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Low-level wind profiles at an Antarctic coastal station
J.C. KING
British Antarctic Survey. Natural Environment Research Council, High Cross, Madingley Road, Cambridge CB3 OET, UK
Abstract: Wind and temperature profiles in the lowest 2000 m of the atmosphere at Halley (75'353,
26'50W) have been analysed. Surfacewinds blow most frequentlyfrom the sector090' f45"but the 2000 m
wind direction is much more evenly distributed and appears to be determined by synoptic-scale pressure
gradients. A simple one-dimensional boundary layer model, which includes the effects of stably-stratified
air overlying a sloping surface, is able to reproduce some of the features of the observed profiles.
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Introduction
Surface winds over the Antarctic continent have long been
noted for their high directional constancy and high mean
speeds. Such observations suggest that the surface wind
field is aresult of stably-stratifiedair in the lower atmosphere
overlying a sloping ice surface and that synoptic-scale
pressure gradients play a secondary role in determining the
surface wind (Ball 1960, Schwerdtfeger & Mahrt 1970,
Parish 1980). These buoyancy-driven flows fall into two
categories: the 'strong katabatic' winds seen in regions of
large topographic slope, such as the coast of AdClie Land
(Ball 1960),and the 'sloped inversion' winds (Schwerdtfeger
& Mahrt 1970) prevalent over the gentler slopes of the
continental interior. In the former case, the fundamental
balance is between the downslope pressure gradient and
frictional forces and the flow is directed more or less down
the fall line. In the latter case, the flow is a result of near
geostrophic balance between the downslopepressure gradient
and Coriolis force, with friction playing a secondary role,
and the flow makes a large angle with the fall line.
The surfacewind at Antarcticcoastal stationsis influenced
by synoptic-scalecycloneswhich movearound the continent
but do not appear to penetrate far inland (Parish 1980). In
regions such as Addie Land, where the steep slopes extend
to the coast, the effects of topographic forcing are also
reflected in the wind regime at coastal srations. In this paper
we examinethe low-levelwind regime of a station separated
from the steep continental slope by a gently-sloping ice
shelf.
Halley station (75"35'S, 26'50'W) is situated towards the
seaward edge of the Brunt Ice Shelf, Coats Land. The
general location of the station is shown on Fig. 1 and a map
showing the local topography in some detail is shown in Fig.
2. The ice front is marked by 30 m high ice cliffs; from here
the surface of the ice shelf rises gently to the Hinge Zone, a
disturbed region where the ice shelf meets the Caird Coast.
Inland of the Hinge Zone, the land rises steeply to the

continental plateau. The surface of the ice shelf is fairly
uniform and, at Halley, is characterized by small sastrugi.
Undulations, with a wavelength of about 1 km, run parallel
with the Hinge Line and reach 5 m amplitude as the Hinge
Zone is approached (Thomas 1973). The Hinge Zone itself
is marked by very disturbed and crevassed ice.
Halley lies to the south of the main mid-latitude cyclone
track but a significant number of cyclones do cross the
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Fig. 1. A location map showing some of the places mentioned
in the text.
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Fig. 2. A sketch map of the Brunt Ice Shelf in the region of
Halley station. Approximate contours in metres, from
Thomas (1973).

Antarctic Peninsula and track far enough south to affcct
conditionsat Halley. Being south of the circumpolartrough,
the mean synoptic pressuregradient forces an easterly flow.
Occasionalintensecoastalcyclonescan generatevery strong
winds and there is evidence (Astapenko 1964, Kottmeier
1986) that some cyclones penetrate inland along this sector
of the Antarctic coast.

Observations
Surface and upper-air observations have been made at
Halley since the station was established in 1957. In 1984, a
Vaisala micro-CORA automated sounding system was
installed. Regular upper-air soundings are made daily at
1200GMT using VaisalaRS-80 radiosondeswhich measure
pressure (P) using an aneroid capsule, temperature (T) using
a bead thermistor and humidity (U) with a polymer capacitative sensor. Wind-finding is accomplished using the
OMEGA very low frequency radio navigation aid. The
sondes are suspended from 700 g hydrogen-filled balloons
and ascend at about 4.5 ms-' on release.
The sonde transmits a completecycle of PTU measurements
every 1-2 s and continuouslyrelays phase information from
the OMEGA stations being received. The micro-CORA
ground station computes FTU values and wind components
at 10-s intervals. This interval is commensurate with the
smoothing applied to PTU values (both as a result of sensor
response time and subsequent processing), but is much
shorter than the averaging period applied to the OMEGA
signals to extract wind information. OMEGA phases are
calculated at 10 s intervals but are too 'noisy' to derive

