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ABSTRACT: On the basis of surface pressure analyses covering the area of
south-west Atlantic, maps of monthly mean pressure fields for the period from March
to December 1979 were drawn. In order to accentuate the dynamics of pressure processes.
maps of standard deviation as well as of the skewness coefficient of the values
forming the pressure field were also prepared. Apart from this, the variation of pressure
in the particular points of the field in the months considered, was discussed. Attention was
drawn to the distinct quasi-periodicity, dependent on location of the given point.
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1. Introduction

Duties of the meteorological group of winterers at the Arctowski Station,
1979, included, beside standard meteorological observations, meteorological
services for the expedition’s activities and of the adjacent subantarctic fishing
grounds. The products of the services — daily issued forecasts and warnin-
gs — were broadcasted to their users and herewith their rdle ended.
However the data the forecasts were based on, could be used for further
scientific investigations. Thus the presented work was prepared by using
synoptic facsimile surface analyses. It deals with the mean surface pressure
field over the area enclosing the Antarctic Peninsula, Drake Passage,
Scotia and Weddell Seas, i.e. the southernmost part of the south-west
Atlantic.

The aim of this paper is to illustrate the general characteristics of the
pressure field there, and to point out some features of its high dynamics,
the latter being of great significance to other measurements performed,
giving their meteorological background.

*) The work was done during the Third Polish Antarctic Expedition at the Arctowski
Station as part of Project MR-11-16 granted by the Polish Academy of Sciences.
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2. Data set and procedure

As already mentioned, daily surface pressure maps were used as source
material. They were usually the facsimile maps, broadcasted by RMC
Buenos Aires, received routinely in the expedition’s weather bureau at the
Arctowski Station. Pressure values were taken once a day, from the 12 hrs
GMT maps. The accuracy of reading was 1 hPa, due to the quality and the
scale of the maps.

The area over which the computations were performed was limited by
meridians 80°W and 40°W and by parallels of latitude 50° and 70°S.
Thus, the Arctowski Station was approximately in the centre of the area,
the fishing grounds extending towards north and northeast.

The pressure values were read in 25 points of the area: every
5 degrees of latitude and every 10 degrees of longitude. The data set
gained was processed by means of simple statistical analysis. Monthly means
were calculated for each grid point, and so was the standard deviation
and skewness coefficient. For each month maps showing distribution of
these characteristics were drawn.

Since the day-to-day changes of pressure are significant in that area, it
is difficult to present the generalized variation of this element without
any smoothing. Thus, the course of pressure during the ten months of
1979 was determined by calculating ‘11-day overlapping means in four
extreme points of the area considered. Some missing values for a few days
were interpolated as means from the neighbouring days, prior to averaging.
The same method was applied to present the pressure variation at the
Arctowski Station, but instead of pressures from one definite hour — daily
means were used for overlapping averaging.

3. Mean pressure field -

Investigations of the mean distribution of pressure in the circumpolar Ant-
arctic belt (Pogosjan 1959, Tauber 1959, Taljaard et.al. 1969, van Loon
et al. 1972) reveal a stationary depression extending between 60 and 70° of
latitude. The pressure values along its latitudinal axis approximate 985 hPa.
This depression is split into separate centres by weak ridges of higher
pressure or, more precisely, by col areas, one of which appears quite
frequently in the region of Antarctic Peninsula (Fig. 1A, B). Northward of the
depression belt, to approximately 45° of latitude, the zone of highest
pressure or, more precisely, by col areas, one of which appears quiet
Antarctic part of the south-west Atlantic did not differ much from this
picture. From March through December the mean monthly pressures
(P) over the area ranged from 1010 hPa in the north-west (March, Aprill)
and 1005 hPa in the north-east (March and July) to 984 hPa in the
south-west (July and August) and 978 hPa in the south east (April). Such
a distribution of extreme values determined to some degree the field
pattern: isobars ran mainly from south west to north east, crossing the
parallels at a small angle. During March, April and May the lowest
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Fig. 1. Mean surface pressure field over the Southern Hemisphere (after Meteorology
of the Southern Hemisphere, Taljaard et al. 1972). L —low, H — high, pressure in hPa
A —in January, B—in July .
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pressures marked by frequently cyclonally curved isobars, persisted in the
south east, over the Weddell Sea. In June the centre of the lowest
pressure was split into two, lying symetrically on both sides of the
Peninsula. In July, August and September it moved to the west, over
the Bellingshausen Sea, to return late in spring over the areas to the
east of the Antarctic Peninsula. In December it appeared over the
Bellingshausen Sea again. Thus in the transition periods — autumn and
spring — the Antarctic Peninsula was influenced by the north-western edge
of the Atlantic centre of stationary circumpolar depression, whereas in
winter — by the north eastern edge of its Pacific part, or was in the col
between them. (Fig. 1A, B). Thus, oscillations of these great stationary
depressions may cover quite long periods, connected probably with the
season of the year and they may be irregular in time. The stationary
col separating these two centres persists over the Antarctic Peninsula
usually in July (Fig. 1B). In 1979 it distinctly occurred in June, and the
July isobars showed only a weak anticyclonal curvature (Fig. 2).

