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ABSTRACT

Defense ~~teoro1ogica1 Satellite Program (rt~P) and National Oceanic

and Atnospheric Adninistration (~OAA) satellite imagery are used to sup-

p1ai~~t conventional radiosonde and aircraft data in an investigation of

synoptic and associated mesoscale weather patterns leading to significant

weather at McHurdo Station and the adjacent Ross Ice Shelf , Antarctica.

Three case studies , 8-11 January 1976, 22-25 Decenber 1975, and 11-13

October 1973, are analyzed, with concentration on the 700 and 400 m b

levels. ~~ridiona1 advection associated with ridging over the Ross Ice

Shelf and/or the polar plateau serves as the noisture intrusion mechanism

for significant weather In each case study. 1~ soscale features abcxit

the W1&irdo area serve as both triggering and blocking iechanisms preced-

ing the significant weather events. Katabatic winds associated with

glacial valley warming, originating from the polar plateau near ~t~4xth ,

are detected on 1}~P Infrared satellite imagery. Ccmparisons between

Fleet N~ ierica1 Weather Central’s 700 mb analyses with those of the

author denonstrate the inadequacy of satellite-void analyses over the

sparse data ice/snow covered south polar region.
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I. nmwrrict~

The United States Navy has the responsibility of providing logistic

support for the scientific research efforts sponsored by the National

Science Fotndation in Antarctica. The operational efficiency and safety

required of such an endeavor necessitates the availability of timely and

accurate weather forecasts (Renard , 1975) .
S Although weather satellite observations have existed for sax~ 17 years,

it is only in the past 10 years that such in.formation has been available

to the Antarctic weather group on an operational basis. But t~ til re-

cently, poor cloud/polar ice cap contrast due to low imagery resolution

has greatly liir~.ted researchers (Streten and Troup , 1973) and operational

meteorologists alike in the development and application of satellite

interpretation techniques to latitudes polewerd of 65 deg.

The development of high resolution infrared (IR) and visual (VIS)

satellite sensor sys tans such as those aboard the recent National Oceanic

and Atiiospheric Administration (1~I)AA) and Defense Mateorological Satellite

Program (1~~ P) satellites has enhanced the identification of synoptic and

mesoscale weather processes over the polar ice cap . This thesis study

• concentrates on an Investigation of the synoptic weather sequences that

lead to significant weather at McMirdo Station , Antarctica , utilizing con-

ventional (surface and rawir isonde) aircraft data , and satellite (~ )M/

LT~ P) observatio ns.
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ii. o~.m criv~s

The objectives of this thes is are (1) to identify the synoptic-scale

and associated mesoscale weather patterns leading to significant weather

days at ~~Mardo Station, Antarctica and (2) to d&x,nstr ate the interrela-

tionshi p of conventional data and satellite imagery in the description of

sir.h phenansna.

S To acconplish these objectives , a limited nunber of case studies were

analyzed in sa~~ detail. A table wes cax~iled listing the significant

weather days and type of weather observed at Mr.MJr th during the austra l

spring and sii~~~r period fron about middle Sep tather through middle March,

fran Septanber 1971 through January 1977. (See Appendix A.) For the

pur pose of this study, a significant weather day is one in which ~~ tn~do

surface observa Lions report a reduction in visibility to one mile or

less .

16
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III . ARE~L AND PER IOD OF STUDY

The area of study is outlined by the rectangle superinposed on the

polar stereographic Southern Hanisphere map in Fig. 1. The area

analyzed in the case studies encaipasses those regions where the major

synoptic features affect the Ross Ice Shelf area, and especially ~~ &irdo,

Antarctica.

Because of the convergence of longitudinal meridians to 90S, a linear

grid direction schai~ exists in order to avoid confusion and to facili-

tate navigation in the polar latitudes (Fig . 1). The grid is centered at

the geographical South Pole with grid r~ rth directed northward along the

Greenwich prime meridian, 0 deg; grid south along the 180th meridian ;

grid east along 9O deg. E; and grid west along 9o deg W. As an exa~ple,

a geographic wind direction of 360 deg. at 80S lat 135W long, may be

stated as 225 deg grid.

1~~ of the case studies (8-11 January 1976 and 22-25 Decanber 1975)

were chosen fran the period when 700 tt Fleet N~.nnsrica1 Weather Central

(F~MC) analyses are available. The third case study involves katabatic

wind observations (11-13 October 1973) with which the author had first- S

hand experience as an operational weather forecas ter at ~~ t~ do Station.
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IV. PHYSICAL FEATT.IRES/T0POQ~APHY

Over 90~ of the Antarctic continent is covered by perennial ice and

snow. The raiaini.ng exposed surfaces are made up of nctrit ain outcrops

on the boizidaries of the polar plateau and terrain in the vicinity of
S 

sane coastal areas.

Observing a topographic map (Fig. 2) it is noted that in the center

of East Antarctica lies the apex of an enortr ous ice done, appro~dii~ te1y

15,000 feet high , located in the vicinity of the Pole of Inaccessibility

(82S 55E) . Away fran this area, elevations decrease gradually and very

slowly in all directions to an altitude of 6000 to 8000 feet about 150

to 200 nmi fran the Antarctic coastline.

To the east and northeast (or grid south west) of this ice done lies

the nost praLdnent physical feature of East Antarctica, the Trans-Antarc-

tic t”btritai n Range which forirs the eastern ba~n~dary of the polar plateau.

The Trans-Antarctic I~buntain Range extends fran the northeast tip of

the Adrrtralty Range near 72S 170E to the Royal Society Range (southwest

of ~tMirdo ) and thence to the Queen Maud Range in the extra~~ south near

the 85th parallel. The Range rises steeply fran the periphery of the

Continent arid is appro~dznately 100 miles wide having many pealcs in excess

of 14,000 feet southwest of ~k~4.irdo in its southernnost extension. Cut-

ting through the Trans -Antarctic ?~bimtain Range fran the plateau are

nuierous steep glacial valleys descending from the 6000 to 8000 ft ice

cap to the 2-300 ft Ross Ice Shelf.

~ Thrdo Station is located in the southeri~nost tip of Ross Island
(Fig. 3), which is located about 40 miles east of the Victoria Land Coast
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on the western boundary of the Ross Sea and along the edge of the Ross

Ice Shelf . Ross Island contains an active volcano, ~~ixit Erebus (elev.

14000 ft) , arid t~~ other nountains, Fbun t Terror and ~bunt Bird. South

of ~~~tirdo are White and Black Islands , and Nira~a Bluff which is an ex-

- tension of ~~>unt Discovery (elev. 8000 ft) in trie Royal Society Range.

Extending south through east of these fea~~~es lies the relativel y flat —

Ross Ice Shelf , stretching out hundreds of miles.
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V. 1~ IAJANALYSES

A. S1L~FACE/UPPER AIR OBSERVATIONS

Mateorologists pursuing research or performing operational - tasks in

the polar region are acutely aware of the paucity of data. Antarctica

is no exc~~tion. Spread over an area of roughly 5 , 500, 000 square miles

are approximatel y 30 observation stations, of which less than half take

upper-air soundings and some only once a day. Table I lists these sta-

tions with a roster of available observations . Fig . 4 shows their loca-

tions .

Of the Antarctic stations with upper-air capabilities only four ,

~k~tirdo (~~C1) , Vostok, Dizrcnt D’Urville, and Aniindsen-Scott (South Pole)

are located in the area covered by analyses in the case studies. No

surface station data were available over West Antarctica from 9CW to 180

during the periods of study. Even at stations with rawinsonde capa-

bility, soundings are often aborted during periods of high surface winds

or missing altogether .

B . AI2CRAF~ REPO RtS (AIREPS)

The navigation fixes reported by U. S. Navy LC-l30 aircraft are the

result of either the inertial navigational sys ten (INS) with an accuracy

of ± 4 rmi or celestial fixes, accuracy of ± 10 nmi. Wind directions are

observed through doppler radar or INS, both of which have accuracies of

± 5 deg direction and ± 5 kt wind speed. The t~ rper atur es fra n an

exterior probe on the aircraf t have a corrected accuracy of ± 2°C. Navy

aircraft flying between New Zealand and txrdo report at predesignated
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two and one-half deg lat locations and at specific points on intraconti-

nental Antarctic flights.

C. t~FENSE NE~’rE0RoLcGICAL SA1~LLI’~~ PI~)GRE~fl (I}SP) SAIELLITE IMAGERY

The EI~P imagery were obtained from the ~~~P interim national archive

at the Space Science and Engineer ing Center , University of Wisconsin where

1}~P data extending back to March of 1973 have been archived.

The DOD r~t—~P Block V satellites (1970-1975) were launched into a

polar , sun-synchronous orbit, with an orbital period of 102 miii. The

primary sensor is a four-channel scannin g radic~~ter with two counter-

rotating Cassegraun optical syst~~~.

