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1. Introduction

The lution of i i in the Antarctic is of spe-
cial interest not only in explaining changes in glacial morphology but also in
the climatic dynamics of the planet.

In this study, carried out within the framework of the ANT93E1312
project, the temperature series and mean, maximum and minimum tempera-
tures, plus a parameter of special interest - the thermal interval (DTR) - have
been for the i base. The i base is situated at an
altitude of 2 metres on King George Island, facing Almirante Bay (62°10'S
and 58°28'W). Features which differentiate it from other stations are its low
altitude and its situation in a zone of forced ascents and Féhn phenomena,
reducing relative humidity and increasing temperature (Barion, 1991).

Table 1 presents the series analyzed, their characteristics and the
cadence of the data. As can be observed, the series have been calculated on
the basis of monthly means of the daily data. The DTR series was calculated
on the basis of the difference between the mean monthly values of maximum
and minimum temperature.
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Table 1
Meteorological series analyzed
Cechy i rodzaje analizowanych serii Meteorologicznych

Series Features | Values Range Data |
Mean mean | montnly | 19781982 | daily
Maximum mean monthly | 1978-1991 dally |
Minimum mean | monthly | 1678-1901 | daily
Diurnal fture rangs | _mean | monthly | 1676.1669 | calculeted |

2. Results and discussion

2.1. Continuity and homogeneity

The temperature data present two discontinuities in February and
March 1990.

For the series, ion of data for
series was used, in this case from the Eduardo Frei base, using the criterion
of Karl and Williams (1987) for resolution of discontinuities.

Given the shortness of the series, variance analysis was rejected for
homogeneity analysis, and the analysis was carried out instead on the basis
of the seasonal nature of its standard deviation with respect to time.

The series present di: i and

2.2. Statistical description
2.2.1. Statistical parameters

A first step in analysis of the meteorological records is a statistical
description thereof.

Noteworthy here is the high value of the variance (¢°) and thus of

the ar iation (SD) in all the series. This fact obliges us
to consider as qualitative any i drawn from them. Also
notewonhy is the high skewness and kurtosis values in the DTR series,
which i tes that their distri is y biased to the right and

pointed.
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The extreme values of the series, together with their temporal loca-
tion are to be found in Table 2. This table shows 1982 as the year with extre-
me maximum temperature readings, while 1987 presented the minimum
readings.

The minimum values obtained corroborate the rightward skew of the
temperature distribution, given that their final values in both show a deviation
from the mean value markedly higher than that recorded for the correspon-
ding maximum values.

Table 2
Extreme values of the meteorological series
Zakres zmiennosci badanych serii meteorologicznych

Series [Unit [ Max | Month | Year | Min. | Month | Yearls
Mean temperature [°c | 37|Janvary| 1082 | 132| Juy | 1087
Maximum temperature | °C | 1,6 | January | 1082 | 17.8| Juy | 1987
Minimum temperature | °C | 95| March | 1082 | 79| Juy | 1987
DTR °C | 108] Juy [1986 | 1.1 |December| 1080

2.2.2. Standard year

The term standard year is used to define the annual distribution of
the monthly means of the series (Fig. 1). The definition of the standard year
provides the order of magnitude of the monthly values of the variable stu-
died. For this standard year, the mean temperature shows positive values in
January, February, March, and D , moving of
the order of 8°C. The minimum temperature mean shows positive values for
the months of January and Febmaty with a movement (11°C) greater than
that of mean . The P shows positive values
for 7 months - January, February, March, April, October, November and De-
cember with movement of 7°C. Finally, for the three foregoing distributions,
July is the coldest month and January the warmest.

