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The availability of Eltanin as a platform for stir-
face and surface-based upper air measurements has
rendered notable service to southern hemisphere
meteorology in two important ways. First, the
prompt radio transmission of routine coded weather
reports provided, on occasion, invaluable informa-
tion for synoptic analysis and weather forecasting
in middle latitudes. Second, the unique set of
meteorological data collected over a decade of ope-
rations in what is probably the meteorologically
least-docurnente(l region of the globe has provided
an opportunity to examine the nature and structure
of little-known meteorological processes endemic
to the region. It is also helping to clarify the role
of the circumpolar ocean in shaping the large-scale
atmospheric circulation and global climate.

With the first few years of operations confined
mainly to the southwestern Atlantic and south-
eastern Pacific oceans, the Eltanin meteorological
observations were of most immediate concern to
weather forecasting in extratropical South Ameri-
ca, but contributed also to the hemispheric analy-
sis project of the South African Weather Bureau
and to the International Antarctic Analysis Centre
that operate(l in Melbourne from 1959 to 1965.
'\'Veatlier forecast i ng in the Australia-New Zealand
region is critically del)en(lent on a knowledge of
synoptic patternsto the south and southwest of
Australia—an area devoi(l of fixed observation sta-
tions and rarely visited by shipping. Thus when, in
1968, Ef/aniii commenced operations in this sector
and the Unitedited St ates National Weather Service
[which had maintained the meteorological program
up to this time (Roberts, 1969)  1 found itself unable
to continue, Australia willingly accepted an invi-
tat ton from the National Science Foundation and
the administrator of the then Environmental
Science Services A(ltnin istralion to assume respon-
sibili t y for the onboard meteorological activities.
This report summarizes those activities (luring the

years of Cruises 35 to 55 and highlights their
con trihu lion to soul hem hemisphere meteorology.

Onboard meteorology

The basic meteorological observation schedule
comprised 6-hourly (00, 06, 12, 18 cn) surface
observations and one rawinsonde flight daily (23
(;\fl. approximately) . The surface observations in-
chided all the normal meteorological parameters:

(i) atmospheric pressure to the nearest tenth of
a millibar: measured with a precision aneroid bar-
ometer (uswis type) in the meteorological office ap-
proximately 5 meters above sea level

(ii) wind speed and direction in tens of degrees
and whole knots: for winds coming from "ahead of
the beam," measured with a cup rotor anemometer
oil forward ice house approximately 18 meters
above sea level; for winds from "aft of the beam,"
measured with a Bend ix impellor-type anemometer
oil port aft King post approximately 18 meters
above sea level (measurements in both cases cor-
rected for ship's vector motion)

(iii) air temperature, dry and wet bulb, to the
nearest lentil of a degree Celsius: (luring Cruises
35 and 36 measured with a sling psychrometer on
the quarter (leek (port or starboard) or the fantail
approximately 6 meters above sea level; (luring
Cruises 37-55 with a portable Stevenson screen on
the flying bridge approximately 12 meters above sea
level and (in cofl(litiOIlS of near calm) with an
Assman psychrometer exposed upwindupwind of all ob-
structions

(iv) sea surface temperature to the nearest tenth
of a degree Celsius: measured, for meteorological
purposes, by immersion of a mercury thermometer
in a sea water sample gathered in a brass cylinder
or rubber bucket; three successive identical values
were reqliire(l to confirm a reading

(v) total cloud ('over in octas; also amount, type,
and height of low cloud, type of middle level cloud
and type of high cloud: all visually estimated

(vi) visibility and present andpast weather:
assessed and codified according to standard meteoro-
logical practice

(vii) sea state: significant wave height, period
and direction of travel of sea and swell waves esti-
mated and recorded in half meters, seconds, and
lens of degrees respectively