The main feature of the pressure field in 1979 was its high zonality
and, consequently, high horizontal pressure gradients. Of special interest
was here April (Fig. 2), when between the parallels 55° and 60°W the
mean horizontal pressure gradient exceeded 2 hPa per 100 km.

4. Distribution of standard deviation

Since the maps of mean pressure (P) present only a static picture of
the distribution of this element, the maps of standard deviation o (P) were
drawn (Fig. 3) to accentuate the dynamic properties of the pressure field
more clearly. By means of them those fragments of the area could be
pointed out, where the most vigorous changes of pressure occurred.

The smallest variability of pressure prevailed over the Scotia Sea, where
the departures of the mean value oscillated on the average between 7 and
10hPa. Another area with relatively smaller oscillations was the Bellingshausen
Sea, where the standard deviation varied between 8 and 10 hPa.

Other parts of the area cannot be determined unanimously as regards
the dynamics of pressure changes expressed by means of standard deviation.
In March values exceeding 10 hPa were recorded over the Drake Passage
and the northern part of the Bellingshausen Sea. In April the whole area
except the Scotia Sea underwent standard deviations of 11 to 13 hPa.
In May and June maximum standard deviations, exceeding 12 hPa, concentrated
to the NW of the Antarctic Peninsula. In July the area of maximal
standard deviations shifted toward South Georgia, and in August — east
of South Orkney Islands. The greatest pressure ascillations were noted in
September and October. Standard deviations in these months exceeded
15 hPa: in September south-east of Tierra del Fuego, and in October — east
of that coast. November brought some decrease of the dynamics of pressure
changes and December was even more calm. In December, from South
Georgia to the south-west there was extending a zone of standard deviations
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Fig. 2. Mean monthly pressure (P) fields over the Antarctic part of south-west Atlantic.
March through December 1979. Pressure in hPa.



50 70° N 3
10
]
L2
50° -
S 10
0,
of 2 17
10
N\~
o o0
/o
A ~ e
- 3 /| Mar. 1979 e 17" Apr. 1979
—~ - &
X 6 (P 6P
7 e 103" Vi0e  6r°
30° 0° 79 60° [
10
) -
500 £ 5o
11 & o
—
8
1 12—
13
=4
S
o 3 /60“ e
8 /
_ — — /11 May 1979 Jun. 1979
- 0 6m 6®
P 80— 6> 107 40
[d
7
st
8
9
10
1
12
/
B
//
Jul. Aug. 1979
6P 6w

16
12
\/75 <
L 14 AL b
13
A - —],| Sep-1979
"
P)
if '_b 6
Z 9% 800 70° 600 S0° 10%40°

Nov. 1979
6

6

’| Dec. 1979
N

Fig. 3. Distribution of standard deviation

of pressure ¢ (P) hPa, at 12 GMT, March

through December 1979 over the Antarctic part of south-west Atlantic
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Fig. 4. Distribution of skewness coefficient y (P) at 12 GMT, March through December 1979
over the Antarctic part of south-west Atlantic
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not higher than 6 hPa. Such a distribution was consistent with the zone of
the smallest mean pressure gradient in that month (Fig. 2). These features
are assumed to be characteristic for the summer season.

