis of measurements obtained of concentra-
tions of Sr?°.

It is clear that the initial arrival of debris
some six months after the 1962 tests occurred
at a level of about 18 km. However, another
centre of concentration arrived early in 1963
at the 32 km level and the greatest concentra-
tion in the middle of 1963 at the 25 km level.
All of this material has isotopic ratios showing
it to be of recent origin. This should not be
construed as evidence that the stratosphere is
well mixed, as is sometimes done, but merely
as an indication that all the material comes
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Fic. 4. Sr®® concentrations at Mildura (34°8)
(d.p.m./1000 S.C.F.).
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from the same test series. Indeed, the concen-
tration diagram of Fig. 4 illustrates that the
stratosphere is not well mixed.

Seasonal effects are illustrated by the arrival
early in 1961 and 1962 of concentrations of Sr??
at the 23 km level. There is a strong suggestion
in the slope of the isopleths of about 1 km/month
that this material is responsible for the maxi-
mum fall-out observed in rain 8-9 months later.

5. Discussion

The evidence provided by the radio-active
fall-out measurements and the volcanic dust
data clearly indicates that the stratospheric
transfer processes between equator and the
South Pole involve times of the order of six
months to middle latitudes and eleven months
to the pole.

Seasonal effects are evident with different
tracers showing maxima at slightly different
times of the year, presumably due to their
occurring at different heights.

A plausible suggestion would be that there
is an equatorial reservoir of the various tracers
considered at different heights being drawn on
at different times of the year. There is consider-
able support for this suggestion from the 26-
month wind oscillation recently discovered.
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This moves downward in the equatorial strato-
sphere at the rate of about 1 km/month. Such
a wind oscillation requires an inflow and out-
flow of momentum, presumably by eddy trans-
fer (TUCKER, 1964). Mixing of this sort would
transfer particulate matter away from an
equatorial source with a 13-month cycle. Dif-
ferent levels would be drawn on at different
times in the same way as momentum. This
process may be superimposed on a genuine
(12-month) seasonal transfer.

The present results are encouraging and
indicate that observations of the Southern
Hemisphere circulation are broadly consistent
with those being made in the Northern Hemi-
sphere. Some differences have been observed,
however, in the case of ozone.

Further work at this laboratory is being
planned to investigate the interaction between
stratosphere and troposphere. An ozone sound-
ing programme is already under way and is
expected to yield informative results. Measure-
ments of various cosmic-ray produced isotopes
have begun with a view to constructing profiles
extending into the stratosphere. It is also
intended to make observations of water vapour
in the stratosphere such as has already been
carried out in the Northern Hemisphere.
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A.J. DYER

MCKRYCCTBEHHAA PAJUOAKTUBHOCTD O30HA M BYJHAHMYECKON NBLJAU KAR
TPACCEPA ATMOC®EPHI B I0}KHOM IOJVYIIAPUHN

Wcnonb3oBanne MaMepeHHuit NCKYCCTBEHHON pa-
MOAKTUBHOCTH AJIA M3YUeHHA IPOLIECCOB Iepe-
Hoca B armocdepe oco0eHHO NpHBJIEKATEIbHO
ana IOmHoro moaymapus, BCIIe[CTBHE OTCYT-
CTBMA UCHBITAHMII aTOMHHX GoMG B ApPyrux
06J1acTAX, KPOMe BKBATOPHAJIBHBIX.

Ha6aonenuna ByIKkaHUYeCKOH Mbiin B AceH-
petine (38° 1o.m.) mocide wW3BepHeHMA HA O.
Bamu B 1963 rogy mokasanu, 4TO OCHOBHAA
Macca IBLIM JOCTHIVIA 3THX LIHMPOT CNYCTA NpH-
MepHO IIecTb MecAneB Ha Buicore 20 kM. Ilpo-
cran nupdysuoHHaa TeopuMA HOAPaA3yMeBaa
66 KO3(PUIIMEHT TrOPHU3OHTAJNBHOIO IEPEHOCa,
paBuut 4 x 10° cm2cex~!. ITomo6Hasm BeaumuHMHA
Moriia Gbl GBITH NOJyYeHa M3 IIEPBOHAYAIBHOTO
MOABJIEHNA MCKYCCTBEHHOW DAXMOAKTHBHOCTH B
BHIAJeHUAX OCAXKOB, IOCJEJOBaBUIMX 34 Ce-
pHelt MCIIHITAHUA aToMHBIX GoM06 Ha sKBAaTOpe B
1962 rony.

Oanaxo, npo6Gel B crpaTtocepe, NpPOBEXEH-
Hele B Muagypa (35° 10. II.) yKashBaWT, 4YTO
HanpaBJIEHHBI K I0JIOCY NepeHOC AeMANMXCH
NIPOAYKTOB ABIAETCA MOBOJBHO CJOMHHBIM.
Tlocne miecTu Mecsnes nepBoe TOfABJIEHNE Jesisf-
IMXCA MPOJAYKTOB Xopoio o6HapyxnBaeTcsa Ha
Bricote 18 kM, HO gpyrue, Gojee cuibHBIE
HEHTPHl AKTHBHOCTH MOABIAIOTCA HAa 33 KM
nocie 6-9 mecsaues, m Ha 25 kM — mnocie 12
MecAIeB.

CesonHble 3(dekTH HaAGIXIOOAITCH BO BCeX
TpaccepaX, HO € Ppa3JINYHHMH MaKCHUMYMaMH,
HMEIUMHUCA B cJIa6ooTiIMYAIONINeCH BpeMeHa
rojga, 4TO NPEAIOJIOMUTEIBHO O6YCIIOBJIEHHO
pasnuyueM BHICOT, HAa KOTOPHX IPOUCXOIUT
MepeHoC U3 BKBATOPMANBHOrO peaepByapa.
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