The visual (H) and thermal infrared , (I) channel type imagery were

used in this study. The inagery are in the form of positive transparen-

cies which have been produced by ground ~~uipment on a scale of 1 to 15

million. The images have been corrected to r~ ix~ve apparent capressi on

at the strip edges. Because the sensor ’s field of view is not constant

across a swath, there is a resultant loss of resolution at the edges .

The H arid I data were usually paired and are geometrically coherent at

the sensor , in transmission, and in the resultant processing.

Both the visual , H, and infrared , I, channels have a two m~i resolu-

tion. The visual H data channel senses wavelengths in the O. 4~i to 1.Oi i

range, with a peak response at O. 8~.i. Processed film density is linearly

proportional to scene reflectivi ty . The thermal infrared channel I has

an essentially flat response fran 8ji to i3p . Electronic shaping at the

sensor r~~~ves the dependence of the si~ ial, making it a linear ly in-

creasing function of scene black body terrperatixe over the range of 210°K

to 310°K.
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D. t~W~IONAL OCEANIC AI~’TD AIM)SPHERIC A1~~tNISTRATION (NOAA)
SA~~LL~~E IW~GERY

The pboto-quality NOAA satellite imagery was obtained fran the Naval

Envirorinental Prediction Research Facility and Naval Postgraduate School

archives in I bnterey, California. The imagery, forwarded from Fleet

Weather Facility, Suitland, Maryland was originally utilized for generat-

ung satellite analysis massages for fleet operations .

This study utilized visual imagery derived from the satellite’s two-

ch~~~el scanning radiometer. The imagery is in the form of a hard copy

8 1/2 by 18 inches and covers an area from the near pole latitudes to the

equator. The ~CM infrared imagery were not available for the dates

analyzed in this study.

The scanning radiom eter (SR) is a two-channel scanning instruiEnt

sensitive to reflected (visual) energy in the 0. 5i.’ to 0. 7ii portion of the

spectrlln. The visual (VIS) trode of the scanning radiometer has a subsatel-

lire point resolution of 2 rini. The ccquter gridded imagery have been

corrected to raTove apparent compression at the strip edges but there is

a loss of resolution along the edges.

E. VERTICAL TIME CRCSS SEcrIO~~
Vertical time cross-sections for ~~MUrC~*D Station have been constructed

for all ti-a case studies presented here . Potential tai~erature , 1)-values ,

mi~dng ratio and isotherma have been analyzed to obtain detailed informa-

tion regarding a~~~spheric thermal and n~isture distributions . The

synthesis of the vertical time cross-sections , conventional quasi-horizon-

tal analyses , and satellite imagery provides a node whereby combined hori-

zontal/vertical time continuity of ata~ spheric variables at one station can

be realized .
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F. aVSTANT PRESSURE ANALYSES

Southern Hanisphere constant pressure analyses originating fran the

AustraH an Weather &~ eau in Melbourne and the U. S. Navy Operation IEEP

FREEZE weather offices were util ized as first guess fields by the autI~ r.

Melbourne surface and 500 nib analyses on microfilm were obtained fran

the Naval Weather Service Detaclii~nt (1~ISED) , colocated with the National

Climatic Center , Asheville, N. C. Surface and various upper-level

analyses such as 200 irb, 400 nib and 700 nib originating fran the U. S.

Navy Christclu~ch , N~~ Zealand and I~~~rdo , Antarctica weather offices

were obtained fran the Meteorological Division, Naval Support Force

Antarctica Headquarters , Port th.ien~~~, California and from 1’~MSED, Ashe-

y u le, North Carolina, which is the national archive for the Antarctic

maps. A complete series of the upper-level analyses are not available,

as the level analyzed is somawbat dependent upon the regional aircraft

activi ty; i.e. 400 nib anal ysis for LC-l30 aircraft , 200 nib anal ysis for

C-14l aircraft or 700 nib analysis for ‘I~in Otter aircraft or in the case

of aircraft decompression ~~~rgencies . T.n addition , Fleet Weather

Facility , Suitlend, Maryland; Australian; and Soviet satellite analyses

massage plots , constructed by Operation DEEP FREEZE personnel, were also

available.

fl~ 400 nib level was chosen as a representative upper -troposp heric

level because of added data availability fra n U. S. Navy LC-l30 aircraft

reports. The 700 nib level was chosen because it presented ,a represen ta-

tive depiction of the low-level synoptic circulations .

Vortices on satellite imagery ar id analyses are designated 1) by a

letter if they initially appear at approx imately the sane position at

700 and 400 nib , 2) by- a letter preceded by number indicating the singular
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constant-pressure level at which analyzed, and 3) by an or ‘H ~’ when

i~~t an integral part of the analysis discussion. Contours at both

levels are labeled in decaneters . Plotted t~iperat ur e data are In deg C ,

while conta~~ heights at 400 nib are plotted in decan~ ters and the

heights at 700 nib are plotted in whole maters with the thousandths

figure omitted. 700 nib contour values enclosed in parentheses indicate

~ ctrapolated data (as at South Pole Station or corrected data) .
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VI. ANALYSIS PROC~~URE

With a ma,dmxn of four Antarctic observation stations with rawinsonde

capability In the area of analysis, it is necessary to supple~ nt this

sparse concentration of conventional data with satellite Imagery and

available aircraft data.

IR and VIS satellite imagery are used extensively in regions where

conventional data are lacking. Comparison of IR and VIS imagery fr ~~uent-

ly allows the discrimination of t~~ or n~re cloud layers when the height

and nature of the t.nnderlying earth’s surface are kix~wn. In this study

the IR and 400 nib analyses are viewed as a pair with respect to the upper-

tropospheric circulations (500 nib and above) and similarly, the VIS and

700 nib analyses are viewed as a pair with respect to the lower-level

tropospheric circulations (below 500 nib) .

The above procedure is used in the Deceriber and January case studies

that follow; thus , analyses at t~~ rather than at all mandatory levels

in the troposphere are generated.
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VII . CASE STUD’1 OF ThE A’IH)SPHERIC EVENIS
ASSOCIATED WITh ‘I~E 11 JAN1~RY 1976

SI~~IF1CAN~ WEAThER DAY AT
~t14JRD0 STATION, A1T1~ARC1’ICA (Figs. 5-36)

A. ~~TROE4J CTION

The atnospheric events leading up to the 11 January 1976 significant

weather day at M~M.n~do, Antarctica were of considerable inportance to

the Antarctic scientific ccniaKlity and the Naval Support Force. It was

the threat of major cyclogenesis in the Ross Sea which initiated the

evacuation of scientific personnel and equi~~~nt fran the northern Ross

Ice Shelf on or about 9 January 1976.

The period of study began with tn-~sett1ed weather on 5 January, con-

tinuing through 11 January, with a light snow falling on five of the seven

days (Figs . 34 and 35) . The significant weather at McMirdo occurred

between 0000 c~ r and 0700 Q~ on 11 January 1976 when visibility dropped

to 5/8 mile in light snow and blowing snow with maxixiun winds fran 170

deg at 20 kt gusting to 40 kt. Although this significant weather period

was brief in duration, there existed the potential of cyclogenesis in the

Ross Sea area with a nore extended period of inclErent weather at Mci4irdo

and over the surronnding area .

The synoptic weather pattern leading to the significant weather day

at Fk~4irdo involved a deepening, eastward noving long-wave trough

approaching the longitude of the western Ross Sea on 9 January . Satellite

imagery indicated the marid ional transport of noistu re from the vicinity

of New Zealaw.l to the Ross Sea between 9 and 11 January.
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The 400 nib level was chosen as a representative upper-tropospheric

level because of added data availability from U. S. Navy LC-130 aircraft

reports . The 700 nib level was chosen becaus e it presented a representa-

tive depiction of the low-level synoptic circulations.

Cliniatological circulation and thernal patterns for the nonth of

January appear In Fig. 5 (Talj aard et al , 1969) . Clhmtology was unavail-

able for the 400 nib level, therefore 500 nib was chosen as the closest

mandato ry level. The circulation inplied by the 700 nib conta.~ s (Fig. 5-C)

indicates light southe rly winds at NeMirdo associated with an area of

relatively low pres sur e on the Ross Ice Shelf . Zona l westerly flow

extends northward from the coastlin e near h O E  through New Zealand at

700 nib. Coldest air (Fig. 5-D) is centered over eastern Antarctica

where surface elevations actually exceed 700 nib over a considerable area.

At the 500 nib level (Fig . 5-A) , light westerly winds are the norm for

NeM.ndo. The major synoptic feature is a polar vortex centered between

South Pole and the Ross Ice Shelf . Coldest air (Fig. 5-B) is scc~what

closer to the Pole at 500 nib ccq~ared to 700 nib. A discussion of the

700 and 400 nib circulations for the period of study, 3-il January 1976 ,

follows.

