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Modeling Climate Conditions Required for Glacier Formation in Cirques of the
Rassepautasitjakka Massif, Northern Sweden
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Abstract

Timing of cirque formation and the climate necessary to initiate glaciation are
fundamental to the understanding of the landscape of the northern Scandinavian
mountains. Empty cirques in the Rassepautasjtjdkka massif are located near a
glaciated area and thus appear near the glaciation limit. In order to investigate
the climate conditions necessary for glacier formation in the cirques, we applied
a spatially distributed temperature index melt model. After calibration under pre-
sent climate conditions, the model was run with different combinations of in-
creased initial winter snow cover and lowered summer air temperatures to assess
the climate conditions needed for snow to survive summer and hence form a base
for glaciation. Results indicate that a significant increase in precipitation or de-
crease in summer air temperature or a combination of both is necessary to initiate
glaciation. Thus current climate conditions are far from favorable for glaciation.
If summer temperature is decreased by 4°C or winter snow cover is more than
doubled, only 10% of cirque areas remain snow covered, which is considered as
a minimum condition for glacier formation. According to climate reconstructions
such conditions have not occurred during the Holocene suggesting that the cirques
have not been glaciated during this period. Consequently glaciation of the cirques
must have occurred during other parts of the glacial cycles.
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Introduction

Glacier cirques are a common landform of the Scandinavian
mountains (Vilborg, 1977; Kleman and Stroeven, 1997). The
formation of these cirques has long been recognized to result
from repeated glaciations in the cirques (Enquist, 1916). How-
ever, considerable uncertainty still remains regarding the time
frame within which cirques form, and the type of glaciation fa-
vorable for cirque formation. Richardson and Holmlund (1996)
argue that cirques on the eastern side of the Scandinavian moun-
tains were primarily formed by large erosive glacier complexes
or small ice sheets, rather than by small cirque glaciers as com-
monly postulated (e.g., Vilborg, 1977; Rapp, 1984). Irrespective
of glacier type, the glacier must at least partially be warm-based,
i.e. at pressure melting point at the base, for efficient cirque
excavation to occur. Establishing the climate conditions for gla-
ciation is thus a prerequisite for understanding the history of
formation of such landforms in the Scandinavian mountains.

In this context the Rassepautasjtjdkka massif in northern
Sweden (Fig. 1) is of interest. It is characterized by distinct emp-
ty cirques, located at comparable elevation to adjacent glaciated
areas. Unlike the global trend, these glaciers have grown or even
started to advance in recent years due to a period of considerably
increased winter precipitation (Holmlund and Jansson, 1999).
Based on geomorphology and current climate conditions, Jans-
son et al. (1999) qualitatively assessed requirements for cirque
formation in Rassepautasjtjdkka. They concluded that either a
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significant increase in winter precipitation or a moderate de-
crease in summer temperature was required to initiate a glacier
in the massif. Favorable conditions for overall gain in net bal-
ance in Scandinavia would result from enhanced westerly mar-
itime flow (Pohjola and Rogers, 1997).

The aim of this study is to quantitatively assess the climate
conditions that are required to achieve glaciation in cirques of
the Rassepautasjtjdkka massif using a modeling approach. The
focus lies on the climate conditions for glaciation as a primary
although not sufficient condition for cirque erosion. We use a
grid-based, high-resolution temperature index melt model to
simulate summer melt and progressive snowline retreat in the
cirques for two melt seasons. We then calculate the range of
climate scenarios under which glaciers could be initiated in the
cirques. The modeling experiments are ‘“‘time-less’ in the sense
that they elucidate climate conditions required for both future
and past cirque re-glaciations. By comparing these requirements
with the climate history derived from proxy data, results indicate
when the cirques have been glaciated in the past.

Study Area

Rassepautasjtjdkka (68°05'N, 18°50'E) is a small mountain
massif (~40 km?) in northern Sweden, dominated by several
well-developed cirques approximately 1-2 km wide and ranging
in elevation from ~1000 to 1700 m a.s.]. (Fig. 1). Perennial to
semiperennial snowfields are present in all cirques, but glacier
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