In consequence, given its definition, the standard year for the DTR
presents the maximum and the minimum in the same months but in the re-
verse order: July is the month with a minimum in the annual DTR and Janu-
ary the month with the maximum. Its movement is 3°C.
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Fig 1. Standard year for the mean, minimum and maximum temperature and DTR series

Zmiennosé srednich, miesiecznych, minimainej | m makcymaine oraz ampltudy dobawej
temperatury powietrza

2.2.3. Lineal correlation

The correlation between the various series allows us to make an ini-
tial approximation to the i ies between them. Table 3 shows
their iy i of i

It is important to note the high correlation which exists between the
minimum and mean temperature series (r = 0.98), very high for this type of
series (Ji)nes. 1990), a fact notable, too, in other series from other Antarctic
bases, such as those for the Chilean Navy base on Arturo Prat (Rodriguez
and Llasat, 1994). This indicates a greater dependency of the mean tempera-

ure P with the mini , of more S distri-
bution with respect to the more di: i The lowest
index, on the other hand, is p by the i and i series,

with r = 0.93. It may therefore be stated that while mean and minimum tem-
peratures are in accordance with regional characteristics, maximum tempe-
rature is affected by the local features of each station.



Table 3
Pearson correlation coefficient of the temperature series
Wartosci wspdiczynnikow korelacii Pearsona dia ciagéw temperatur minimainych i
‘maksymalnych

X-series Y-series r (Pearson)
Minimum Mean 0%
Maximum Mean 096
Minimum Maximum 0%

2.3. Temporal analysis
2.3.1. Moving average

The first technlque used in temporal analysis is the moving average.
This consists in of the arit lic mean on moving
temporary windows of constant length. Given the length of the series analy-
sed, five-year windows were used, with a cadence of one month.

Arctowski: Mean Temperature 1978-1392
Running Mean (-5 years Skip: 1month)
04 T T T T T

temperature (C)

I I
1976 1978 1930 1982 198 1985 1988 1990 "™ mean
time (first gear of window)

Fig 2. Moving average of the mean temperature.

Srednia miesieczna temperatura powietrza na Stacji Srctowskiego.
Srednie ruchome S-letnie



Figure 2 shows the moving average for the mean temperature se-
ries. It reveals the exi of a parti y high interval for the
1981-1985 and 1982-86 windows, attaining mean values exceeding -1.3°C,
with an increase of 0.6°C over the average level of the previous windows.
The moving average decreases from the 1982-1986 window, with a slight re-
covery of same centred on the 1985-1989 window, at -1.6°C, to end up fluc-
tuating on -1.8°C, which corresponds to the mean value for the entire series.
This evolution is parallel to that of other South Shetlands bases (Rodriguez,
1995), (Fig.3), so that, extrapolating in time, a rising trend of the moving
average of the same order of magnitude - 0.04°C/year - may be assumed.

The minimum temperature series (Fig. 4) shows a temporal evolu-
tion of the mean almost identical to that of the foregoing series. The intervals
of ascent and decrease are the same, reaching values exceeding -3.6°C in
the first interval (1981-1985), with an increase of 1.0°C over the previous in-
terval, while the second shows a decrease of -6°C. The final values are aro-
und -4.4°C.
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Fig.3 Movlng average of the mean temperature of the Arctowski,
Frei, A Prat and Belligshausen series.

Srednia miesigczna temperatura powietrza na stacjach Arctowski, E Frei, A Prat
i Bellingshausen. Srednie ruchome S-letnie
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Arctowski: Minimum temperature 1978-1391
Running Mean (5 years Skip:1 month)

temperature (°C)
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Fig 4 Moving average of the minimum temperature.
Srednie ruchome 5-letnie minimalnej temperatury powietrza na Stacji Arctowskiego

Arctowski: Masimum Temperature 19781331
Running Mean (W: 5 years Skip: 1month)

tamperature (C)
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Fig 5 Moving average of the maximum temperature.
Srednie ruchome S-letnie maksymalnej temperatury powietrza na Stacji Arctowskiego
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The maximum temperature in the 1981-1985 window shows values
of 1.5°C. The decrease in the moving average from that window on is nota-
ble, reaching the minimum value of 0.6°C by the end of the series (1987 -
1991), (Fig. 5).

The evolution of the moving average for the thermal interval, DTR,
shows a clear decrease in the extreme intervals, with movement of -0.3°C.
The interval from the 1982-1986 window up to 1985-1989 shows a practically
constant evolution, on 5.4°C (Fig. 6).

