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Avalanches in Switzeriand 1500-1990

Martin Laternser & Christian Pfister

Summary

The most severe known situations of svalanche activity in Switzerland over the last 500
years are described and interpreted in a meteorological context. Possibilities and limitations
for the reconstruction of historical avalanche events as well as methodical aspects about the
severily and effects of avalanches are discussed. The well-documented situation of the last
100 years, and particularly since the 1930s, is analysed in more detail for the damage pat-
temm. The weather conditions leading to disastrous avalanches in 1951 are described
reflecting & very typical situation. This is compared with periods of high avalanche activity
in previous centuries. The amount and intensity of snowfall is the main factor causing
severe and disastrous avalanches. In nearly all cases a quasistationary trough connected to a
swrong barrage along the Alps was responsible for the heavy and continuous snowfalls,
Characteristicatly hardly any avalanche periods affected the entire country as a whole, but
often isolated valleys got siruck severely whereas neighbouring areas widely escaped. This
reflects the fact that heavy snowfails within & short period most often are confined 10 com-
paratively small areas. This review presents the acmal state-of-the-art, which may well be
extended in the near future.

Zusammenfassung

Die griften bekannten Lawinenkatastrophen der Schweiz der letzien 500 Jahre werden in
ihrem meieorologischen Zusammenhang beschrieben und intezpretiert. Sowohl Moglich-
keiten und Grenzen fiir die Rekonstruktion von Lawinenereignissen vergangener Zeit als
auch methodische Aspekte fiber Heftigkeit und Folgen von Lawinen werden diskntiert. Die
gut dokumentierie Simation der letzien 100 Jahre, insbesondere seit den dreiBiger Jahren,
wird ausfithrlich nach Schadensmustern untersucht, Die Wetterbedingungen, die die kaia-
sirophalen Lawinen von 1951 auskisten, werden als typisches Beispicl beschrichen und mit
Perioden erhdhter Lawinenaktivitit der letzien Jahrhunderte verglichen. Menge und Inten-
sitdt des Schneefails werden als ausldsender Hauptfakior von groBen Katastrophen Lawi-
nen angesehen. In fast allen Fillen war ein quasistationsrer Trog in Zusammenhang mit
einer ansgeprigten Staulape endang der Alpen fiir starke und langandanernde Schneefille
verantwontlich. Typischerweise wurde nie das ganze Land gleichzeitig von ein und dersel-
ben Lawinenkatastrophe heimgesucht, Meistens wurden jeweils nur einzelne Talschaften
sehr stark betroffen und angrenzende Tiler blieben oftmals weitgehend verschont. Das
spiegelt die Tatsache wider, daB heftige und intensive Schneefille meist auf kleinere
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Gebiete begrenzt sind, Dieser Bericht gibt einen Uberblick iiber den heutigen Stand des
Wissens, der in der ndheren Zukunfl weiter ausgebaut werden wird.

1. Introduction

Avalanches have always been a threat for human societies in the Alps. It seems that in pre-
vious centuries the occurrence of avalanches was very much seen as fate, particularly as a
punishment sent by Ged, and the reaction 1o disasters was rather passive. People believed
not being able to do anything against it and re-built their desoyed houses and sheds at the
same place again, often with the result that years or even decades later the avalanches took
their victims once more. The mechanics of avalanche release were not at all understood,
apparently not even that forested slopes may reduce the danger considerably.

Nevertheless protective measures against avalanches in the form of defiecting constructions
{(spliting wedges, deflecting barriers) or shelters within known avalanche tracks are
described in older writings (e.g. COLLINUS, 1569). From the second half of the nineteenth
cenry forestry organisations began constructing defence structures within the starting
zong of avalanches 10 prevent them from coming down at all (cf. FANKHAUSER, 1853;
Coaz, 1881). These included terraces, stakes or stone walls built on steep slopes in order to
stabilize the snow cover. Unfortunately, the efficiency of such measures is hard 10 investi-
gate {defence structures may work well in average conditions, but a critical winter may
occur only once in hundred years) which made progress in this subject rather slow.

