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ABSTRACT

An analysis of the minimum air temperature behavior was carried out for the southern tip of South America and the
western side of the Antarctica Peninsula. Punta Arenas shows an overall annual warming of 0.15°C per decade during
the 1960-2010 period, although this occurred mainly in the summer and winter seasons. The trend of the air temperature
in the western side of the Antarctic Peninsula shows an increase until around 2000, but the warming rate during the last
2001-2010 decade has been less than previous decades; in particular, meteorological stations in King George Island
show slight cooling. The lineal annual warming per decade as shown by Bellingshausen, Verndsky/Faraday and Rothera
stations are 0.26°C £ 0.75°C, 0.55°C £ 1.26°C and 0.69°C + 1.31°C; for the respectively, 1969-2010, 1951-2010 and
1978-2010 periods. These rates of warming are slightly lower than those found for the same stations but for the 1969-

2000, 1951-2000 and 1978-2000 periods.
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1. Introduction

During the last decades global warming has becoming an
increasing issue around the world. The physical science
basis behind the observed and predicted changes, as well
as, the implication of the climate change has been a per-
manent preoccupation since the eighties. On one hand,
the science community investigates and produces the as-
sessment reports around every 6 years about the state-
of-the-art of what is known about climate change [1-3];
and on the other, govern representatives meet every year
(the United Nations Framework Convention on Climate
Change) with the aim of stabilizing the greenhouse gas
concentrations in the atmosphere to prevent dangerous
and irreversible anthropogenic changes in the climate
system. Overall, the continental air temperature has in-
creased by 0.84°C - 1.12°C over the period 1901-2010,
with the rate of warming increasing during the last 2 - 3
decades [4], or 0.13°C £ 0.13°C per decade according
with Hansen ef al. [5]. The West Antarctica region which
includes the Antarctic Peninsula (AP, hereafter) and the
Marie Byrd Land is the region where the increased air
temperature is the highest registered on the planet during
the last few decades [6-10], as a consequence of the an-
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thropogenic greenhouse increased. In contrast, the rest of
the Antarctic continent does not show the same rate of
warming but rather a slight cooling [11,12]. However, an
analysis of the mid-tropospheric air (above the inversion
layer) the whole Antarctica shows an increase in tem-
perature [13].

Most of the Antarctic continent is located southern of
70°S surrounded by the southern oceans with average
near-surface air temperatures below 0°C all year-round.
The AP is a relative narrow mountain barrier that extends
northward from Ellsworth Land for about 1300 km until
near 63°S, leaving to the north the Drake Passage, to the
west the southern Pacific Ocean and to the east the sou-
thern Atlantic Ocean. The AP is a complex orographic
feature with several ice shelves adjacent to its coast and
several glaciers draining into the ice shelves or directly to
the ocean.

The mean sea-level pressure [14] in the southern polar
region indicates that the AP is within the surface circum-
polar trough affected by the atmospheric cyclonic circu-
lations yielding a prevailing north/northwesterly airflow
in its western side, and a prevailing southerly wind in its
eastern side. The steep mountains and the nearly perma-
nent surface circulations result into two distinct climatic
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environments at each side of the Peninsula. The north/
northwesterly winds in the western side bring relatively
warmer and moister air, defining a sub-polar climate.
While, the southerly winds in the eastern coast bring cold
air from the continent and define a polar continental cli-
mate. This climatic difference is also manifested by other
parameters like cloudiness, relative humidity, and preci-
pitation/accumulation which are higher over the western
side [15].

As a consequence of the regional warming in the AP,
ice shelves adjacent to the peninsula have collapsed and
retreated during recent decades [16]. The ice shelves do
not contribute directly to sea level rise; however, their dis-
integration can change the dynamic of glaciers that be-
fore the collapse drained onto solid ice shelves, and after
they can directly drain to the ocean contributing to sea level
rise [17]. Here is, therefore, the importance of monitoring
and understanding the atmospheric changes in the AP.

