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Abstract

The Lambert Glacier basin (LGB) forms a significambayment in the Antarctic continent. The shaphef
embayment causes cyclonic turning of the winds ftensurface up to the middle troposphere (500.hH83 trough is
apparent in all seasons and is connected withigtedirectional constancy of the wind field acrtiss LGB. Katabatic
winds and Coriolis turning cause the coldest athefLGB to accumulate along the western margithefAmery Ice
shelf (AIS), where the large scale pressure fiald darrier wind effects then drive the LGB outfléwther northward
towards the circumpolar trough. The western AlSloutis a primary region for the transport of thearctic
atmospheric boundary layer away from the high sathatitudes. A case study is presented wheravétstern AIS
outflow is blocked during a period when the largels pressure gradient is weak in the region, ogusild air to
accumulate over the AIS and the surface troughifb sastward. These events are highly correlatigd niecord cold
temperatures at Davis station, located to the nedheast of the AlS.

1. Introduction

Davis station is situated to the near northeagt®Amery Ice shelf within the Lambert Glacier lbasin a
westward facing section of coastline (Ingrid Clasten coast) along the shores of Prydz Bay. Itth@seaward side of
the Vestfold Hills, a roughly 400 Kitriangular area of ice free islands and peninswigh through summer can reach
2m temperatures extremes of @ Fixed wing aircraft accessing Davis stationisgilthe recently built WoopWoop
skiway, located at 550 m above sea level, abolin37urther inland on the permanent ice sheet (frig.1
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Figure 1. Shaded relief image of Antarctica from United &aBeological Survéy digital elevation model (DEMJt). LGB with
topographical contours in metres (center). Lan@is&tmage of Vestfold Hills (right). DEM procureddm

http://terraweb.wr.usgs.gov/projects/Antarcticad@nbsr.htmi#nuvuCentre and right images published by Australiatefctic Division.

Observations from the automatic weather statioNabpWoop prompted a reassessment of the nature of
afternoon onshore winds that develop regularly elvervVestfold Hills in summer. What had been coesd a simple
sea breeze circulation forced by the contrastiragihe rates between Prydz Bay and the adjaceritdeevestfold Hills
is no longer a sufficiently complete explanatioiveg that even in the absence of synoptic scatgrfgr WoopWoop
will at times also shift “onshore” in the afternoon

Using numerical weather prediction (NWP) forecésim the 27.5 km resolution Australian Antarctidgne
stereographic Limited Area Prediction System (daps, Adams 2006), a case study involving the caimgdorces
from the Ingrid Christensen coast outflow agaihstimore voluminous Lambert Glacier/Prince CharlesiMains
outflow is presented. From the case study, a cdnaémodel is developed that is specific to theguaiform of the
LGB, but which draws on the earlier concepts dgyetbby Gallee and Schayes (1992); that@d air at rest over an
ice covered ocean can generate a pressure grattecg sufficiently large to stop the katabatic flower the slope”

2. Characteristics of the Atmospheric Boundary layehe LGB

The main feature of the Antarctic atmospheric baupdayer (ABL), particularly in winter, is a pesgént
temperature deficit compared to the free atmosptteoanolley, 1996). Along the sloping ice sheeis Hets up a
horizontal pressure gradient force directed dowpwsloesulting in the katabatic wind. The Coriofifeet deflects the
katabatic winds to the left of the topographic fale, though surface drag maintains a downslopepoment in a
shallow layer below the wind speed maximum (van Beyeke et al. 2002). Using the Antarctic Mesos&akdiction
System (AMPS), Parish and Bromwich (2007) calcaldtee mean streamlines over Antarctica at approeind 00 m
above ground level (AGL) for a 1 year period in 2€8D04 (Fig. 2¢). Their work highlights the “drage character of
the ABL; and in the LGB region, this is characted$y the confluence of cold continental air o AlS. Due to
Coriolis turning, the bulk of this drainage flowlianked up against the Prince Charles Mountairiemexgong the
western AlS, resulting in the generation of a fearwind. In concert with the large scale pressuaglignt force, the



barrier wind effect continues to drive the drainfigev northward, until the topographic barrier cesgat Cape Darnley,
after which the ABL slumps westward towards the Mawcoast.