Whereas the phenomenon of avalanches was described and tried to be understood quite
carly (e.g. SCHEUCHZER, 1706; FANKHAUSER, 1853; COAZ, 1881, 1910; SPRECHER, 1899,
1901; ALrix, 1925; FANKHAUSER, 1928; Hess, 1934), snow as such began 10 have a value
for tourism since about 1850 and scientific investigations on the physics of snow were
hardly carried out before the late nineteenth century (RATZEL, 1889; HELLMANN, 1893;
SELIGMAN 1936; EUGSTER, 1938, PAULCKE, 1938). The foundation of the Swiss Snow and
Avalanche Research Commission in 1931, based in Davos and later moved o Weiss-
fluhjoch, brought decisive inputs into the marter (BADER et al., 1939). Sysiematic studies of
the snow mechanics and avalanche release factors were followed by a revolution in the
avalanche defence structure development (RICHTLINIEN, 1955, 1961, 1968, 199(; see also
BAVIER et al., 1972). Nowadays major snow and avalanche research centers operate in the
Alpine countries of France and Switzerland, while regional monitoring and avalanche
warning services are set up in Austria, France, Germany, Italy, Slovenia and Switzerland.

The importance of the knowledge of historical extreme avalanche events to planning has
already been emphasized by the first engineers in this business (cf. FRUTIGER, 1970; DE
QUERVAIN, 1975; FOHN, 1975; FOHN & MEISTER, 1982). Surprisingly no systematical
database has been established in Switzerland until now, though. But the interest in this sort
of events and the need for more data to apply better extreme value statistics has risen by the
recent research programs on climate changes. This paper focuses upon the most severs sit-
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uations of avalanche activity over the last 500 years that are documented in the sources. It
contains preliminary results of a more detailed investigation which is scheduled for 1996
and 1997 (SCHNEEBELI & LATERNSER, 1996; LATERNSER & SCHNEEBELI, in prep.;
PFISTER, in prep.

After & short methodical excursion about the effects and severity of avalanches typical
weather situations leading to periods of high avalanche activity are discussed. A funda-
mental introduction about possibilities and limitations for the reconstruction of historical
avalanche events follows. A statistical review of the well-documented situation of the last
100 years, and particulatly since about the 1930s, together with detailed analyses of the
weather sitvation causing the avalanche disasters in 1951, finally links up with the discus-
sion of severe avalanche periods in previous centuries.

It must be born in mind that we are dealing with three different periods depending on the
level of accuracy and resolution of the weather and avalanche data, In the first period until
about 1870 only descriptive information is available, apart from isolated and unsystemati-
cal meteorological observations (see chapter 4). For the second period (1870-1940) gen-
erally sysiematical weather data of reasonable quality can be obtained whereas accounts of
avalanche evenis are siill descriptive and incomplete in most cases. Only for the last 50
years since about 1940 systematical data of both the weather situation and the avalanche
activity together with the corresponding damage pattem arc available, but often still not in
digitalized form yet. The establishment of a detailed dawabase of all recorded and recon-
structable avalanches in Switzerland for about the last 100 years, therefore, is presently in
progress at SFISAR! (LATERNSER et al., 1995).

2, Severity and effects of avalanches - methodical aspects

A key problem in classifying avalanche events is that great avalanche activity does not
necessarily mean that numerous disastrous avalanches occur. The fact that makes the
avalanches disastrous is very much dependent on the effect they have on human activities
and infrastructure. The number of avalanches may be large in a completely unpopulated
area, hence causing (for human esteem) no damage at all, But the same avalanche activity
in a densely populated valley can bring about a disastrous situation. Nevertheless in our
highly "civilized" alpine environment today it is likely that a great avalanche activity does
cause considerable damage; just because not many spaces of some extent are left com-
pletely unused by man. Since the last few decades different interactions of protective mea-
sures such as avalanche defence structures, avalanche zoning plans, avalanche waming ser-
vices and preventive release of avalanches with explosives also influence the natural
avalanche activity, which further complicates the classification of severe avalanche
periods.

1 Swiss Federal Institute for Snow and Avalanche Research (Eidgendssisches Institut fiir Schnee- und
Lawinenforschung, SLF)




244 M. Laternser & C. PrisTER

From the point of view of the effect, particularly in the last 100 ycars, it makes sense to
distinguish - among others - between spontaneously reieased avalanches affecting human
activities or infrastructure including forest ("disastrous avalanches™) and avalanches trig-
gered by men, particularly by tourists (“skier's avalanches”). Whereas the former, often
originating from high up on the mountain sides and reaching as far down as to the valley
floors, may be of great extent and can cause considerable damage, the latter are generally
of smaller scale, take place in the higher mountains and are a problem for the involved
people themselves only, not causing any damage to property. For this reason skier's
avalanches are very much subject to individual human activity and not the effect of purely
natural interactions. In this sense they are "coincidental" (had the skicrs not been in this
particular slope the avalanche would not have been released) and not a very good indicator
for the severity of the prevailing avalanche situation.