B. CASE STUDY ANALYSIS (00 C~ff 08 January - 12 Q~~ 11 January 1976)

1. 0000 (}!I, 08 January 1976 Analyses (Figs. 6-9)

a. tipper Troposphere (400 nib: Fig. 6)

Aircraft reports show westerl y winds from New Zealand to 73S

along the h O E  maridian and a cyclonic vortex center (4-A) north~est of

Ne~&irdo. Considerable noise was present in the 1}~P IR satellite imagery

(Fig. 8) for this tima, but upper-level ridging over the continent in the

vicinity of l3~~ was indicated by the anticyclonica hly curved returns fran
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high tropospheric clouds. It is noted that the clouds do not terminate

In the vicinity of the ridge line as is generally the case in mid-

latitude nephanalyses.

b. L~ .zer Troposphere (700 nib: Fig. 7)

IThP visual satellite imagery (Fig. 9) suggests t~ cyclonic

vortices in the vicinity of the Ross Ice Shelf . Vortex (7-A) can be seen

just north of the Ross Ice Shelf and vortex (7-B) over the extr~~~
eastern Ross Ice Shelf . Cyclonic cloud curvature, which is detectable

only on the visual satellite imagery , indicates that these vortices are

likely to be low-level circulation features .

2. 1200 (~W, 08 January 1976 Analyses (Figs. 10-12)

a. Upper Troposphere (400 nib: Fig . 10)

As inferred by the east-southeasterly wind at NeNerdo , vortex

4-A has drifted eastward about t~~ deg lat . Ridging is analyzed south

of McMirdo. ~X)AA-4 visual satellite imagery (Fig. 12) shows a major cold

low in the vicinity of 60S 14CM.

b. Lower Troposphere (700 nib: Fig. 11)

Transposing the 25 kt southeasterly wind at NeNerd o onto the

satellite imagery ~nd tracing the path of a hypothetical parcel of air

along the cloud striations indicates an anticyclonic vort ex (7-Z) centered

about 120 ri~ii south-south iest of McMurdo . The effect of topography on the

clouds is clearly evident in this feature. North of the anticyclonic

center , orographic lifting occurs as ricisture and clouds from the Ross

Ice Shelf are lifted from 100 ft msl to the 70C0 ft nisi polar plateau.

South of the vortex center , a down s lope tr ajectory is present and the air

parcels are adiabaticall y heated and evaported in returning to the ice

shelf . The resul t is a tongue of clear air extending onto the ice shelf
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and curving toward Ik~2tirdo. It is noted that the s1u~licity of the cir-

culation is caxphicated by clouds derived from the synoptic-scale n~isture

intrusion from mid-latitudes to the east of ~ k Mur do. ~~Fhirdo surface

observa tions for this day indicate that maxinun wind gusts of 70 kt from

the south were observed 4 1/2 hours prior to the tine of the ~I)AA-4 satel-

lite observation. The vertical sounding (Fig. 34) for this tine period

sbows no support for a surface wind of this magnitude. This is an exauple

of short period locally induced katabatic winds.