The accumulation of cold air along the western i&l8vident in the work of van de Berg et al. (2008ing
the Regional Atmospheric Climate Model RACMO2/ANfey calculated the average wintertime ABL deptleas
than 250 m in the eastern AIS, and greater thanihkite western AIS (Fig. 2b, reproduced from theég. 4b). Their
work also illustrates the sharp westward turninghef ABL as it moves past Cape Darnley and slumiasthe coastal
easterlies, towards the Mawson coast (Fig. 2dpdepred from their Fig. 8a).

Amery lce Shelf
Cape Darnley

A. Lambert Glacier basin perspective view (expanded in vertical)
from USGS digital elevation model (http://terraweb.wr.usgs.gov/projects/Antarctica/antdemsr.html#nuvu )

X B. Average wintertime ABL C. Mean streamlines at 100 m AGL D. ABL mean potential
Figure?2 depthin m From fig. 3 Parish and Bromwhich, 2007 temperature (K) and wind
From fig. 4b of Van de Berg et al 2008 From fig. 8a of Van de Berg et al 2008

The LGB is bounded by some of the highest topograplthe Antarctic, with its southern ridgeline entling
from Dome Fuji at 3810m (average station level gues (SLP) approximately 592hPa) through Dome AajuE)93m
(average SLP of 574hPa, calculated from SCAR REABRRbasehttp://www.antarctica.ac.uk/met/READER
Antarctic orography has been shown to constrairaige scale pressure field in the atmosphere, wbgtablishes a
wind regime qualitatively similar to that produdey diabatic cooling of the terrain slopes (van 8eoeke et al. 2002,
Parish and Cassano, 2003). Thus the surface trestgblished at the convergence of katabatic wiltdgyahe eastern
AIS (Figs. 2c and 2d) extends vertically well abéive effects of katabatic forcing, sloping to tleaitre of the
embayment with height (an example is shown in #eecstudy section). In winter, a significant troigjapparent over
the LGB in 500hPa height contours (for example,FSge5 of van den Broeke and van Lipzig, 2003)summer, mean
500hPa heights are more zonal over the LGB (se€lBigf van den Broeke and van Lipzig, 2003), thokgable et al.
(2002) report a 500 hPa cyclone density maxima thet. GB in all seasons (see their Fig. 2).

The combination of the large scale pressure grafliiece and katabatic flow acting in similar directs
maintains a high directional constancy of the semface flow over the LGB (Fig. 3). This resultssimear continuous
outflow of cold continental air along the westert8Apast Cape Darnley, even in summer when katafmtiing is
weaker and diurnal.
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Figure 3. Average January (left) and July (right) RACMO2/AN(irface layer wind vector (arrows) and directiar@istancy (colors) for
the period 198093 (reproduced from figures 2 éhdflvan den Broeke and van Lipzig, 2003). Blackargle represents LGB region.
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The Davis and WoopWoop historical 10 m wind rosgsJnuary highlight the directional constancyhia t
region (Fig. 4a-b). Because it is situated on thatioental slope, WoopWoop is subject to strongeterly winds (ie.
downslope) due to katabatic forcing. In Januarg,khtabatic regime at WoopWoop is diurnal (Fig, pegaking
between 21-03UTC (1am-7am solar time). The easkatiybatic regime is mostly eroded by the Vestfdilts, so it is
not so evident at Davis through summer.

The variation of winds within the northeast quadi@aturs with the passage of synoptic scale systemisthe
Southern Ocean. The little variation that is shamvdirection highlights the ability of the Antarctorography to
constrain the large scale pressure field. Both ®amd WoopWoop wind roses are bi-modal in directigith an
infrequent secondary tendency for southwesterhdsjigenerally below 15 knots. Given the mild aftenm climate over
the Vestfold Hills in summer, it is likely that maof the southwesterly events at Davis occur thhothg development
of a sea breeze circulation. However, a sea bieentd not be expected to reach WoopWoop skiwayasid well up
on the permanent ice sheet. It is hypothesisedthatén weak katabatic and large scale pressgiees, the wall of
cold air banked up along the western AIS collagsesward, causing southwest winds to develop atp\mmp skiway.
The eastward advection of cold air should also potlarge scale westerly regimes (ie. strong potatex).