This leads us to the question how - in which units - the severity of an avalanche or an entire
avatanche period shall be measured. The death toll is a certain indicator, but for several
reasons not very satisfying. Firstly, an avalanche can destroy a fully inhabited building and
kill many people. In this case everybody speaks of a disastrous avalanche. Had the same
building been empty (for whatever reason) it would have been "just” an avalanche as many
others and definitely not as catastrophic as in the first case. But the strength of the
avalanche was exactly the same, only the effect on human activities was considerably dif-
ferent. Secondly, nowadays many people (tourists) go voluntarily into the mountains and -
more or less conscious of the danger - trigger avalanches that would not have occurred
otherwise (see above), From this point of view a relatively "safe” winter can cause a high
number of victims, because the skiers and mountaineers thought to be safe and ventured
into extreme slopes. On the other hand a “dangerous™ winter does not necessarily have to
claim many lives becanse it may be simply too dangerous to go skiing at all (that means
nobody is in the dangcrous area) or security services work well and thanks to evacuations
and road closures hardly anybody geis involved personally. Finally, we have the possibility
today to release avalanches artificially in an early state to prevent them from coming down
spontancously during a period when many peopie are present in the endangered area or
after having built-up such considerable amounts of snow that the effects would be
disastrous.

A less subjective approach determining the severity of avalanches can be undertaken by
means of looking at the damage they cause. CALONDER (1986) defines a "large damage
avalanche" as an event where either at least one house or at least two cattie-sheds or at least
three bams or at least 250 m3 of forest have to be damaged or destroyed. This criterion
seems reasonabie and can particularly well be applied to information from documentary
sources.

An avalanche or an entire avalanche period not causing any damage or claiming victims
can still be of great extent - as we have seen above, but consequently can not be called
"severe”, since this term inevitably implies the interference with human activities.
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Another facior to consider is, that in one winter several periods of high avalanche activity
may arise, whose causes possibly are absolutely independent from each other (e.g. 1888,
1951; see chapter 6 and 7). One must be aware of that when comparing the severity of dif-
ferent avalanche winters. In any case it is necessary to analyse with care if such periods
really are independent, which may not always be easily attained.

Causes, morphology and impacts of avalanches can be very different in winter and spring.
In winter the snow is usually dry causing dry-snow flow avalanches or even - depending on
the height of the fall - powder snow avalanches. Although the speed of a powder snow
avalanche can be considerably greater than that of a flow avalanche due to the much
smaller density, the destructive force of & powder snow avalanche (per square unit) is defi-
nitely less, But because of the great vertical eatent the impact can be just as severe, partic-
ularly on buildings and on forest. Spring wet-snow flow avalanches arc rather slow in their
movement but - due to the high densily of the wet snow — can produce enommous forces
destroying virtually everything standing in their usually well-known tracks,

3. Typical weather situations leading to severe avalanche events

It is generally recognised that the terrain, the weather and the condition of the snow cover
arc the main factors determining avalanche activity. In severe and disastrous events the
amount and intensity of snowfall is clearly dominating. Virtually no large damage
avalanche occurs without huge amounts of fresh snow. One important case to consider are
wel-snow avalanches in spring though, which generally resuit from the loss of the cohesive
strength of the snow pack due 10 warming. But these avalanches are nsually confined to
steep and narrow gullies and because of their regular return (every year) in their clearly
defined paths people are aware of their occurrence so that these sorts of avalanches rarely
cause serious damage.

After ZINGG (1969) about 80 cm of fresh snow within 24 hours or 120 cm within 48 hours
are necessary 10 produce spontaneouns and disastrous avalanches on steep enough slopes,
Le. steeper than about 30 degrees. On the other hand heavy snowfalls do not always cause
large avalanches. From analyses over a period of 40 years in the Davos area FOHN &
HACHLER (1978) found that about 80% of all uninterrupted snowfall periods accumulating
more than 1.0 m fresh snow at the test site near Weissfluhjoch (2540 m a.s.1.) did not result
in severe avalanches in the valley. The better understanding of the relationship between
heavy snowfalls and avalanche activity will be a major goal of further investigations
(SCHNEEBELI & LATERNSER, 1996; LATERNSER & SCHNEEBELL, in prep.).

