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A survey of mesocyclones near the Antarctic Peninsula using 
digital satellite imagery collected at Palmer Station 

JORGE F. CARRASCOI and DAVID H. BROMWICH2 

ABSTRACT 

A survey of mesoscale vortices near the Antarctic Peninsula was conducted during August 
1989 - February 1990 periodo Maximum occurrences ofmesoscale vortices occurred in December 
and the minimum in August. Over the Bellingshausen/ Amundsen Sea region most of the vortices 
tend to move north-eastward, while over the Weddell Sea sector they do not show a preferential 
direction. The spatial frequency distribution of mesoscale vortices shows a close association with the 
average position of the northern limit of the sea-ice pack. The highest spatial monthly frequency was 
found over the western side of the Weddell Sea, in the lee of the Antarctic Peninsula. In the scientific 
literature a comparison with the spatial frequency distribution for September 1983 - February 1984 
showed the highest frequency just to the north of Bellingshausen Sea, indicates interannual 
variability of mesoscale cyclonic acti~ity on both sides of the Peninsula. This interannual variation 
is found to be linked to the interannual v ari abilit y in the large-scale atmospheric circulation. 
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Estudio de mesociclones en las cercanías de la península Antártica usando 
imágenes satelitales digitales coleccionadas en la Estación Palmer 

JORGE F . ,CARRASCO I y DAVID H. BROMWICH2 

RESUMEN 

Un estudio de vórtices a mesoescala en las cercanías de la Península Antártica fue realizado 
para el período comprendido entre agosto 1989 y febrero 1990. La máxima ocurrencia de ciclones a 
mesoescala tuvo lugar en el mes de diciembre y mínima en agosto. Sobre la región de los mares de 
Bellingshausen y Amundsen la mayoría de los vórtices presentan un desplazamiento hacia el noreste, 
mientras que en el sector del mar de Weddelllas trayectorias no muestran una dirección preferente. 
La distribución de la frecuencia espacial de los ciclones a mesoescala muestra una relación con la 
po~ición promedio del límite norte de .la placa de hielo marino. La más alta frecuencia de la 
distribución mensual de ciclones a mesoescala fue encontrada en el lado oeste del mar de Weddell, 
a sotavento de la Península Antártica. En la literatura científÍca se halla una comparación con la 
distribución espacial mensual observada desde septiembre 1983 a febrero 1984 que muestra la más 
alta frecuencia ligeramente al norte del Mar de Bellingshausen, indica una variabilidad interanual de 
la actividad de los ciclones a mesoescala a ambos lados de la península. Esta variación interanual está 
relacionada con la variabilidad interanual en la circulación atmosférica a escala planetaria. 

Palabras clave: cicl9nes a mesoscala, hielo marino, advección de ¡lire frío y cálido, análisis 
sinóptico .r-' 
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Mesocyclones néar tbe Anta:rctic :Ve!iiíls\llac 

INTRODUCnON 

Eárly sat€llite stl1dies of SYl'lOptiC~SOalé cyélOMs f@rtlíi~ SOli.th~m[l~ñíiisp'here sugges.ted: 
that the highest occuttefice ofmesoscále cycloMs {diamet~¡; lessth~, 1000 k:¡;n) rn.ay()ccurdudN.r~ 
the winter season as it Was fOílnél in the North~m Hemisphene (Cáfh~ton, HJ79¡ C arleton and 
Carpenter, 1990). However ,studies carríedOtitdttrúlc~tb.e'Ías:tdeeade(li,ve:rth~$!\)1!tthem polar fe;g:i.:o~ 
have revealed tha:t a large tnt tnber oí :thesoscalecy,clÓi~.es, can aliso be o'bs@rv.~d@~l~g me tralií'sltiíoí't 
to sufnrfiet seasóns (B~inefilantl:, 19~O, 1~96; 1j¡tttH~r ai!í:<ll lK,o~. 1'~~9, TÚ'fli1et" a,'J;ld: 1!l~¡;)ma!$., 
1992,1994; 'fumer et al., 1996, Brom.wtch, 1991; CalT~$~o' al!ldlromwtch; ~99i. 1 9)~4" l~Q~J ,'n~ 

~~~~~~~~rZ~:e~~;S~~!~~~~s¿!~~~~~~'~;~1~;~s~::~~;~~r~~~,(~!~:~:~~~;~§~~~e;áf witm 'an 

Mesoscale vortices Cáln be ,coserved ~t¡¡¡,1'!:y, lougiw1Y(\\ á1'ull ~Zl!d~u:~ ·Ol'v~t ¡tille s.o,\ltl1(2lPIl IPOQat 

;~~~:!!H~~~~~i~i~~~15,:t~tS=¿~~ . 
~~~~~u~~~~c~ou~~:~:¿r:~~~~:1¡ii::::~;:1~;:i:¿~~~~~:i;:~ ,:::~i::::!~::~::~::~' 
near Z01'll'lS w b€:re tbe katabatic willds d~sQe\ild fto.mth(t :!igh víª't~~1!l :¡(i;¡ilQ!: ~~ª,~i~X:~@' i1mt.@1$:<ll¡ll)~(g;tli¡jjjl!'~~ 
tro ughs that diss.ect th:e coast, .th~Ili b10wing Mto me is~a lc~ (6@etl: ()!GeáJ~flQr 't'lte ~c,e '$lltt~~f~WaT~sIO; ~d 
Bromwich, 1987, 1991). . ' . . 