5. Distribution of skewness coefficient

Skewness coefficient vy was used to indicate the sign of prevailing
departures of the individual pressure values from the mean value (Fig. 4).
Where there was y>0, the mean monthly values in the area exceeded the
modal value. This indicated, that lower pressures prevailed and the
relatively high mean value was achieved due to less frequent cases of
comparatively higher pressure. In areas of y <0 the opposing relations existed.
Generally, in the field of y positive values prevailed, but there were months,
as for instance March, September and December, when the greater part of
the area was covered by negative y values.

More detailed consideration should be paid to the pressure distribution
and the field of skewness coefficient of April. In that month the lowest
values of P spread over the Weddell Sea. Skewness coefficients over that
area were positive and exceeded 1.0. This gives evidence that the majority
of pressures encountered there was markedly lower than the mean value
and a vigorous cyclonal activity could be assumed to have predominated
over that region. As the area of high pressure in the norht-west, over
Patagonia and Falkland Islands, was within negative skewness coefficients,
greater frequency of higher pressure systems prevailing there should be
concluded.

By means of the computed characteristics it was possible to estimate the
extreme values of the field considered. If, for example, from the lowest
P=976 hPa from over the southern part of the Weddell Sea in April
(Fig. 3) we subtract the relevant standard deviation oc=12 hPa (Fig. 4),
the resulting 964 hPa will give an idea of the lowest pressures encountered
in that month. If subsequently we add the value =11 hPa to the highest
pressures of the same April field, P=1010 hPa over Patagonia (Fig. 3 and 4),
the addition will yield 1021 hPa, i.e. the value of the highest pressures
encountered in that month. Thus, the difference between both the extremes
reaches nearly 60 hPa. With the skewness coefficients y positive in the
lowest pressure area and negative in the highest pressure area, the individual
extreme values might have been even more contrasted.

Similar-considerations on the pressure conditions may be easily carried out
for the remaining months as well.

6. Variation of pressure with time

Apart from the static picture of the mean pressure field the variation
of this element with the time has been considered. For each of the four
extreme points of the area and for its centre a variation curve has been
drawn, smoothed, as already explained, by overlapping averaging over 11
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consecutive days. The resulting variation curves revealed — apart from longer
periods — also shorter oscillations, proving high dynamics of atmospheric
processes. The longest periods on the outskirts of the field lasted for
30—40 days, whereas in the central part of the area, at the Arctowski
Station, they lasted as long as 20—30 days, on average. Both the higher
pressure spells and the spells of pressure depression were marked by
shorter periods, of only 2—5 days duration. These shorter oscillations
were connected with individual lows moving through the region investigated.
The variation curves are shown in Fig. 5. Lines A and B refer to the
northern (50°S and 80°W) and southern (70°S and 80°W) points of the
western outskirts of the field, respectively. The course of pressure at the
Arctowski Station is illustrated by curve C, whereas D and E refer to the
eastern outskirts of the area: to its northern (50°S and 40°W) and
southern (70°S and 40°W) points.
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Fig. 5. Course of surface pressure in different points of the Antarctic part of south-west
Atlantic, March through December 1979:

A — in the north-western edge of the area (50°S, 80°W) B —in the south-western edge of

the area (70°S, 80°W) C — at the Arctowski Station, in the approximately central point of

the area (62°S, 58°W) D — in the north-eastern edge of the area (50°S, 40°W) E —in the
south-eastern edge of the area (70°S, 40°W)
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Let us first consider the northern edge of the area. In its north-western
point (Fig. 5A) the long term pressure oscillations were comparatively
regular, with eight maxima and periods of 28—40 days. The amplitudes
varied between 15 and 20 hPa. Likewise oscillations of shorter periods, between
15 and 20 days, were to be found, apart from the 2—5 day ones already
mentioned. If we consider the ten months as a whole, we will be able to
distinguish a weak minimum in the winter months.

In the north-eastern point of the area, over the Atlantic, the regularity
of pressure variations was less pronounced (Fig. 5D). Regular variations
during the autumn months, of periods similar to those on the western
edge, must be admitted. The 30—40 days periodicity, however, for June — Sep-
tember was not so obvious. In October, November and December the
pressure showed again regular oscillations with periods of over 30 days. The
amplitudes were more differentiated than in the north-east and varied between
25 and 10 hPa. For the ten months as a whole one could speak of a slight
maximum in winter.