Both CALONDER (1986) and HACHLER (1987) carried out a detailed analysis of the weather
pauems that led to about 20 severe and extraordinary avalanche situations between 1885
and 1985. Tt was found in nearly all cases that a quasisiationary trongh was responsible for
such situations and that frontal developments, led by strong winds towards the Alps, inten-
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sified the snowfal! rate, particularly at the windward slopes due to barrage cffects. If this
type of weather lasts for about four days or mare, then there is a high probability of large
avalanches at least in parts of Switzerland. ,

Since the Swiss Alps (Fig. 1) are orientated roughly east to west we can basically distin-

guish two different main situations: barrage from the north (by north-northwesterly winds

from a trough lying over central Europe) affecting the regions north of the Alps, and bar- :
rage from the south (by south-southwesterly winds from a trough lying over the west coasts
of Europe) affecting the regions south of the Alps. The areas of the central main divide of
the Alps (especially the Gotthard area) nsually get touched by both weather types and
therefore are particularly subject 1o excessive avalanching. The inner alpine valleys such as
the Valais and the Engadine are generally fairly sheltered from these barrage sitations but
still can get affected on the edges or by other circulation patterns. For these regions, and
particularly for the Engadine, the actual state of the snow cover has a greater influence on
avalanching than in the others.

Voranberg [Austria)

4, Documentary sources on avalanches in the past (before the 20' century) .

Some of the earliest written records of avalanche accidents can be found in Greek (Strabon)
and Roman literature: Livy (Titus Livius) refers to the well known example of Hannibal
whose army had to bear heavy losses when he crossed the Alps in 218 B.C.

Hardly any reports are known from the first millennium A.D. But since the high Middle
Ages, parallel to an increased colonization and deforestation of the alpine valleys, occa-
sional observations {and possibly also the events) became progressively more frequent. The
following four types of documentary sources are distinguished:

Main Divide of the Alps

1. Chronicles include a variety of narratives in the form of extended histories which pro-
vide a wealth of details. In the Middle Ages the chroniclers lived in towns or in monas-
teries at some distance from the Alps. Chronicles from alpine valleys or from neigh-
bouring areas were written from the sixteenth centry on by clergymen, local nobles
and also by mouniain farmers (e.g. ARDUSER, 1877, STRASSER, 1890; FIscHER, 1910,
BARTSCHI, 1916; LAELY, 1984). Disasters and extreme siluations are reported inasmuch
as they had affected the life in the valley. In the case of avalanches the number of casu-
alties and houses or barns destroyed was taken as a measure of severity. The greater the
magnitude of the cataswrophe, the more lengthy and fully it was described, Large acci-
dents (Leukerbad 1719, Obergesteln 1720) became known in the entire country and
money was raised in favour of the victims. This was noted by local chroniclers far away
from the place of the accident (BUNTI, 1973). From the late eighteenth century the
occurrence of severe avalanche impacts was also reported in the press (6.2, MONATHLI-
CHE NACHRICHTEN, MONATHSCHRONIK).

Secondary Divide of the Alps

Fig.1 Map of Switzerland showing locations and regions mentioned in the text (reproduced with permission of the Federal Office of

Topography from 12 December 1994}
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2. Regional or local histories often contain chronological lists of disasters that were com-
piled from chronicles and other types of original material by assiduous clergymen or
school-teachers from the eighieenth century.

3. The history of natural hazards in the Alps was mostly drawn from compilations of
reported weather extremes and natral disasters (BRUGGER, 1882; AMBERG, 1892;
SCHALLER, 1937) hitherio,

4. ‘Weather diaries and other types of quasi regular observations carried out in alpine val-

leys often do not only describe avalanche accidents and the underlying meteorological
situation. Some observers also kept rack of avalanches that went down without doing
any harm just from the thundering noise they produced (DESCHWANDEN, 1863). This
noise was not particularty frightening for people living in the mountains; it was just part
of their everyday experience.