Two other reg~onS of frequetH mesoscále cyc1i(;:¡tl,Í;c aQdv1111Y 'm.aV'e ;\!Jee1il., id:é'lI))tfif4ie'd: ,@.y::e,t I\li)()d'l" . 
sides of the Antarctic Peninsula (Heinernann, 199@; FitGhanÓCMlet0n; 1 ~9Z~ 11¡\IÍ;n~r ,a,)1ld1 '111.E\tQJ:mráS" 
1994; Carrasco afid Bromwich, 1996; Carrasco e.t al. 1·991; Fíítch 'á<!'ldC~t~et0ñ., 1991~~ tC:á:lfffiéoWnl ~l1l@! 
Fitch, 1993.; Carleton and Song, 1997; TUrher etal., 1997) .. !ur¡;¡et .afidR@w (m'9;~9~~~ MeiJFremafitiJ 
(1990) demonstralied th·at mesoscale cyclones fotin ovet the Weddeal S'ea~ paFitiC'1!11ady rt~M' M&1if~y 
Station , Turner and Row (198·9) suggested tha;t the rn'Qst like'ly ca1;lse fQ;F P1Ci$!t ,()íf t1\i:0>m:~:@:Se'a'lle 
cyclones over theeastern Weddell Sea is the ef.Íect éf. thehÍ:~b Á)j¡;tarctirc. plateau l h IDa[¡¡;@ ,@,'fmla'Ui~:y< 
No cIear role of the katabatic winds wás observed. Ho.wéver, the 'eastetty wi,pa>s .¡(i'$'S'QC;¡;at~<;t wíl,t!fl> 
most of the mes()scaIe cyclones indicate a coId ajr I\hassdesce.ndiJ!rg ftGm t'hré filegll ¡plliá'téai;!l ~~~@\ rtífue· 
WeddelI Sea (Turner'and Row, 1989). Lee cycIogéfiésismechanisni's 8;relikely ,tG bea;ss!{irCfaitteclM;tDh: 
mesoscaIe formation over the lee (ea.st) si de of the AtJ.>tárctic :Penlí1'S:hl~a. Hé,¡rnemail~\fi; n9~~:@)i í@t!l$li~ 
that the mean Iocation of the synoptic. scale·l'ow presStire ,ass.úciated with mé.soS"'c,a;~é -C:y,cr[(©)nres ,QlÍ-el! 

the Weddell Sea sector was over fue B ellingshausen ·S.éa or east-florthe·ast Glfthe W,ecl:de:U,sea. 'TI:'l'esré 
positions rhay respectively suppott lee cycIogenesis ovetlheea:ststd~ úf.the.,A¡;¡,tMíi;tlcc 'FI~'l'J~n'sltl~a'afs, 
weIl as warm air ádvectioninto the WeddeU Sea, and coldair otítbreaks :íJnJttQ.the Wéddel~:$;eá !f;r,©,m 
the interior of the continent (Queen Maud Land). 

Lyons (1983) studied fue characteristics ofintensemesoscale cyefoñé( «á;Fl'tál'ctl:c ld~p.Jtes;s~óJits» 
as he calIed them) in tbe vícinity ofbrake Passage. He found that i nCense depres:s$oNoS, rn.,Qv:e& ¡jj~()jm 
the Bellingshausen Sea toward the southerh tip of South America bririglng filodeta,1!e to SéA"et'e 
weather conditions to the area ofTierra del ruego. The íniti-a1 fiórth'eilstward dispíl:á'Gefill~Tl'td· tl!J:e 
systems, and characteristics of their cloud féatures, indicate that the develo,pmenil: ·ar :such . 
depressions is caused by a cold air outbreak onto the Belli:ngshausén Sea área, 'file S~fñ~ 
characteristics were found by Tumer and Thomas (1994 ),anél by CarletQ.n ano Piten (~9.93. ; $;ee aJls@ . 
Carrasco et al., 1997). The first pair of authors examined sate1lite imagery fúr aSÍx month ,per,io'o 
(September 1983 to February 1984) that covérs spring andslllillller séasóhs. They studjed 'die 
distribution of tnesoscale cyclones in the vicinity of the Ántarctic Península, includi ng t4e 
Bellingshausen and Weddell seas, as weU as adjacentareas. They found thatthemaxirrtufilílumber 
of mesoscale vortices occurred over the eáStem Bellingshausen Sea. Most of thern appeared to be 
of the polar-low type (ie., an intense subsynoptic-scale marine cydonic vóíteX thát develops . 
po}eward of a polar front) since they developed witbin cold air outbreaks that usually take place 
behind synoptic )ows, which move frOID lowerlatitudes into the Be1lingshausen Sea atea wbet~ they 
became nearly stationary. Similar results were found by Carleton and Fitch (1993) but fOr the win~er .' 
season of 1988 and 1989. 
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In May 1989 the Antarctic and Arctic Research Center (AARC) of the Scripps Institution 
of Oceanography installed a satellite receiver at Pa1mer Station (64 0 S,65° W: Van Woert et al., 
1992) in the Antarctic Peninsu1a to collect satellite data from the NOAA (Nationa1 Oceanic and 
Atmospheric Administration) and DMSP (Defense Meteorological Satellite Program) satellites. 
Routine collection of these data started in August 1989. The real-time raw digital data are saved on 
magnetic 8 mm videotapes and periodically returned to the USA and they were archived at AARC. 
Application of satellite imagery interpretation techniques (e.g., Anderson et al., 1973) are most of 
the time the only source of in-situ meteoro10gical data that provide information over a vast area of 
the ocean and the Antarctic continent, since ground observations are scarce or non-existent. This 
artic1e presents a survey of mesoscale cyclones near the Antarctic Peninsula for August 1989 -
February 1990. This was the first period of digital satellite data available from Palmer Station. 
Although more satellite data are now available for subsequent years, we use this because it provided 
the opportunity to conduct a pilot study of mesoscale cyclones which, in addition, almost concurs 
in time and area with a similar study conducted by Turner and Thomas (1994) for September 1983 
- February 1984 period, and therefore, sorne inferences of interannual variability can be explored. 