Although considerable cloudiness exists on the Ross Ice Shelf ,

the positions of vortices 7-A and 7-B are difficult to locate with the

~~~A imagery .

3. 0000 air, 09 January 1976 Analyses (Figs. 13-16)

a. Upper Troposphere (400 nib : Fig. 13)

Aircraft reports assist in positioning cyclonic vortex 4-A

appr ox1i~~tely t~~ deg lat due north of MCNL1rC]O. I}~P IR satellite imagery

(Fig. 15) outlines the anticyclonic flow about an upper-level ridge near

130 deg, as depicted by bright return and anticyclonic curvature in the

cloud syst~n, extending poleward to 72S. At this tine UcMur do, at upper

levels , is under the influence of air which is being recirculated fran

the continent through the western Ross Sea . To the east , middle/high

clouds associated with ridging near the 125d ner idian has extend ed to 80S .

b. Lower Troposphere (700 nib: Fig . 14)

The tt~3P visual satellite imagery (Fig. 16) shows vortex 7-B

on the Ross Ice Shelf . A height increase of 2& gpm and a 10 kt decrease

in wind speed at ~~ ‘k~rdo in the past 12 hours , coupled with increased

ridging in the northern Boss Sea and eastern Ross Ice Shelf , appears to be

associated with the filling of cyclonic vortex 7-A. Clouds are being

39
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a*lvected onto the Boss Ice Shelf by way of the southern extent of the

ri~ige in West Antarctica. Anticyclonic curvature associated with anti -

cyclone 7-Z is still visible but not as well organized as in the previous

satellite observation .

4. 1200 air, 09 January 1976 Analyses (Figs. 17-19)

a. Upper Troposphere (400 nib: Fig. 11)

Aircraft reports show a region of sharp horizontal wind shear

fran 67S to 706 where west-north~esterly winds at 120 kt shift to north-

northiesterly at 25 kt. tt ~IA satellite inegery (Fig . 19) shows a vast

cloud shield extending neridionall y fran New Zealand southward to approxi-

mately the s~~~ position as the area of maxixrun wind. In that region the

flow turns toward the southeas t arid enters the eastern Ross Sea . Aircraft

repor ts and the M?Thrdo observation indicate vortex 4-A has rix ved westward

once iga&n. The br uit of the associated synoptic-scale cloud shield has

not yet affected ~~1 Turdo .

b. Lowar troposphere (700 trib : Fig . 18)

The I~X)~.A visual satellite imagery (Fig. 19) indica tes anticy-

clone 7-Z r~ nains south of MCIIXdO as evidenced by a tongue of clear air

on the floss Ice Shelf appro ~dxaately 6 deg lat south-southeas t of ~tUurdo .

Vortex 7-B is not clearly defined in the satellite imagery but is carried

on the analys is for reason of continuity until a t~ore definitive obcerva-

tion is available .

5. 0000 air, 10 January 1976 Analyses (Figs. 20-23)

a . Upper Troposphere (400 nib : Fig. 20) 
-

11~ P TB. sate llite imagery (Fig. 2.2) depicts bri ght returns on

cloud bands extending along the 180 neridian to 745 and then eastward to

the eastern Ross Sea where the cloud bands diverge . Scxi~ of the cloud

42
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striations turn northward around the ridge and others c~~ve cyclonically

onto the eastern Ross Ice Shelf . The meridional flow which had been

approaching Mcliirdo no longer approaches directly but n~ist first flow

around the eastern Boss Sea. As indicated by an easterly wind at 1~2k~ do,

vortex 4-A has nx~veci eastward again . A sharp trough also is depicted

fran vortex 4-A eastward , thus keeping ~~Nurdo under t1-~e circulation of

t drier recirculated air .

b. Lower Troposphere (700 rib: Fig. 21)

1i~SP visual satelli te imagery (Fig. 23) sFx~is anticyclo ne 7-Z

has r~~ iined essentiall y stationary. It is noted that nuich of the cloudi-

ness which had been wedged ag~~xist the Trans-Antarctic M3untain Range

has nDved northward. The observat ion of this type of nx venent appears to

be a near -is by which one can deduce existing wind directions . Vortex 7-B ,

which was not visible on the previous ~)AA satellite observation , has been

clearly ‘located just north of the Ross Ice Shelf beneath the troug h

analyzed on the 400 nib analysis . 
-

6. 1200 a rr, 10 January Analyses (Figs. 24-26)

a. Upper Troposphere (400 nib: Fig. 24)

I~~-~jrdo winds have shifted fran east-southeast at 25 kt to

north-northwest at 25 kt with a 10 gjin drop in height. This indicates

that vortex 4-A has noved southwestward. The I~DM satellite imagery (Fig.
- - 

- 
26) for this tlii~ period continues to show the eastward progression of

the meridional transport of nx isture. The r.njor cloud band axis at 1800

a~w is centered near the 170W meridian , advecti ng nri sture onto the Ross

Ice Shelf by way of the eastern Ross Sea . Thoughing present in the Ross

Sea on previous days is being rep laced by a building ridge. The satellite

ir.iigery indicates a large area of cyclonic ci.~~ature in the cloud bands
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I
about 10 deg lat north of ~~Mjrdo , Indicative of a closed vortex C , as

analyzed.

b. Lower Troposphere (700 mb : Fig. 25)

With the strong advection of upper-level cloudiness into the

Ross Sea, the location of vortex 7-B is not observed in the NOAA satel-

lire Imagery (Fig. 26) . The 700 nib southerly wind at M~tirdo indicates a

circulation still exists but as Indicated by the 400 nib analysis, upper-

level ridging aloft weakens the low-troposphere cyclonic circulation.

7. 0000 ~~fl’, 11 January 1976 Analyses (Figs. 27-30)

a. Upper Troposphere (400 trb : Fig. 27)

Cyclonic circulation 4-A no longer appears as a separate en-

tity but is now part of vortex 4-C, centered north-northwest of ~~Murdo.

The 1}~P IR satellite Imagery (Fig . 29) does not reflect the 400 irb

northeast wind observed at Md4irdo. The cloud curvature observed re-

flects southeasterly winds which are found beneath the 400 nib level.

(See cross-section, Fig. 34.) Over the previous 12-hour period there

has been considerable building of the ridge on the Ross Ice Shelf . The

~ Airdo 400 trb observation shows a 90 gpm height rise. The vertical

ti~~ cross section shows a mixing ratio maxinun of 1.4 gpi/kg at the 550

nib level thus Indicating this as the major level of mid-tropospheric

wisture advection. Warm air advection at the 400 nib level was noted

as t~~)eratures rose 10°C In 12 hours.

b. Lower Troposphere (700 nib: Fig. 28)

The McM.irdo 700 nib observation shows a height fall of 14 g~n

with a southeasterly wind. 1~~ P visual satellite imagery (Fig. 30) shc~.zs

vortex 7-B about three deg lat northeast of ~~M.a’~do. ~~isture which h~ 1

been advected onto the Ross Ice Shelf now has a steering mechanism for

advectiai over ?~ Mzdo. Daring the next seven hours MeMirdo surface

50
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observations showed interr~iittent periods of light snow and blowing snow;

maxiniiri winds ~~re fran 170 deg at 20 kt gusting to 40 kt , and visibility

lowered to 5/8 mile. As observed in the vertical time cross section (Fig.

34) the major Influx of low tropospheric noisture advection occurred

beneath the 350 nib level with a maxinun reading of 2.8 an/kg below 950 nib.

8. 1200 a~rr, 11 January 1976 Analyses (Figs. 31-33)

a. Upper Troposphere (400 nib: Fig. 31)

The ridge and associated circulation affecting McZ-kirdo earlier

in the day rzved eastward. McMirdo then care under the influence of

northerly flow. The 12-hour decreases of 130 gpn and 9°C noted at the

400 nib level are indications that NcMirdo once again is under the influence

of a cold trough as the waimar anticyclonic circulation ncved eastward.

~ )AA visual satellite imagery (Fig. 33) shows the major area of noisture

intrusion to be east of the Ross Ice Shelf. However, there still r~nains

a substantial meridional nx isture advection pattern in middle and high

latitudes as the satellite imagery shows.

b . Lower Troposphere (700 nib: Fig, 32)

12-hr height falls of 53 gpm and a southerly wind indicates

that -vortex 7-B is now due east of ~~Mirdo at 700 nib. The ~)AA visual

satellite imagery (Fig. 33) does not present any evidence of this circu-

lation; it does however show that the brunt of the clouds of mid-latitude

origin that entered the eastern Ross Ice Shelf have passed over or away

frcca Me~~rdo , noving nlDstly south and east of the station.

C. NT.I’ERICAILY-ANALYZED VS. SUBS.JECrIVELY-ANALYZED CIRCULATIONS

Fleet Nui~rical Weather Central has been nw~rica 1ly analyzing South-

ern H~~~sphere constant pressure data in operational real time since

53
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April 1974, althot€h the diagnostic products generall y are not received

by the Z~~&zrdo Weather Group. Analysis credibility is largel y a fimction

of data density; at best , conventional data are scarce. It is of interest

to conpare F1~MC’ $ fInal 700 nib analyses with those of the aut hor for a

selected area over arid near Antarctica. The latter interpreted circula-

tions fran weather satellite imagery and (Indirectly) fran near-400 nib
= aircraft reports in addition to the conventional rawinsonde data. FtMC’s

obj ective upper-air analyses are a function of radiosonde data only over

the Continent. However, the data base is enhanced by SIRS satellite

sounding data which determine 1000/300 nib thicknesses over the water

areas and Indirectly enter at other levels through the c~~puter process-

ing in the mass structure nodel (Naval Weather Service Ccxrmand, 1976) .

Further, the rawirisonde data available for analysis by FtMC are not neces-

sarily the same as that available to this autho r.

It is readily seen in Fig. 36 that the t~~ analyses differ markedly

over and near the Continent throughout the case study period especiall y

in relation to circulations associated with an influx of noist air over

the Ross Sea and Western Antarctica. It ~~uld be expected that the

analyses at other levels and prognoses derived therefran v~u1d also show

silAlilar differences , although this does not inply such differences at -
every analysis time. The a~~~spheric circulations during the particular

period under study are of great in~ortarice to the conduct of the ongoing

scientific operations on the Ross Ice Shelf. As such, the need for satel-

lite Input to the operational nt.marical aril aysis over open water and snow/

ice covered water and land areas is evident .

D. CONCLUSIONS

The synoptic weather pattern leading to the 11 January 1976 si~iifi-

cant weather episode at McMurdo is that of a deepening long-wave trough as
58
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it approached 160-l7OE . Concanitant with the deep~~ing trough is a

building ridge in the vicinity of l75E-l7(XJ . The building ridge is the

n~ chani~ n by which a large area of maridiona l wisture advect ion entered

the eastern Ross Sea and onto the Ross Ice Shelf . The ridge continued

ncving laterally eastward and by 00 (~~~ 11 January the noisture n~vIng

onto the Ross Ice Shelf was virtually cutoff as the major cloud bands

in~ inged upon the Antarctic coast at about 14~Y.4. The nristize advected

previously onto the Ross Sea was then circulated cyclonically over the

Ross Ice Shelf thereby affecting ~4~&irdo weather for only an 8-hour per-

