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ABSTRACT: This study gives an analysis of the variation of main meteorological
parameters on the Station Arctowski in the time from December 1979 through March
1980 — the summer season of the IV Antarctic Expedition of the Polish Academy
of Sciences.

Characteristics of wind speed and direction, of air temperature, atmospheric pressure,
precipitation, cloudiness, soil temperature at the station and -surface water temperatures
of the Admiralty Bay are based on the standard synoptic observations.
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1. Introduction

The study contains characteristics of the most significant meteorological
elements observed during the austral summer season, from December 1979
till the end of March 1980. The basic material used were the standard
meteorological observations made regularly eight times a day at the Arctowski
Antarctic Station of the Polish Academy of Sciences, the additional
measurements of soil temperatures at the station site and surface water
temperatures of Admiralty Bay. All the data were preliminarily checked and
verified. Only the results of the measurements made later than March 17,
1980, were not controlled, as they were obtained by teleprinter after the
termination of the summer expedition and may contain, therefore, eventual
innaccuracies due to difficulties in teletransmission of data. Parts of Fig. 3
and Fig. 4, illustrating those data, are drawn with dashed lines.

Data contained in the Meteorological Yearbook Arctowski 1978—1979
(Skrzypczak 1980) were also used for comparison.

*) The work was done during the Fourth 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. Wind

Wind is a meteorological element, which, owing to the location of the
Arctowski Station — the orography of King George Island and sharply
indented coast line of Admiralty Bay — may be strongly deflected in relation
to the air flow resulting from synoptic conditions. Nonetheless, the synoptic
situation has a marked influence upon speed and direction and even upon
the character of the air flow in the Admiralty Bay. Thus, knowing the main
features of wind speed and direction — the mean and extreme values and
frequency distribution — character of prevailing synoptic conditions, which
caused them, may be inferred.

During the whole period from December 1979 till the end of February
1980 southeasterly winds prevailed at the station with frequencies of 16.7°,: the
easterly ones were as frequent as 13.29; of similar frequencies were also
the northerly and northwesterly winds — 13.6 and 12.9%, respectively. Least
frequent during that time were the southerly and westerly winds — 5.5
and 6.0% respectively. A high frequency of calms and light variable winds
was noted during that period, amounting jointly to 15.2%. The mean
wind speed in the time from December to the end of February was
5.7 m-s~!. The highest gusts reached 28 m-s™!. A fairly differentiated dis-
tribution of wind speeds and directions in subsequent months is considered
to be noteworthy (Fig. 1).

In December the predominant winds were south-easterly, northerly and
northwesterly, whereas the westerly and southerly ones occurred very rarely.
The frequency of calms and light winds was jointly 9.6%,. In that month
no storms of speed exceeding 17m-s~! were observed and the frequency
of gales between 13 and 16 m-s™! was 5.6%. The frequencies of the
prevailing light and moderate winds of speed up to 8 m-s™! were 67.19,.

In January, northwesterly and southeasterly winds were still predominant,
the northerly and northeasterly ones being less frequent than in December,
whereas the frequency of westerly and easterly winds was nearly twice
as high as in that month. Stroms and gales were from due northwest.
Calms and light variable winds occurred with nearly twice greater frequency
than in December. The mean wind speed in January was 5.6 m-s™ 1.

In February, the last of the months under analysis, easterly and
southeasterly winds were decidedly predominant, followed closely, in order
of frequency, by northerly and northeasterly winds. Jointly the frequency of
these directions was 57.3% of all the winds recorded. The percentage
of winds occurring from all other points: south, southwest, west and
northwest was by about a half less (23.7%). The frequency of calms and
light variable winds was 19.09,. The mean monthly wind speed was in
February slightly higher than in December and January, reaching 6.0 m-s~1.

The above analysis reveals a slightly different distribution of wind
directions and speeds of the summer season 1979/1980 as compared with
analogous periods of the two precedent years. Westerly and southwesterly
wind derections, prevailing in the two precedent summer seasons, were
of a very low frequency in the period - under discussion (westerly only
6%, southwesterly — 9.5%). The mean monthly wind speeds were also lower
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than in analogous periods in precedent years, moreover, calms and light
variable winds occurred more often (Kowalewski and Wielbiniska 1979;
Nowosielskil); Kratke and Wielbinska 1981).