Results from the examination of sateIlite imagery are shown in Section 2. Comparisons with 
Turner and Thomas' period and a study ofthe interannual variability of mesoscale cyc10nes on both 
sides of the Peninsula are discussed in Section 3. A case study is presented in Section 4 to iIlustrate 
the Iikely mechanisms involved with me soscale cyc1ogenesis. A summary and discussion are 
included in Section 5. 

9dw 

\\o"'tl 

Fig. l .-Location map of Antarctic Peninsula and surrounding ureas. 

RESULTS OF THE SATELLITE IMAGERY SURVEY 

A survey of mesoscale cyclogenesis around the Amundsen, Bellingshausen and Weddell 
seas as well as surrounding areas (Figure 1) was carried out based on aIl the sateIlite images available 
for August 1989-February 1990 coIlected at Palmer Station. The satellite imagery were obtained 
in the infrared band with a spatial resolution of 3.3 km centered over the station and over the eastern 
side of the Weddell Sea. This provides appropriate high resolution images which cover large areas 
surrounding the Antarctic Peninsula, and allow identification of mesoscale cyc1ones. The 
identificationwas based upon the interpreting cyc10nic shape of the c10ud signature following the 
general techniques described in the literature dealing with satellite studies of mesoscale cyclones 
(e.g. Rasmussen, 1981; Forbes andLottes , 1985; BusingerandReed, 1989; Carleton and Carpenter, 
1989; Heinemann, 1990). Figures 2a-c show examples ofthree well-developed mesoscale vortices 
near the Antarctic Peninsula. . 
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"lcsocycJones near the Anran::ric Peninsula 

¡:, .: ::: - S:uclllt.: 111la~.:' in (he infrared band showin g examplcs ofmesoscale vortices observed near the Antarctíc 
P.:nin,ul:l ¡(a> and 'nI of ,Ofl)IIU c10ud (ypes and (c.l a band of convective c1ouds). 
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To survey the mesoscale cyelones, the area under consideration was divided in three sectors 
(see Figure 1): (1) the Bellingshausen region which covers the region from 60° S to the coastline 
of the Antarctic continent, and to the west of the Antarctic Peninsula up to 110°/120° W, (2) the 
Weddell Sea region which covers from 60° S to the coastline of the continent and eastward from 
'the Antarctic Peninsula to 20°110° E, and (3) the continental region poleward of the Antarctic 
coastline, and ineludes the Fi1chnerlRonne Ice Shelf. The division of the study area is based upon 
the different climatic environments at both si des of the peninsula (Schwerdtfeger, 1984) and the 
inland are a ofthe continent. AH mesoscale cyclones observed on satellite images were counted and 
plotted on charts , Also, when possible, they were tracked in order to estimate their trajectories . 

Column 2 in Table 1 gives the monthly total days for which satellite data were available. 
There were large gaps in September, October and November of 21, 18 and 12 missing days , 
respectively. Columns 3, 5 and 7 in Table 1 present the total number ofmesoscale cyclones observed 
within the Bellingshausen, WeddeH and Continental regions, respectively . Columns 4, 6 and 8 give 
the normalized weekl y number of mesoscale cyelones observed within the respecti ve regions. This 
is the total number of mesoscale cyelones on days for which satellite images were available (== 
analyzable days), expressed as weekly averages , The results showed a weekly maximum of 
mesoscale cyclonic activity in December over the Bellingshausen (8.3 mesoscale cyelones 
observed each week) and Continental (5.9) regions , and maximum in January over the Weddell 
region (17 .1). Around 50% of the continental mesoscale cyelones were observed over the Fitchnerl 
Ronne Ice Shelf. Larger numbers of mesoscale cyclones were observed to the east of the Antarctic 
Peninsula during December, January and February , The minimum was found in August over the 
Bellingshausen and Weddell regions , but in November over the Continental region. This indicates 
that mesoscale cyelones activity either increases toward the summer, and/or the sea ice pack 
impides moisture and surface f1uxes from the underneath ocean for e10ud to form in association with 
mesoscale cyelonic circulations during the winter (Turner et al., 1996). Situation observed over the 
southwestern comer ofthe Ross Sea (e.g., Bromwich, 1989; Carrasco and Bromwich, 1996). 

Month 

AUG 
SEP 
OCT 
NOV 
DEC 
JAN 
FEB 

TOT 

TABLE 1 

Mesoscale cyclone activity near tbe Antarctic Peninsula for August 1989 -
February 1990 periodo Normalized weekly average is tbe total number of mesocyclones 

per week of analyzable days 

Analizable Number of Normalized Number of Normalized Number of Normalized 
Day cyclones weekly cyclones weekly cyclones weekly 

average average average 

(2) (3) (4) (5) (6) (7) (8) 

28 13 3,3 15 3.8 6 1.5 
9 8 6.2 9 7.0 4 3.1 
13 12 6.5 8 4.3 6 3.2 
18 14 5.4 14 5.4 3 1.2 
26 31 8.3 51 13,7 22 5.9 
29 28 6.8 71 17. 1 13 3.1 
25 20 5.6 36 10.0 6 1.7 

148 126 6.0 204 9.6 60 2.8 
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MésocycloiíéS nMt the Antatetic Peili'ílSilla 