The worldwide increase in the air temperature, with
higher rate in the last 2 - 3 decades [5] has not been ob-
served in the northern tip of the AP during the last 2001-
2010 decade [12,18,19]; therefore, it remains to be inves-
tigated if this behavior is a signal of a natural mechanism
overcoming the anthropogenic forcing, or a response to
local environmental changes. Here, an analysis based on
selected stations located in the western side of the AP is
presented to evaluate the warming of the region (Figure
1) on decadal and long-term time scales. The air tem-
perature series from Punta Arenas is included in the ana-
lysis to compare with the changes in the southern tip of
South America.
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Figure 1. Location map with the geographical distribution
of the meteorological stations.
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2. Methods

Daily and monthly data of air temperature for Punta Are-
nas (53.0S, 70.9W, 37 m asl), Bellingshausen/Frei (62.2S,
58.9W, 10 m asl), Vernadsky/Faraday (65.4S, 64.4W, 11
m asl), Rothera (67.5S, 68.1W, 32 m asl) and Adelaida
(67.8S, 68.9W, 26 m asl); were obtained from the Direc-
cion Meteoroldgica de Chile and from the British Antarc-
tic Survey. This last institute allows downloadding mete-
orological data from the scar_egoma google interface and
the Met READER Project (www.antarctica.ac.uk/met/
READER/) [8,20]. The daily minimum air temperature
recorded in Punta Arenas and Frei, and the daily air tem-
peratures recorded at 12:00 UTC (Universal Time Coor-
dinate) were used to calculate daily-decadal averages.
Then the data were smoothed by applying an exponential
filter [21] given by:

yy=cx,+(1=-c)y,_, =23, n (1)
z,=cy,+(1-¢)z,, t=(n-1),(n-2), 1 ()

where Equations (1) and (2) are respectively the first for-
ward and second backward smoothing. The first value y,
is the average of the first 10 values of the series and z,
corresponds to the final value of the first smoothing. The
degree of smoothing (c¢) can range from 1 (maximum, re-
produced the original data) to 0 (it gives a straight line).
Here, it was used ¢ = 0.05 for smoothing the decadal av-
erage annual cycle, this allows to filter out the high inter-
daily variability. For the time series analysis, ¢ = 0.2 was
preferred in order to filter out the high inter-annual vari-
ability but to keeps the longer term behavior. Graphs in
Figure 2 were constructed using the minimum or the 12
UTC air temperatures, while the trends in Table 1 were
calculated using the monthly means.

3. Results

The air temperature analysis shows an overall warming
of 0.73°C during 1960-2010 period, in the southern tip of
South America as revealed by Punta Arenas station. How-
ever, analyzing the time series for the periods before and
after the 1976/1977 climate shift [22], it can be seen that
for the 1961-1976 period the air temperature behavior
does not reveal a trend while the 1978-1995 period shows
a cooling. Only after the mid-90s the time series reveals a
positive trend. The analysis indicates that warming ob-
served in Punta Arenas in the last 5 decades is mostly as-
sociated with the shift of the atmospheric-ocean system
over the North Pacific Ocean, in other words, by the Pa-
cific Decadal Oscillation (PDO) [22], also called the Pa-
cific Decadal Variability (PDV) [21].

Decadal average of the daily air temperatures and the
annual long-term are shown in Figure 2. All stations
show an overall increase in air temperature, however, the
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Figure 2. Decadal average of the annual cycle (left side) and annual average long-term (right side) behavior of the near-sur-
erage from the nearby Adelaide station.
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Table 1. Annual and seasonal linear trends (per decade) for stations located in the Antarctic Peninsula updated from Turner
et al. [8]. Italics (bold) numbers are significant at 10% (5%), while those italic/bold are significant at 1%. Added is Frei sta-

tion [20]. *Values are from Bromwich et al. [10].

