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Distribution of slushflows in northern Europe and their

potential change due to global warming

T. Stborova,  N. BeLava, V. PErov
Laboratory of Snow Avalanches and Mudflows, Department of Geography, Moscow State University, 119899 Moscow, Russia

ABSTRACT. The distribution of slushflows in northern Europe is described. Schematic
maps of the beginning and ending periods of slushflow risk are presented. The months with
maximum slushflow activity are also shown. Potential changes in the geographic and
temporal distribution of slushflows due to global warming were analyzed for this region.
Calculations for the year 2050 were done on the basis of climatic changes given by three
global circulation models. The method of calculation was based on the general relationships
between climatic parameters and the geographical and temporal distribution of slushflows.
Schematic maps of potential distribution of slushflows show changes when calculated
according to the most extreme of the three climatic-change scenarios.

INTRODUCTION

In describing the geographic and temporal distribution of
slushflows in northern Europe we consider the Scandinavian
Peninsula; the Kola Peninsula, northwest Russia; the British
Isles; and Iceland. The description of the temporal distribu-
tion includes the dates of the beginning, ending and duration
of the periods of slushflow risk and the months of maximum
slushflow activity. The geographic boundaries of slushflow
distribution were taken from the preliminary version of the
“Map of the world mudflow phenomena”, scale 1:15000 000
(Perov and others, 1997). Work on this project is continuing in
the Laboratory of Snow Avalanches and Mudflows, Moscow
State University, under the leadership of V. F. Perow.

We also analyzed potential changes in the geographic and
temporal distribution of slushflows due to global warming for
these regions. Calculations for the year 2050 were made on
the basis of climate-change scenarios given by three global
circulation models (GCMs): the Geophysical Fluid Dynamic
Laboratory model (GFDL), the United Kingdom Meteoro-
logical Office model (UKTR) and the Max Planck Institute
for Meteorology model (MPI).

The method of calculation was based on the general
relationships between climatic parameters and the geo-
graphical and temporal distribution of slushflows described
by Sidorova (1997,1998), with some later improvements.

DATA AND METHODS

The modern geographic and temporal distribution of slush-
flows was calculated on the basis of an analysis of natural
factors affecting slushflow formation and compiled actual
reports of slushflow events (Rapp, 1960; Hestnes and
Sandersen, 1987; Perov, 1989; Hestnes and Bakkehoi, 1995;
Chernouss and others, 1998; Rapp and others, 1998).
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The main features of the calculation method are the
following. The formation of slushflows is considered to be a
normal phenomenon in cold regions where the sum of daily
temperatures, during the period with average daily tempera-
tures of > 10°C, is <1000°C. This works for most types of
climate, but for the oceanic climate type the limit is higher,
1500°C. In the Scandinavian mountains the climatic bound-
ary 1s located on the main watershed ridge. The beginning of
the period of slushflow risk is the month of the first stable
snow cover for regions with oceanic climate type, and the last
month of the cold period for other regions.

The end of the period of slushflow risk is the last month
of snow cover. Maximum slushflow activity occurs during
the first 2 months of the warm period in most of the regions
considered, but during the autumn—winter months on the
Norwegian coast (Hestnes and Sandersen, 1998).

The same relationships— (a) the prolongation of the
slushflow risk period and the prolongation of the period with
snow cover and the cold period, and (b) the distribution of
slushflows in space and the temperature characteristics of
regional warm periods— were used to estimate potential
changes in the geographical and temporal distribution of
slushflows.

Data on modern climate and snow cover were taken
from the International Institute of Applied Systems
Analysis (ITASA) dataset (Leemans and Cramer, 1991) with
aregular grid of points on a scale 0.5° and from maps in the
World atlas of snow and ice resources (Kotlyakov, 1997).

The Finnish Research Program on Climate Change
(SILMU) (Carter and Tuomenvirta, 1995) was used to
estimate potential changes in the geographic and temporal
distribution of slushflows. SILMU climate scenarios derived
from simulations with three coupled ocean—atmosphere
GCMs: GFDL 1991, UKTR 1994 and MPI 1992. Rates of
change vary in time, are monthly in resolution and are inter-
polated to local scale. All three scenarios are based on central
estimates of climate sensitivity 2.5°C. This program provides
data about changes in the average monthly air temperature
and precipitation for any year up to 2050 in comparison with
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Ig. 1. The times of the beginning (a) and ending (b) of periods of modern slushflow risk in Scandinavian Peninsula, Kola Peninsula,
Iceland (left insert) and Scotland (right insert): 1. January, 2. February, 3. March, 4. April, 5. May, 6. June, 7. July, 8. October, 9.

November, 10. December.

modern levels based on 1990. These data are available in table
form in a regular 1° grid for the Scandinavian Peninsula and
on a scale of 2-3° in map form for other regions. Potential
changes in the duration of period with snow cover were
evaluated using a method published in Kotlyakov (1997). This
method is based on the fact that the length of the period of
snow cover 1s dependent upon the length of the cold period
and on the total quantity of solid precipitation.

The main differences in the intensity of global warming
between the three GCMs considered can be seen from a com-
parison of the changes in mean annual characteristics. UKTR
forecasts the most dynamic climatic changes. According to
this model, mean annual air temperature will increase
approximately 2.5-3.0°C in most parts of the Scandinavian
Peninsula, 1.5-2.5°C in Scotland and 0.5-1.0°C in Iceland.
GFDL forecasts an increase of 1.0-1.5°C in the mean annual
air temperature in most Scandinavian regions and in Scotland,
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and an increase of 1.5-2.0°C in Iceland. MPI forecasts even less
significant warming. In Iceland and Scotland the warming is
0.5-1.0°C, and in other areas it is around 1.0-1.5°C. The larg-
est increase in annual precipitation (up to 20% in northern
Scandinavia and in Scotland), usually in winter, is also fore-
castby UKTR. GFDL forecasts an increase in the annual pre-
cipitation by 10%, generally in the autumn and summer
months. MPI forecasts some decrease in precipitation because
of a decrease in spring precipitation almost everywhere and in
summer precipitation in some significant regions.