The rawinsonde flights to determine vertical pro-
files (to 20 kilometers or more) of temperature,
humidity, and horizontal winds consisted of launch-
ing and tracking a helium-filled balloon with pres-
sure, temperature and humidity sensors, 403-mega-
hertz pulse-modulated transmitter and radar target
attached. The shipboard radiosonde equipment
comprised a USWB-type receiver-frequency converter
and recorder switchable to any of three dipole an-
tennas, two forward or one aft. For wind determina-
tion the balloon was tracked with shipboard air-
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search radar. However, the maximum range achiev-
able was between 40 and 45 miles, and targets at
greater elevation than 45 degrees or at low eleva-
tion astern could not be tracked successfully for
more than half this distance. The air-search radar,
which had been inoperative for some time prior to
Cruise 35, continued to be susceptible to equip-
ment failure and, despite considerable maintenance
effort, no upper wind information was obtainable
after Cruise 45. Various types of balloons were em-
ployed for the radiosonde and (when the radar
was operative) rawinsonde flights. Rawinsonde
train release (from the fantail—a short extension to
the main deck at the stern of the vessel) proved a
rather intricate operation in conditions of strong
relative winds; to avoid loss or damage to the equip-
ment, the ship had to be held into the wind during
release. The procedures developed for optimum per-
formance are described by Dingle (1969)

The basic observational program was supple-
mented in a number of ways during Cruises 35 to
55. The additional activities included:

(i) hourly measurements of sea surface and dry
and wet bulb temperatures, temperature at the 18-
meter level, wind speed and direction, atmospheric
pressure, and cloud cover for protracted periods
during the passage of significant atmospheric circu-
lation systems and in the vicinity of oceanic fronts.
In addition, during Cruise 47a and subsequently,
full 3-hourly surface observations were made rou-
tinely

(ii) a second daily radiosonde flight (at approxi-
mately I 10 GMT) that was initiated with Cruise 38
and, except for Cruises 42 and 43, maintained for
the remainder of the program

(iii) solar and atmospheric radiation recording.
Equipment was installed for Cruises 39-49. The
sensors consisted of an Eppley pyranometer and a
Funk net radiometer modified by enclosing the
underside in a black-body cavity whose temperature
was continuously monitored. The radiometers were
gimbal-mounted on the starboard side of the heli-
copter deck. The sensor output and cavity tempera-
ture were recorded on roll charts and an integrator
produced half-hourly averages of the output of both
sensors. The processed records consist of half-hourly
averages of global radiation and downward long-
wave radiation.

Meteorology-related measurements were conduct-
ed in cooperation with, or on behalf of, several
other organizations:

(i) Special sea state observations were conducted
for selected periods at the request of Professor J . F.
Ward of the James Cook University of North
Queensland

(ii) Ice nuclei sampling equipment installed
from Cruise 39 to Cruise 52 was operated on behalf
of Dr. E. K. Bigg of the CSIRO Division of Cloud
Physics at Epping, New South Wales

(iii) Oxygen sampling was carried out for the
U.S. National Bureau of Standards for a short
period and carbon dioxide sampling for Scripps
Institute of Oceanography until the termination of
Cruise 52.

The distribution of meteorological data gathered
during Cruises 35 to 55 is summarized in table 1.
All original records, excluding the special data (i)
to (iii) above are held by the Commonwealth
Bureau of Meteorology in Melbourne. It is expected
that, after appropriate processing and quality con-
trol, all the routine surface and upper air data
from Cruises 35 to 515 will be made available in a
format similar to that of the earlier cruise results
already published by the U.S. Department of Com-
merce (Environmental Science Services Adminis-
tration, 1968, 1970). The radiation measurements
and selected special hourly data also are being pre-
pared for publication.