iod. It is probable that with the wistur e source maintained , cyclogene-

- 
- 

I sis in the floss Sea would have continued and a major storm would have

resulted.

This case study has deionstrated that synoptic scale noisture advec-

tion sour ces and its southerly extent can be qualitatively deternthied by

utilizing satellite imagery. (~i the masoscale, orographic lifting of

clouds and subsequent cloud patterns (i.e. IR cloud plunes) can be used

to estimate wind direction. Through basic topographical fai~1iarity,

adiabatically dried air formed by air descending fran the high plateau

region to the low ice shelf may be observed on satellite imagery of suf-

ficient resolution as a tongue of clear air invading a previously exist-

Ing cloud mass. Hence the identification of rne soscale anticyclonic

vortices in the vicinity of the topographic discontinuities of the

plateau/ice shelf are readily made.

The Ii~portance and limitations of the ~ SP IR and visual nodes are

to be noted. IR Imagery was used to qualitatively describe upper-level

wind direction by correlating the striations of bright cloud rettznS with

wind directions. The limitations arise in that misinterpretation can

60
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result when top-cloud t~iperature returns fran striations , say at 500 nib,

are assuxed to exist for other levels as well , say 400 th or 600 nib.

This is the case in the 00 (IC , 11 January 1976 400 nib analysis . Cloud

striations in Fig . 29 indicate southeasterly winds , yet nortI~ .asterly

winds are actually observed. It is therefore essential that analysis of

any vertical soundings be made in order to resolve this dil~una. In this

case the vertical time ~~oss section (Fig. 34) shows that a inexinun mixing

ratio center at 550 nib and southeasterly winds at 500 .rb and below are

observed.

It is obviously necessary that all available data be assimilated In

all dimensions and time so that a representative depiction of atnospheric

events can be made .
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VIII. CASE STUDY OF fllE AThDSPHERIC EVENTS
ASSOCIATED WITh ThE 25-26 ~~CE21BE1~1975 SI~~IFICAflT WEKLHER SEQU~~cE AT

~~MIJR1Xi S~ATIa,~ AN1~ARC~ICA~ 1g~~~37-68)

A. fl DWTIC~
The 25-26 Decenber 1975 si~~ificent weather sequence is a prime ex-

anpie of warn, noist air intrusion into the Ross Ice Shelf area associa-

ted with a building ridge over West Antarctica. Although the nost

prono~~~ed weather e~cperienced at M~ hirdo during this sequence consisted

of a reduction in visibility to one mile in snow between 0800 and 1200

(M~ on 25 DecEther 1975, much of the Ross Ice Shelf appeared to have ex-

perienoed a four-to-five-day extended period of snowfall. With added

eiphasis on the conduct of research on the Ross Ice Shelf in recent ear ,

an extended period of cloudiness and intermittent snowfall holds consider-

able inportance to both field parties and support personnel.

As noted on the time cross-sections (Figs. 66 and 67) for McI~&zrdo ,

intermittent periods of snowfall were observed fran 20-22 Dec~nber 1975.

Satellite imagery for these days indicates cloudiness confined to the

western Ross Ice Shelf . Since this snowfall did not appear to be directly

associated with synoptic scale events end was localized , it does not

warrant detailed investigation.

The ease study starts with events on 22 Dec~ iiber 1975.

B. CASE STUDY ANALYSIS (00 (Mr 22 tëcath er - 12 (Mr 25 Decan~ber 1975)

1. 0000 ~~f L ’ 22 Dec~nber 1975 Analyses (Figs. 37-40)

a. Upper Troposphere (400 trb: Fig. 37)

Aircraft reports between ~tM.irdo, ~~ne CHARLIE , and South

Pole indicate the axis tex~~e of a eye ionic vortex A estima ted to be
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about five degrees latitude west-north~est of ~t1’&zrdo arid a second cyclon-

ic vortex (4-B) about four degrees latitude southeast of Vostok. A third

eye ionic vortex (4-C) , based on the 20 kt grid southeasterly wind at

South Pole is analyzed approximately t~~ deg lat to the grid northeast of

Pole. Because of the inportance of the tilt associated with vortex A

in the case study, the relative positions of the vortex circulations at

700 nib and 400 trb are discussed separately at each level, hence vortex A

will be labeled as 4-A and 7-A.

L~SP IR satellite imagery (Fig. 39) indicates middle cloud

tops in the vicinity of M~~irdo . The 0600 (MI ~ 2tzrck surface observa-

tion which is closest in time to the satellite imagery, estimated cloud

bases as 7000 ft with light snow precipitating. Bright returns fran oro-

graphically lifted air in the vicinity of 71S l6OE indicates westerly

wind flow in that area. Note the sharp boundary on the western edge of

the cirrus cloud plix~ and the decrease and diffusion of the cloud bright-

ness to the east. An anticyclonic trajectory of meridional noisture

advection extending to middle/high tropospheric levels is observed on the

IR and visual Imagery near and east of 155W fran 70S southwerd to the

Antarctic coast line.

b. Lower Troposphere (700 mrb: Fig. 38)

Both EZ’~P IR end visual satellite imagery (Figs. 39 and 40)

show sane cyclonic curvature in cloud striations just north of ~~ tn do.

This appears to be the eastern extent of the low level cyclonic vc~rtex

(7-A) . low troposphere clouds with apparent anticycionic curvature are

noted on the visual imagery , six deg lat southwest of ~tI~tirdo over the

polar plateau. U~-SP IR satellite imagery shows sane light gray striations

oriented in a northeast to southwest direction indicating that sane
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orographic lifting is occ~~ring in that area. This feature is repre-

sented in the 700 nib analysis as anticyclonic flow with an associated

ridge extending from the western part of West Antarctica over the Trans-

Antarctic Range .

2. 1200 (MI 22 Decwber 1975 Analyses (Figs. 41-144)

a. Upper Troposphere (400 nib : Fig. 41)

~~AA visual satellite imagery (Fig . 43) shows cyclonic cloud

curvature associated with a broad troug h northeast of rt±kirdo extending

to a weak cold core eddy in the vicinity of 53S 16CM four hours after map

tima. Another spiralling, rather complex eddy is located in the vicinity

of 65S 14CM. The structure of this eddy has sin~.larities to the cam~a

shaped cloud masses associated with positive vorticity advection maxima

(PVA M~X) as described in Proj ect FA1~DS Research Report 4-67 (Bit~~er ,

1967) . Fig. 44 shows a nephanalyses depicting the structure of the eddy

arid probable air flow. As noted on the nenhanalysis , the PVA flAX cloud n~ss

f bulges towards the southwest indicating its probable direction of trove-

rent . It is the southward advection on the western perimeter of the PVA

MA~X which is transporting Izoistur e into the eastern Ross Sea area. The

30 gpm and 2°C drop as well as the reduction of wind speed at 400 nib

(Fig . 66) in the past 12 hours indicates that cold core vortex 4-A is

drifting eastward toward ~ ~c~~rdo. Vortex 4-B near Pole Station is drift-

ing grid east as the temperature and 400 nib height increased 1°C and 10

~~iui , respectivel y, in the past 12 hours .

b . Lower Troposp here (700 nib : Fig. 42)

Vortex 7-A appears to be over ~~4irdo at this time as evi-

danced by nearly calm winds and a 21 gpm decrease in 700 nib height in

the pas t 12 hours. Ridging fran West Antarctica continues to build over
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Figur e 44. Nephanalysis of PVA-type cloud mass.
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the polar plateau. ~DAA visual satellite imagery (Fig. 43) sF~x.~s the

western extent of the major noisture intrusion to be in the vicinity of

the Trans-Antarctic ~buntain Range at 180 deg. F~~ther evidence of

orographic effects , namaly downs lope flow, is evidenced by the cloudless

coastline in the vicinity of 75S , 135W to 11CM.

3. 0000 Q-!T, 23 Decanber 1975, Analyses (Figs. 45—48)

a. Upper Troposphere (400 nib: Fig. 45)

11~SP IR imagery (Fig. 47) presents a rather ranarkable figure

yielding detailed cloud structures in nearl y all areas of the analysis.

(~i the northwestern edge of the imagery jus t south of Ditcn t D’Urville

(67S 140E) onshore flow and orographic lifting results in bright anti-

cyclonic cloud situations over the polar plateau. Continuing south and

east the striations gradually lessen in brightness, disappear , and sud-

denly reappear with a very distinct western boundary near 72S 162E .

This is where the relatively noist air , possibly accompanied by blowing

snow, impinges upon an orographic feature and results in a high level

cloud plums tailing off (becoming narrower) toward the east. Aircraft

reports from Navy LC-130 aircraft at 24,000 feet (near 400 nib level)

observed winds west-southwest at 30 kt and west at 60 kt at 70S and 73S , I
respectively, near the plue area five hours before the satellite

observation.

Cyclonic cloud curvature is observed on the IR imagery in

the vicinity of 57S 165W. This has been analyzed as the northern extent

of a 400 nib trough oriented in a north-northeasterly direction fran

~t~4.irdo. The bright nieridionally oriented cloud return extends southward

from the northern source region into the eastern Ross Sea and Shelf area.

The bri ght , rather narrow streams of cloudiness begin to diverge at about —
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705. (kte b-ranch of ntisture noves south of ~~Mirdo and is orographical-

ly lifted over the Trans-Antarctic I’buntain Range forming bright cloud

plues frcin about 848 to 86S and then turning antLcyc lonically towar ds

South Pole Stati on. The South Pole 400 nib observation shows a grid east-

southeast wind at 25 kt which agrees well with the cloud striatio ns ob-

served near Pole Station. The second branch of the observe d diverging

cloud bands , along with sane noisture advection fran the southeast side

of cyclonic vortex D located in the vicinity of 64S 136W, results in

bright anticyclonic curved cloud returns in the vicinity of 76-805 , 150-

135W.

Aircraft reports on the New Zealand to NcM.n~do flight track

allows considerable detail in the contour analysis; the reports on the

~~ma Qiarlie flight track agree with the apparent cyclonic curvature of

the cloud patterns there and along with the ~tMur do observa tion places

cyclonic vortex 4-A about t~.v degrees latitude west—northeast of the

station.

b. Lower Troposphere (700 r±: Fig. 46)

Cold core vortex 7-A has roved slightly east of NcMirdo as

evidenced by a 5 kt southwesterly wind. 1}~P visual satell ite imagery

(Fig. 48) shows the t~~ areas of anticyclonic curvature, previously dis-

cussed fran the IR imagery in greater detail. Anticyclonic vortex centers

are located at about 87S 165W (7-Z) and 77S l4~M (7-Y) . The 700 trb

vortex D is analyzed in the same position as its 400 nib c~xiterpart , in

an area of broad cyclonic cloud curvature.

Ibte the ice in the center of the Ross Sea on the visual

imagery ; the ice appears similar to open cell cuiailus clouds. The area

appears free of Low cloud ixit there is evidence of high cirrus on both

_ _  ~~~~~ 



__

the visual and infrared images . Because the taiperatu re of the ice sur-