sensible winds from 10 s phase derivatives. Instead, phase
derivatives are calculated by fitting a regression line to a 4min series of phase values. The winds so derived are thus
highly smoothed and are best regarded as averages over
layers approximately500 m dcep. The wind values reported
at launch time are taken from a surface observation (1.e.
10 m height above ground level) made at this time and the
winds reported during the first 2 min of the sounding are
simply an interpolation between this surface value and the
computed 2-min wind.
Problems have been experienced with the OMEGA windfinding system at Halley (S.P. Gill & D.W.S. Limbert,
personal communication 1987). Only four of the eight
OMEGA transmitters are reliably received. During thc
months September-December disturbed propagation
conditions can lead to very large errors in the derived winds
and fcw reliable wind soundingsare availablefor the months
of October and November.
During 1985, the 10 s FTU and wind data from the first I0
min (about2500 m) of each daily sounding were recorded on
microcomputer floppy disc. An assessmentof the quality of
the computed winds was made for each sounding, based on
a knowledge of the behaviour of the OMEGA signals, and
suspect wind soundings were rejected. The remainder were
transferred to a mainframe computer for analysis.

Profile characteristics
Fig. 3 is a time-height plot of the monthly means of the
northerly and easterly wind components and of potential
temperature in the lowest 2000 m during 1985. For reasons
discussed above, wind profilcs for September through to
November have been omitted.
The mean flow at the surface always has an easterly
component. From January through to March, westerlies are
seen above 1500 m, but during the winter months,
April-August, the mean flow is easlerly up to at least
2000 m. During these months there is an easterly wind
maximum of about 6 ms-I, centred at around 500 m. The
mean northerly wind component is somewhat weaker. At
the surface, the mean flow is southerly, but northerly flow
predominatesat higher levels. The northerly wind maximum
seen during August may not be genuine since OMEGA
propagation errors tend to generate a spurious northerly
component which could be affecting some of [he August
soundings despite careful quality control.
The potential temperature profiles (Fig. 3c) show that the
atmosphereis stably-stratifiedup to at least 2000 m throughout the year. The stratification is strongestduring the winter
months and the annual cycle is most marked at the lowest
levels, as would be expected in response to the annual cycle
of surface heating and cooling.
Wind roses for the surface and nominal levels of 500 m,
1000 m, 1500 m and 2000 m are shown in Fig. 4. These arc
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based on all validated soundings since there are insufficient
data available to look for seasonal variations. Surface winds
are predominantly from the sector 090" f 22'30 and this is
the only sector in which strong (> 10 ms-') winds are
observed. Winds from the south-westerly quadrant are not
uncommon but winds from the north-westerly quadrant are
rarely observed. At 500 m, the distribution is markedly
different. Although winds from the east and north-east still
dominate, other directions are observed with significant frequency. The distribution at ZOO0 m is similar and at 2000 rn
abimodal distributionis observed, with most winds blowing
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Fig. 3. Time-height contour plots of a. easterly wind
component (ms-I). b. northerly wind component (ms-') and
c. potential temperature (K), based on monthly mean profiles
for 1985.

Fig. 4. Wind roses at various levels for Halley, 1985. The
number above each rose is the total number of valid
observations at that level.
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from either the north-easterly or south-westerly sectors.
A measure of the directional constancy of the wind is
given by

' Vectormean
D = { E J = Scalar mean
1

'
1 1

(11
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Table I lists values of D for surface winds at a variety of
stations. The value for Halley,D = 0.55, is comparable with
that for mid-latitude stations and significantly smaller than
values for stations in the interior of the continent or for many
othercoastal regions. The highD-valuesat thesestationsare
a result of the local topography (Parish 1980);at Halley the
local terrain slope is smaller and exerts less of a controlling
influence. The directional constancy falls off rapidly with
increasing height; D = 0.45 at 1000 m and 0.07 at 2000 m.
Table I1 shows the relative frequency of occurrence of
combinationsof 2000 m and surface wind directions. Surface
winds from the easterly sector are observed with almost all
2000 m wind directions, but are most common with northeasterly winds aloft. A second cluster of observations has
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Table I. Directional constancy of the surface wind at selected stations.