In addition to gathering meteorological data the
Bureau of Meteorology personnel were engaged
from time to time in various other onboard activi-
ties, including provision of meteorological support
for all scientific and shipboard activities (this in-
cluded monitoring of radio-facsimile broadcasts of
weather charts and prognoses prepared at the World
Meteorological Centre in Melbourne) , precision
depth recorder watch as requested by the USARP

chief scientist aboard (on average about 3 hours per
(lay) ,and participation in the Interrogation Re-
search Location System experiment (Cruises 38-40)

Contribution to operational analysis and
forecasting

Except for the immediate environs of Tasmania
there is not normally, in the entire 90-degree sector
from Kerguelen Island to the longitudes of eastern
Australia, a single meteorological observing site in
the southern ocean. There are no islands and no
permanently sited weather ships. Commercial ship-
ping rarely ventures south of latitude 45°. The few
stations on the fringe of Antarctica are located in a
totally different meteorological regime and give
limited indication of synoptic processes over the
ocean to the north. Satellite pictures regularly
available once or twice daily, since the mid 1960s
have made it possible to identify and track the
major weather systems but give no direct informa-
tion concerning temperature, humidity, wind, and
pressure on which to base a quantitative descrip-
tion of the state of the atmosphere. Such quantita-
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tive Inform ation is essential to the operation of nu-
merical-dynaniical forecasting models.

Time series of data from even a single observing
site in such a large expanse of ocean can, when
used in conjunction with satellite photos of the
Cloud formation, enormously increase the level of
confidence in synoptic analysis. Thus, although
not in a fixed position and clearly not always
from the optimum location, the Eltanin reports
made a major contribution to synoptic analysis over
large parts of the southern ocean with a consequent
improvement in forecasts for regions such as south-
ern Australia. On many occasions synoptic patterns,
ambiguous in the light of satellite data, were clari-
fied by a single Eltanin report. On other occasions,
when only the broad pattern was known, a Se-
quence of Eltanin reports enabled the details of
the pattern to be defined with considerable preci-
sion. Fig. 1 shows a typical cyclonic cloud vortex
moving to the south of Australia. The satellite
picture is a composite from successive orbits of the

F:SSA 8 meteorological satellite and applies approxi-
mately to 00 (;MT on September 6, 1971. The small
black circles along the Australian and antarctic
coasts show the location of regular meteorological
observing stations. The location of Eltanin at 00
GMT is arrowed. Cloud, wind, and atmospheric pres-
sure at 00 GMT are shown plotte(l in conventional
format. Now, by comparing the positions of various
features of the cloud field over several days, the
cyclone's track can be established as only slightly
south of due east and its speed 30 knots. Assum-
ing the pressure field of the moving cyclone to be
changing only slowly, the sequence of 6-hourly re-
ports the cyclone passes over Eltanin may be
interpreted as an equivalent movement of Eltanin
relative to the cyclone. The 6-hourly observations
shown plotted on this basis enable the pressure
field at 00 GMT to be drawn with considerable con-
fidence. The sharp wind change from northerly to
almost due southerly as the vortex center passed
over Eltanin (fig. 1) provides strong evidence that,

Figure 1.
Synoptic situation between southern Australia and Antarctica, at about 00 GMT, September 6, 1971. The small, black circles around
Australia and Antarctica are meteorological reporting stations. Satellite depiction of the cloud cover is a mosaic from several orbits of
the ESSA meteorological satellite. Eltanin observations of cloud cover, wind, and atmospheric pressure from 00 GMT, September 5, 1971,
to 00 GMT September 7, 1971, are arrayed as if the ship were moving relative to the cloud vortex. Atmospheric pressure is in tenths

of millibars, and winds are in the direction of the arrows (each long barb equals 10 knots). Isobars are labelled in millibars.
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Figure 2.
A time section of Eltanin ob-

servations confirms the in-
tensity of the cyclone which
passed south of Australia
during February 17-18, 1969.
Triangular barbs on the wind
arrows equals 50 knots. Fig-
ures to the left of each plot
are temperature differences,

sea minus air.
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in this mature cyclone, the surface pressure mini-
mum was directly below the cloud vortex and the
cyclone's central pressure at about 00 GMT is ac-
curately determined. Fig. 2 shows a rather different
situation. Both satellite information and the slow
backing of the wind indicate that the center of the
cyclone passed well south of Eltanin. Although the
central pressure in this case cannot be inferred so
precisely, the sustained gales (among the most
severe encountered by Eltanin during 10 years in

antarctic waters) provided clear indication to syn-
optic analysts of the intensity of the storm.