The course of pressure in both the extreme points of the southern
edge of the area, along 70° of latitude, showed a greater similarity
(Fig. 5B, E), than the relevant points in the north. One of the reasons is
that the distance between the southern extreme points is twice as small
as between the northern ones. (Fig. 2, 3 and 4). In the south, during autumn
and at the beginning of winter the periods of oscillations were almost
twice as long as in the north. In both the southern extreme points the
maximum at the turn of March and the next minimum were in phase. The
fragment of the pressure curve between May and mid-July, although deformed
by small oscillations, maintained similar tendencies in both the points. Be-
ginning from mid-July distinct long period oscillations appeared again, the
average period being 30 days. No phase shift was observed and the
amplitudes were similar in both the areas.

Special interest was paid to the pressure course at the Arctowski
Station (Fig. 5C). An interesting feature of its variation was the great
regularity of the long term oscillations and its response to the changes
occurring in the edge points, described before.

Some fragments of the pressure curve, for example between mid-March
and mid-May, were almost quite consistent with the changes in the southern
outskirts of the area (Fig. 5B, E). From mid-May to the end of June
a great resemblance could be found with the variations in the western edge
of the area, especially in the north-western part of it; for example the
pressure maximum on the Arctowski Station in the second half of May is
reflected as a somewhat weaker maximum in the north-western part of the
area and only as a slight rise of pressure in the south-west. Nevertheless,
the rise was distinct and remained in phase with both the maximum at the
Station and in the north-western part of the area. Another maximum on
the beginning of June was equally distinct in all the three points considered.
The next increase of pressure that followed at the turn of June could be
observed as a pretty shaped maximum in the north-west, whereas the
pressure line for the Arctowski Station showed a somewhat deformed, smaller
peak, and in the south-west only a very flat maximum could be distinguished.
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But other details, compared with the ones recorded at the Arctowski
Station, were maintained. For instance, a drop of pressure at the turn of
June is clearly seen in the top part of the Station maximum as well as
in the pressure line for the south-western point. Later in July and August
the pressure course at the Station was influenced by the same pressure
processes as the considered neighbouring areas, but the extreme north-west.
Afterwards, from mid-August till the end of the year the variations at the
Station were strikingly consistent with the pressure at the southeastern edge
of the area.

7. Conclusions

The analysis of the mean pressure field has been based on material
from the cold period of 1979, extending over December that year, as
a month of the warm season, for the purpose of comparison. The following
features of distribution and course of pressure became especially evident:

1. Confirmed was — published previously by a number of authors — fre-
quent occurrence of a col or ridge of high pressure over the Antarctic Peninsula
(Taljaard et al. 1969, van Loon et al. 1972).

2. Similarly, confirmation was gained on the increased zonal circulation
in the transitional months, between winter and summer (Schwerdtfeger 1970,
Gusev 1959); in 1979 it was especially high in April.

3. Both stationary depressions — the west Atlantic and east Pacific
centres of action of circumpolar Antarctic low pressure belt showed an
approximately half-yearly oscillation near the Antarctic Peninsula.

4. Standard deviation used as a measure of the pressure field dynamics

was within + 16 hPa; the lowest fluctuations of this statistical parameter
occurred over the Atlantic, in the north-eastern part of the region discussed,
and the highest ones — over Patagonia and the Drake Passage; these
values were consistent with those given by van Loon (1969) for these
latitudes.
. 5. The variation of pressure in practically all parts of the field considered
showed quasi-regular fluctuations, which could be identified with the
oscillations of the west wind belt in those latitudes. The most pronounced
periods were 30—40 days long.

6. From the shape of the variation curves for the north — western and
north-eastern edges of the area (Fig. 5A, D) it might be concluded that
the phase lag of the pressure wave between those points varied from about
30 to 10 days. Sometimes, however, no shift at all could be found.

8. Summary

On the basis of daily synoptic weather maps broadcasted by RMC Buenos Aires maps
of average monthly pressure over the southwestern part of Atlantic were drawn for the
period from March through December 1979.
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The main feature of the pressure field was its heigh zonality and, despite the monthly
averaging, high values of the horizontal gradient (Fig. 2), which in April exceeded 2 hPa
per 100 km in the belt between 55° and 60° of latitude. The average monthly pressure
in the whole period was within 1010 hPa to the north-west (March and April) and
1005 hPa to the north-east (March and July), 984 hPa te the south-west (July and
August) and 978 on the south-western edges (April).