a. Davis b. WoopWoop Darnal cycle of winds at WoopWoop
18.0
N\ —AN
16.0 —FEB:
/ %(_\ MAR
f g W ]
/ £ o
i > — ——MAY
; . WIND SPEED § 2o B === = i
fi P (Knots) - & = — |-
i WEST 100
2 —AUG
L - == GO L : ; / i £
R O A B B Y | | sep
[ ss-60 LN N A A A —ocr
[ S oo . TS 60 NOV
M -3 EEY
e e 40
| REREL e - 0 3 8 9 215 B2
P e [ 715 v I time UTC
Bl e 71% ‘Sample number Jan(430),Feb(412), Mar(247), Ar(231), May(31), Jun(és), JuBE), Aug232), Sep(423), Oct307), Now(425), Dec460)

Figure 4. Davis 1957-2009 (left) and WoopWoop skiway 2008@ntre) January 10 m wind roses in knots. WoopW2@07-2009 (right) average
monthly wind speeds (mpthrough the day (UTC) with sample numbers atdvotof graph showing fewer observations in Wintenthe.

3. Case study: Southwesterly at WoopWoop skiwag@dBJdanuary 2008

During the period 1820" January 2008, a long wave trough was locatedeméar west of the LGB (88),
directing a series of mature transient low pressystems onto the Antarctic coast between 8C0R {Big. 5).

Figure5

(a) 500 hPa long wave analysis
derived from Global
Assimilation Analysis and
Prediction model (GASPX
marks the LGB region.

(b) NOAA 18 band 4 image at
19" January 12 UTC

The mean sea level pressure (MSLP) sequence avgetipd showed a 964 hPa low and associated warm
front crashing onto the Antarctic coast neal®(Fig. 6). A narrow ridge of high pressure extagdirom the mid
latitudes followed in its wake.
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At WoopWoop skiway, SLP slowly decreased and bogmut at 18UTC on fQJanuary, following the onset
of a southwest 5 rifsvind change (Fig. 7).
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Figure7.
WoopWoop skiway 3 hourly
observations for the period 18-20

January 2008. SLP on secondary y
axis. 18/0  18/6 18/12 18/18 19/0  19/6 19/12 19/18 20/0  20/6

day/hour UTC

Wind direction | Wind speed and temp

Radiosonde flights released at Davis over theopeshowed relatively high moisture and N/NE wind®ugh
the troposphere before 12UTC".9anuary (Fig. 8 a-c). At 12 UTC on"i8anuary, a weak westerly was observed at
Davis (Fig. 8b), but did not reach WoopWoop (Fiy.However, at 12 UTC 18January (Fig. 8d), the Davis radiosonde
flight showed more light and variable winds throulya troposphere, associated with a weak large graksure
gradient, and on this occasion southwest windsldpeéd near the surface at both Davis and WoopWBap ().

(2)18 Jan 00 UTC (b)18 Jan 12 UTC (c) 19 Jan 00 UTC (d)19 Jan 1TUT
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~ Figure8. Davis skew Temp/-log Pressure graphs of wind @noemperature€) and dew point from sonde flights 18%2Ianuary 2008

A sequence over the same period of west-east seasi®ns over the northern AIS (along approximately
68.6°S) is shown in figure 9. The top half of these pasbows potential temperatufeig K) and wind component
(knots) along the section. A plan view of the neanface wind and cross section track is showneabtittom of each
panel, stamped with solar time (about UTC +5). Gtwss sections are developed from polarLaps 27.5ekwiution
data (Adams 2009), nested in the National Centr&fvironmental Prediction NCEP2 reanalysis (Kaleagl. 1996).

In Fig. 9a (5pm solar time), a typical outflow neg from the Lambert Glacier and Prince Charles rtans
along the western AIS can be seen, with the coliestanked up against the rising continental sléyehis time
(afternoon), the katabatic forcing is negligiblalahe surface trough extends along the coastlinkeoéastern AlS, with
the trough shifting to the centre of the LGB embapinwith height (convergence of winds apparenbpganel).

In Fig. 9b-c it was night time, the depth of cold (. <274 K) had thickened over the AIS and katic
regimes had developed along both slopes of the ymdyat. The surface trough was pushed slightly wastvand off
the east coast by the katabatic winds flowing dénvm the continental slope along the Ingrid Chrnisten coast. The
sequence so far showed the typical summertime alitmend.

In Fig. 9d-e it was daytime and warming of the Idd@Christensen coast boundary layer was observeereT
was little change in the temperature field alorgwestern AIS, possibly due to the continued raphenent of cold air
from the Lambert Glacier catchment.