Figure 3 shows the initial locatÍohs ofthe meSQscale vortiees during the study periodo 
Although theresults indicate an almost homogeMoUs d1s-nibu:tidn of mesQstal¿cyclones, they tend 
to cluster dose to the tOáSt. Figure 3 also shows largé mesoscale cy.cl;Oñe' ¡l~t:ivi,ty ove¡- the WeddeH 
Sea and the Ronne IceShelf, ~tS wel1 ª-s á few meSOSCál,é cy#qmes c~;y~r tl'le wl~teáu of West 
Antarctica. To exainÍne the distriblltion of obServedJñesoscalecyclQf:l'~$"~;$padal fre~l.uency was 
calculated. This was deteI1IÚned by dividing me total fil!Imb~ bf ;l1:I.tesGSQa1e V(i>Itiee.s, c:Oli'i1t~d'Withíl'i 
a box of 10° 10lilgitude and 5° lati't;1Jde, by ¡:h~ monthly fi·@~~~Ó a~a1Y2'a.ÍJle days Tbis g~v.e:sa' . . 

monthly average frequency disttibut¡ion of iIlesos~al~ éycfO!á~S. Fi~,\!tr~ 4 ShQwS tb:e spat[,¡;¡;l 
frequency distribution f(ji' Au,gust 1999 ~ February 1990. 1t C'<rn be n01:ed that ~Jt~ large$,t ftequé'liícy 
is located over the Wedde1:1 S~á, (4.6 tú $.$l:nésQScale cpclonés.per box per 30 days). to rhe W.~.5J 
of the peninsula, the largest freqjJ~lilCy 1S loc!)tted OVéli the :B'eJlin.gsha,uS~ñ .g~a (2)'~ to~,5 fi!i;e~c:jSCMe 
cyclones) and to tbe florth of this á!rea. Ase.colildary maxl'lfilil'níl (2.1 tQ ~.5 ~s,i;¡spal~ 'cy.cl(j,tte.s~i can 
be observed over the Arnundsen Sea .. fi~:re 5 SOQW$ tM s·alelH:1)e;;.o:b$~I'v,;<l\dtt,aj;eC$91'~e$ oí t?he 
mesoscale vertices. Most ofthe mes'oscale eydones were iil~arly $.taÜ0;'Íl~ f~~t\!l~~S, ''ª'Jitd é);nly a~Out 
30% of the vortíces o.bserved within die Bellih'gsflaliS:en région weI'e 'trá:o'kied. ']ll'l~!f.esi:!lt~ :Sfi!l,g$\e'st 
that the vortices tend to llOVe n:ortheastwárdtowatd t1¡¡:é :Dt¡t¡¡b ;Pªs'$a~é. Ali><¡)lM' Z;~I% :ª,~d: l:S:%>''Oftitte' 
vortic~s were tracked over the Wedcldl a1i\d Co:m:tinemtal I'e,gt~~,s:" r~$P¡¡¡¡:;tW'el\y.: N~ :pi'ef.~'ifI;'e'CJ1 
direction of vortex rnovement WáS noted QVer tbese regiMoS,. . .. 

Fig. 3.· Spatial dislribution of the initialloqttjOI) of mesosGale c¡yclones fbt August 1989" Septé¡nber 1990. 
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INTERANNUAL V ARIABILITY OF MESOSCALE 
CYCLONESNEAR THE ANTARCTIC PENINSULA 

Comparison between August 1989 - February 1990 aÍld September 1983- February 1984 periods 

Turner and Thomas (1992, 1994) studied mesoscale cyclogenesisover almost the same 
region and perlod but for the period/year 1983~ 84. In order to compare the present results with those 
obtained by Turner and Thomas, spatial frequencies were ca1culated frOm their Figure 2 (reproduCed 
in Figure 6) for the same area of tbis study, and in the same manner as described aboye. Figure 7 
presents the spatial frequency distribution for 1983-84, where it can be seen that the highest 
frequency is located to the west and north of the Peninsula. Comparing Figures 3 and 6, it is found 
that both periods exhibit almost the same mesoscale cyclonic activity to tbe west of the Antarctic 
Península. However, over the Wedde11 Sea 1989-90 presents a larger number of mesoscale cyclones 
than 1983-84. Part of the difference can be attributed to the fact that Turner and Thomas (1994) used 
hardcopy (i.e. prints) images with most of them being in the visible band, while, forthe present study 
a11 the satellite images were obtained in the infrared-digital format (channel 5). These can be 
displayed on a computer screen, which a110ws enhancing and zoorning of the image for better 
identification of cloud signatures witb an apparent cyclonic shape. despite these differences in data 
and analysis between the two studies, the contrast is marked over the Weddell Sea, suggesting the 
greater mesoscale cyclonic activity observed for1989-90"is real. 

Comparison of the spatíal normali?ed frequency distribution for 1983-84 (Figure 7) with 
that for 1989-90 (Figure 4) reveals that, although both results pIesent almost the same mesoscale 
cyc10nic activity to the west ofthe Peninsula, for 1989-90 the distributionis more homogeneous and 
spread out than 1983"84. Also, larger frequencies are located ovenhe Amundsen and Bellingshausen 
seas for 1989-90. However, a larger frequency can be noted just to the north of Bellingshausen Sea 
for 1983-84 in contrast with 1989-90 (cornpar~ Figures 4 and 7). 

sO'W 70·W 60·W 

o o - QS ~ 2.1 - 2.5 

!TIl 0.6- 1.0 ~ 2.6 -3.5 .... . ; 

. ,(;3 "1;1-;- 1.5 ~ 3.6 -4.5 

~ 1.6 -2D • 4.6 - 55 

Fig. 4.-Spatial freqUency distribution of mesoscalecyclones per 51atitude x 10 longitude per 30 days, during August 
1989 - February 1990 periodo Heavy solid line defines area 1, and heavy dashed line defines area 2. 
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MesocycJónes ne¡tt th~ Antarctic Peninsula 