Avctowski: DTR 19781891
Running Mean (W: 5 years Skip: 1month)
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Fig. 6. Moving average of the DTR
$rednie ruchome S-letnie dobowe] zmiennosci temperatury (DTR)

2.3.2. Temporal evolution of the trend

The trend is defined as the rate of variation of the magnitude studied
with respect to time, that is, the gradient of the regression line. The magnitu-
de is clearly no more than an estimate, being larger the shorter the length of
the signal to be analyzed, since the specific weight of a new record is high in
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percentage terms and, therefore, the degree of destabilization of the trend is
also high. Hence the interest of observing the trend, not only over the entire
window to be studied, but also in terms of its temporal evolution from the
start of same, in function of the accumulated trend (Rodriguez and Liasat,
1994), taking account of evaluation of its typical error

AT, - 9x(®) -
A= 0‘3‘(‘) 1=12..N

where G,(1) is the covariance of the variable with respect to time and 6,(1)
the standard deviation of the series, calculated on windows of increasing
length L=1,7. The temporal increase is of 1 year, both annually and seaso-
nally. The general method is to implement the analysis on the basis of stabi-
lization of the variance of said evolution, the interval of equilibrium. Nevert-
heless, in view of the length of the series, it is implemented from the 1978-
1987 regression.

In general terms, the trends obtained are spectacularly high, with
values exceeding 0.10°Clyear, which, were they to be maintained, would
result in 10°C/century. This fact results from the scant length of the series,
which leads to a high variance, a weak correlation and therefore a typically
high error. Winter is the season which presents the highest typical error in all
the series, while the summer is the season with the lowest value. We might
note, too, although they lie outside the interval of equilibrium, the maximums
recorded in the winter series of mean and maximum temperature between
1978 and 1985.

The evolution of the mean annual temperature trend fluctuates aro-
und 0.00°C/year from 1987, without presenting any clear permanence of po-
sitive or negative values. The fall presents a clear permanence of negative
values, fluctuating on the value 0.15+0.07°Clyear (Fig. 7). The evolution of
the trend for winter and spring, on the other hand, presents a permanence of
positive values, though not in such a clear manner, the mean values being
0.100.15°Clyear and 0.07 + 0.05°Clyear, respectively. Summer is the sea-
son which shows the lowest variance in the evolution of its trend, which is
slightly negative, with a mean value of 0.02+0.02°C/year.

The evolution of the trend of annual minimum temperature shows
fluctuation around the value of 0.00°C/year, with a typical error of + 0.06°C.
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Like the mean temperature, it shows clearly negative values for the
fall (-0.15 + 0.05°Clyear) and positive for the winter and spring, although, as
stated above, the former presents high variance and high typical error, which
detracts from its quantitative character. The mean values are, respectively,
0.15 + 0.20°Clyear and 0.10 + 0.07°Clyear (Fig. 8). The summer shows a
mean trend of 0.02 + 0.02°C/year.

Arctowski. Autumnn Mean Temperature 1978-1392
Temporal Evoiution of Trend

g :
L om 2
€ 7
€ onf— 7
3 o 7
s 7
030+ i ,4
035 ' Z 1 ! |
el (N L S DT PSS SN O
Yo mm  wmet e wmes 1w me LA O
e 193 1986 1987 183 1991 Do tend
time (1878-> year)

Fig. 7. Temporal evolution of the trend of the annual mean temperature series
Zmiennosé czasowa trendu Sredniej roczne] temperatury powietrza

Although it has a mean value of 0.00 + 0.07°Clyear, the maximum
temperature trend shows a clearly decreasing evolution. The fall also shows
negative values, at -0.15 + 0.07°Clyear. Winter has a high typical error band
of + 0.15°Clyear and a positive mean value of 0.15°Cyear. As in the previo-
us series, the spring retains its positive character, at 0.07 + 0.05°Clyear, whi-
le the summer shows clearly negative values, at -0.05  0.05°Clyear (Fig. 9).
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In both the annual and the seasonal series the evolution of the stab-
le interval of the DTR trend is clearly decreasing, with negative final values in
all cases equal to or lower than -0.05 + 0.03°Clyear. The values reached in
summer are noteworthy, with the trend being significantly lower than in the
other seasons, reaching a final value of -0.09 + 0.03°Clyear (Fig. 10), thus
corroborating the trend observed by Karl et al. (1993) at hemispheric level.

