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Abstract

Climatological data of long, reliable records between Puerto Montt (41°S) and Ushuaia (55°S) have
been analyzed for detecting climatic trends, with special emphasis on western Patagonia. The data
consist of mean annual values of temperature at 15 stations and precipitation at 5 stations collected
since the beginning of this century. Temperature data show surface cooling at 41° and 42°S between
the 1950’s and 1970’s on both sides of the Andes. However, the troposphere shows warming above the
2 km level at the same latitude. Between 43° and 45°S the surface temperature data show no
significant trend during the last 100 years. South of 46°S a surface warming of 0.4 to 1.4°C since the
beginning of the century can be observed. An important precipitation decrease of up to 1400 mm in
the last 70 years has been observed at 52°—53°S on the Pacific side of the Andes. The generalized
glacier retreat observed during this century in Patagonia is thought to be a response both to tropos-

pheric warming and precipitation decrease.

1. Introduction

Climatically, Patagonia is located within the belt
of the westerlies throughout the year, with high pre-
cipitation and strong winds. Because of its mid-lati-
tude position, the climate in Patagonia is relatively
warm and the ice is temperate. This results in a
rapid turnover time for glacier ice, with high ablation
and fast flow. Consequently, Patagonian glaciers are
believed to respond rather quickly to climate changes.

Generalized glacier retreat has been observed in
this century in Patagonia. Virtually all land-based
glaciers and most calving glaciers in the Northern and
Southern Patagonian Icefields are retreating and thin-
ning at a fast rate (Naruse and Aniya, 1992). Glacier
retreat is also evidenced by clear vegetation trimlines
around Patagonian glaciers sometimes reaching over
100 m of the present ice surface, which correspond to
a late neoglacial advance.

Although glacier retreat in Patagonia is probably
a response to recent climatic change, care must be
taken to interpret the behavior of calving glaciers, as
pointed out by Warren and Sugden (1993), because

they might not respond directly to climate but instead
can be affected importantly by local topographic and
dynamic causes. Such is the case of Moreno Glacier,
which is nearly stable, and Pio XI (Briiggen) Glacier
which is advancing (Aniva et al., 1992).

In this paper long, reliable records of temperature
and precipitation are analyzed for detecting recent
climate changes in Patagonia and their relation with
glacier variations.

2. Method

Temperature data include 10 Chilean stations and
5 Argentine stations, while precipitation data are
composed of 5 Chilean stations, all of them south of
41°S. Chilean data were provided by Direccién
Meteorolégica de Chile and Argentine data were
obtained from The World Weather Disc, version 2.0,
May 15, 1990. Chilean stations are all located along
the coast. Location of stations and record lengths
are shown in Table 1 and Fig. 1. )

Stations were selected as those having the longest
and most complete records. Temperature data
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Table1. List of meteorological stations. Punta Arenas station corresponds to a combination of data of Radioestacién
Naval, airport at Bahia Catalina (both at Punta Arenas) and present airport at Chabunco, 24 km north of Punta
Arenas. Punta Arenas— Fagnano is the station operated by the Salesianos {Catholic Church). TEM and PP.

indicate temperature and precipitation data, respectively.

ALT. is the elevation of the station.

STATION TEM PP. PERIOD LAT. LON. ALT.(m) COUNTRY
S W

PUERTO MONTT YES NO 19111988 414 731 110 CHILE
PUNTA CORONA YES NO 1910—1988 415 735 56 CHILE
ANCUD NO YES  1900-—1988 419 738 20 CHILE

ISLA GUAFO YES YES  1908—-1988 432 722 140 CHILE
PUERTO AYSEN YES NO 19311988 452 724 11 CHILE

CABO RAPER YES NO 19281988 46,5 754 40 CHILE

ISLA SAN PEDRO YES NO 1932—1988 474 748 22 CHILE
ISLOTE EVANGELISTAS YES YES 18991988 524 751 49 CHILE
BAHIA FELIX NO YES  1915—1984 530 741 15 CHILE
PUNTA ARENAS YES NO 19051988 53.0 709 34 CHILE

P. ARENAS at FAGNANO YES YES 18831988 531 705 28 CHILE
PUNTA DUNGENES YES NO 1900 —1988 522 683 5 CHILE
BARILOCHE YES NO 1931—-1987 412 712 836 ARGENTINA
ESQUEL YES NO 1931—1987 429 7.2 785 ARGENTINA
COMODORO RIVADAVIA YES NO 1931—1987 458 675 61 ARGENTINA
RIO GALLEGOS YES NO 1931—-1987 516 69.3 17 ARGENTINA
USHUAIA YES NO 19311987 548 683 6 ARGENTINA
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Fig. 1. Location of meteorological stations.

records have been inspected in detail and corrected by
Rosenbliith and Fuenzalida (1991) and Aceituno ef al
{1993) using a homogenization technique. For this
purpose temperature series with high correlation were
grouped as follows : :

Group 1 :Puerto Montt, Punta Corona, Valdivia and
Temuco (Valdivia and Temuco have only
been used here for homogenization).