The area of the lowest pressure persisted over the Weddell Sea between March and
May. In June it lied symmetrically on both sides of the Antarctic Peninsula; in July,
August and September it moved to the west, over the Bellingshausen Sea, to return again
in late spring over the areas to the east of the Peninsula.

An analysis of the variability of the pressure field using standard deviation and skewness
coefficient revealed the smallest deviations over the Bellingshausen and Scotia Sea, where they
were limited to 7—10 hPa. The greatest deviations occurred in the vicinity of Tierra del
Fuego, where they exceeded 15 hPa (Fig. 3). The highest skewness coefficients were
encountered over the southern outskirts of the area, especially over the Weddell Sea
(Fig. 4).

In December, the summer month differing from the cold season by the character of
circulation a comparatively weak pressure gradient was observed. In close relation to this were
the lowest standard deviations and the lowest (as to the absolute value) skewness coef-
ficients of all the months considered (Fig. 2, 3 and 4).

The course of overlapping 11-day means of pressure in several points of the area:
in its four corners and on the centrally situated Arctowski Station — showed a considerable
periodicity. The lenght of the most pronounced periods ranged from 30 to 40 days
approximately (Fig. 5).

9. Pe3rome

B ocHOBaHHM Ha €XEIHEBHBHIX CHHONTHYECKHX KapTax TPAaHCMHTTOBAaHHBIX IO pajuo H3
Bysnoc Aupec cocTaBiieHbl KapThl CPeJHMX JaBJIE€HWH M3 IHepuoga OT MapTa [0 Oekabps
1979 rozia, oxBaThIBAaIOLIKE AHTAPKTHYECKYIO YacCTh FOXKHO-3alaJHOH ATJIAHTHKH.

OcCHOBHO# 4epToif moJss NaBieHHs B 3Toi obyacTu ObLIa CHIbHAS 30HAJBHOCTh a TaKXKe
CHJIbHBIE — HECMOTPsl Ha INOJCYMTHIBAHUS 332 BECh MECSI — BEJIMYMHBI TOPH3OHTAJILHOTO Ipa-
IU3HTa naBieHus (puc. 2). PekopIHBIM B 3TOM OTHOMEHHH OBLI anpesb, KOFAa MEXIY
55° u 60° mapasuens cpegHuil rpaaudHT nepemén 2 hPa Ha 100 kM. CpenHue MecsuHbIE
NaBJIEHHsI BO BCEM NEPHOJE BBICTYNANM B Ipefenax oT okoso 1010 hPa Ha cesepo-3anane
(8 mapre u Bopene) u 1005 hPa Ha ceBepo-BocToke (B Mapre u wmroje) ao 984 hPa
Haroro-zanazge (B urose W asrycre) U 978 hPa Ha roro-socTouyHslx rpaHuiax (B ampene).
Paiion MUHEMaJIbHBIX JaBJICHUH OCTaBaJICA OT MapTa 10 Mas HaJ MopeM Bennemnns. B yrone oH
pacTAruBaJiCsi CUMETpuYecku mo obeuM cTopoHaM AHTapkTuyeckoro ITomyocTpoBa, B miolie,
aBrycTe M CeHTA0pe mepenBHHYJCS Ha 3aman Ha Mope bemmmnrcraysena, 4ToObl mo3mHei
BECHOH BO3BpaTUThCA Ha BOCTOK OT Ilosyoctposa.

AHayM3 H3MEHYMBOCTH OapH4eckoro NOJs NPOBEJEH Ha OCHOBAaHUM BEJIMYMHBI CTaH-
JapTHOTO OTKJIOHEHHs OINpedeNMyl Majeiliiue koneOaHus naBieHus Hax MopeM CkoTus
U MopeM bemnmHrcraysena, rae OHM orpaHumuyuBaiuck a0 7—10 hPa. Camele Gosblume
konebanns BbicTynuiaM B Oamsu OrHeHHo# 3emum, roe nepeuutn 15 hPa (puc. 3). CambiMu
0O0JIbIIMMH NO a0COJIIOTHOH BeIMYMHE KO3DHULHMEHTAMH ACCHMMETDHH XapaKTepU3OBaJIHUCh
I0XKHbIE€ T'PAHUIBI AHAJTU3UPOBAHHOIO pailoHa, ocoOeHHO Mops Bennmemna (puc. 4).