Continental interior
South Pole
Vostok
Mizuho
Continental coast
Dumont D'Urville
Capc Dennison
Davis
Casey (Wilkes)
Syowa
Maudheim
Halley
Antarctic Peninsula
Fa raday
Rothera
Antarctic island
Signy

D

Vectormean
speed (ms-')

0.79
0.81
0.96

4.6
4.1
11.1

Parish (1980)
Parish (1980)
Kikuchi el nl. (1 988)

0.91
0.97
0.74
0.61
0.78
0.60
0.55

8.5
19.0
4.6
5.7
5.8
7.4
7.5

Parish (1980)
Parish (1980)
Parish (1980)
Parish (1980)
Parish (1980)
Hisdal (1958)
Author

0.15
0.49

1.1
4.9

Author
Author

0.52

8.8

Author

Source

DIRECTION (DEG)

Table 11. Percentage occurrence of surface and 2000 m wind directions
in 45' sectors.
Surface wind sector

5;

5

'

U
C

8

0

45
90
135
180
225
270
315

0
0.5
0.0
0.5
0.0
0.0

0.5
0.0

0.5

45
90
0.0 2.4
1.0 15.5
1.0 5.8
1.0 3.9
0.0 2.4
0.0 8.3
2.9 5.8
0.5 5.8

135
1.0
1.9
3.4
1.9
0.5
2.4
1.0

0.5

180
0.0
0.5
1.5
1.5
1.0
1.5
0.5
1.5

225
0.5
1.5
0.5
1.5
1.9
1.5
3.4
0.0

270
0.0
1.0

0.5
0.0
1.5
4.9
1.9
1.0

315
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

POTENTIAL TEMPERATURE (K)

Fig. 5. Composite mean profiles of a. wind speed, b. wind
direction and c. potential temperature for the three profile
categories discussed in the text. -- category EE, - - = category EW, . . . . . . = category WW.
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easterly winds at the surface but westerly or south-westerly
winds at 2000 m. Finally, there are a significant number of
observations with westerly or south-westerly winds at the
surface; in almost all of these cases the 2000 m wind is also
westerly or south-westerly. These flow categories will be
referred to as 'EE', 'EW' and 'WW' respectively.
Mean wind and potential temperature profiles have been
calculated for the three flow categories described above and
are shown in Fig. 5. The long averaging period used in the
OMEGA wind-finding algorithm has already been mentioned
and means that the wind speed and direction profiles (Fig.
5a, b) are based on about four independent pieces of information from each sounding. They are thus a heavily smoothed
representation of the 'real' flow.
The mean wind speed profile for the most common flow
category, EE, (surface wind from 090" k 45",2000 m wind
from 070" f 45") has a weak jet profile, with the maximum
speed of 11.8ms-' at about400 m. The wind direction backs
smoothly from 090" at the surface to 060" at 2000 m. When
the surface wind is in the same sector but the 2000 m wind
is from 270" f 45", (category EW) the mean surface wind
speed is somewhat less and the wind speed decreases from
4.2 ms-' at 10 m to nearly zero at 1000 m. From 1000 m
upwards it increases, reaching 5.5 ms-I at 2000 m. The wind
direction backs rapidly from 090" at the surface to about
300" at 1000 m but shows little turning above this height.
Individualprofiles which fall into this categoryoften exhibit
strong shear layers between the low-leveleasterlyand upper
westerly flow. It is thought that these may be important
regions for internal gravity wave generation (King et al.
1987,Rees 1988). When both the surface and 2000 m winds
are in the sector 225" f 45" (category WW) the mean wind
speed stays more or less constant at about 5 ms-I up to 800 m,
then increases steadily to 7.5 ms" at 2000 In. The wind
duection backs by about 20" between the surface and 2000 m.
Mean potential temperature profiles for the three categories
are similar and are shown in Fig. 5c. Above 500 m, the
potential temperature gradient shows little variation with
height andisabout0.007 Km-Iforallcategories,corresponding to a Brunt-Vaisala frequency of about 0.015 s-l. Below
500 m, the mean gradient strengthens, indicating the frequent
presence of strong surface inversions. It is of interest to note
that the lowest near-surfacetemperaturesand strongest lowlevel stabilityare observed when the surface wind is from the
south-westerly sector.
The climatology of the low-level winds at Halley described
above suggests that the near-surfacewind is decoupled from
the 2000 m wind (and hence the synopticpressure gradient),
and the frequent occurrence of winds from a small range of
directions indicates that local topography may exert a large
degree of control over the low-level winds. However, the
decoupling is not complete and the low-level wind appears
to respond to both synoptic and topographic forcing. These
factors are considered in the following two sections.
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Synoptic forcing