Station Annual Spring Summer Autumn Winter Period
Frei 0.21+0235 0.22 +0.46 0.05 +0.09 0.39 +0.33 0.62 +£2.40 1970-2000
0.11+0.71 ~0.06 + 0.87 —0.06 +0.43 0.17+£0.96 039+1.86 1970-2010
Rothera 1.01 + 1.42 1.06 £ 1.53 0.36 £0.57 137+ 1.46 1.73£2.79 1978-2000
0.69 £ 1.31 0.76 £ 1.51 0.18 £ 0.56 0.67 £1.32 1.09 = 2.87 1978-2010
Vernadsky/Farada 0.56 + 0.43 0.25 + 0.44 0.24 +0.17 0.63 £ 0.60 1.09 + 0.88 1951-2000
¥y y 0.55+1.26 0.39 +1.43 0.23 £ 0.63 0.52 +1.62 1.06 +2.79 1951-2010
Bellineshausen 0.35 £ 0.46 —0.10+ 0.47 0.30 £ 0.20 0.51 £ 1.05 0.58+£0.97 1969-2000
gshau 0.26 £0.75 0.10 £0.91 0.13 £ 0.45 0.33 +1.04 0.48+1.89 1969-2010
— 0.41+0.42 —0.07+0.57 —0.07 £ 0.57 0.43 £ 0.34 0.51+0.82 1961-2000
speranza 0.33+1.08 0.14 % 1.52 0.14 £ 1.52 0.37 0.80 0.32£2.20 1961-2010
Marambio <90% ~0.80+10.5 <90% <90% 0.81+1.53 1971-2000
! 0.45+1.17 034+ 1.87 0.51 +0.87 0.62 £2.43 0.40+£2.72 1971-2010
Orcadas 0.20 +0.10 0.15+0.14 0.15 £ 0.06 0.21 £0.16 0.27 £ 0.24 1904-2000
Central West Antarctica” 0.47 £0.23 0.82 +£0.40 0.30 £0.27 - 0.54 £0.51 1958-2010

Antarctic ones reveal that the significant warming took
place in winter months and before the 1991-2000 decade.
In fact, the annual long-term behavior reveals no signifi-
cant trend during the 2001-2010 period as suggested by
Setzer et al. [18,19]. This also concurs with the results of
Bromwich et al. [10] who found a substantial linear in-
crease in annual temperature of 2.4°C £ 1.2°C for the
Central West Antarctica during the 1958-2010 period,
but no positive trend for the last decade can be inferred
from their Figure 2(a)) [10]. No relation between the be-
havior of the surface air temperature for the Antarctic
stations and the PDO was found.

Table 1 shows a partial update of the linear regression
of Table 1 from Turner et al. [8] for the stations located
in the AP. Included are the trends for Frei station and the
decadal trends found by Bromwich et al. [10]. Winter is
the season with larger positive trends, except for Central
West Antarctica region which experience the larger warm-
ing in spring season [10]. Trends obtained for periods
ending in 2000 [8] are lower than those extended for the
periods ending in 2010 [20]. This is because the air tem-
perature does not show the previous rate of warming for
the 2001-2010 decade (Figure 2).

4. Discussion

The southern tip of South America shows an overall
warming but the significant increase of the air tempera-
ture concurs with the 1976/1977 climate shift. This rela-
tion is not found for Antarctic stations. The AP is one of
the regions on Earth where annual air surface tempera-
tures have experienced substantial warming at higher rate
than global average [6-10]. However, decadal behavior
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of the air surface temperature reveals that this warming
occurred before the last decade (2001-2010), at least in
the northern tip of the AP. The warming has been related
with the strengthening of the Antarctic Annular Oscilla-
tion (AAO) [23-25], i.e., a positive AAO trend, resulting
in a southward displacement of the westerlies, which al-
lows more relatively warm air passing over the AP. How-
ever, the summer warming in the Marie Byrd Land is not
supported by the AAO as indicated by Bromwich et al.
[10].