Jexabpp yxke JETHHH MecCAL, OTIMYAIOIIMHCA OT DPACCMOTPEHHBIX MECHIUEB XOJIOLHOTO
Mepuofa XapakTepoM LHPKYIAHMM HMeJ MajeiIuuii rpajusiT [aBJeHHs Kak H MaJjeiime
CTaHAApPTHbIC OTKJIOHCHHS M KOI(HUIMEHTHI acCHMMETPHH BCETO  aHaJM3HPOBAHHOTO OIS
(puc. 2, 3 u 4). -
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XoN CpeqHHMX KOHCEKYTHBHBIX |l-IHEBHBIX BEJIMYMH [aBJICHUS, B HECKOJIbKUX MyHKTax
paiioHa: B €ro 4eThIpEX Yrijax ¥ B pacloJIOXEHHOH B ero cepeauHe CTaHuMU ApPUTOBCKOTrO
yKa3bIBa€T 3HAYATENbHYIO INEPHOAMYHOCTb. IIponoikaTenbHOCTh 06oJjiee YETKMX IEPHOIOB
konebyercs B mpubnuxkenun ot 30 mo 40 ameit (puc. 5).

10. Streszczenie

W oparciu o codzienne mapy synoptyczne transmitowane przez radio z RMC Buenos
Aires wykonano mapy $rednich ci$niefi z okresu od marca do grudnia 1979 roku obejmujace
antarktyczna cze¢$¢ potudniowo-zachodniego Atlantyku.

Zasadnicza cecha pola cisnienia na tym obszarze byla bardzo silna strefowo$¢ oraz
bardzo duze — mimo usredniania za caly miesiac — warto$ci poziomego gradientu ciSnienia
(rys. 2). Rekordowym pod tym wzgledem byl kwiecien, kiedy to pomigdzy réwnoleznikami
55° 1 60° $redni gradient przekroczyt 2 hPa na 100 km. Wartosci $rednich ci$nieni miesigcznych
w calym okresie zamykaly si¢ w granicach od okoto 1010 hPa na péinocnym zachodzie
(w marcu i kwietniu) i 1005 hPa na pdinocnym wschodzie (w marcu i lipcu) do 984 hPa
na potudniowym zachodzie (w lipcu i sierpniu) i 978 hPa na krancach potudniowo-wschodnich
(w kwietniu). Obszar najnizszych ci$niefn pozostawal od marca do maja nad Morzem Weddella.
W czerwcu lezal symetrycznie po obu stronach Polwyspu Antarktycznego; w lipcu, sierpniu
i wrze$niu przemiescil si¢ na zachod, nad Morze Bellingshausena, by po6zna wiosna wroci¢
znowu nad obszary na wschod od Potwyspu.

Analiza zmienno$ci pola barycznego wykonana na podstawie wielkosci odchylenia stan-
dardowego wyvkazala najmniejsze wahania ci$nienia nad Morzem Scotia i Morzem Bel-
lingshausena, gdzie ograniczaly si¢ one do 7—10 hPa, najwigksze za§ wystapily w sasiedztwie
Ziemi Ognistej, gdzie przekraczaly 15 hPa (rys. 3). Najwigkszymi co do wartosci bez-
wzglednej wyspolczynnikami skos$nosci charakteryzowaly si¢ poludniowe krance rozwazanego
obszaru, zwlaszcza Morza Weddella (rys. 4).

Grudzien, miesigc juz letni, rézniacy si¢ od rozpatrzonych miesigcy okresu chlodnego
charakterem cyrkulacji, miat zarbwno najmniejszy gradient ci$nienia jak i najmniejsze odchylenia
standardowe i wspolczynnik skosnosci calego analizowanego pola (rys. 2, 3 i 4).

Przebieg $rednich konsekutywnych 11-dniowych wartosci ci$nienia w kilku punktach
obszaru: w czterech jego narozach i na lezacej w punkcie $rodkowym Stacji Arctowski
wykazuje znaczna okresowo$¢. Dlugosci najwyrazniejszych okresOw wahaja si¢ w przyblizeniu
od 30 do 40 dni (rys. 5).
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