Over the decade of Eltanin operations in the
southern ocean, the World Meteorological Centre
(and its forerunners, the Southern Hemisphere
Analysis Centre and the International Antarctic
Analysis Centre in Melbourne maintained con-
tinuous "time sections" of surface and upper air
Eltanin observations received by radio. Unfortu-
nately the failure of the wind-finding radar and the
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Figure 3.
A west coast cross section of
temperature departures from
a	reference	atmosphere
equatorward of the core
region of an idealized cloud
vortex. Vertical scale is in
millibars with 500 millibars
near 51/2 kilometers. Refer-
ence atmosphere has a 74°C
temperature decrease from
the sea surface temperature
to 200 millibars, and approx-
mates	the	climatological
normal through the tropho-

sphere.

fact that the surface and upper air reports could
not always be inserted promptly into the meteoro-
logical communication networks detracted, at times
seriously, from the total value of the program.
There is no question, however, that, during opera-
tions south of Australia, there was direct benefit to
Australian forecasting. Similar benefit was un-
doubtedly derived by other national meteorological
services. Deep Freeze air operations between New
Zealand and the Antarctic received direct support
from the Eltanin meteorological program from time
to time. During operations in the south Pacific
(Cruises 42 and 43), Australia saw fit to continue
to man the program as a contribution to the World
Weather Watch. The termination of the cruises at
the end of 1972 cut short anticipated benefit to the
World Weather Watch and to regional forecasting
during operations in the southern Indian Ocean.

Meteorological research using Eltanin data

The meteorological data gathered during the
Eltanin cruises will provide a basis for research into
a number of aspects of southern ocean meteorology.
Initial studies already have led to important re-
sults. Some of this work is described briefly below.

The Global Atmospheric Research Program
(GARP) Basic Data Set Project (Phillpot et al.,
1971; Thompson, 1971, 1972) aimed to assemble,
for the months of November 1969 and June 1970,
the best possible sets of global meteorological analy-
ses for subsequent research. Though the ship was
not at sea for all of the two months, the available
Eltanin data contributed to both the sea surface
temperature and standard meteorological analyses
over the western Pacific. In particular the extensive
sea surface temperature records permitted confident
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Figure 4.
Association of cyclogenesis
with the dominant oceanic
front of the Australian sector.
Isopleths of the	relative
frequency	of	developing
cloud vortices in summer
(Streten and Troup, 1973)
are compared with the loca-
tion of the Australian Sub-
antarctic Front, from Eltanin

data (Gordon, 1972).

ku

analysis over the limited region of the Eltanin ope-
rations.

Because of the paucity of conventional meteoro-
logical data over the southern ocean, it has always
been necessary to rely heavily on the use of struc-
tural models for synoptic analysis (Gibbs, 1960).
The need for methods to infer the thermal and
dynamic structure of the atmosphere from a know!-
edge of the large scale cloud field has become even
more widely felt with the operational availability
of satellite cloud pictures during the 1960s. The
organized mature cloud vortex (figs. 1 and 2) is
a feature that readily lends itself to structural
modelling. A large number of Eltanin temperature
profiles from the surface to 200 millibars were class-
ified according to synoptic and mesoscale cloud
configuration and combined with radiosonde data
from a few island stations and sea-air temperature
difference statistics (Eltanin and other sources) to
develop the prototype of such a model. Fig. 3 (Zill-
man and Price, 1972) shows a west-east cross section
of temperature departure from a reference atmos-
phere just equatorward of the core region of the
modelled mature cloud vortex.