In Fig. 9e-i a westerly change, associated withagiieroach from the northwest of a high pressuigeriof mid-
latitude origin, passes to the north of the embaynihis had the effect of advecting the northwestfdS outflow
eastward . By Fig. 9h, the mid latitude ridge died near the centre of the AIS, causing a weakooycto form over the
AIS and effectively halting any further releasecofd air from the area. Through this period, aruanglation of cold air
over the AIS was observed, particularly in the eassection. Also through this period, the surfmoagh had shifted
eastward and was located near WoopWoop, at theeastern end of the cross section.

From the case study it can be surmised that thiigqosf the AIS surface trough is dependent on the
competing forces from the Ingrid Christensen coasiow against the more voluminous Lambert Gla&ignce
Charles Mountains outflow. When the western AlSlout was halted by the passage of a mid latitudgej the wall of
cold air piled against the western AIS slumpedvweast, thereby advecting the surface trough ontdrtgad
Christensen coast. The large scale continental,wihéth is mostly constrained by the orographwl#® likely to play a
role in maintaining the position of the surfaceugh through downward momentum transfer, particulatien the
winds are strong.
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Figure9. 18"-20" January 2008 polarLAPS cross-sections of poteteiaperaturef) and winds along section (top half of panels) sundace winds
in plan view (bottom half of panels). Section trégkienoted by green line, along approximately ®.60lar time at the LGB is about +5 UTC. Land
is light green. Coastline and edge of the AIS @eti Dark blue denotds< 272 K. Light blue 272k <€) < 274 K. Wind speed scale is on first panel.

4. Discussion on the links between the wind ancptature fields

Parish and Bromwich (2007) calculated the meandimral mass flux in the lowest 1500m AGL around the
Antarctic margin from the June 2003 to May 2004 A3A&rchive (Fig. 10, reproduced from their Fig.&)67.5°S, the
central axis of the LGB embayment is neat& 7T heir figure highlights how significant the west AlS region is in the
transport of the ABL away from the high southetitlales. Other regions of primary northward maasgport are
located at Adelie Land, the eastern side of theJaatarctic Mountains and the eastern side of titaratic Peninsula.



Van den Broeke and van Lipzig (2002) investigated lintertime low level winds and temperatures as&
Antarctica respond to variations in the polar vertdsing output from their regional climate modéd@&VO/ANTL,
they found that when a strong vortex extendedddhé¢ south and to relatively low atmospheric Ie\@. positive SAM
index), there was a reduction in the strength arettional constancy of the low-level easterliesthmf the
circumpolar trough, which resulted in reduced menidl air exchange. This had the effect of bothuoétg the
incursion of relatively warmer airmasses of midtlate origin over the continent and also of weakgrsubsidence over
the continent, thus reducing warming by adiabatimgression.

This case study has demonstrated that a hemisphietéccontraction of the polar vortex is not neeeggor
inhibiting the outflow of a major Antarctic basiior the LGB, a narrow ridge of high pressure extegdrom the mid
latitudes was sufficient. However the passagerwdraow ridge may not necessarily affect the avetagweratures
across the wider East Antarctic expanse. For exampthis case study while there is significartlog over the LGB
there is also strong warm air advection onto thginent between 80-11B (Fig 5b).
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Preliminary investigations of the 2 coldest tempme@events per calendar month across the Davigerature

record (since 1957) suggest little correlation witbnthly SAM, Indian Ocean Dipole (IOD) and South€rscillation
(SOl) indices. This is not surprising as most aalénts are of less than a week in duration. Howelaly Davis
radiosonde profiles and daily southern hemisphe®t Rand 500 hPa geopotential height analyses sutgesecord
cold events at Davis occur when the wind profileftadf the station is contrary to the near constdintatological mean:
that is the winds are either weak or west to soatterly, with the latter being characteristic atr@ng polar vortex.
The majority of these events coincide with deep poassure/height anomalies located near Dronningdvia Enderby
Land (0-60E) and at Queen Mary/Wilkes Land (80-22)) with a high pressure ridge or col located ribarAlS. This
setup suggests that anomalously cold air over @B Is draining onto the AIS, with the mid latituddge positioned so
as to promote an eastward displacement of the ifaee trough, thereby producing the necessaryitionsd for record
cold temperatures, namely light surface winds &edcbldest and driest airmass possible aloft.
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