Table 4
Qualttative estimate of the seasonal trends
Ocena jakosci trendéw Y powietrza
Fall | Winter | Spring | Summer | Yearly
Mean = > b 2 .
Minimum - + + - +
Maximum - - v . B
DTR - - - - -
Arctowski. Spring Minimum Temperature 1978-1991
Temporal Evolution of Trend
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Fig 8. Temporal evolution of the trend of the spring minimum
temperature seasonal series

&¢ czasowa trendu powietrza




Arctowski Summer Masimum Temperature
Temporal Evolution of Trend
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Fig. 9. Temporal evolution of the trend of the summer maximum temperature
‘seasonal series.
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Fig 10. Temporal evolution of the trend of the summer DTR seasonal series.
Zmiennosé czasowa trendu dobowych ampiitud temperatury powietrza (DTR) w okresie lata
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2.3.4. Thermal anomalies

In order to be able to assess the temporal evolution of a meteorolo-
gical variable, the records must be capable of providing for interpretation of
the disturbing effect of the natural annual distribution of same. In order to mi-
tigate said effects, standardized or typified variables are used in accordance
with the following expression:

X, X
2y, = 2 e
where m is the month of the record, y is the year, z(y),, is the typified datum,
x(y), x,, the ari ic mean of the ling month and ¢, its standard
deviation.

The positive values of the typified variable are called positive ano-
malies, while the negative are called negative anomalies. We show these on
a scalar map on l thly axes, thus providing the temporal distribu-
tion of thermal anomalies.

In general, the distribution of thermal anomalies in the mean, mini-
mum and maximum temperature series shows positive and negative inter-
vals extending over all the months of year, so that certain intervals can be
characterized as entirely positive or negative.

Regarding the thermal anomalies of the mean temperature series
(Fig. 11), notable for its intensity of z > 1.5 is the two-year period 1988-89,
anomalously positive, and recorded also at other South Shetiands stations
( 1995) and in i the entire Antarctic continent (Jacobs &
Comiso, 1993; Jones, 1995). The 1978-79 interval is also of note in showing
positive anomalies over all months of the year, of the order of z , 1.0. The
1982-83 and 1983-84 intervals show positive anomalies of the same order of
magnitude, extending over the first and second semesters, respectively.

The negative anomalies, in their turn, show themselves in three in-
tervals of practically annual length and of similar intensity, occasionally rea-
ching values exceedmg z>-3.0. These are 1980-81, 1986-87 and 1990-91.

The of ies in the minii series
(Fig. 12) is very similar to that of mean temperature. It shows practically the
same anomalous intervals and of the same positive-negative sign, while we
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might note the reduction in the length of the positive anomaly in the 1986-87
interval, where it is confined to the second and third quarters.

As opposed to nei ing stations, the
also shows a distribution of i inciding with the previous ones
(Fig. 13). It nevertheless shows a high intensity in all the positive anomalous.
in- tervals, with values of z > 1.5. The first quarter of 1982 is of note, with
values exceeding z > 2.0.
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Fig. 11. Thermal anomalies of the mean temperature series.
Anomalie $rednie] miesieczne temperatury powietrza na Stacj Arctowskiego
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Fig. 12 Thermal anomalies of the minimum temperature series.
Anomalie $redniej miesiecznej minimainej temperatury powietrza na Stacj Arctowskiego

In comparison with the series for A. Prat and E. Frei, the interval
1988-1989 is notable in the distribution of DTR anomalies in (hat \Mule these
other stations present a ion of negative
1995), Arctowski has an interval without any marked positive or negative
concentration. This fact is due to the parallel behaviour of the anomalies in
the series of maximums and minimums remarked upon above. Both present
positive anomalies in this interval, and the thermal interval therefore remains
practically constant.
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Fig 13. Arctowski Thermal anomalies of the maximum temperature series.