On a whole it is thought that a fair picture of the most severe periods of high avalanche
activity might be obtained from the early eighteenth century, if this kind of historical dis-
aster research is intensified. But we need to bear in mind that disastrous cvents usually
affect rather small areas (see chapter 7.3 and 8) and therefore may only be mentioned - if ai
all - in local reports which can be casily missed in the source rescarch.

Observations carried out at some distance from the Alps often allow the reconstruction of
the meteorological situations that are related 1o periods of high avalanche activity: Renward
Cysal (1545-1613), chancellor in Luceme, kept track of a broad variety of meicorological
and environmental data, just to mention snowfalls in summer on the summits surrounding
the city. Joseph Dietrich (1645-1704) and Sebastian Reding (1667-1704), who were monks
at the convent at Einsiedeln, included a wealth of detailed lengthy weather reports in their
diaries. Heinrich Fries (1639-1718), who was a professor at Zurich, kept a non instrumental
diary in which he noted quite regularly the formation and the melting of snowcover, The
physician Johann Jakob Scheuchzer (1672-1733) was the first to measure atmospheric
pressure, temperature and precipitation in Switzerland (PFISTER, 1992},

5. Critical evaluation of sources

The scholar who atiempts to reconstruct a history of natural hazards from documentary
sources should be familiar with certain properties of this type of data. It has become com-
monplace over the last two decades or so to emphasize the importance of dealing with
contemporary observations, which were laid down shortly after the event or at least within
the liferime of the author (INGRAM et al,, 1981; PFISTER, 1984; ALEXANDRE, 1987; PFISTER
ct al,, 1994), However, in hazard research we are often left with non-conlemporary reporis
copied from original sources which have disappeared. In some cases we may even have to
deal with a secondary copy drawn from a primary one withoul knowing it. In this situation
it must be born in mind that most errors in copying texts are made by atiributing an event to
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the wrong year. This may be due to reading mistakes - figures in old handwritings are
easily misread - or just to carelessness. The confusion is even greater in the case of older
compilations which ¢ontain a mishmash of contemporary and non-contemporary reports;
some do not even quote their sources. In order to assess the reliability of a disaster repart
with regard 1o the event it purports-to describe, it needs o be corroborated with evidence
from different independent local sources (excluding compilations) and it must be consistent
with the picture of the overall meteorological situation which is obtained from reconstruc-
tions of weather and climate. For Switzerland temperature and precipitation patterns in
ierms of monthly indices have been rated for the period back to 1525 (PEISTER, 1992). The
indices are available from the NOAA paleoclimatic data ¢enter in Boulder, Colorado
(USA).

The procedure of assessing the reliability of reports is highlighted by the example of a
severe hazard which took 55 lives in Leukerbad (Canton of Valais) (c¢f. appendix). In the
kmown compilations it is dated January 17, 1719 (Coaz, 1881, BRUOGGER, 1882), but a
local chrenicle yields January 17, 1718 (LORETAN, 1935). The check of reliability involved
consultation of a contemporary observer (BONTI, 1973), who mentions the event in 1719,
This is consistent with the reconstruction of the meteorological situation (see chapter 7) .

In the Swiss case particular attention must be paid to the style of dating which was used,
since this depended on the decisions of the individual cantons (which at that time were still
independent republics) or - in the casc of the canton of Grisons - even from the quasi
sovereign juridical communities ("Gerichtsgemeinden”) in the different valleys. Most of
the catholic cantons accepled the Gregorian style by leaping 10 days in 1583, the catholic
communities in Grisons followed in 1623/24, the canton of Valais in 1656, Most protestant
cantons changed in 1700, but some latccomers (e.g. the protesiant vatleys of Grisons and
the protestant part of Appenzell) took even more time, However, many enlightened men in
those cantons already adopted the new style for their personal use after 1700, i.e. prior ©
the official change in their canton, so that dating of private sources in the cighteenth cen-
tury from these regions often is equivalent 1o gambling (PFISTER, 1984). The difference of
ten days between the reports from protestant valleys in the canton of Grisons (Saas im
Prittigau, St Anténien, Davos) and catholic territories stands out clearly for the situations
of high avalanche activity in 1689. The situation in 1689 must be dated February 2-4 {(new
style) according to the reports from the Habsburg territory of Vorarlberg. For 1720 dating
is ambiguous. The sources mention two periods of avalanche activity - a first one on Febru-
ary 7 (Davos) and 8 (Ftan, Engadine), a second one on February 18 (Obergesteln in the
Goms). At first the difference of ten days points to the use of different styles which would
then lead w the conclusion that there was just one single period of high avalanche activity
on February 17 and 18. On the other hand the meteorological record points 10 two polential
situations of high avalanche activity (sec chapter 7) so that it cannot be excluded that the
reports on the earlier period already followed the Gregorian style. '
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6. Catastrophic avalanche events during the last 100 years and their causes
6.1 Statistical review