3. Air temperature

In the warmest season of the year mean monthly air temperatures
at the Arctowski Station were: 1.7°C in December 1979, 2.3°C in January,
1.9°C in February and 0.2°C in March, 1980. They were higher than the
means during many years for analogous months over the whole period
of thirteen years of observations (1948—1960) at the British Station Admiralty
Bay, situated on the northern coast of the Bay (World Weather Records
1951—1960, 1968: Dolgin and Petrov, 1977). The monthly mean tempera-
ture at Arctowski in summer 1979/80 excedeed the means of thirteen
years observation at the station Admiralty Bay by 1.1°C in December
and January, by 0.8°C in February and 0.1°C in March.

In the course of decade temperature values (means, means of maximum
and of minimum temperatures), illustrated in Fig. 2, two considerably warm
periods may be singled out. The first one, with the mean temperature
as high as 3.7°C, coincided with the last decade of December and was
preceded by a fairly long time of gradual rise of temperature. The second
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Fig. 2. Decades means of air temperature¢ at the Arctowski Station during the summer
1979/1980
1 — daily temperatures 2 — maximum temperatures 3 — minimum temperatures

1) Sprawozdanie z realizacji zadan z meteorologii, podczas II wyprawy Antarktycznej PAN.
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one, with the mean temperature reaching 3.5°C occurred between the
11th and 20th January. These two warmest periods of the summer were
separated by a cooler one, of only 2.1°C mean.

In February the decade means were markedly lower and in each of the
two warmer periods they were 2.1°C. The last, rather sudden rise of
temperature was- observed between the 10th and 20th March, where the
decade mean reached 2.5°C. This warm spell occurred between the two
coldest decades of the summer 1979/80: the first ten days of March had
the mean temperature as low as — 1.4-C, whereas the mean of the last ten
days of that month was —0.5°C. The decadal averaging did not deform
the character of the temperature curve: the variation of the decade means
and the mean decade maximum and minimum temperatures remained similar
to the daily means curve.

The highest maximum temperatures occurred on 23rd December (9.7°C),
14th January (9.2°C), 24th February (9.1°C) and 15th March (up to 6.3°C);
whereas the minimum temperatures were noted on 3rd December (— 3.2°C),
23rd January (—4.9°C), 27th February (—3.4°C) and 4th March (—7.8°C).

A thorough consideration of the decade means alone suffices to prove
that there must have existed a quasi-twenty-day period of temperature
fluctuations in the summer under discussion. This is confirmed by an
analysis of eleven days overlapping means. The variation curve of those
means shows great regularity reaching its maxima between 21—31 De-
cember, 10—20 January, 25 January to 5 February, 18—28 February
and 10—20 March. The amplitudes of particular oscillations at the beginning
and at the end of the season, i.e. in December and in March, amounted

Air temperature (°C)

21 Dec. 1979 Jan. 1980 Feb. 1980
Month

4

Fig. 3 Variation of air temperature at the Arctowski Station during the summer 1979/1980
1 — eleven-day overlapping means 2 — daily means 3 — data unchecked
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to 4—5°C, whereas in the midsummer they were about 2-C. The curve
illustrating overlapping eleven-day means, drawn against daily means, is
shown in Fig. 3. In the same Fig. 3 the span of the daily means
can be examined. Their values amount to 5.7°C (three times throughout
the season) to about —5°C in March, thus their amplitude exceeds 4°C.
The interdiurnal changes of mean daily temperatures (interdiurnal amplitutes)
vary from 1.3 to above 8°C.