As the Antarctic synopticobservingnetwork is rather sparse,
surface pressure distributions have been obtained from analyses
supplied by the UK Meteorological Office. These are
detailed enough to show the synoptic-scale features which
may influence the flow at Halley.
Mean sea level pressure charts for August 1985 were
examined in conjunction with the wind profile data from
Halley. Easterly sector winds at 2000 m (profile type EE)
were generally associated with the passage of a depression
from west to east across the Antarctic Peninsulaand Weddell
Sea. Westerly sector 2000 m winds were seen when there
was a high pressure area over the Weddell Sea (centred at
about 75"S, 40"W) and also, on some occasions, an area of
low pressure centred at about 75"S, 0"W. This latter region
is to the north-west of an area identified by Astapenko
(1964) as a 'settling' region for cyclones which track southwards into the interior of Antarctica.
During August 1985, the 'travelling depression' synoptic
type occurred about twice as frequently as the 'stationary
high pressure' pattern. From this limited study, it would
appear that the 2000 m wind direction is, at least qualitatively,
much the same as the geostrophic wind direction implied by
the surfacepressure field. The rather low value ofdirectional
constancy, D , at 2000 m would appear to be a result of the
two most frequentlyobserved synoptic situationsgiving rise
to geostrophic wind directions which are approximately
180" opposed.
When the synopticpattern is of the 'travelling depression'
type, air reaching Halley will have originatedround the edge
of the Antarctic continent. Stationaryhigh pressure over the
Weddell Sea, coupled with low pressure inland, will tend to
draw very cold continental air from the Ronne-Filchner Ice
Shelf towards Halley. This may explain why lower
temperaturesare observedwhen the2000 m wind is from the
westerly sector.
A model of topographic forcing

Description of the model
The dynamics of flows generated when stably-stratified air
overlies a sloping surface have been discussed already.
Kottmeier (1986) was able to explain the wind regime at
Georg von Neumayer station on the Ekstrom ice shelf using
planetaryboundary layer resistance laws which incorporated
the effects of the baroclinicity caused by the sloped inversion.
Here, a simple one-dimensional boundary layer model is
used to study a similar problem. This has the advantagethat
boundary layer wind profiles, not just surface wind speed
and direction, are predicted and areasonablyrealistic turbulence parameterizationcan be incorporated. The approach is
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similar to that of Brost & Wyngaard (1978) but a different
turbulence model is used.
The model was originally developed by Mason & Sykes
(1982) for initializing a two-dimensional boundary layer
modei and was modified by King (1985) for studies of the
stable boundary layer. It solves the one-dimensional time
dependent Boussinesqequations for incompressible flow of
a stratified fluid over an infinite, plane of uniform slope y
with an angle @ between the fall-line and the x-direction:

au

at,

f v +-+B

-=

shysin$

aZ

at

az,+ B sinycos 4

ay

-=f(u, - u ) +-

aZ

at
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aZ + r(B - B,(z))

(3)
(4)

The co-ordinate frame is defined so that the geostrophic
wind has components(u,, 0). The synopticpressuregradient,
and hence ug,is assumed constant with height. B = g(T- To)/
T,is the buoyancy, where g is the gravitationalacceleration,
T the absolute potential temperature and To a reference
potential temperature. fis the Coriolis parameter and T? T~
and H are the turbulent fluxes of momentum and heat
respectively. The second term on the right hand side or
equation (4) will be discussed below.
Above the boundary layer, the stresses vanish and, in a
steady state, the gradients of wind and temperature are
simply related through the 'sloped inversion thermal wind'
relationship (Parish 1980):
-f

av = sinysin@-3B
aZ
au

f-=

aZ

(5)

at3
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The turbulent fluxes are determinedby first-order closure,
1.e.:
2,

