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The antarctic activities of the Atmospheric Sciences Research
Center party during austral summer 1980-81 were devoted
primarily to conducting the meteorological flight program
aboard an instrumented VXE-6 aircraft XD-03 (159131) and
completing aerosol studies begun a year earlier at Vanda sta-
tion. The table shows the measurements of ozone and aerosol
concentrations taken during the trans-Pacific flight from
southern California to Antarctica.

Vertical profiles were taken during the descent to Barbers
Point (Hawaii) on 9 October 1980 and during the ascent from
Barbers Point on 10 October 1980. Another vertical profile was
taken during the descent to American Samoa on 10 October
1980. While in Christchurch, New Zealand, the crew flew three
missions to investigate the nature of the volcanic plume from
White Island and to intersect air of recent stratospheric history
descending in the vicinity of the jetstream. The vertical profiles
and the findings from the Christchurch missions are not
included in this report.

The results of this trans-Pacific flight, the three preceding
trans-Pacific flights with XD-03, three research missions over
Antarctica with XD-03, previous surface observations by the
authors, and data obtained from high altitudes by the National
Aeronautics and Space Administration GASP (Global Atmo-
spheric Sampling Program) program have been assembled to
provide a theory of aerosol transport over the Pacific. A paper
outlining the theory is being written. The transport hypothesis
can be summarized in three points.

1. Moist surface air, enriched in particulates but depleted
in ozone, is carried aloft by convective cells of the Intertropical
Convergence Zone (rrcz) and spreads, subsiding and drying,
through the tropical troposphere of both hemispheres. The
aerosol concentration in both tradewind zones is quite homo-

geneous with respect to both latitude and altitude above the
trade inversion.

2. The storms of 40°-60°S latitude also carry moist, aerosol-
laden air to considerable altitude. This air flows in the general
direction of Antarctica through the summer. This results in a
relatively homogeneous upper troposphere/lower stratosphere
over Antarctica with gradual, rather than abrupt, changes in
aerosol and water vapor concentration at the tropopause.

3. The mid- and upper-troposphere are the favored trans-
port layers for meteorological transport of gases and particles
into the Antarctic prior to the breakdown of the circumpolar
vortex in November.

S. Barnard and J . Gras began a 3-week series of aerosol and
solar observations at Vanda station in mid-November through
the kind invitation of the New Zealand Department of Indus-
trial and Scientific Research, Antarctic Division. Observations
included particulate number and sizing techniques and mea-
surements of incident solar radiation through various filters
to obtain turbidity factors through different air masses. Pre-
liminary investigations concerning variations in the measured
values through the Wright Valley were made using close heli-
copter support and transects up and along the valley walls.

In an attempt to determine the character of the lower atmo-
sphere above the valley floor eight soundings were obtained
using commercially available temperature (dry and wet bulb)
sondes. The sondes were launched under different weather
conditions and were timed to be relatively close to soundings
at McMurdo. In addition to the soundings, 20 pibals were
released during the observation periods to estimate low-level
wind regimes.

Preliminary results indicate surface aerosol number concen-
trations varied between 100 and 500 per cubic centimeter, with
higher concentrations occurring with increased surface wind
speeds. Greater fluctuation in concentration was seen in east-
erly surface winds than in westerlies (down-valley toward
Lower Wright Glacier). Mean turbidity values (/3 = 0.017)
indicated less attenuation than at the South Pole (/3 0.022),
where values were obtained in late December through January.
Pibals indicated a general westerly flow aloft near the top of
the Asgaard and Olympus ranges regardless of the direction
at the surface, although the westerly appeared stronger during
surface easterlies. Above mountain range level (1,500-2,000
meters above sea level), the temperature soundings were com-
parable to coincident McMurdo soundings and also showed
the general warming and drying effects of the valley below
that level.

This work was supported by National Science Foundation
grant DPP 79-05987.
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Record of ozone and aerosol concentration measurements taken during the trans-Pacific flight

Flight	 Ozone	Aerosol
level	 concentration	concentration

Location	(feet)	 Conditions	 (parts/million)	(per cm3)

West of Point	20,000 Fog and stratus. Easterly wind.	 0.055	300-500
Mugu, California

29°N 139°W	24,000 Cumulus below flight level. Northerly wind.	 0.035	 <200
100 nautical miles	24,000 Wind continued to shift to the west and became weaker.	0.035"	150-200
north of the	 Packed cumulus in the tradewind layer below flight level.
Hawaiian Islands
24°N 150°W

From Barbers	16,000 Cumulonimbus turrets visible at 18°N latitude. Air	 0.035	 350
Point, Naval Air	 relatively dry. Light northeasterly winds.
Station, Oahu,
Hawaii to 18°N

17°N	 18.000 Cumulonimbus turrets. Aerosol and ozone
concentrations increased in the convected air.

120 -1 0°N
	

20,000 Intertropical Convergence Zone (rrcz) marked by	0.010-0.020	500-1,000
extensive band of convective turrets and rising air that
was frequently water-saturated.

4°N
	

22,000 Cumulus became smaller; air became much drier.	 0.038
	

400
Aircraft flew out of the south side of the ITCz.

Southern
	

24,000 Very light wind. Dry air.	 0.020b	 250b
tradewind zone
160S	 -	Air quite moist.

17°S	 16,000 Air considerably drier. Weak westerly wind.

200S	 20,000 Northwesterly winds of 30 knots when the aircraft
entered the temperate zone spring season.

250S	 20,000 Dry westerly wind of 60 knots.
250S	 22,000 Westerly wind of 77 knots. Air slightly more moist.
280S	 22,000 Aircraft apparently passed beneath the core of the

subtropical jet stream. Wind maximum of 97 knots at
300°.

31 0 S	 24,000 Diminished westerly winds. Air uniformly dry.
24	Christchurch, New	18,000 Strong west-northwesterly winds. Large, deep storm in
October	Zealand	 flight track. Slightly turbulent. Water-saturated air.
1980

48.50S	 20,000 Aircraft in clouds. Winds at 290 0 at 80 knots.
51 0S	 20,000 Aircraft topped the cirrus and turbulence. Air slightly

drier. Westerly wind diminished to 60 knots.
580S	 22,200 Some cirrus.
67°S	 Descent for ice reconnaissance in clear air above the

polar easterlies.

"Comparable to measurements taken at Mauna Loa Observatory at 2,800 meters above sea level.
bComparable to measurements taken at 24,000 feet in the northern tradewind zone.

Aerosols over Antarctica and along the Christchurch-to-
McMurdo track were studied from October to November 1980
in experiments involving the science-configured C-130 air-
craft. Over open water and to altitudes extending to approxi-
mately 1 kilometer, sea salt material (indicated by the presence
of chlorine and sodium) predominated as an aerosol, but the
sea salt concentration declined above 1 kilometer, approxi-
mately as exp(-h/H) with H 1 kilometer (h = altitude).
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