Meteorologists have long been conscious of the
influence of oceanic temperature anomalies and
gradients on the atmospheric circulation. Data
from Eltanin Cruises 35 to 41 was used in conjunc-
tion with that from Australian antarctic relief
ships to identify the semipermanent features of the
sea surface temperature field likely to exert signifi-
cant influence on atmospheric development south

of Australia. The approximate location of the Aus-
tralasian Subantarctic Front was identified (Zill-
man, 1970) and shown to be associated with a belt
of high evaporation and large heat flux to the
atmosphere (Ziliman and Dingle, 1969; Ziliman,
1972a). Based on satellite data it also appears as a
region of frequent cyclogenesis (Ziliman, 1972a)
Fig. 4 shows the position of the Australasian Sub-
antarctic Front after Gordon (1972) superimposed
on isopleths of the relative frequency of occurrence
of "developing" cloud vortices in summer (Streten
and Troup, 1973). More detailed examination of
the heat and moisture fluxes associated with the
Australasian Subantarctic Front is continuing on
the basis of the further cruise data.

The extensive sequences of hourly measurements
of sea-air energy exchange parameters along with
Eltanin upper-air data have been used to investi-
gate the energetics of individual synoptic systems.
Ziliman and Dingle (1969) and Ziliman (1972a)
evaluated the variation of sea-air heat flux and
evaporation with the passage of atmospheric fronts.
Bullock and Johnson (1972) relied heavily on El-
tan in data from Cruise 37 to adduce evidence that
surface sensible heating may be an important factor
in the generation of available potential energy in
southern ocean cyclones. Their finding is import-
ant in that it suggests that currently accepted con-
clusions on the role of eddy diabatic processes in
the development of cyclones and the maintenance
of the general circulation are open to question, and
reaffirms the belief of Petterssen (1960) that energy
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sources for the general circulation are to be found
at the cyclone scale.

Solar and longwave radiation measurements from
Cruises 39 to 41 were used along with bulk aero-
dynamic determinations of the interfacial sensible
and latent heat fluxes to examine the latitudinal
and seasonal variation of the major heat budget
components in the Australian sector of the south-
ern ocean and to assess the influence of the heavy
cloud cover of the region on short an(l long wave
radiation fluxes (Zillman 1972a, b). Fig. 5 shows
the variation with latitude of the sensible and latent
heat fluxes based on all 6-hourly data from Cruises
35 to 41. Maxima are evident in both fluxes just
poleward of 45°S. This work is continuing, and the
complete cruise data are expected to provide more
definitive information on the heat budget of the
southern ocean than has been available hitherto.

The Antarctic Circumpolar Current is primarily
a wind-driven circulation. The location of climatic
oceanic divergence and convergence zones is largely
determined by the pattern of mean wind stress on
the sea surface. Thus a knowledge of the wind
stress holds important clues to certain basic aspects
of the oceanic circulation. Computation of the mean
wind stress as a function of latitude from all 6-
hourly data of Cruises 35 to 41 suggested a single
maximum in the west-east component near 46°S.
The profile of zonal stress component from these
early data is included in fig. 5.

The high level radiosonde data from earlier El-
tanin cruises were used to ascertain whether the
stratospheric behaviour over the South Pacific is
significantly different from that of other sectors.
The result (H. R. Phillpot, unpublished) suggested
that this was not the case.

Figure 5.
The latitudinal variation of
sensible and latent heat
fluxes from sea to air and
the zonal wind stress on the
sea surface from data of
Eltanin Cruises 35-41 (be-

tween 115' and 1600E).
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The special Eltanin sea state observations com-
missioned by the James Cook University of North
Queensland were used in an evaluation of the po-
tential use of HF radar backscatter with an ion-
ospheric propagation mode to determine certain

features of the sea wave spectra in remote ocean
regions (Dexter 1970, 1972)

Bigg (1973) has analysed the results of the ice
nucleus sampling program on Cruises 39 to 52.
His results show that natural cloud seeding par-

Meteorological personnel and summary of data gathered during Eltanin Cruises 35 to 55

Surface observations Upper air observations
Radio-	Radio-	 Special sea
sonde	sonde	 and swell	Carbon	Ice