=

K

aZ
(7)

aZ
and a mixing-length hypothesis is used to calculate the eddy
viscosity, K:
1

The mixing length, I , is specified as:
1
_1+- 1
(9)
I -KzQ(Ri) d , Q ( ~ i )
K is von Karman's constant and Q is a function of the
Richardson number, Ri, defined as:

If Ri = 0 (i.e. no stratification) and z << I,, equation (9)
reduces to the familiar Prandtl mixing length appropriate to
the surface layer. As z becomes large, 1 will be limited to ~ 1 , .
The limiting length scale I, is usually assumed to be a
fraction of the boundary layer depth (Taylor 1969). King
(1985) used
40 m and this value is again used here.
Recent measurementsby the author at Halley suggest that a
smaller value of I , may be appropriate. However, under
conditions of strong static stability,1is largely controlledby
the stability function, a,and is not very sensitive to the
choice of I,.
The function @ (Ri) models the damping effect of stable
stratification on turbulent transport. Under neutral conditions, @ = 1 and at some critical Richardson number, Ric,
turbulence will be suppressed altogether. The simplest
functional form for which models this behaviour is:

/I-%Ri,
0

(Ri < R i , )
(Ri 2Ri,)

Ril is set to 0.2 for consistency with the surface-layer
similarity forms used to apply the lower boundary condition.
The upper boundary of the model domain is at z = 3000 m.
Gradients of u, v and B are set to zero, u = (us,0) and B = 0
(i.e. the temperature is equal to the refgrence value, To,and
the region above 3000 m is assumed to be neutrally stratified).
At the lower boundary, a constant buoyancy flux, H,, i s
specified. The surface stress, u:, is then determined by
iterative solution of the integral form of the surface-layer
similarity function for momentum:

where u is the wind speed at the lowest grid-point,height z , ,
zois the roughness length,l= u,3 /KHoisthe Monin-Obukhov
length and a is a constant, set equal to 5 in accordance with
measurements (e.g. Webb 1970, Businger et af. 1971).
Measurements of the roughness length of Antarctic ice
shelves by the author and by others (Liljequist 1957, Konig
1985) suggest that 0.1 mm is an appropriate value for z., H ,
is set to 0.001 m2s3(roughly equivalent to 30 Wm2). This
is typical of the surface heat fluxes observed at Halley and
causes the model to generate a surface inversion of comparable magnitude to those shown on Fig. 5c.
If H # 0, equations (2 ) 4 4 ) can only have a steady-state
solution (&at = 0 ) if the second term on the RHS of (4) is
non-zero. This 'Rayleigh damping' term forces the buoyancy
profile, B(z), to return towards a specified profile,B,(z) with
a time constant r-l. It is included simply as a device to
generatc temperature profiles similar to those observed, but
may be thoughtof as representingeffects,such as subsidence
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and advection,which cannot be included in a one-dimensional
model, and radiative exchanges, which are not included in
this simple model. B&) is chosen to be a linear profile since
observed profiles of potential temperature (Fig. 5c) are
approximately linear above z = 500 m. The mechanisms
which maintain this temperature gradient are not addressed
in this study: the temperature field is taken as given and the
resultant wind field is modelled.
Equations(2)-(4) are representedin finite-differenceform
on a stretched mesh, which allows for additional resolution
near the surface where gradients are strongest. A steadystate solution is obtained for the zero-slope case ( y = 0) by
matrix inversion and is used as an initial condition. The
equations containingthe slope terms are then stepped forward
in time until a new steady-state solution is reached.
The new equilibrium is achieved through an inertial
oscillation about the final state. In the boundary layer this is
damped by the eddy stresses, but above the boundary layer
it is largely undamped and integration has to proceed for
many inertial periods, 2n/f, to reach a steady state. Egger &
Schmid (1988) suggest that inertial oscillations in onedimensional models are often unrealistic; in practice they
are damped out by ageostrophic motions which cannot be
represented in these models. To save computer time, the
following procedure is adopted the initial solution is first
stepped forward for 25 000 s. The solution is then stepped
forward for a further 27tlfs and the profiles are averaged over
this time period. The averaged profiles are then used as a
new initial condition and the process is repeated until a
steady-stateis achieved. It has been found that the profiles
generated after the first averaging period are within a few
percent of the final steady-stateand all fields presented here
are the result of a single averaging process.