Group 2 :Cabo Raper, San Pedro, Puerto Aysén and
Isla Guafo.

Group 3 : Punta Arenas at Fagnano, Punta Arenas,
Islote Evangelistas and Punta Dungenes.

ARGENTINA

Group 1 :Esquel, Maquinchao and Bariloche (Maquin-
chao has only been used here for homogen-
ization).

Group 2 : Ushuaia,” Rio Gallegos and Comodoro
Rivadavia.

Gap filling of temperature data was performed by
means of time-series modeling (Rosenbliith and Fuen-
zalida, 1991). The series with largest changes are :
— Punta Arenas at Fagnano (1902 —1906)

— Punta Arenas (1969 —1971)

— Punta Corona (1910—1941)

Only isolated changes were performed to other sta-
tions. Homogenization and gap filling techniques are
described in Rosenbliith and Fuenzalida {1991). No
homogenization or gap filling was performed to pre-
cipitation series because of lack of long nearby
records.
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Both temperature and precipitation data have
been smoothed with an exponential filter of the form
(Essenwanger, 1986) :

Y= 0+ (1= )y,

where x; is the original data at time ¢, y, is the smooth-
ed value at time £, and ¢ is a coefficient between 0
(maximum smoothing) and 1 (no smoothing). A value
of 0.25 for ¢ was chosen because it resulted in suitable
high-frequency smoothing without filtering excessive-
ly important multi-annual variations. The
exponential smoothing was applied twice to each data
set for better performance and is shown with a thick
curve in Figs. 2, 3, 4 and 5. All the comments regard-
ing climatic trends refer to this exponential filtering.

3. Temperature trends

A significant cooling of 1.4°C is observed at Puer-
to Montt and Punta Corona from 1953 to 1974 (Fig. 2).
A similar cooling of about 1°C is also observed at
Bariloche and Esquel from the 1940s to the 1970s (Fig.
3). This cooling appears clearly as well at Valdivia
(39.8°S) and Temuco (38.5°S), and can be detected as
north as Valparaiso (33°S), as reported by Aceituno et
al. (1993). The cooling seems to correspond to the
hemispheric cooling observed at the latitudinal belt of
30°—60°(Angell, 1988). The probable forcing mecha-
nism of such cooling is a lowering of sea surface
temperature (SST), as suggested from analysis of
surface temperature and SST data for Valparaiso
{Aceitunc ef al., 1993). In Patagonia, south of 43°S no
significant surface cooling is observed (Figs. 2, 3 and
4).

The cooling from 33°S to 41°S only seems to occur
at the lower troposphere below the 2 km level, as
reported by Aceituno ef ¢ (1993), who analyzed upper
-air temperature from Puerto Montt and Quintero (33"
S). Above 2 km, a tropospheric warming of about 0.
04°C/a has been observed from 1958 to 1988. Inspec-
tion of the upper-air data shows that stratospheric
cooling has been occurring above the tropopause {(ca.
15 km level). This pattern, i.e. tropospheric warming
and stratospheric cooling, is consistent with a scenario
of enhanced greenhouse effect (Aceituno et al., 1993).

At Isla Guafo and Puerto Aysén (43°—45°S) the
temperature data (Fig. 2) show no significant trend,
even though a slight warming of 0.1°C can be detected
in the 80 and 60-year record at these two stations,
respectively. This confirms the earlier result of
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Fig.3. Mean annual temperature data on the Argentine Fig. 4. Mean annual temperature data on the Chilean side

side from 41° to 55°S. from 47° to 53°S.
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Aniya and Enomoto (1986), who found no temperature
trend at Puerto Aysén.

South of 46°S a definite warming trend appears in
the records, both on the Pacific and the Atlantic coast,
especially in the last two decades. This warming is
more pronounced at Rio Gallegos, where a warming of
1.4°C from 1938 to 1988 is observed (Fig. 3). Curious-
ly, the weakest warming occurs at Punta Dingenes,
only 100 km southeast from Rio Gallegos, with an
increase of only 0.3°C from 1900 to 1988 (Fig. 4). The
warming trend south of 46°S is consistent with the
global warming of about 0.6°C observed in the south-
ern hemisphere in the last 130 years (Jones ¢f al,
1990).

The warming observed in Fig. 4 since 1970 at
Punta Arenas and Punta Arenas-Fagnano does not
appear in the records of Endlicher and Santana (1988),
which is the same record reported by Warren and
Sugden (1993). This is because a different data
source was used by Endlicher and Santana and no
homogenization was carried out. In fact, the data set
of Endlicher and Santana is a combination of the
following three stations (Santana, personal communi-
cation) :

1888—1940 Punta Arenas at Fagnano,
Salesianos observatory

1941 —1969 Punta Arenas at Bahia Catalina

1970-present Punta Arenas at Schythe, Instituto

de la Patagonia.