Results from this analysis show the same overall up-
ward trend of the surface air temperature in the western
side of the AP from previous works, but one intriguing
result is that the air temperature reveals insignificant
changes during the last decade in the northern tip of the
AP as previously suggested by Setzer ef al. [18,19]. In
fact, Vernadsky/Faraday and Bellingshausen stations show
a cooling in some spring-summer and winter months,
respectively. The lineal annual warming per decade as
shown by Bellingshausen, Verndsky/Faraday and Rothera
stations are 0.26°C £ 0.75°C, 0.55°C £ 1.26°C and 0.69°C
+ 1.31°C; for the respectively, 1969-2010, 1951-2010 and
1978-2010 periods. These rates of warming are slightly
lower than those found for the same stations but for the
1969-2000, 1951-2000 and 1978-2000 periods.

Figure 3 shows the long-term behavior of the global
air temperature anomaly obtained from Climatic Re-
search Unit (CRU) time series datasets of the University
of East Anglia [26], along with those obtained for the
Antarctic stations (upper part). Vernadsky/Faraday and
Rothera stations show larger air temperature increases
than the global average, but the annual trend is nearly flat
during the last decade (2001-2010) at Bellingshausen/
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Figure 3. Long-term behavior using annual anomalies of the global air temperature and those obtained for Bellingshausen/
Frei, Vernadsky/Faraday and Rothera stations, after applying the exponential filter.

Frei station. On the other hand, the southernmost stations,
Verndsky/Faraday and Rothera, show a continuing posi-
tive trend for the last decade. Figure 3 also includes the
long-term behavior of the PDO and AAO as revealed by
their respective indexes, after applying the exponential
smoothing to filter out the inter-annual variability. A po-
sitive PDO 1is associated with a high pressure anomaly
region centered to the west of the AP [27], and therefore,
favors the relative cold air advection toward the western
side of the AP. The fact that the PDO shows a positive
(negative) trend until (after) mid 80s might suggest that
cold air advection over the western side of the AP was
becoming weaker (stronger) or less (more) frequent. How-
ever, the correlations between the PDO and the annual
air temperature at each station are low and not statisti-
cally significant (Table 2), implying that the PDO does
not play a significant role as mechanism supporting the
observed warming (or eventual cooling). While on the
other hand, positive AAO values indicate a predominant
negative pressure anomalies in the Antarctic continent,
surrounded by positives anomalies around 40°S - 60°S
[24,25]. This results in a southward displacement and
strengthening of the westerly airflow favoring the warm
air advection on the AP. The correlations between AAO
index and the annual surface air temperature at each sta-
tion are above 0.65 (Table 2) and statistically significant
at o = 0.05. Therefore, the overall behavior of the AAO
supports the warming of the AP [12].

In summary, the lineal trend that includes the surface
air temperature data until 2010 in the western side of the
AP, mainly in its northern tip; shows warming rate less

Copyright © 2013 SciRes.

Table 2. Matrix of correlation (Pearson) among the stations
and the AAO and PDO indexes, obtained from the original
data without filtering. Bold numbers are statistically sig-
nificant at a = 0.05 (B = Bellinghausen, V/F = Vernadsky/
Faraday, R = Rothera).

B V/F R
AAO 0.68 0.66 0.78
PDO —0.31 -0.33 —-0.30
Vernadsky/Faraday 0.57 - 0.79
Bellingshausen - - 0.76

than those obtained when the series ended in 2000 [8].
This is a result of less warming rate during 2001-2010
period, or even a slight cooling in the northern tip of the
AP. However, this different behavior, observed in the nor-
thern tip of the AP during the last decade, dose not nec-
essary support the assertion that the trend or the rate of
global warming is less after mid 90s [28], so that the ex-
planation can be found in the local environmental changes
and interaction among atmosphere-ocean-sea ice, rather
than large scale forcing like stratospheric water vapor
concentrations even though this can be an important dri-
ver for a global climate change [28].
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