Model results
Before the flow at Halley can be modelled, it is necessary to
establish the magnitude and direction of the slope of the ice
shelf. Surveys (Thomas 1973) suggest slopes of order
0.001-0.002. Equations (5)and (6)can be used to calculate
the slope of isopycnal surfaces from the wind and potential
temperature gradients above 500 m shown in Fig. 5. This
procedure also yields a slope of about 0.002. The direction
of the slope is less easy to establish since survey information
is rather incomplete. The Hinge Zone runs approximately
NE-SW and the fall line is probably approximately
perpendicular to this. In fact, model runs agree best with the
observations if the slope is taken as 0.002 and the fall line
directed towards 330".
The model has been used to simulate the three categories
of observed mean profiles shown in Fig. 5. Fixed model
parametersaresummarizedin Table 111: only the geostrophic
wind speed and direction relative to the fall line have been
varied. Model wind speed,direction and potential tempera-

Table 111. Parameter values used in the one-dimensional model.
Parameter
Surface buoyancy flux
Damping constant
Background buoyancy
Coriolis parameter
Surface slope
Roughness length
von Karman's constant
Limiting length scale
Critical Richardson number
Similarity function parameter

Symbol

Value

HO

0.001 mZs"

r
B&)

f
Y
20

K
10

R ic

a

0.0001 s-1
0.0002z-0.6 ms-*
-0.00014 s-'
0.002
0.0001 m
0.41
100 m
0.2

5.0

ture profiles are shown in Fig. 6a-c.
The model potential temperature profiles (Fig. 6c) are a
reasonable approximation to those observed, but this simply
reflects the fact that the background stability, B,(z), the
Rayleigh damping time constant, r-',and surface heat flux
have been chosen to achieve this. The conversion from
buoyancy to temperature has been made by taking a value of
280 K for the reference temperature, To, at a height of
3000 m. The 'surface inversion', or region of enhanced
stability close to the surface, is somewhat shallower than
observed. This may be due to theabsence ofradiativeeffects
in the model or is possibly a reflection of the smoothing
applied to the radiosonde temperaturesby the micro-CORA
system.
If the geostrophic wind is set to 5 ms-1 from 060°, the
modelled wind profile is similar to the observed category EE
mean profile. The modelled 10 rn wind speed is 8.3 ms-',
slightly greater than the observed mean value of 7.3 ms-I,but
the surface wind direction is 090",exactly as observed. The
main differenceslie in the structure of the low-leveljet. The
observed jet is not very sharp and has a maximum of
11.9 ms-' at 400 m. IR contrast, the model generates a sharp
jet profile with a maximum of 14.3 ms-*at 118 m. Both the
model and the observations show the surface wind direction
veered by about 30" from the geostrophic direction but in
both the turning occurs over the depth of the jet, i.e. over a
much shallower layer in the model than in the observations.
When comparing model and observed wind profiles, the
averaging applied in deriving winds from the OMEGA
signals must be borne in mind. As stated earlier, the
observedprofilesaresmoothedwitha4-minrunningaverage
and the first 2 min of the profile is simply an interpolation
between the surface wind observation and the computed
wind at 2 min (approximately 500 rn for a normal rate of
ascent). If a sharp feature, such as the modelled jet, was
present, it would be smoothed out by this procedure. The
observations are thus not incompatible with the model
results and the sharp low-level jet may actually exist at
Halley. Some supporting evidence comes from a limited
number of slow ascent rate soundings. These do show a
more pronounced jet at a lower level than the category EE
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Fig. 6. Model profiles of a. wind speed, b. wind direction and c. potential tcmperatwc for three different geostrophic wind velocities.
El= 060" 5 ms 0 = 270" 5 ms-', A=240" 10 ms-'. The detail within the marked area on c. is shown on an expanded scale in d.