Mean Synoptic-scale Patterns 
, 

To investigaté whether the interannual variabilit:Y of mesoscalé cyclones found on both sideS 
of the Antarctic Península was assQciated with the interannual vadability of :tille large-scaile 
atmospheric circulation pattern, · the average synoptic~scale énvit!;lfilTlIf.ñts wete calculated froro 
September to February fot both periods. fi~tites8aand 8bshow réspec.tively the mean sea-levél 
pressure for September 1 989-February 1990 and September 1.983-February 1984 petl:ods. It can be 
noted that the biggest différenc~S between me tWó timé periods ate a deeper ~Qw préssure 3i1ea .10 
the north of Marie Byrd Land, and higher pfessure (ridge) over the tip ofthe An'tarctic P~ninsuta 
and the Weddell Sea <;lféa for September89-Febtuary' 90. This low pr~$Su[e area i:s ,part ,of ,tbe 
circumpolar trough and its vatiation is indiGative oí eyclemic activÜY a:sSQciated with mature 
synoptic~scale eyclones thatdecaY 'lí1éID' Antal'ctica (Streten anct Troup, 1973; Carletom, 197'9). 'Bius 
the deeper low pressure céfitet réveals that a greatet number Qf and/or more int~n:se sy®:ópdc-sca:Jié 
cyclones decayed to the west ofthe Antarctic Peninsula lllainly offshore frorn Marie BYtd Land fór 
September 89-February 90. On lhe otUér hand, a suggestion Qflow~t presS'Üre OVér the Wed'deH S~a 
for the September 83~ February 84 period indicates :more synoptic-séaole cY'clo~e d:éCáyi~g to the east 
of the peninsula. 1'b1S revealsoverall two different . sYTlOptie~sca:r¡:: '~nVh"QiTI'IDé.n,tsafféd(itFg. dh'e 
peninsula area in both petiods. Figum 9 is a HovmoelIet diagram, fixea at 67 $misplaying tl\le Séá" 
leve! pressure anoITia].ies for bbth time peri:ods respé.<i:t to !he l:~19-9'5 dimwte av'~t~g~. lt waS 
obtained thrdugh internet frOID the NCEPINCAR Reanalysis Ptoject (Kalnay et aL, 1996). ftshQWS 
a slightl y lowet anotnalies to the \Ves! of the peninsula (~ 64 W) thtréugih ,~ut :tJb:e Se¡Mlémwl;:'f 19;&:!P!­
February 1990 period, except for December. On the Qther hand, an ov~raU J)lositiveand bilghé'f 
anomaHes can be noted to theeast of tOe peninsula lar . S~:ptefliiiber 19í8'9'-~e:bFU~Y, I '~~:O, ol'lft:I1:i\l1 
September 1983-February 1990 periods. These anomalies col'ifirmed that two d.ifferei'l.'t largé~SCai~é 
a~rnos]Dheric patterns prevailed in both peri:ods. ·· . 

Fig. 5.- MesoScaJe cyclone trajectories for August 1989 - February 1990 periodo 
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Fig. 6.-Spatial disuibution of mesoscale cyclones for September 1983 - February 1984 period after Tumer and 

Thomas (1992). 

Figures 8c and 8d are respectively the mean 500-hPa geopotential heights for the September 
1989-February 1990 and September 1983-February 1984 periods. Comparison between them 
reveals a more pronounced upper-level trough over the southeastern South Pacific Ocean (around 
110° W) and a slight ridge over the Weddell Sea (50° W) for September 1989-February 1990, 
indicating an amplification of the wave over the Antarctic Peninsula for this periodo This implies 
that, on average, upper northwesterly winds prevailed across the peninsula for Sep89-Feb90 in 

. contrast with more zonal winds observed for September 1983-February 1984. These overall 
pattern~ can be also inferred from the Hovmoeller diagram ofthe 500-hPa anomalies (not shown). 
Note that over the Weddell Sea area a trough is resolved by the average analysis on Figure 8d. 

e No major difference was observed between the 1000-500-hPa geopotential thickness 
(Figures 8e and 8f) for both periods. Only a suggestion of a slightridge (trough) over the Weddell 
Sea can be noted for the Septemeber 1989-February 1990 (Sep83-Feb84) period, which coincides 
with the northwesterly winds across the peninsula, and suggests warm air advection over the 
Weddell Sea. The average analyses shown in Figure 8 indicate a colder environment over the 
Bellingshausen Sea than over the Weddell Sea for September 1989-February 1990 period, while a 
colder environment prevailed over the Weddell Sea than over Bellingshausen Sea for September 
1983-February 1984. 

Figure 10 shows the northern limit ofthe sea-ice extent (hereafter, SIL to refer to the northern 
edge) at the end of the winter (1 September 1983 and 31 August 1989), and in late spring (1 
December 1983 and 30 November 1989) obtained from the Antarctic ice charts (Naval Polar 
Oceanography Center 1985, 1991). Equatorward (poleward) ice advance (retreat) is linked to 
southerly (northerly) winds to the west (east) of centers of synoptic-scale cyc10nic activity (Carleton 
1981 , 1992; Streten and Pike, 1980; Cavalieri and Parkinson, 1981). Thus, longitudinal variations 
of SIL can indicate longitudinal variation in synoptic cycIone activity and cyc10ne tracks (Carleton , 
1992). A comparison ofthe overall position ofthe SIL for both periods reveals that, from longitude 
60° W to Iongituqe 110° W, the SIL for 1989 was Iocated to the south of its position for 1983. This 
indic'ates that a greater frequency of northerly wind components was present in the Bellingshausen 
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Sea sector for 1989 than 1983, i.e. there was a warmerenvironment during 1989. This concurs with 
the stronger pressure gradient and cyclonic crrculation shown by the mean sea-Ievel pressure map 
for September 1989-February 1990 (Figure 8a), and with the location of greater activity of 
mesoscale cyc10nes to the west of the Antarctic Peninsula. Conversely, the northern position of the 
SIL to the west ofthe peninsula in Septemeber 1983~February 1984 with respect to its position in 
Septem ber 1989-February 1990 indicates more frequent amI/or stronger soutberly winds over tbis 
area implying more frequent and/or stronger cold air mas ses moving equatorward onto the open 
ocean over the southeastem South Pacific Ocean. This is in agreement with the indication ofmore 
synoptic-scale cyc10nic activity over the Weddell Sea area for September 1983-February 1984, 
which can support southerly winds to the west of the Peninsula. To the east of the peninsula, the SIL 
does not show a large difference position for both periods. 

