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Abstract

Variations of ,+ outlet glaciers of Hielo Patagónico Norte was elucidated for +3.././�,**./,**/,

using various sources of remote sensing data including aerial surveys. Of ,+, +1 glaciers are found to

be calving more or less including one tidewater glacier, San Rafael. These calving glaciers were

classified into three types, according to iceberg production; those with (+) many large icebergs, (,)

many small icebergs, and (-) no or few icebergs. These three types appear to indicate the stages in

retreating in some calving glaciers. The type (+) indicates a rapid retreating stage, often accompa-

nied with snout disintegration, which is preceded or followed by the stage (,) or (-). The largest

glacier of the HPN, Glaciar San Quintin has lost area ca. ,3 km, over the last 0* years, while Glaciar

Reicher retreated ca. 0 km. Among debris-covered glaciers, Glaciar Grosse started retreating actively

since the mid-+32*s, after forming a proglacial lake, while the neighbor glacier, Glaciar Exploradores

has been more or less stagnant. Although the general trend in the past 0* years is retreat, there were

some episodes of small advances. Glaciar San Rafael made advance between +330 and +333, which

was probably caused by topographic control of fjord width along with the influence of depth as well.

+. Introduction

In light of the recent global warming, monitoring

glacier variation is important because existence and

variation of a glacier depend chiefly upon the climatic

factors such as temperature and precipitation. In order

to understand the world-wide trend and pattern of

the glacier variation, monitoring the variation of the

Patagonian glaciers is very important because the

Hielos Patagonicos (Patagonia Icefield) are located in

the Southern Hemisphere where land is scarce. Lo-

cated at the southern tip of South America from lati-

tude .0�-*� to /-�-*�S along longitude 1-��1.�W, Hielos

Patagonicos comprise two separate icefields now,

Hielo Patagónico Norte (HPN, or Northern Patagonia

Icefield, .,** km,) and Hielo Patagónico Sur (HPS, or

Southern Patagonia Icefield, +-*** km,). The com-

bined area of +1,** km, makes the Patagonia Icefield

the largest temperate glacier body in the Southern

Hemisphere and one of the largest in the world.

Using various sources of remote sensing data, I

have been monitoring the variation of the Patagonian

glaciers, in particular, of the HPN since +3.././ (e. g.,
Aniya and Enomoto, +320; Aniya, +322, +33,, ,**+;

Wada and Aniya, +33/; Aniya and Wakao, +331).

After updating the variation to ,*** (Aniya, ,**+),

I have made an aerial survey of the HPN glaciers in

November ,**+, December ,**-, July ,**., December

,**., and August ,**/. Using survey photos from

,**+, ,**- and ,**. (Dec.), I have updated the glacier

variation to ,**./,**/, which I report here together

with the analysis of variation characteristics and tre-

nds over the last 0* years.

,. Study area

HPN is located between .0�-*� and .1�-/�S and

1-�+*� and 1.�*/�W and is about +** km long north-

south and .*�0* km wide with an area of .,** km,

(Aniya, +322, Fig. +). It has the highest mountain in

Patagonia, Monte San Valentin (-3+* m) on the north-

east corner of the icefield. Also in the middle of the

icefield, Cerro (Co.) Arenales (--0/ m) looms above the

icefield whose elevations range +***�+/** m. To the

south of Co. Arenales on the eastern peripheral of the

icefield, there are a few mountains higher than -*** m.

From the icefield ,2 outlet glaciers flow out in all

directions, and ,+ of them have been monitored by

using various sources of remote sensing data by

Aniya as mentioned above. Of the ,+ monitored gla-

ciers, +1 are now calving glaciers including Glaciar

San Rafael, a tidewater glacier located at the lowest

latitude in the world. Glaciares San Quintin and San

Rafael are the two largest ones with the nearly equal

area of about 10* km,, which makes them the /th and
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