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Atmospheric boundary layer
measurements in the Weddell Sea

EDGAR L. ANDREAS

U.S. Army Cold Regions Research and Engineering Laboratory
Hanover, New Hampshire 03755

The atmospheric boundary layer component of the Weddell
Polynya expedition (wEP0LEx-81) was one of the most intensive
measurement programs ever carried out over floating ice in the
Antarctic. Our research involved four distinct, yet complemen-
tary, sampling programs: upper-air soundings, surface-layer
profiling, spectral measurements of surface-layer turbulence,
and routine meteorological observations.

Two radiosonde systems for upper-air sampling were avail-
able on the Mikhail Somov. We used the MicrocoRA automatic
sounding system, manufactured by Vaisala of Helsinki, Fin-
land, to make soundings of wind velocity, temperature, humid-
ity, and pressure at 0000 and 1200 Greenwich mean time each
day. Between 15 October and 16 November 1981 we collected 65

sets of such profiles, usually from the surface to an altitude of 20
kilometers. With an Airsonde system made by A.I.R., Inc., of
Boulder, Colorado, we made closely spaced soundings of tem-
perature, humidity, and pressure to roughly 5 kilometers in
regions of special interest. We made 46 Airsonde soundings,
including transects as the Somov entered the ice on 20 October
and recrossed the marginal ice zone during the period 11-14
November. During both of these transects, the wind blew from
the open ocean onto the ice, so modification of the planetary
boundary layer was dramatic. On two occasions we attached
both the MicrocoRA and the A.I.R. radiosondes to the same
helium-filled balloon and made simultaneous soundings to
compare pressure, temperature, and humidity data obtained
from the two systems (Andreas and Ackley in preparation).

The standard meteorological observations made on the Somov
included recordings every 3 hours of wind speed and direction,
air, water, and dew-point temperatures, ice conditions, and
cloud cover. In addition, total Sun and sk y radiation, reflected
shortwave radiation, net all-wave radiation, and surface (ice)
temperature were recorded every hour. With this data set we
will estimate the surface energy budget at hourly intervals along
the Somov's track through the ice.

We collected 21 sets of surface-layer profiles of wind speed,
temperature, and dew point with a boom deployed from the
helicopter deck of the Somov (figure 1). Because the biological

Figure 1. The profiling mast deployed from the helicopter deck. U, 0, and T indicate, respectively, the location of instruments for measuring wind
speed, dew point, and temperature.
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Figure 2. Some profiles of measured temperature (a) and dew point (b). The error bars indicate plus and minus one standard deviation. The
numbers under the profiles indicate the measured value at the lowest level and the run number (In parentheses).

and physical oceanographers on the expedition used winches
located on the starboard side of the Somov for their casts, they
preferred to have the ship crosswind with the wind from star-
board. Therefore we ran our boom out from the rear, starboard
corner of the helicopter deck and then rotated our instrument
mast into the wind. The ship thus did not disturb the airflow at
our instruments very much, and all three measurement pro-
grams—boundary layer, biology, and physical oceanography—
could go on simultaneously.

Our profiling mast was instrumented at three levels. Each
level had a General Eastern 1200MPs system for measuring tem-
perature and dew point and a Gill propeller anemometer, made
by the R. M. Young Company, for measuring wind speed. A
wind vane at the top of the mast was used for orienting the
instruments into the wind.

Figure 2 shows some of the temperature and dew-point pro-
files we collected. These profiles are rather complex because we
encountered a variety of surface conditions. Andreas (1982) and
Andreas, Williams, and Paulson (1981) have shown that when
an atmospheric flow encounters a change in surface moisture or
temperature, an internal boundary layer—a region near the
surface in which the flow is affected by the new surface—
develops according to

hIzT	1.31 (X/zT)08,

where X is the fetch over the new surface, h is the maximum
height at X that is affected by the new surface, and ZT is the scalar
roughness length, that is, the height at which the extrapolated
temperature or humidity profile equals the surface value of the
variable. With ZT typically 0.025 centimeter over water and with
the height of our highest profiling level about 11.5 meters, this
equation shows that if the surface change was less than 120
meters upwind of our mast, the upper instruments were above
the internal boundary layer and so were not influenced by the
new surface. For longer fetches, all instrument levels were
within the internal boundary layer.

Since we know this cutoff fetch, we can define three types of
surface regimes and their corresponding profile runs:

• Ice—at least 90 percent ice cover upwind of the instrument
mast: runs 3A, 313, 7, 8, 9, 10, 15, 16;

• Open water—open water for at least 300 meters upwind:
runs hA, 1113, 13A, 13B, 14, 17, 18, 21; and

• Ice and water—roughly 50 percent ice cover for at least 100
meters upwind, at least 90 percent ice beyond: runs 1, 2, 5,
6, 19, 20.

Surface conditions generally control the shapes of the tem-
perature and dew-point profiles. For example, although the
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dew-point profiles for runs hA, 11B, 13B, and 14 are consistent
with our categorizing of them as "open water" runs, hA and 11B
show unstable temperature profiles while 13A, 13B, and 14 have
very stable profiles. This is because for the former runs the air
temperature was lower than the water temperature (about
-1.9°C); for the latter runs it was nearly the same or higher
(compare Andreas et al. 1979).

We wish to acknowledge the support of National Science
Foundation grant DPP 80-06922. John Rand designed and built
the surface-layer-profiling boom, and Stephen Ackley assisted
with the measurements. Alexander Makshtas was responsible
for the hourly meteorological observations. Ed Lysakov helped
with Airsonde operations. Stanislav Bobrov and Valerii
Posazhennikov of the Somov made the MicrocoRA soundings.
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