Since systematical statistics began in Swilzerland in 1940/41 every year about 26 people
are killed by avalanches and the average annual number of avalanches claiming victims or
causing damage is 143 {source: SLF, 1994). The year-to-year variability is considerable.
During the winter 1950/51 (the most severe avalanche winter of this century) 1301
avalanches causing damage and 98 fatalities were counted. On the other hand in 1948/49
only 8 avalanches causing damage and one single fatality were registered. In the last hun-
dred years the following winters were outstanding for their high avalanche activity:
1887/88, 1916/17, 1534/35, 1944/45, 1950/51, 1953/34, 1967/68, 1974/75 and 1983/84
(EDI 1951; COURVOISIER & FOHN, 1975; CALONDER, 1986).

According o the definition of a "large damage avalanche" (see chapler 2) CALONDER
(1986) draws a diagram comparing the severity of selected disastrous winters for the last
100 years (Fig. 2). It is clearly seen that winter 1950/51 was by far the most severe
avalanche winter, whereas all the others were at least one magnitude lesser. But we need to
bear in mind thal in 1951 two disastrous avalanche periods in different areas arose from
two probably independent meteorological situations (see chapter 2 and 6.2), what virtualty
doubled the severity of this avalanche winier.

From SFISAR data (SLF, 1936/37-1992/93; MEISTER, 1987) similar diagrams regarding the
deaths and the total amount of avalanches causing any reported (that often means insured)
damage including human casualties over the period 1936/37 to 1992/93 can be drawn (Fig.
3). The fatal avalanche accidents are split into disaster fatalities (victims of the mainly
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native population canght by namwrally released avalanches inside their houses, sheds, at
work or on traffic routes) and tourist fatalities (victims amongst skiers and mountaineers in
the open country, who usually trigger "their” avalanche themselves). Looking at Figure 3b
it can be scen that since about 1970 the tourist fatalities clearly increased o reach a
constantly high level whereas the disaster fatglities rather decreased. This decrease prob-
ably reflects the resolute forcing of the (federally subsidized) construction of avalanche
defence structures, increased efforis on the planning level and well-organised avalanche
waming services particularly since the catastrophe in the winter 1950/51 (DE QUERVAIN &
MEISTER, 1987}, The increase of tourist fatalitics coincides with increased recreational
activities within the wintry mountain environment.
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Fig.3 Number of damage avalanches and the corresponding fatalities in Switzerland since 1936/37:
(8) shows the total number of recorded avalanches causing damage or claiming victims (from SLF,
1994). The "peak years” are easily recognised as well as a general trend lo rather more damage
avalanches. (b) shows the number of avalanche fatalities split into disaster fatalities {deaths in houses,
at work and on traffic routes) and tourist fatalities (skiers and mountaineers outside of the controfled
skiing area) (after MEISTER, 1987)

1550/51

1940/41
1960/63
1690/91



=

=T

e e £

252 M. Laternser & C. PrisTER

Figure 3 further demonstrates that years with a high number of damage avalanches do not
necessarily have 1o cause many (disaster) deaths, particularly the closer we come to present
times. The winter of 1974/75 stands for an instructive example. Also 1983/84, with a high
number of damage avalanches, shows clearly less fatalitics than the following winter with
hardly any damage avalanches. In 1969/70 the many disaster fatalities are made up by vir-
twally one event - one hege avalanche claiming 30 victims.at a time - and in 1941/42 only 2
few, but severe locally concentrated avalanches caused enormous damage and killed many

people. .