THE MODERN GEOGRAPHIC AND TEMPORAL
DISTRIBUTION OF SLUSHFLOWS

Schematic maps of the times of the beginning and ending of
periods of modern slushflows risk are shown in Figure 1. These
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Fug. 2. The potential times of the beginning (a) and ending (b) of periods of slushflow risk _for the year 2050 in Scandinavian Peninsula,
Kola Peninsula, Iceland (leftinsert) and Scotland (right insert): 1. January, 2. February, 5. March, 4. April, 5. May, 6. June, 7. Fuly, 8.

October, 9. November, 10. December.

maps were produced on the basis of modern data about
climate and snow cover using the calculation method
described above. Slushflows are ordinary natural phenomena
in all mountain regions of Scandinavia, the Kola Peninsula
and Iceland. Slushflows are also possible in the highest moun-
tain ranges of Scotland (Onesti and Hestnes, 1989). In other
mountainous regions of the United Kingdom and of Ireland
climatic conditions are not propitious for the formation of
slushflows.

The duration of the period of slushflow risk ranges from
9 to 2months in these regions. It is 9 months (October—
June) on the northwest coast of Norway from the Polar
Circle to 70° N. The warming effect of the North Atlantic
current together with variations in altitude and latitude
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strongly influences the duration of the risk period. The
duration of the slushflow risk period usually decreases to
the south along the coast and increases with elevation on
the western slopes of Scandinavian mountains. In all
regions with cold, stable winters, such as the east slopes of
the Scandinavian mountains, the north coast of Norway,
Iceland and the mountains of the Kola Peninsula, the
period of slushflow risk is only 2—3 months. The first month
of the period of slushflow risk in these locations is usually
April or May, and the last month is usually May or June.
According to our estimates, slushflows are possible even at
the beginning of July in some of the highlands of Sweden
(Fig. Ib). Maximum slushflow activity in most of the regions
we have considered occurs from April to June, most typical-
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ly in May. On the coast of Norway, maximum slushflow ac-
tivity occurs in winter. On the northwest coast it occurs also
in later autumn. In Scotland it is also in winter.

By describing the modern geographic and temporal
distribution of slushflows in northern Europe, the authors
do not propose to describe something absolutely new and
unknown to our colleagues from these regions. We want only
to present a possible “office” method of estimating the
geographic and temporal distribution of slushflows on a
gross scale on the basis of standard climatic information.
This method theoretically can be used for any region,
including little-known regions, where it could be more
useful. Using this method, it is possible to estimate potential
changes in the geographic and temporal distribution of
slushflows given any scenario of climatic change.

POTENTIAL CHANGES OF GEOGRAPHIC AND
TEMPORAL DISTRIBUTION OF SLUSHFLOWS

Potential changes to the beginning and the ending times of
slushflow risk for the year 2050 are shown in Figure 2. These
estimates were made on the basis of the most dynamic scen-
ario of climatic change, the UKTR model. According to
these estimates, slushflows will cease as typical natural phe-
nomena in Scotland and will become improbable on the
coast of Trondheim Fjord, Norway. The duration of the
period of slushflow risk will decrease by 1-2 months (some-
times even by 3 months) in the coastal regions and will not
change in most other areas. The first month of slushflow risk
will generally be 1month later in coastal regions and
I month earlier in inland regions. The last month of slush-
flow risk and the period with maximum slushflow activity
will be I month earlier almost everywhere.

According to estimates based on the GFDL model, it is
possible to anticipate the disappearance of slushflows only
in Scotland. All other possible changes are the same as
described above. According to estimates based on the MPI
model, there will be no significant changes in the geographic
distribution of slushflows through the year 2030 in these
regions. Slushflows can cease only locally at their outer
boundary.

CONCLUSION

The main features of the modern geographic and temporal
distribution of slushflows in northern Europe are the
following:

1. Slushflows are widespread in all mountainous regions of
Scandinavia, the Kola Peninsula and Iceland. Slush-
flows are also possible in the highest mountain ranges of
Scotland.

2. The duration of slushflow risk ranges from 9 to 2 months
in these regions. It is 9 months on the northwest coast of
Norway. It decreases to the south along the coast to 4-
5months. In the inland regions of the Scandinavian
and Kola Peninsulas it is usually 2—3 months.

3. The month with maximum slushflow activity in most of
these regions is May. On the coast of Norway and in
Scotland, however, the maximum activity occurs during
the winter months.

4. The first schematic maps of the temporal distribution of
slushflows have been produced for these regions.
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Estimates of potential changes in the distribution of
slushflows in northern Europe up to the middle of the 21st
century show the following:

l. The total area affected by slushflows will decrease only
slightly, even according to the most dynamic scenario of
climatic change, the UKTR model. Slushflows will
cease as typical natural phenomena in Scotland and on
the coast of the Trondheim Fjord.

2. The duration of slushflow risk will decrease to 1-2 months
in coastal regions and will not change in most other areas,
according to all three considered scenarios of climatic
change.

3. Maximum slushflow activity will be 1 month earlier in
most considered regions according to the UKTR and
GFDL scenarios.

4. According to the most conservative scenario of climatic
change, the MPI model, there will be no significant
changes in the geographic distribution of slushflows.
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