face and surrotriding water are approximately the same , the ice fea ture

is not visible in the IR imagery (Fig. 47) .

4. 1200 a-~r, 23 Decanber 1975 Analyses (Figs. 49-51)

a. 1~ per Troposphere (400 n~ : Fig. 49)

The ridge from West Antarctica continues to build as evidenced

by a 12-hour 50 g~xu height and 2°C taxperature rise at South Pole , and

the continued advance of clouds toward grid northeast relative to Pole.

~1)M visual satellite imagery (Fig. 51) shows vortex D centered in the

vicinity of 665 143W. The reimining circulation features are maintained

by continuity.

- 
b. Lower Troposphere (700 nib : Fig. 50)

With the 1~~&irdo so~mding missing and no si~ iificant changes

observed in the ~)AA sate llite imagery (Fig. 51) , the 700 nib analysis

reflects sirple continuity fran the 0000 a-~tr analysis.

5. 0000 arr , 24 Decether 1975 Analyses (Figs. 52-55)

a. Upper Troposphere (400 nib: Fig . 52)

1]~ P IR satellite imagery (Fig. 54) shows vortex D has noved

southward to about 67S 144W . Brightness ret ur ns fran higher clouds in

the tt~ P imagery indicate that substantial noisture is now being advec ted

onto the Ross Ice Shelf and over the polar plateau. The major thrust of

the noisture intrusion ranains approx imately three degrees of latitude

east and south of ~~ &irdo.
• Vortex 4-A ranein s west of ~tMjrdo. ~~st1y light westerly

I winds and low mixing ratios prevail in the troposphere above the surface

layer (Fig. 66) , placing ~~ &irdo tmder brok en skies .

1he bright anticycloriically curved striati ons resulting fran

orographically lifted air ranains an excellent rnetFod of tracing wind
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direction over the polar plateau between Mdtirdo and South Pole. Bright

cloud plums in the vicinity of 76S U5-145~ indicate a change in wind

direction in that area. The sharp bo~i~daries on the cloud p1ix~s are

on the eastern side of the plui~s indicating winds in that region

are easterly.

b. Lower Troposphere (700 ub: Fig. 53)

An increasing scxith~ sterly wind at ~~ tirdo indicates that

vortex 7-A is located east of the station. The ccxthination of southwest-

erly flow at ~~ 4irdo and easterly caiponents to the south , results in

noisture being orographically lifted in the latter area , as evidenced by

clouds in the ~~~P visual (Fig . 55) and IR satellite imagery (Fig. 54) .

As long as the 700 mb winds have a westerly ccq)onent, ~~ tirdo will not

experience any significant preci pitation fran low level noistur e sources .

Anticyclonic vortex (7-Z) has r~~airied essentially stationa ry prc~oting

a further influx of noistur e toward grid northeast re lative to Pole.

Anticyclonic vortex (7-Y) appears to have elongated along an east-west

axis as indicated by the cloud plumes on the IR imagery. Considerable

n~,istur e advecticn onto the Ross Ice Shelf continues as vortex D

approaches the Antarctic coastline .

6. 1200 aqr, 24 Decanber 1975 Analyses (Figs. 56-58)

a. Upper Troposphere (400 nib: Fig. 56)

Continued building of the ridge from West Antarctica is evi-

denced by a 24-hour 60 g~xn height rise at South Pole . T~K)AA visual satel-

lite Imagery (Fig. 58) shows the ntisture intrusion near the ridge line

extending to 120E at the near pole lati tude . Although there was no sound-

ing available at ~thirdo , cloud striations in that area are oriented so

as to indicate the presence of a northeasterl y wind . ~~isture advection
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continues onto the Ross Ice Shelf and it is likely that significant snow-

fall is occurring tI~ oughout the ice shelf in all but the ~~ &irdo area .

Other analyses features near/on the continent are a function of tima

continuity.

b. La~er Troposphere (700 nib: Fig. 57)

With no RAOB sounding available fran McZ’tirdo the 700 nib analy-

sis essentiall y reflects sinp ie continuity between 00 (~~ analyses of 24

and 25 Decath er . Anticyck)ne TI has been raroved as a separate enti ty.

7. 0000 C}t,~ 25 Decanber 1975 Analyses (Figs. 59-62)

a. Upper Troposphere (400 nib: Fig . 59)

Vortex D continues to drift southwestward toward the Ross Sea

area and is located by tt ’~P IR satellite imagery (Fig. 61) at about 71S

15CM. Vortex 4-A is now centered approx imately three deg lat north-north-

west of McMurdo . The 35 kt northeas terl y wind and 4°C , 24-hour taipera-

ture rise at ~1c~1.irdo suggests that an air mass of lower latitude or igin

is now affecting the area . tt~SP IR satellite imagery also depicts what

appears to be t~~ inesoscale cyclonic vortices north of ~~Mxdo ; these may

be the result of a leeside developtnent trigge red by increased westerly

winds . Based on the author ’s experience, when aircr aft reports are

available with similar feature s , it is believed ixilikely that these maso-

scale features extend up to the 400 nib level. The satellite imagery also

depicts the ridge fran Western Antarctica continuing to extend itself

closer to Vostok Station. It is noted that the cloud structure of this

ridge differs fran conventional mid-latitude ridges , in that cloudiness

is clearly evident on the downstream side of the ridge line. A possible

explanation for this feature may lie in a canbination of orographical lift-

~ng of satur ated air along with blowing snow in connection with air

~~iec~ed across the ridge.
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b. Lower Troposphere (700 nib: Fig. 60)

At 0300 a~rr light snow was observed at ~~Mirdo and continued

for the next 26 hours. Visibility decreased to one mile at times with

surface winds westerly at five to ten kts.

The vertical cross section (Fig. 66) shows the 700-mb level

winds shifting to east-southeast at this time, this indicating the arrival

of part of the n-oj st air mass over ~k~tirdo. The 1}~P visual satellite

in~gery (Fig. 62) shows the two small cyclonic vortices north of ~~ txrdo.

The scale of these vortices is too small for proper representation on

1:15,000,000 scale map and therefore are not represented in the analysis.

Vortex D continues to drift towerd the Ross Sea and is located at about

71S 15CM. Anticyclonic vortex 7-Z continues to evidence itself on the

visual imagery in the vicinity of 82S 148W , as indicated by anticyclon-

ically curved cloud bands .

8. 1200 a~rr, 25 Decanber 1975 Analyses (F~gs. 63-65)

a. Upper Troposphere (400 nib: Fig. 63)

Easterly winds of 35 kts at Mct4irdo indicates that vortex 4-A

ranaizts north of the station. tfl~A visual satellite imager y (Fig. 65) no

longer shows the distinct circulation previously associated with vortex D.

However , there appears to be sa~~ cyclonic turn ing in the area of 72S

155W ‘which is interpreted as the filling vortex D. Less noisture is ap-

parently being advected over the eastern Ross Ice Shelf as the cloud bands

are narrow er than in earlier imagery . There still ranains considerable

cloudines s of a cur miliform nature over the Ross Ice Shelf , indicating the

probability of continued inclement weather in that region. The South Pole

observation showed the wind backing to grid east-southeast and an increase

in taiperature of 2°C over the past 24 hours , in agreanent with the ob-

served building ridge patterns observed in the satellite imagery.
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b. Ls~ er Troposphere (700 nib: Fig. 64)

~l~A visual satellite imagery (Fig . 65) depicts an anticycl on-

ic vortex (7-Z) in the vicinity of 85S 16CM while a cyclonic vortex

anpears to be located at about 73S l77E . This vort.~x is within the 4
analyzed 700 nib vortex (7-A) and may be caused by a leeside effect due

to the westerly winds passing over the polar plateau. Cloudiness and con-

tini.~us light snow are observed through 0500 a~!r , 26 Decanber 1975

followed by light snow shower activity .

C. NU~ERICAILY ANALY~~D VS. SUBJECTEVELY AN~JLYZED CIRCtJLATI0~~
As in the January case study the F!IJC and author ’s 700 nib analyses

are superimposed for 00 Q~Zr 22-25 Decather 1977 (Fig. 68) . Again, many

differences between the t~v analyses are evident, especially in relation

to the synoptic situation over western Antarctica and the Ross Ice Shelf

during the period of ncist air influx to high latitudes .

D. C0tCLI~ I(~ S

The synoptic weather pattern leading to the 25-26 Decenber 1975 signi-

ficant weather episode at ~d4ur do is that of a cyclonic vortex (D) nEving

soutF~estward fran 65S 145W on 1200 Q~r 22 Decanber 1975 to 72S 155W on

1200 aff 25 Decanber 1975. Satellite imagery indicates this cyclone was

both a nx istur e source and steering rnechani~ n for nri stu re advection fran

lower latitudes to the Ross Ice Shelf . As a result of the nx isture and

associated wanu air intrusion onto the Ross Ice Shelf , anticyclonic flow

extended fran West Antarctica to the Trans-Antarctic M untain Range on 22

Decanber to a position just to the grid west of Vostok station on 26 Decan-

ber. As the nDistta~e advection and ridge building pro gresses, the entire

Ross Ice Shelf becomes cloud bound with probable inclaner-it weather .
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1}~P satellite Imagery (Figs. 61 and 62) Indicates that on 25 Decen-

ber 1975 the Ross Ice Shelf n~ isture has noved laterall y eastward fran

the eastern Ross Ice Shelf , resulting in the orographic lifting of

noistur e in the vicinity of 76S 135-145W . With the major sour ce of

nz,istur e cut off fran the Ice Shelf , graduRl cleari ng is then observed.

I~~P satellite imagery (Figs . 54 and 55) indicates considerable

noisture jus t south of ~~1t~rdo on 0000 (}ff 24 Decenber 1975. Lower-level

tropospheric winds (Fig. 66) are westerly at 850 nib and soutI-~ esterly —

at 700 th. These westerly winds indicate that the noisture content of

the air to the south is being nodified by the orographical lifting to

6000 ft terrain to the south and ‘west of ~tMirdo , resulting in only

broken skies at McI4.~~~ in the flow fran the continent. Only when the

850 nib and 700 nib winds shifts to southeasterly at 1200 Q1~r 25 Decenber

1975 , does an essentially unobstructed flow of low tropospheric nEisture

advection exist , resulting in 26 hours of continuous snowfall beginning

at 0300 Q~4r on 25 DecEnber 1975 . It is important to note that alnost

siim.iltaneous with the noisture adv-ection and prec ipitation at ~~ &irdo,

the cycloriic vortex A, to the North shows signs of deepening as I~ti~iirdo

sea-level pressure drops 2.1 nib between 0000 a~rr and 1200 air on 25

Deceiber 1975.

This case study denDnstrates another variation of the ridge/ trough

positioning and associated meridional noisture advection leading to

significant weather at Mchirdo. It also shows the impor tance of the

positioning of resoscale features such as cyc ionic vorti ces In the steer-

irig of noisture away fran or to a local area such as ~~ t rdo .
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IX. CASE S’flJDY OF OBSERVE!) KAIAFATIC WIND
EPISOIE OF 11-13 OCI~)BER 1973

(Figs. 69—79)

A. It~T1’l~ wcr1ON

It is the objective of this case study to describe the ati~spheric

j events leading to the glacial valley ‘warming and associated katabatic

wind flow observed in the 1}EP IR satellite imagery of 13 October 1973.