Anomalie Sredniej j y powietrza na Stacji

The first quarter of 1982 and from April to December of the 1986-
1987 interval are notable for being positively anomalous. In respect of ne-
gative anomalies, the second quarter of the 1983-84 interval is of special
significance. At the end of the series, from 1988 there is a zone dominated

by negative anomalies, though without any marked concentration.
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Fig. 14. Arctowski. Thermal anomalies of the DTR.
Anomalie Sredniej miesigcznej dobowej amplitudy powietrza na Staci Arctowskiego

_.2.4. Spectral analysis

The application of this type of analysis to short series has littie rele-
vance, all the more so where the aim is to obtain information concerning
possible periodicities in zones of low frequencies. Nevertheless, given the
high between the Bellings (British Antarctic Survey) and
Arctowski series (r = 0.98), a study was made of the extrapolated mean tem-
perature series 1944-1992. The results of this extrapolation show discordan-
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ce with the mean temperatures in the 1948-1960 interval obtained by Martia-
nov & Rakusa-Suszczewski (1990) for this series (T = 0.3°C). From 1960,
however, the results coincide entirely.

Asctowski. Hypothetical Signal 1944-1392
Power Spectrum. MESA: M=N/3
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Fig 15 Power spectrum of the extrapolated 1944-1980 Arctowski series.

Gestosé widmowa sredniej miesigczne] temperatury powietrza na Stacji Arctowskiego
ekstrapolowanej na okres 1944-1950

The power spectrum (Fig. 15) was calculated using the maximum
entropy method, MESA, with an error protection filter M = N/3, which is the
one which provides a better spectral i ratio (

1992) with a high frequential resolution, 16 times its natural resolution. In lhe

zones of high frequencies it can be observed that, above the normal level of
confidence of 95%, notable quarterly, semestral and annual maximums can

be d, i by the trivial periodicities. In the zone of low frequen-
cies, above the aforesaid level of confidence, we can note the maximum

to a five-year iodicity which exceeds the biennial period in
intensity, which, taking account of the ion of the thermal ies in

intervals of opposite signs and of biennial and triennial length, is corrobo-
rated.



209

3. Conclusions

The Arctowski temperatuve series, although they can be evaluated

cannot be in but must be viewed rather

in the context of the meteorological ‘Series of the South Shetlands Antarctic

bases since, like other regionizable series of short length, they represent a
time differential within their own temporal function.

The regi ility of mean and mini can be obser-
ved, with i ling 0.95 other nei
ring series, while the maximum temperature is a function of the local charac-
teristic of each station.

The correlation between the different series reveals a clear interde-
pendence between the mean, mini and P . with
the correlation between the mean and minimum temperatures being highest.

Bi-annual mean length intervals of thermal anomalies, whether po-
sitive or negative, follow each other, particularly significant being the positive
thermal anomaly located in 1989 in the mean and minimum temperature se-
ries, in accordance with observations from other Antarctic bases.

For all the temperature series, the winter is the season which shows
the greatest thermal variation, increasing with time and of the order of
0.1°Clyear. The fall is, on the other hand, the season which shows the lar-
gest decrease, of the order of 0.1°Clyear. Spring shows a rising trend and
summer a falling trend in all the temperature series, although with noticeably
more moderate rates. There s a trend towards reduction of the annual ther-
mal variation.

The trend of the minimum temperature is towards an increase, while
that of the maximum temperature is towards a slight decrease, which has an
effect on reduction of the DTR over time.

The thermal interval, DTR, shows a mean value of 4.9°C, reaching
its extreme values in winter. Towards the end of the series, there is a clear
reduction of mean values for all staticns, with a trend of around -0.05°C/year
at all, except in summer, which shows a noticeably higher value in terms of
absolute value, at -0.09°C/year.

In the ion of the i series P with the Bel-
lingshausen series, a spectral maximum corresponding to a period of 5 years
can be observed.
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ANALIZA SREDNICH | EKSTREMALNYCH WARTOSCI
TEMPERATURY POWIETRZA NA STACJI ARCTOWSKIEGO

Streszczenie

w ramach programu ANT93E1312 dokonano analizy zm:ennoscl

j na Stacji Na wiel-
kosci sredmch ! i $rednie iesi dia lat
1978 92, syedme miesng:zne maksima i minima dia lat 1973—91 oraz $rednie

i dobowej zmit Sci Yy i (DTR réz-
nica migdzy érednig miesi i Sci i i mini p
tury powietrza).
Obliczone $rednie miesi ierajg sie w i od 3.7°C

(styczen 1982) do -13.2°C (lipiec 1987). Lata 1982 i 1987 byly tymi, w kt6-
rych obserwowano ekstremalne wartosci réwniez w odniesieniu do wartosci
Srednich maksymalnych i minimalnych (tab.2).