Routine Addi- Upper 11 GMT 23 GMT	 observa-	dioxide nuclei
Cruise	Personnel	6-hourly tional winds Approx. Approx. Radiation	tions	samples samples

35	M. L. Fields (uswB)	223	33	52	0	55	Nil	 Nil	 8	Nil
W. R. J . Dingle

36	M. L. Fields (uswB)	241	0	56	0	56	Nil	 Nil	9	Nil
W. R. J. Dingle

37	W. R. J . Dingle	206	148	11	0	48	Nil	 Nil	 8	Nil
F. S. Fernandez

38	W. R. J . Dingle	212	274	69	35	50	Nil	 Nil	 8	Nil
D. McLeod

39	W. R. J. Dingle	206	235	40	42	49	Continuous	July 20-28	8	204
D. McLeod	 records

40	W. R. J . Dingle	254	0	40	0	60	Continuous	Nil	 9	256
C. R. McCulloch	 records

41	W. R. J . Dingle	221	614	0	50	54	Continuous	Nil	 7	32
C. R. McCulloch	 for most of

cruise
42	\V. R. J . Dingle	168	116	0	0	41	Feb 28 to	March 3-6	12	166

S. N. Summers	 March 5 only
43	W. R. J . Dingle	178	280	0	0	43	Nil	 Nil	13	172

S. N. Summers
44	W. R. J. Dingle	221	465	58	23	54	Continuous	Nil	14	216

A. H. Murphy	 records
45	W. R. J . Dingle	195	636	4	48	47	Continuous	Nil	12	194

A. H. Murphy	 records
46	\V. R. J . Dingle	242	561	0	59	60	Continuous	Nil	14	240

A. H. Murphy	 records
47	W. R. J . Dingle	274	926	0	61	66	Continuous	Nil	17	264

L. M. Lloyd	 records
47A W. R. J . Dingle	 79	101	0	16	15	Continuous	April 20	4	82

L. M. Lloyd	 records	to May 9
48	\V. R. J . Dingle	204	523	0	45	51	Continuous	June 28 to	13	206

G. J . Whiteside	 for most of	July 1
cruise

49	W. R. J . Dingle	226	768	0	55	55	Continuous	Nil	12	228
G. J. Whiteside	 for most of

cruise
50	XV. R. J . Dingle	221	660	0	50	54	Nil	 Nil	12	224

M. \V. C. Scott
51	\V. R. J . Dingle	156	423	0	)	)	 )	 )	)

M. W. C. Scott	 ) 58	) 66	Nil	 ) Nil	) 11	) 292
)	)	 )	 )

52	W. R. J . Dingle	117	296	0	 Nil
M. %V. C. Scott

53	M. W. C. Scott	 238	532	0	51	54	Nil	 Nil	Nil	Nil
B. A. McGurgan

54	B. A. McGurgan	251	488	0	58	59	Nil	 Nil	Nil	Nil
G. K. Naughton

55	G. K. Naughton	170	170	0	30	30	Nil	 Nil	Nil	Nil
D. W. Moore

(Approx.) (Approx.)
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tides are not obviously of continental origin. Con-
centrations tend to be highest around latitude 40°S.
at all longitudes visited by Eltanin.

Outlook

Resumption of systematic oceanographic research
cruises in the southern Indian Ocean would con-
stitute a significant contribution to the World
Weather Watch. Likewise, if the GARP experiments
of the latter part of this decade are to be truly
"global" huge data voids in the southern oceans
must be filled. The meteorological community
looks to the availability of such platforms as the
Eltanin to help achieve this goal. Aside from the
short-term benefits, there is a school of thought
with much of its origin in the work of Fletcher
(1969) that sees the brightest prospects for under-
standing the mechanisms controlling climate and
for long-range prediction of climatic trends in pro-
grams to monitor the evolving oceanic heat sources
and sinks. Continued oceanic heat budget studies
such as mounted on the basis of Eltanin Cruises 35-
55 would be invaluable to that end.
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