mean profile (Fig. 5a), but further evidence is required from
a higher resolution sounding system (possibly a tethersonde
or Doppler-Sodar) before the model prediction can be verified.
If the geostrophic wind speed is kept at 5 ms-l ,but the
direction changed to 270°, the model profiles bear some
resemblance to the category EW observed mean profiles.
The low-level flow is easterly to north-easterly and the low
wind speed (4.6 ms-I at 11 m) reflects the fact that the
synoptic pressure gradient and that due to the sloped inversion are now opposed. There is a very shallow low-level
jet, with a maximum speed of 5.3 ms-*at 50 m; above this &he
wind speed declines to a minimum of 2.3 ms-l at about
1600 m and then increases towards the geostrophic value.
Above the jet maximum, the wind direction backs fairly
uniformly with height. The observed mean profiles for
category EW do not exhibit a low-leveljet. However, such
a shallow feature would almost certainly not be resolved by
the soundings. The wind speed is also observed to be

reduced to ncarly zero at around 1000 m and the change in
wind direction from easterly to westerly is concentrated into
a shallow layer at around this height.
The category WW profile is simulated by setting the
geostrophic wind direction to 240" and its speed to 10 ms".
The sloped inversion pressure gradient at the surface is now
just insufficientto oppose the synopticpressure gradient and
the resultant westerly wind is very weak (less than 1 ms-' at
10 m). The boundary layer is extremely shallow as a result
of the low wind speed, the wind direction backing from 266"
at the surface to 240" at 118 m. The wind speed increases
monotonically with height. This contrasts with theobserved
mean profile for category WW, which shows an almost
constant wind speed up to about 800 m.
The simple 'inversion on a slope' model is thus of help in
explaining some of the observed features of the low-level
flow at Halley. The wind profiles with north-easterly geostrophic winds are reproduced quite well by the model with
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the main differencesbeing explained by the poor resolution
of the wind-finding system. The relative infrequency of
westerly or south-westerlywinds at the surface is explained
by the fact that a geostrophic wind of greater than 10ms-' is
required to overcome the easterly component forced by the
sloped inversion pressure gradient. However, the model is
not so successful in reproducing the features of the profiles
with westerly geostrophic winds. Although some of the
apparentdifferencesmay be a result of the poorresolutionof
the wind soundings,they probably also indicate shortcomings
of this simple modelling approach.
With geostrophic winds from the north-easterlysector, the
air reaching Halley has had a fetch over the uniform surface
of the ice shelf of at least several tens of kilometres. The
sloped inversion wind will adjust to a change in slope on a
time scale f-l, which corresponds to about 100 km for the
wind speeds under consideration. Category EE profiles are
thus likely to be in a state of equilibrium with the underlying
slope. However, if the wind is from the westerly sector the
air reaching Halley will have originated over the Weddell
Sea and will have had only a few km fetch over the ice shelf.
The flow is thus unlikely to be in equilibrium with the slope
of the shelf and the simple one-dimensional model can not
be expected to give a good description of the flow.

Conclusions
The low-level flow at Halley appears to be forced both by
synoptic-scalepressure gradients and the pressure gradients
due to stably-stratifiedair overlying a sloping surface. The
former tend to force geostrophic winds from either a northeasterly or south-westerly direction, while the latter will
alwaysact to force an easterly componentat the surface. The
marked preponderance of easterly surface winds would
appear to result from a fortuitous combination of preferred
geostrophic wind direction and local terrain slope. A onedimensional boundary layer model can reproduce the main
features of the mean wind profiles when the wind has a long
fetch across the uniform ice shelf but is less successfulwhen
the wind is blowing on to the ice shelf from the Weddell Sea.
The one-dimensional model is clearly an over-simplification. The ice shelf itself is probably well modelled as a
uniformly sloping plane, but slopes which are an order of
magnitude steeper exist just inland of the Hinge Zone, only
40 km from Halley. The flow at Halley may thus not be
entirely determined by the local slope and advective effects
could be important under some circumstances. A further
departure from uniformity is the ice front, which is only
10 km from the station. Besides marking an abrupt change
in level and gradient the coast may also define a baroclinic
zone forced by the difference in temperature between the
surfacesof the ice shelf and the sea (or sea ice). It is planned
to investigate the two-dimensional structure of the flow by
establishinga line of automatic weather stations between the
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coast and the Hinge Zone. Parish & Waight (1987) have
recently applied a two-dimensionalboundary layer model to
the problem of katabatic flow over a non-uniform slope.
Such an approachcould profitably be applied to the situation
studied here.
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