Marvill and Jayaweera (1975) first described valley warming and

corresponding valley winds in the Alaskan interior utilizing 1R Imagery

form a !~I)M polar orbit ing satellite . This Investigation treats a

— I similar case in the Antarctic region near !-~ lirdo and focuses art the

a~xospheric events preceding its occurrence . The format of the case

study varies fran that of the January 1976 and Decanber 1975 cases in

that only 500 nib maps are analyzed for three 24-hour intervals beginning

with 0000 a~tr ii October 1973.

Vertical tixne cross sections inclusive of 9 through 15 October 1973

for lt~M~~do are presented in Figs. 78 and 79 .

B. CASE STUDY ANALYSIS (00 a’rr ii October 1973 - 00 QIr 13 October 1973)

1. 0000 Q~ff 11 October 1973

a. 500 nib Analysis (Fig. 69)

tt~ P IR satellite (Fig . 70) imagery stows southeasterly flow

• impinging along the Trans-Antarctic !tiztta in Range . Bright cloud pltr ~s

are observed along the entire length of the Trans-Antarc tic l-b~nta in

Range as the noistur e laden air is orographically lifted . As the oro-

graphically lif ted clouds continue onto the polar plateau , a ridge line
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Figure 70. 1~SP IR satellite observation , about 0400 Q~r

t 11 October 1973 .
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is defined by the clo~xI s~~iations and anticyclonic c~wvature in the

vicinity of 140E extending fran 75S to Sa.ith Pole. An east-z~ rtheasterly

wind at Vostok and a southeasterly wind at ~~ t~do support the wind

directions in~,ljed by the imagery. The anticyclonic vortex Z appears

to be centered about five deg let grid east-southeast of South Pole,

using both the Pole wind and satellite imagery. Cyclonic vortex A is

depicted by 1}~P visual imagery (Fig. 71) in the vicinity of 77S 165W.

With the large cloud mass over the polar plateau west of

*Mjrdo and the }‘k~Murdo surface observations reflecting restricted visi-

bilities in sr~ w and blowing sr~ w of one mile or less in each of the

seven previous days it can be asstined that considerable snowfall has

occurred along the Trans-Antarctic I~buntain Range. It is of interest

to rx te in the visual imagery the tongue of clear air approaching the

Trans-Antarctic ~buntain Range in the area poleward of 808.

2. 0000 air 12 October 1973

a. 500 mb Analysis (Fig. 72)

t~~P IR satellite imagery (Fig. 73) shows clouds inpinging

on the Royal Society I’bxktain Range and other elevated topographical

features south of r~~tirdo. The bright returns fran cloud plunes appear

to be oriented along a south-southeasterly direction, agreeing well with

the lower tropospheric winds (Fig. 78) fran the 0000 air I’tMirdo sotziding.

Anticyclonic vortex Z has tx)ved to a position approximately

6 deg lat grid southeast of South Pole. Anticyclonic vortex Y appears

to have formad near Vostok Station as indicated by a 24-hour 90 gpm, and

3°C ris es and anticyclo nic cloud striations In the U~ P visual satellite

Imagery (Fig. 74) . F~Murdo has experienced a tightening contour gradient

as evidenced by a 25 kt wind increase to 65 kt and 30 g~xn rise In height .

Cyclonic vortex A has n~ved westward and is located at about 75S 174W.
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12 October 1973 .
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1}~P visual satellite imagery shows clearing skies in the

vicinity of the scuthernii st portion of the Trans-Antarctic !tuitaln

Range . This is an indication of a shift in wind to a wre southerl y

czponant In that region. South Pole ’ a 20 kt grid east-i~ rtheast wind

supports this assu~~tion.

3. 0000 ~r 13 October 1973

a. 500 n’b Analysis (Fig. 75)

lXwing the past 24-hour period the entire length of the

Trans-Antarctic ~biitain Range south of 77S has becane cloud free , m di-

cating pre&t~ixiant southerly flow. The South Pole 500 th observation

s1~~ a a 24-hour 100 ~~m and 3°C t~ rperature drop Indicating anticyclonic

‘vortex Z has nEved away fran the stati on or weakened. ~~~P satellite

visual Imagery (Fig. 77) shows anticyclonic cux vatures associated with

the anticyclonic vortex Y at a position of about 5 deg lat west of

WATrdo. A polar cyclonic vortex appears to be approaching South Pole

fran the grid north~est. As indicated by 1~~ P IR and visual satellite
V 

Imagery (Figs . 76 and 77) , cyclonic vortex A has drifted slightly west-

werd. The 24-hour 70 g~xn height rise and 15 kt decrease In wind speed

at McMzdo Infer that vortex A is filling .

IR imagery shows what is Interpreted as glacial valley or

katabatic wind flow along the glacial valleys of the Trans-Antarctic

~~ ritain Range south of 785 . Dark, relatively warm streams of air ,

originating along the slopes of glacial valleys are observed curving anti-

• cyclonically back toward the polar plateau. As the katabatic streams im-

pinge upon the Royal Society t~’bi~~tains and other elevated topographical

features south of I~’k~M~~do , the air is orographically lifted and the for-

mation of cloud p11.lnes result. The nost Intense dark strean originates
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fran the Byrd Glacier which cctues onto the Ross Ice Shelf between 80 and

81S. Another dark stream originates fran the Ninrod Glacier which in-

tersects the Ross Ice Shelf between 82 and 83S.

C. ~~tELT..EIC~~
The probable atr~spheric events leading to the observed glacial kata-

batic flow are as followe : 1) A large cloud mass of nEist air intrusion

originating fran lower latitudes is observed over the polar plateau be-

tueen Wltirdo and Vostok on 11 October 1973 , 2) Concanitant with the

orographic lifting of this mass fran the low elevation (2- 300 ft mal) of

the Ross Ice Shelf to the high elevation of the polar plateau (7-8000 ft

nisi) a large ~~~tnt of snowfall occurs, 3) On 12 October 1973 the can-

pier anticyclonic circulation over the polar plateau is in the process

of extending north~ard between Vostok and ~~tirdo, 4) On 13 October 1973

an anticyclonic vortex is centered appro~dniate1y 5 deg of lat west of

I~1~iir& and a cyclonic vortex about 4 deg of lat northeast of McM.ircb. 
V

This is a case ‘~thereby the jtnctaposition of a cyclone to the north-

east and an anticyclone to the west of McMirdo is such as to inpose a

regional pressure gradient and wind to cause katabatic flow in the vicinity

of Byrd and Ninrod Glaciers.

With the anpie supply of loose snow that had fallen a f~ z days earlier,

a vast low-level nx)isture transfer appears to occur, originating fran

the polar plateau as blowing snow, and then being orographically lif ted

V 
by the Royal Society Ibuntains, thus forming cloud plut~s which extend

over the polar plateau once again. Cciiiparison of tV~P visual and IR satel-

lire imagery shows the region where orographically lifted clouds are formad

fran apparently clear sky conditions noted on the visual imagery.
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A possible e~~lanation to the glacial valley warming observed in the

- 
I IR inEgery may be that the layer of blowing snow partakes of the adiabatic

— 

V - ‘ 
- 

warming In the downslope notion and hence appears dar ker than the surround-

Ing and less disturbed si~~ covered nountain areas

r
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X. WNWJSIONS AND RE ENfl~.TIO!~E

The principal objective of this study wa.s to identif y the synoptic

and associated masoscale weather patterns leading to si~~ificant weather

days at ~~ tirdo Stati on, Antarctic a. Through the utilization of tt ’~P

and t~fl~AA iatellit e imagery in supplan~nting conventional and aircraf t

data , synoptic and mesoscale patterns preceding and dur ing si~~ificant

weather at ~~iiirdo are identified. Meridional noi3ture advection fran

lower to higher latitudes associated with hoilding and/or transitory

ridges are identified in three case studies fran recent years . The L~~P

imagery in each case study exhibite d sufficient resolution to enable the

observation of nov~nent and areal extent of the associated noisture .

Mesoscale features such as cyclonic and anticyclonic vortices were

sho~n to play an iixportant role as triggering or blocking machariistris

in connection with si~~ificant weath er at I4 MLIrCk . Glacial valley warn-

ing/katabatic winds were observed on 1}SP infrared satelli te imagery .

The interrelationship of conventional data and satellite imagery were

d nstr ated throughout the case studies . thwer level tropospheric ground

truth observations tend to support quite well observed imagery features
V such as orographi cally lifted cloud pluues and str iations .

F~MC 700 nib analyses were caipared to the author ’ s analyses for the

January 1976 and Dec~ riber 1975 case studies . The probl Ens of ntm~rical —

analysis without aid of satellite data over essentially data less ice cap

regions were danvnstrated.
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The following recaimandations are offered for future studies and

action:

1) Investigate all significant weather days fran recent years ,
V 

utilizing conventional data and satellite imagery as practical , to

qualitatively determine the gross synoptic scale positions of ridges

and troug hs associated with such days.

2) Research man-machine nix mathodologjr to enhance the acc uracy

of nunerical analyses - utiliz ing satellite imagery input.

3) Investigate throug h acktitional case studies the importance of

mesoscale features in cyclogenesis over the Ross Sea area .

4) Establish a national archive for unofficial observations from

research field parties and William-c field (~V~~~~~~~~dO airfield) observa-

tior is to aid in mesoscale analysis ow-: the Ross Ice Shelf . area .

5) As dai~ nstrated in this study, tt~~’ satellite imagery proved

superior to ~ )AA SR imagery in identification of weather syst~~~ over

the polar ice cap , therefore invest igate the possibility of providing

the Naval Support Force , Antarctic meteorologists and /or Fleet Weather

Facility , Suitland satellite analysts with real- dma D~~P quality

satellite imagery .

6) Investigate the dynamics of the glacial valley warming/katabatic

type flow as observed in the October 1973 case study, perhaps eiploying

strategicall y located autanatic weather stations or speciall y con-

figurated aircraft observation platforms , as well as dropsondes .
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APPENDIX A

- :  Significant Weather Deys at ~~!t~do
Sept~ nber 1971-January 1977

Legend: F Fog -- - very light
IF — Ice Fog - — light

S = Snow No symbol — ncderate
SG = S n o w Grains + - heavy
BS — Blowing Sr~~z

Lowest
Dey !bnth Yr. Visibility(tn i) Obstructions to Visibility

19 Sept 71 1/8 S BS
25 Sept 71 1/4 S ES
14 Oct 71 0 S B S
15 Oct 71 1/16 S ES
16 Oct 71 1/8 S ES
17 Oct 71 1/4 S ES
23 Oct 71 3/4 S-

• 25 Oct 71 1/2 s-
26 Oct 71 1/2 S—— , IF, ES

V 1 6 N o v 71 1 S-
23 Nov 71 1 S--, BS

• 27 Nov 71 1/8 IF
28 Nov 71 1/8 IF
08 Dec 71 1/2 S
09 Dec 71 1/2 S

V 10 Dec 71 1/2 S
13 Dec 71 1/2 F
16 Dec 71 1/4 S+
19 Dec 71 1 5—
21 Dec 71 1 S-
22 Dec 71 3/4 S—
23 Dec 71 1/16 S ES
06 Jan 72 1 S-- F

• 24 Jan 72 3/4 S- ES
25 Jan 72 3/4 S— ES
29 Jan 72 1/2 IF BS