4. Atmospheric pressure

The region between latitudes 60°S and 65°S is subject to the sub-Antar-
ctic low pressure systems. The mean monthly pressures for the British
Station Admiralty Bay in the summer seasons of the decade 1951—1960
were as follows: 992.4 hPa in December, 989.2 hPa in January, 988.7 hPa
in February and 989.4 hPa in March (World Weather Records 1951—1960,
1968). In analogous months, in the summer season 1979/1980 at the
Arctowski Station, these values were higher — 996.7 hPa, 990.8 hPa, 993.5 hPa
and about 992 hPa respectively. The last value is an unchecked one
due to the mentioned lack of possibility of checking the data from
March. During the period from Ist December, 1979, to 29th February,
1980, the highest pressure (1008.7 hPa) was recorded on 17th December
1979, at 00 GTM, the lowest (974.7 hPa) on 19th January 1980, at 12 GMT.
The most abrupt fall of pressure, 6.3 hPa within three hours, occurred on
17th February 1980. between observation times at 12 and 15 GMT, the
most sudden rise of pressure occurred on the following day, between
06 and 09 GMT and amounted to 5.5 hPa.
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Fig. 4 Eleven-day overlapping means of atmospheric pressure and daily amounts of
precipitation at the Arctowski Station during the summer season of 1979/1980
4 — data unchecked
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Variation of atmospheric pressures during the summer season -1979/1980
was subject to more or less regular fluctuations. In order to obtain an
estimate of the variability of pressure, eleven-day overlapping means were
calculated smoothing smaller deviations (Fig. 4). This has brought to light
a scries of cvcles which, just as in the case of the earlier discussed
variations in temperature, covered on the average a period of about
20 days, provided the variation of pressure between 28th December and
19th January can be taken as a deformed cycle, in which the maximum
that should occur between 1—10th January, was replaced by two shorter
cycles with very small amplitude of fluctuations.

There was a great similarity in the periodicity of the temperature and
atmospheric pressure throughout the four months of observations. There
is a phase lag ranging from about a quarter to a half of the period
in the temperature fluctuations in relation to the atmospheric pressure
fluctuations. The maximum of pressure preceded the maximum of temperature.
The period of lowest temperatures occurred at the time of developing of
high pressure systems.

5. Precipitation

Precipitation is an element strongly differentiated, as well with respect
to the distribution in time as to the region over which rain-bringing
air masses move. Orography of the sub-Antarctic archipelagoes in connection
with frequent changes in the direction of air flow in the regions of high
cyclonal activity adds to the irregularity in falling out the moisture
contained in clouds. This is also apparent in the monthly amounts of
precipitation in various years of observation.

In the summer season of 1979/1980 at the Arctowski Station the
monthly sum of precipitation was lowest in December, reaching hardly
10.7 mm; in January it was 35.7 mm, whereas in February it was
comparatively very high amounting to as much as 75.5 mm. In March,
according to the still unchecked data, it was 31.6 mm. The respective
values for the summer 1978/1979 were as follows: 54.4 mm in December,
272 mm in January, 57.5 mm in February and as much as 123.9 mm
in March. (Skrzypczak 1980, Nowosielskil). In the summer season of
19771978 the recorded values were: 37.7 mm in January, 79.2 mm in
February and 93.5 mm in March, (Kratke and Wielbinska 1981). Thus,
the summer season 1979/1980 was considerably drier than the analogous
periods in two preceding years of observation.

Precipitation, though not abundant, occurred frequently in diverse forms
and intensity. In December, out of the total number of 26 days with
precipitation, 15 days showed values <0.1 mm. The highest diurnal amount
of precipitation was 3.1 mm. In January, likewise, 26 days with precipitation
were recorded including 13 days with diurnal amount not exceeding 0.1 mm
and a few days with values over 4 mm.

1) See page 4.
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As already mentioned, February was most abundant in precipitation, as
compared with other summer months. There were only 3 days without
precipitation and out of the remaining 26 days as many as 22 had
precipitation sums < 0.1 mm, 6 days — more than> 5.0 mm and 2 days — more
than > 10.0 mm.

In March, 9 days without precipitation and 7 days with scanty
precipitation< 0.1 mm were noted. Among the remaining 15 days only 2 days
showed diurnal amount of precipitation exceeding 5.0 mm.