In surnmary, the comparatively less mesoscale cyc10ne actlvlty for September 1989-
February 1990 period over the Bellingshausen Sea region and more activity over the Weddell Sea 
regíon, can be associated with larger scale pattems favoring more frequent occurrences of northerly 
flow (warm advection) . On the other hand, thecomparatively more activity over the Bellingshausen 
Sea region for October 1983-February 1984, can be associated with larger scale pattems favoring 
more frequent occurrences of southly winds (cold arr outbreaks). Lee cyclogenesis on the east side 
of the peninsula associated with westerly flow can be another mechanism of mesoscale cyc10ne . 
formatíon and therefore the larger acti vity observed over the Weddell Sea area for September 1989-
February 1990. 

~-------------------------------------------------, 

Fig. 7.-Spali31 frequency distribution of rnesoscaIe cyc10nes per 5 latitude x 10 longitude per 30 days, during 
SCjJlélllber 1983 - February 1984 periodo Heavy solid line defines area 1, and heavy dashed line defines afea 2. 

CASESTUDY 

To examí ne the ínteraction between synoptic- and subsynoptic-scale environments favoring 
me ~ l l~eale eyc10ne development a case study was conducted based on available operational data. 
The s~quenL'e II I satellite images for 1903 and 2054 UTC (universal time coordinate) 24 October 
IFigures llaand llb) and at0512 and 1903UTC250ctober(Figures 11cand 11d)showalow 
C' lllllJ s i g natllr~ rt' yealing a subsynoptic cyclone which moved from the northem Bellingshausen 
Sl':1 1 Figllr~ 11 :1) toward the Drake Passage. Theimages on 24 October (Figures 11aand 11b)reveal 
marked d('\c lorment of the cyc lone in a period of les s than two hours. To the east of this feature, 
;l ,: n l' r( i-:-~L :de cold front can be observed affecting the southem tip of South America and the 
:\rll:lrdiL' Penin ~ ula . 
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The Australian B ureau o1'Meteorology surface analyses between 0000 UTC 23 October and 
0000 UTC 26 OClOber show the movement o1'this 1'ront and its vortex alongthe Paci1'ic coast ofWest 
Antarctica. At 0000 UTC 25 October, the surface analysis (Figure 12a) shows the front in a 
di ss ipating stage with its associated weak low centered at 70° S, 75° W . At 0000 UTC 26 October 
(Figure 12b), the frontal systelll had crossed the Antarctic Peninsula becoming nearl y-stationary 
over the Weddell Sea area where it weakened due to a blocking ridge tbat developed over the South 
Atlantic Ocean two days earli er. During tbis period, the 500-hPa analyses (Figures l2c and 12d) 
show that an upper-level trough , associated with a tropospheric low, approached the penin sula. At 
0000 UTC 25 October, it was locared along longitude 80° W with the tropospheric low located over 
l IJe Ellsworth Land Coast. At 1200 UTC 25 October, the axi s of the 500-hPa trough was already 
localed along longitude 72 W (dashed line in Figure 12c), and moved slowly to the Weddell Sea as 
re vealed by lhe 500-hPa ana1ysi s at 0000 UTC 26 October (Figure 12d). Figure 12d also sugges ts 
a poleward di spl acement of the ridge located over the Atlantic Ocean, which concurs wi th a sim ilar 
movement at ~ . !'ace (Figure 12b), and with the weakening and subsequent dissipation 01' the front 
to the east 01' lhe peninsula. From rhe sy noptic-scale environment, it can be inferred that the 
Ill esoscale vortex developed with in and behind the cyclonic c irculation associated with the frontal 
sys telll , and see ms lO concur with the traveling upper-Ievel trough. 

Seplember J 989 - February J 990 Seplem b,' J 983 . February J 984 

Sea-level pressurc analysis 

r--------,~~~--~~------~~--~--~~ 

500 h Pa anal ysis 

~--------~--~----~~--------~--~----~ 

1000-500 h Pa lhickness 

~--------~~~----~~--~----~--~--~~ 

Fig. 8 .-A Hovmoe ller diagram fixed at 67 S displaying lhe sea- Ieve l pressure anolllalies respect lO lhe 1979-95 
clilllal e average ror bOlh lime peri ods. 
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The International TOVS (Tiros Observational Vertical Sounders) Processing Package 
(lTPP-3) developed by the University of Wisconsin, Was used to obtain the 1000-500-hPa 
mesoscale geopotential thickness fields at 2054 UTC 24 October and at 0512 me 25 October 
(Figures l3a and 13b). Although over the southern polar region the TOVS data are quantitatively 
in error (Lutz el a!. 1990), qualitatively speaking, they háve shQwn to be able to resol ve fairly well 
the synoptic~ and subsynoptic-scale patterrís (Turrter and Row, 1988; Heinemann, 1990; Carrasco 
and Bromwich, 1993). The two TOVS 1 000-500~hPa thickness field$ show a cold tropospheric 
trough extending from ElIsworth Land into the Bellingsh<lüseB Sea sector. This cold trough agrees 
with the surface aríd 500ehPa analyses \Vhich sugg~$t a polar air outbreak toward the Amundsen al'ld 
Bellingshausen seas. Note the mesoscale cyclon:e dev@loped within the cold air near a s1!rong 
thickness gradient exhibited by these fields. 