W standardowym roku, dodatnie wartosci éredniej miesigcznej tem-
peratury i tapily w 5 miesi styczniu, lutym; marcu, listopa-
dzie i grudniu (ryc 1). W tych miesigcach srednle dobowe moga sporadycz
nie ¢ 8°C. Srednie
dodatnie wartosci wykazuja w styczniu i lutym i mogg byé wtedy nawet o 11
deg wyzsze od $redniej. Srednie miesigczne maksima dodatnie sg az w 7
miesigcach: styczniu, lutym, marcu, kwietniu, pazdzierniku, listopadzie i
grudniu. Na podstawie przeanalizowanych danych mozna stwierdzi¢, ze na

Stacji i lipiec jest miesi j a styczen najcie-
plejszym.

iedzy i érednimi i i istnieje bardzo
duza znosé (tab. 3). sci 6 ika korelacji (| ) r

mieszcza sie w przedziale od 0.93 do 0.98
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Zmiany i i $ci w czasie za pomo-
ca $rednich ruchomych S-letnich. Charakter zmiennosci przedstawiaja ryc.
2-6. Na ich rycinach wyraz i sﬂWYZSZe wartosci $rednich

iesi wp okresie ji (1981-1985) niz w okresie

poézniejszym. $rednia wielkosé trendu wynosi 0.1°C/rok. Linie trendu dia roku
i wybranych por (wiosna, lato) przedstawiono na ryc. 7-10. Jesienig i latem -
trendy 4 serii s3 ujemne (tab. 4), a zima i
wiosng - dodatnie. Jesienia wielko$¢ trendu wynosi -0.1540.07°C/rok, zima
+0.10£0.15°Clrok, wiosng +0.0740.05°C/rok, latem za$ oscyluja kolo
0°Cfrok.

Innym sp: oceny $ci danego p w czasie
moze by¢ okreslenie wielkosci odchyleri o $redniej. Rozkiad anomalii tem-
peratury sredniej i § oraz DTR, w okresie
1978-1991 przdstawiaja ryc. 11 14. Wsrod wielkosci $rednich, dodatnie ano-
malie (>1.5 deg) i we iesi; 1978 i 1979 roku, a
w latach 1982-83 i 1983-84 - w miesiacach drugiej polowy roku. Wyraznie
ujemne ie Srednich miesi powi wystapity w

okresach: 1980-81, 1986-87 i 1980-91 (> -3.0 deg).
Rozkiad anomalii temperatur minimalnych jest bardzo podobny do
rozkiadu anomalu temperatur érednich (ryc. 11 i 12). Sledzac odchylenia
y i (ryc 13) zwraca uwage bardzo duza
(>2.0 deg) dodatnia i t na 1982 roku (luty-
marzec). W tym samym okresie zaznacza sie rowniez najwyzsza dodatnia
anomalia DTR (ryc. 14).

Ze wzgledu na niewi diugos¢ serii yinych ze Stacji
i oceny zmit Sci y i i j na tej sta-
cji lepiej dokonaé na tle innych stacji poloz na Potudnic

wych. Poniewaz seria ze Stacji Arctowskiego wykazuje bardzo duza korela-
cje z ciagiem Deception-Bellingshausen (1944-90, British Antarctic Survey) -
1=0.98 - to w celu wyznaczenia okresowosci zmian, ciag Stacji Arctowskie-
go, ekstrapolowany do okresu 1944-92, poddano analizie widmowej. Analiza
spektralna takiej serii srednle‘ iesis y powit (ryc. 15)

Y ] i 5—Ie1mej Nieco siabmj zazna-
cza sie peri $¢ 2- i 3-letnia. O
kw nie maja i
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