The association between the occurrence of more abundant precipitation
and cyclonal activity is not so distinct marked in summer. This is
shown in Fig. 4, illustrating variation of the diurnal amount of precipitation
in relation to consecutive mean pressure values. From this figure it is
apparent that periods of higher pressure are associated with small amount
or lack of precipitation, whereas lower pressure is associated with an
increase in amount and frequency of precipitation. Only the end of December
and the beginning of January are an exception — there was no precipitation
accompanying relatively low pressure but this was probably due to the
fact, that it should have been the beginning of the new cycle of rising
pressure, which should have started in the last days of December. It is
even well marked by a small rise of the pressure curve (Fig.4). Then
a disturbance of the periodicity interfered and two shorter, irregular cycles
appeared instead. as was already mentioned in the section on atmospheric
pressure. But the tendency of maintaining a precipitation-poor spell remained
and one could even speal of periodicity in the precipitation during that
summer.

6. Humidity

Relative humidity is subject to great variability during the day. Under
the summer season conditions at the Arctowski Station, diurnal variations
of relative humidity are on the average in the range of several percent,
though they may occasionally exceed 40%. Mean monthly values were:
83% in December, 829 in January, 85% in February and 799, in March
(until March 17). The lowest daily mean relative humidities ranged from
699, to 75%. The lowest relative humidity observed — 419, — was recorded
on 11 January 1980, at 21 GMT. It occurred under the conditions of
westerly air flow.

Saturation vapour pressure ranged from 3.3 to 7.7 hPa, reaching the
mean monthly values: 5.7 hPa in December, 6.0 hPa in January and February
and 4.9 hPa in March (until 17 March 1980).

7. Cloudiness

During the observation period from December to March 17 cloudy
days and overcast skies prevailed (Table I). In the summer months
clear days are very infrequent at the Arctowski Station. Cloudless skies
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Table I.

Frequency (days) of cloud amount at the Arctowski Station during
the summer season of 1979—1980

Mar.

Dec. Jan.  Feb. (until

17th)
Clear (< 1,8) — — — —
Fairly clear (1/8-2/8) — . 1 — —
Partly cloudy(3/8-5/8) 5 2 2 4
Cloudy (6/8-7/8) 18 19 13 10
Overcast (8 %) 8 9 14 2

were observed only once on 11 January 1980, barely for a few hours,
throughout the period of observation. The most frequently occurring were
low clouds with a relatively low base, mainly about 300 m. Clouds were
diversified with respect to types and forms, species and varieties. Clouds
formed under orographic effects were often observed : wave clouds (lenticularis)
and on the lee side of glaciers domes fohn-wall sloping down in intense,
descending motion. The cumuliform clouds did not develop vertically.

8. Soil temperature

Mean monthly soil temperatures at the depth of 5, 10, 20, 50 and 100 cm,
and the air temperature at 5 cm above the surface of the ground are
shown in Fig. 5. As results from the analysis, the ground warmed up
gradually during December and January, a complete defreezing at the
depth of 1 m was observed at the end of that time. The warming of the
soil downwards to the depth of 50 cm was quite intensive during the
first two summer months. The differences in mean temperatures of December
and January increased at particular levels with the increase in depth,
ranging from 0.5°C at the depth of 5 cm to over 2°C at the depth of
50 cm.

In February the soil was observed to cool again; the cooling was more
intense at small depths, less intense deeper downwards, decaying at the
depth below 50 cm, whereas the temperature at the level of 1 m was
still rising at that time. The temperature of air above the surface of the
ground was cooler than that of the soil, already. In the contact layer
between the atmosphere and the subsoil (5 cm over the ground and 5 cm
in the soil) great values of temperature gradient were observed.

9. Surface water temperature

The temperature of the water surface at Admiralty Bay was measured once
a day at noon in a permanent place near the cliffs. with beacon light.
Mean monthly temperatures of the water surface layer were: 1°C in December,
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Fig. 5 Mean monthly soil temperatures at the Arctowski Station during the summer of
1979/1980
1 — December, 2 — January, 3 — February

1.6°C in January, 1.4°C in February and 1.2°C in March (until 17th).
The highest temperature, 3.6°C, was recorded on 31 January 1980, the
lowest temperatures, some tenths below freezing point, were observed in
cases when large quantities of ice drifted into the Bay.