-
~~~ 

- 11 Feb 72 5/8 S—
V 13 Feb 72 1 5-

15 Feb 72 3/4 S
16 Feb 72 7/16 S ES
17 Feb 72 3/8 S ES
28 Feb 72 1 S- ES
03 Mar 72 1/2 S- ES
09 Mar 72 1/2 S- ES
10 Mar 72 5/8 S— ES
15 Sept 72 1/4 ES
04 Oct 72 1/16 S- ES
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05 Oct 72 1/4 S—ES
06 Oct 72 1/4 S— ES
09 Oct 72 1 S—
lO Oct 72 1 ES
14 Oct 72 0 S-ES
20 Oct 72 1/2 S-ES
27 Oct 72 1/4 S—- ES
28 Oct 72 0 S-ES
29 Oct 72 1/16 ES
01 Nov 72 1/4 ES
0 9 N o v 72 1/2 S— E S

— 11 Nov 72 1/2 S—— IF
1 2 N o v 72 1 ES
20 Nov 72 1 5.- ES
21 Nov 72 1 S-ES
25 Nov 72 7/16 S-
26 Nov 72 1/2 ES
16 Dec 72 1/2 5
10J an 73 1/4 S+
11 Jan 73 5/8 S—

— 16 Jan 73 1/8 F
17 Jan 73 7/8 F
07 Feb 73 1 S-

• 0 8 F eb 73 1 S-
10 Feb 73 3/4 S- ES
11 Feb 73 1/8 S+ BS
15 Feb 73 1/2 S• 16 Feb 73 3/4 S—ES
18 Feb 73 3/8 ES
07 Mar 73 1 S-ES
09 Mar 73 3/8 IF
11 Mar 73 1/16 ES
12 Mar 73 1/8 S—ES
1 3 M a r 73 1/2 ES
15 Sept 73 5/8 IF
17 Sept 73 5/8 S—
18 Sept 73 0 S ES
19 Sept 73 5/8 ES
20 Sept 73 5/8 S-
21 Sept 73 3/8 S—ES
30 Sept 73 3/8 ES
01 Oct 73 1 ES
02 Oct 73 5/8 S-ES
04 Oct 73 5/8 S-

• 05 Oct 73 1/8 S ES
0 8 O c t 73 3/8 ES
10 Oct 73 1 ES
II Oct 73 5/8 S-ES
12 Oct 73 9/ 16 ES
13 Oct 73 5/8 S-

V 16 Oct 73 1/4 S— ES
17 Oct 73 3/4 S_
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18 Oct 73 3/4 S-ES
— 19 Oct 73 1/2 ES

20Oct 73 0 S-ES
21 Oct 73 1/4 ES
22 Oct 73 5/8 ES
24 Oct 73 1/2 S+
26 Oct 73 1/2 5 ES
27 Oct 73 5/8 S—ES
03 Nov 73 1/8 S ES
0 4 N o v 73 1/4 ES
13 Nov 73 5/8 ES
14 Nov 73 1/4 S—ES
15 Nov 73 1/4 S+
16 Nov 73 3/16 ES
18 Nov 73 3/4 5—
1 9N o v 73 1 S
21 Nov 73 1 S—
2 4 N o v 73 1 S-
11 Dec 73 1 5-
17 Dec 73 1 S-
18 Dec 73 1/2 5
19Dec 73 1 5—
2 5 D e c 73 I S

• 29 Jan 74 9/16 S
17 Feb 74 1/16 SI-
19 Feb 74 1 S-
20 Feb 74 3/16 S+
0 1 M a r 74 1/2 ES
03 Mar 74 1/16 SI- ES
0 5 M a r 74 1/2 S I F
0 6 M a r 74 1/16 S+ BS
0 7 M a r 74 1/2 ES
17 Sept 74 1/2 IF
18 Sept 74 1/4 IF
22 Sept 74 1/2 5-- IF
23 Sept 74 1/4 S-ES
25 Sept 74 5/8 ES
05 Oct 74 3/8 S-ES
2 3 O c t 74 3/4 ES
24 Oct 74 1/8 ES
26 Oct 74 5/8 ES
27 Oct 74 7/8 ES
28 Oct 74 5/16 S- ES
01 Nov 74 3/4 5-
02 Nov 74 1 S-ES
19 Nov 74 1/2 S
20 Nov 74 5/8 5-
30 Nov 74 5/8 5—
19 Dec 74 1/2 F
20 Dec 74 1/8 S-- F
25D ec 74 1 S-
0 4 J a n 75 1/2 S.-
05 Jan 75 15/16 S—

_  _ _  __  
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21 Jan 75 3/4
02 Feb 75 3/4 S—
16 Feb 75 3/4 5—
18 Feb 75 9/16 S
19 Feb 75 3/4 S-
O3 Mar 75 1/2 S
1 1M a r 75 5/16 IF
17 Sept 75 1/4 S-ES
19 Sept 75 1 ES
25 Sept 75 1/4 ES
26 Sept 75 1/8 ES
28 Sept 75 1/4 ES
06 Oct 75 3/4 S ES
19 Oct 75 3/4 S-ES
20 Oct 75 5/8 S- ES
0 9 N o v 75 1/2 ES
11 Nov 75 1/2 S-
02 Dec 75 3/4 S-
03 Dec 75 1/2 S
0 6 D e c 75 1/2 F
2]. Dec 75 1 5-
2 5 D e c 75 1 5—
11 Jan 76 5/8 S-ES
22 Feb 76 1/2 S
26 Feb 76 3/4 S-ES

March 76 data missing
01 Sept 76 1 ES
05 Sept 76 1/8 S-ES
06 Sept 76 1/8 S -ES
14 Sept 76 1/16 S— ES
15 Sept 76 3/8 5- ES
16 Sept 76 3/4 S-ES
20 Sept 76 7/16 S—ES
0 4 O ct 7 6  1/2 F
2 0 O c t 76 1 ES
05No v 76 0 S E S
06 Nov 76 1/4 S E S
14 Nov 76 1 S-
15 Nov 76 0 ES
17 Nov 76 1/16 S ES
28 Nov 76 1 S-ES
17 Dec 76 1/4 F
19 Dec 76 3/4 S-F
24 Dec 76 3/4 S-ES
O4 Jan 77 5/8 S
07 Jan 77 1/4 S ES

• O8 Jan 77 1/2 SG SBS
0 9 J a n 77 1 S-F
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