In general, warming increases with latitude, espe-
cially along the eastern side of the Andes (Fig. 3).
The same latitudinal increase has been observed by
Hoffman (1990). This warming trend has aiso been
detected in the Antarctic Peninsula, where it is very
pronounced in recent years (Morrison, 1990) and is
thought to be the cause of extensive ice shelf retreat
(Doake and Vaughan, 1991).

4. Precipitation trends

Precipitation records are shown in Fig. 5.
Because these series have not been homogenized or
completed for gaps, trends must be interpreted cau-
tiously.

A conspicuous precipitation increase of 700 mm is
evident at Ancud from 1963 to 1977. At Isla Guafo an
increase and subsequent decrease of 800 mm is obser-
ved between 1928 and 1965. At Punta Arenas a
strong cyclicity with a period of about 35 years is
observed until 1965. Overall, no trend is observed at

PRECIPITATION .
485 " BEW D m)
4000
e LU n' h- = - -:"?
L '5_!:" i“:’: o | v
2000

ANNUAL PRECIPITATION
{mmiyear}
o
-
u,

.

.

=

§

0 b1 1
1680 1800 1900 1910 1920 1930 1040 1950 1060 1970 1O0 1090
YEAR

PRECIPITATION - ISLA GUAFO

(43.28, 72.2W, 1490 m)

» .

ggm =L )

§ 1000 b .':-z:r‘?\'{ﬁ x°
§ L wa T, ] L} >

1880 1890 1000 1910 1920 1930 1040 1950 1060 1970 1980 1000
YEAR

PRECIPITATION - EVANGELISTAS

(52.4S, 5.1 W, O m)

8000
3 wm b
=
£ 4000 L
& a fw =
%%m L "_. . L
25 a0 = * ‘ Mr:"n-
g = d .
R
0
1880 1800 1000 1910 1920 1030 1940 1950 1960 1970 1080 1990
YEAR
PRECIPITATION - BAHIA FELIX
(53.0 S, 74.1 W, 15 m)
8000
7000
£ oo . .
£ - s0 O W .
g €
& £ 4000 AN i -
x o S| W LR
3 3000 L
5 2000
1000
°
1850 1500 1900 1510 1320 WOO N0 1950 1960 1970 1980 190
YeAR
PRECIPITATION - PUNTA ARENAS (FAGNANO)
o 53.1 S, 70.5 W, 28 m)
[
g ow
< - .
§ :: - - LICH Ul
3 B P 0 . WP Y, e VO
e O B0 0 o 72
§ ) o - - L]
200 . -
100
°

1800 1900 1900 1910 1920 1930 1940 1950 1960 1§70 1900 1900
YEAR

Fig.5. Annual precipitation data on the Chilean side from

42° to 53°S. The data correspond to raw values which
have not been homogenized and some years are missing
in the records. Therefore, in a strict sense the
exponential smoothing cannot be applied. However,
in order to have an idea of the general precipitation
trend, the exponential smoothing was calculated by
assuming a value identical to the annual precipitation
before the data gap for the missing years.
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Punta Arenas between 1888 and 1988.

The most significant precipitation trend occurs at
Islotes Evangelistas and Bahia Felix, on the western
margin of the Straits of Magellan, where a near
-monotonic precipitation decrease is observed in this
century. This precipitation decrease is 1,000 mm at
Islotes Evangelistas from 1900 to 1985, and 1,400 mm
at Bahia Felix from 1915 to 1985.

5. Concluding remarks

The most significant temperature trends are : 1)
Surface cooling of 1.4°C from 1953 to 1974 and upper
-air warming of about 0.04°C/a in the troposphere
above 2 km at 41°S ; 2) No significant surface change
at 43°to 45°S ; and 3) Clear surface warming of 0.003 to
0.03°C/a observed during this century from 46 to 55°S.
Regarding precipitation, the only reliable trend is a
strong precipitation decrease of 1,000 to 1,400 mm
during this century at 53°S on the western end of the
Straits of Magellan.

Although there is a near-zero variation of surface
temperature at 43° to 45°S, in view of the upper-air
warming at Puerto Montt, which is also observed at
Quintero (33°S) and Antofagasta (24°S) (Aceituno et
al., 1993), it is possible that tropospheric warming
might be occurring as well at 43° to 45°S.

From the above climatic trends it is most prob-
able that generalized glacier retreat observed in
Patagonia during this century is largely due to an
observed temperature increase from 41° to 55°S. At
least around 53°S, this glacier retreat must also be
affected by an important precipitation decrease which
has been observed on the Pacific coast.
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