In summary, a cold air outbreak over the Bellingshausen Sea was 'Show'h by the 11.0\1,$ l000~ 
500-hPa geopotential thickness field to have occurred behind t1w synoptic<scale cyclone. This cold 
air coulcl en hance or create baroclinic zo,nes as thé\ stton,g thi,ckrÍe.ss go\:4l,dirent .4l,11d tbe rap'¡d 
development of the subsynoptic~scale cycJone suggested. The approach of the upper leve! trough, 
as resol ved by the 500 hPa analysis, could have advected cyclonic vorticity Qv,er the aTea giving the 
support for upward modon while the subsynoptic·scale cyclone \Vas located a:head 01' its·ax is. The 
weakening ofthe vortex suggested by the satellite ¡mage at 1903 UTC 25 October, cQncurs with the 
position of the trough slightly ro the east of the V'oNex and thél'efote, the eFl'di' Ol theuiPpcF-!,evel 
supporl. 

1 mar 

16jan 

1 dec 

160ct 

1 sep 

Fig. 9.·Mean sea·levcl pressure (a and b). mean 50Q..hPa (c and d) and the lOOO-500-hPa thíckness (e and f) 
synopcic-scaJe analyses for Sep89·Feb90 and Sep83-Feb84 periods 
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DISCUSSION 

A survey oYmesoscale cyclones over Bellingshausen/Amundsen Sea was conducted for the 
August 1989 - February 1990 period, or the end of winter to the end oY summer including the time 
oY maximum sea-ice extent (September: Zwally et al., 1983). The results show that, to the west of 
the Antarctic Peninsula , the maximum mesoscale cyclonic activity occurredin December and the 
largcs t spatial frequency oY mesoscale cyclones was located ayer the Bellingshausen Sea and to the 
north oY it. An other small er frequency maximum was found near the Amundsen Sea. To the east of 
lhe peninsula , the peak of mesoscale cyclone activity occurred in January, while the highest spatial 
frequency was found over lhe western side 01' the Weddell Sea. Significant mesoscale cyclonic 
activity was al so observed over the FitchnerlRonne Ice Shelf (about 13 % of the total mesoscale 
cycl ones observed to lhe east of the peninsula). In subsequent studies of additional years Carrasco 
ancl Bromwich (1996; see also Carrasco et al., 1997), Turner et al. (1996) found that the maximum 
activity occurs in January-February and a minimum in June on both sicles oftheAntarctic Península; 
and that the max imum spati al activity occurred offshore oftheFilchner/Ronne Ice Shelf, to the north 
of the Bellingshausen Sea ancl a second ary maximum near the Amundsen Sea. Only 30% (28%) 
of the l1l esoscale cyclones were tracked to the west (east) of the peninsula. This indicates that mos t 
of the mesoscale cyclones were nearly-stationary 1'eatures and/or of short duration. It should be 
l1l enti oned , however, that the gaps among cOflsecutive images (especially 1'rom one day to the nex t) 
limitecl the number of mesoscale cyclones that could be tracked. To the west of the penin sula, the 
trajec tori es revealecl that vortices tend to move toward the northeast, while no preferable direction 
was found over lhe Weddell Sea and continental regions. The same results were found for an 
adclitional year studiecl by Carrasco et al. (1997; see al so Carrasco and Bromwich , 1996). 

_ 01 Se plember 198.:! 

_ __ 01 De cembu 198:3 

_ _ _ o 31 Auq"" 1989 ",&",. 

.. , .. 30 Novemb er 1989 

96w 

''fJ... 
\. '" 

\ 
.~ 

Fig. I O.-Nonbern limil oflbe sen-i ce ex tent for 1 September 1983 (solid line), I December 1983 (dashed line), 3 I 
AugusI 191';9 (dasheu -cI ot line). and 30 November 1989 (dot line). 

A cOl1lparison with mesoscale cyclonic activity for almost the same seasonal period and area, 
but for yenr 1983-84 (Turner and Thomas, 1992, 1994) shows that both periods had similar activity 
over the Pacific side ofthe peninsula, but the spatial distribution was different. The 1983-84 period 
showed (Figures 6 ancl 7) the largest monthly frequency of mesoscale cyclones to the west of the 
peninsula with cyclones clustering to the north of the Bellingshausen Sea and over the Amundsen 

51 



"!c:socyclones ncar ¡he Alllurclic Peninsula 

Sea. Over the southeas tern comer of the Pacific Ocean , the maximum frequency \Vas located just 
lO lhe north oflhe local ion for 1989-90. This latitudinal variation is linked to the position ofthe sea­
ice limit (SIL). \\'here the SIL for 1989~90 Was located to the south ofthe SIL for the 1983-84 period. 
Comparing the overall results in 1983-84 with those obtained iTi 1989-90, a shift of the maximuriT 
frequency from the Pacific to the Atlantic side of the Peninsula was found. The interannual 
variabilily of mesoscale cyclones can be liTiked to the interannual variation of the circumpolar 
trough in rhe vicinity of the peninsula. The iTitensity bf the quasi-stationary low pressure offshore 
of Marie Byrd Land reflects the synoptic cyclonic l;lC ti vít y near thi s area . Thus, the deeper mean 
synoptic-scale cyclone for September 1989-February 1990 located to the north ofMarie Byrd ¡and, 
indicates more norwesterly flow affecting both sides of the peninsula, and suggesting more warm 
air advection over the region. This tesults iTi triore mesoscale cyclone activity over the Weddell Sea 
region in comparison with the activity observed over the other side ofthe peninsula. Conversely, 
lhe higher activity over the Bellingshausen Sea region for 1983-84 can be associated with more 
frcquenl and/or more iíltense cold air outbreaks to rhe west of the peninsula. This supports previous 
lindings thar indicate that most mesoscale cyclogenesís occurs within cold air masses (Lyons, 1983; 
Carleton ane! Fitch, 1993). 