10. Summary

Selected meteorological elements: wind derection and speed, air temperature, atmospheric
pressure, precipitation, air humidity, soil temperature and temperature of the water surface
of Admiralty Bay, observed on the Arctowski Station during the summer season of
1979/1980 are discussed.

Some of the meteorological parametres recorded in this period during many years ditter
slightly from the quasi-normal means for this region and also from the data of two
pfecedent'summer seasons of the activity of the Polar Station.

During the summer of 1979/1980 southeasterly and easterly winds prevailed followed
closely by northerly and northwesterly; westerly and southerly winds were observed less
frequently (Fig. 1). Calms and light variable winds occurred frequently. Pressure and
temperature values did not deviate from the average values. A more detailed analysis
(Fig. 2, 3 and 4) of the variation of these elements revealed fairly regular fluctuations
of a period lasting about twenty days, with a phase lag between the pressure and tempera-
ture waves ranging from a quarter to about a half of the period.

Precipitation (Fig. 4) in various forms and of varying intensity was observed very
frequently, yet, due to relatively small monthly amounts the summer of 1979/1980 was on
the whole drier as compared with analog periods in the two preceding years.
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Very cloudy days or completely overcast skies prevailed; clear days were very infrequent.
Mean monthly relative humidity values ranged from 79% to 85%. Great variability of rela-
tive humidity was observed during the day.

A rapid warming of the soil was observed at the beginning of the summer until
a complete defreezing of the ground to the depth of 1 m in January and then, anew,
a gradual cooling of the soil during February, progressing from the surface downwards
(Fig. 5).

The surface temperature of Admiralty Bay rose from about 1°C at the beginning of
the summer reaching the highest values in January and decreasing gradually later on.

I1. Pe3rome

IlpencraBieHO XapaKTEPUCTHKY H3OpaHHBIX METEPEOJIOTHYECKHX 3JIEMEHTOB: CKOPOCTh
U HalpaBJICHHE BETpa, TEMIEPATypy BO3AYyXa, AABJIEHHS, OCAaJKOB, IACMYPHOCTH, BJIaKHOCTU
BO3/lyXa, TEMIeEpaTypbl MOYBbI a TakXe TEMIEpPaTyphl NOBEPXHOCTHOHW BOABI 3ayMBa AIMH-
panTtel setom 1979/1980.

C mpoBEeEHHOrO aHajHM3a BBHITEKAET, YTO XOI HEKOTOPbIX METEPEOJIOrHYECKUX NapaMETPOB
B B.y. NEpHOZE OTKJIAHSETCSA OT CPEIHHMX MHOTOJIETHHX M3 3TOro paiioHa, a TakXe OTJH-
4aeTCs OT /ABYX NPEIIECTBYIOIINX JIETHUX CE30HOB JIEATEIHOCTH NOJILCKOH NMONSAPHON CTAHIMH.

Jletom 1979 1980 npeodnajlajiy 1010-BOCTOUHbIE BETPbl @ TAKKE CEBEPHbIE M CEBEPO-
-BOCTOUYHbIE, pexe HaOylomaauch 3amaJHUEe U HOXHbE (puc. 1). YacTbiM sBieHHEM ObLIH
THILIMHA M CJIabble HEYCTONYUBBIE BETPHI.

JlaBjieHHMe W TeMnepaTypbl He OTKJIAHMIMChL OT cpeaHux. Mx anamm3 (puc. 2, 3 u 4)
OOHapyXHJl NOBOJBHO DEryJsipHble KOJEeOaHHS C NEPHOAOM HAOCTUraromuM a0 20-TH [OHeil
NepefBUHYTHl B (asuce OT 4 10 OKOJIO MOBOBHHBI NEPHOAA.