A near-surface katabatíc wind símu1atíon (Parísh and Bromwich, 1987) indicates a katabatic 
sourcc 01' cold air in the Amune!sen Sea area. The secoTidary frequency maximum of mesoscale 
cyclones round in this research ane! by Turner and Thomas (1992, 1994) and Carrasco et al. (1997), 
suggcst that these fcalure s may be assocíatee! with the katabatic wínds comíng fr0111 the interíor 01' 
W esl Antarctiea. However, fr0111 the present study, no clear línkage can be inferred between 
katabatic airllow ane! mesosca1e cyclonic activity over the southeastern Pacific Ocean, as it is more 
clcarly round over the Ross SealRoss Ice Shelf area (Bromwich, 1991; Carrasco and Bromwich, 
1993. 1994, 1996; Galleé, 1994, 1995). The approach 01' an upper-Ievel trough (e .g. , the case stucly) 
was linked with the dcve10pment 01' the i1lesoscate cyclone desc.ribed here, and the establishment 
or the approach 01' an upper level rie!ge was linkee! with its weakeni llg. 1his suggests that cyclonic 
vorticily ad vection pla"s an esscntial rolé in I11c~o~c:11c cvc1o.!!cncsis in thi~ :1rea. 

(e) (d) 

Fíg. ) 1.-Tlh:rlll;¡1 1n11 .1I eJ , •• Ie ¡iUe "" •• :~. , ... 1 \.1./ 1', l.' L 1\ _ . Ud"I'CI. ti,) ':lJ.'-+ L J L 2-+ Uctober, (e) 0512 UTC 
25 O':I\' J-..:r. anu (d) ) lJ().' L:TC 25 OClober 1989. 
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Previous studies have shown that mesoscale vortices develop within cold air outbreaks 
(Fitch and CaI·leton, 1992; CaI·leton and Fitch, 1993; Turner and Thomas, 1994; Can·asco and 
Bromwich , 1996). Although no significant difference between the time periods was found in the 
1000-500 hPa geopotential thickness, the surface, 500-hPa and SIL analyses indicate that a warmer 
environment affected the northern tip of the Antarctíc Península and the Weddell Sea fo r 1989-90 
periodo This suggests that the higher frequency ofmesoscale cyclones over the Weddell Sea in Aug 
89-Feb 90 can be related to the higher frequency of poleward wann air advection, mainly toward 
this area. On the other hand, the highest frequency 01" mesoscale cyclones over the Bellingshausen/ 
Am undsen Sea region in September 1983-February 1984 is associated with more (less) equatorward 
(poleward) cold (warm) air advection. Thi s may indicate different mechanisms for mesoscale 
cyclone formation on both sides of the peninsula. 

0000 UTC 25 ocr 1989 0000 UTC 26 OCT 1989 

Fig. 12. -Sea-level pressure (a and b) and 500-hPa (c and d) synoptic-scale analyses at 0000 UTC 25 October and 
0000 UTC 26 October 1989. 

It is speculated that over the Bell ingshausen/Amundsen Sea region mesosca1e cyclones 
primarily develop in baroclinic zones within the polar air outbreaks (polar low type), while over the 
Wedclell Sea mesoscale cyclones primari ly develop in baroclinic zones formed by cold and warm 
air aclvection and/or they are assoc iatecl with lee cyclogenesis mechanism. Turner and Row (1989) 
nOled that mesoscale cyclones are freq uently fo und in the lee of the Peninsula, and our result for 
Aug89-Feb90 also pInces the highest spatial frequency of mesoscale vortices over the western side 
ofthe Weddell Sea, downwincl ofthis topographic feature. Note that the 500-hPa pattern for 1989-
90 suggests more frequent and/or stronger northwesterIy winds across the Antarctic Peninsula than 
fo r 1983-84. Thi s pn ttern may favor lee cyclogenesis which concurs with the highest mesoscale 
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cyc loni c ac [i vi[y over lhe lee side ofthe Peninsula found in 1989-90 periodo It should be mentioned 
that \' ortex stretching is another mechanism suggested for mesoscale cyclone fom1ati on in the 
offshore area near Halley Statíon (75° 36 ' S , 26 42 ' W; see Tumer et al. 1996; Heinemann , 1996; 
Enge ls and Heinemann , 1996). It is associated with cold air descending from the antarctic plateau 
and [ha[ moves toward the eastem side of the Weddell Sea. 

A meteorological phenomen on that dístinguishes the two sides of the Antarctic Peninsula 
is [he co ld low-Ievel southerly airflow, which is frequently observed along the east side of the 
penin sul a (barrier winds; Schwerdtfeger 1984). Further studies are needed to determine the effect 
of such boundary-layer cold air advection upon mesoscale cyclogenesis over the western side ofthe 
Weddell Sea. 

TOVS 1000-500-hPa thickness analysis 
at 0512 UTC 25 Octobcr 

Fig . I .~ . - TOVS 1 000-500-hPa rhickness analyses at (a) 2054 UTC 24 Ocrober, and (b) 051 2 UTC 25 October J 989. 
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