Yacrto BBICTYmann aTmoc(beprle ocanku (puc. 4) B pa3sHbIX cbopmax HHTEHCHMBHOCTH HO
H3-32 OTHOCHTEJLHO HEOOJBLUIMX MECAYHBIX CyMM, jeTto 1979/1980 Hamo 3auucnuth k Oosee
CYyXMM B CpaBHEHHH C aHAJIOTMYECKHMH NEpPHOJAMM [BYX HpeamiecTByrommx JieT. IIpeoGia-
Jaj JHM C HEeOOJIbLIOW MacCMYypHOCTbIO, SICHBIE OHH BBICTYNAJH O4YeHb peako. CpenHsas
MecsiYHass OTHOCHTEJbHAas BJIAXHOCTh BO3ayXa koJsiebanach B mpemenax 79—85%,. Cytounas
NEPEMEHYHBOCTh OTHOCHTEJIbHOH BJIAXHOCTH BO3[1yXa IOBOJILHO HHTEHCHBHA.

3ameyeHo OBICTpOE HarpeBaHHe NOYBHI B Hayaje JieTa [0 TOJHOTO OTTAMBAHUS HA
rnyoune 1 M B sHBape, ¢ ¢eBpais BLICTYNAJO IMOCTENEHHOE OXJIAXIEHHE MOCTYNAIoLIee
C MOBEPXHOCTH MOYBHI Briaybp (puc. 5).

IMoBepxHoCTHast TeMnepaTypa BoA 3anuBa AQMupanThl Bo3pactaina oT 1°C B Havalib-
HOM TIepHOJIE TOCTHTasi MAKCHMYM B SHBape a MO3Xe MOHMXKAJach.

12. Streszczenie

Scharakteryzowano wybrane elementy meteorologiczne: kierunek i predko§¢ wiatru, tem-
perature powietrza, ciS§nienie, opad. zachmurzenie, wilgotno§¢ powietrza, temperature gruntu
oraz temperatur¢ wody powierzchniowej Zatoki Admiralicji z okresu lata 1979/1980.

Z przeprowadzonej analizy wynika, ze przebieg niektorych parametréw meteorologicznych
w omawianym okresie odbiega nieco od wartoSci $rednich wieloletnich z tego rejonu
a takze rozni sig od dwoch wezesniejszych sezonow letnich dziatalnosci polskiej stacji polarne;.

Latem 1979/1980 przewazaly wiatry potudniowo-wschodnie i wschodnie oraz poinocne
i polnocno-zachodnie, mniej natomiast obserwowano zachodnich i potudniowych (rys. 1).
Cisze i stabe wiatry zmienne byly zjawiskiem czestym. Wartoéci ciSnienia i temperatur
nie odbiegaly od przecigtnych. Ich blizsza analiza (rys. 2, 3 i 4) ujawnila dosy¢ regularne
wahania o okresie wynoszacym okoto dwadziescia dni, przesunigte w fazie od 1/4 do
okoto potowy okresu.
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Notowano dosy¢ czgsto, opady atmosferyczne (Fig. 4) roznej postaci i intensywnosci
aczkolwiek ze wzgledu na ich stasunkowo niewielkie sumy miesigczne, lato 1979/1980 zaliczy¢
nalezy do bardziej suchych w poréwnaniu z analogicznymi okresami dwu lat wcze$niejszych.

Przewazaly dni z zachmurzeniem duzym i catkowitym; dni pogodne wystepowaly bardzo
rzadko. Srednia miesigczna wilgotnosé wzgledna powietrza wahala si¢ w granicach od 79°,
do 85%. Zmienno$¢ dobowa wilgotnosci wzglednej powietrza byla dos¢ intensywna.

Obserwowano szybkie nagrzewanie si¢ gruntu na poczatku lata, az do jego catkowitego
rozmarznigcia na glebokosci 1 m w styczniu, a nastgpnie od lutego nastepowalo wychtadzanie.
postepujace od powierzchni gruntu w glab (Fig. 5).

Temperatura powierzchniowa wody Zatoki Admiralicji wzrastata od 1°C w poczatkowym
okresie osiagajac najwyzsza warto$¢ w styczniu, pdzniej stopniowo obnizala sie.
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