Compared to Figure 2 it can be seen that the catastrophic winters mentioned there since
1944/45 well coincide with the peaks in Figure 3a. Having a return period of roughly 10
years some single years arc obviousty cutstanding for their clearly above-average number
of damage avalanches, It is interesting to notice that according to Figure 3a the general
trend for "damage avalanches” (i.ec. avalanches causing damage and claiming viclims)
seems to be rather rising. This may be due (o increased human activitics mainly in the
recreational sector, since the numbers of tourist fatalities are rising too. With the establish-
menl of a detailed database of all recorded and reconstructable avalanches in Switzerland
of this century (Laternser et al., 1995) further analyses will show if the number of "large
damage avalanches” (e.g. after CALONDER, 1986) remains on a constant level or also poinis
10 a certain trend {SCHNEEBEL] & LATERNSER, 1996; LATERNSER & SCHNEEBEL], in prep.).

6.2 Causes of the disastrous avalanches in the winter of 1950/51

The winter of 1950/51 was by far the most severe avalanche winter of this century in
Switzerland and is well documented in SLF (1952). The avalanche activity was confined to
two distinct periods: the first period lasted from January 19-21 with a clear peak on the 20t
and the second period was from February 11-14 with dominating activity on the 11121,
According to the two completely different weather situations the avalanches affected two
quite different areas. The January disaster was caused by a classical NW-storm and affecied
mainly the Swiss cantons of Grisons, Uri and parts of the Valais (all areas on the northern
side of the main divide of the Alps). In contrast to that the February catastrophe was initi-
ated by a long-lasting period of fochn intensified by a strong southerly bamrage, which
caused excessive avalanching mainly in the canton of Ticino (south of the Alps) and in
neighbouring areas of Grisons, Uri and Valais across the main divide.

Figure 4 shows the synoptical weather map of Januvary 20, 1951, The situation before this
date was characterized by a changeable period of westerly winds since January 12 after a
very wet November and a rather dry and cold December. On January 18 heavy and contin-
uous snowfalls began, caused by the rising of warm air masses over a wedge of cold air
lying nortth of the Alps. The same evening an active cold front reached the Alps and initi-
ated a furious N'W-storm which lasted till the 215 During this 3-day-period 150-250 cm of
fresh snow were dropped in the central and eastern areas north of the Alps. In the north-
eastern parts of Grisons the snowfalls even excecded 250 cm (Fig. 5. Peak snowfall inien-
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sities were up 10 10-15 cm per hour. Aithough the snow cover up to this date was reason-
ably mighty and well solidified the enormous amount of fresh snow was just 0o much at a
time and collapsed spontanecusly under its own weight, producing innumerable extraordi-
nary and destructive avalanches. The area severely affecied by avalanches is virtually iden-
tical with the area enclosed by the 150 cm isolinc in Figure 5.

From February 4 a strong cyclone situated over the Brilish Isies initiated a pronounced
fochn pericd with intensive precipitation south of the Alps (Fig. 6a). In some of the upper-
most valleys of Ticino more than 100 ¢m of fresh snow fell within 24 hours, which already
caused isolated avalanches. Due to rather warm lemperatures during the snowfalls and the
following weather improvement connected with a cooler spell the snow cover could stabi-
lize considerably. Renewed heavy snowfalls from February 9 onwards, caused by surong
southern barrage put the tin kid on it (Fig. 6b). During this four-day period until the 12th
again more than 200 cm of snow fell above 1500 m as.). The precipilation records of
Mosogno (780 m asl., Valle Onsemone) showed more than 158 mm within 24 hours,
which is about 600% of the average value for the entire month of February for this station!

Fig.4 Weather situation on January 20, 1951: The inflow of maritime, tropical air (mT) from NW
caused very intensive snowfalls connecied to a strong barrage north of the Alps (afier SLF, 1952).
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Flg.6 Weather situations on February 4, 1951 and February 10, 1951: (a) shows the pronounced
fochn period during February 4 10 5 dropping more than 1 m of fresh snow in parts of the upper
Ticino; (b) shows, after a short respite, the rencwed and continual inflow of maritime, rropical air
(mT) from S lasting from February 8 o 12. Due to a strong barrage effect the snow falls along the
southern slope of the Alps were iremendous (up to 3 m) and partly spread further 1o the northem side

(after SLF, 1952)

In the Val Bedretio and the upper Valle Maggia the total amount of fresh snow fallen dur-
ing the period from February 4-14 (at an altitude of 1200 m a.s.1.) exceeded 400 cm! The
remaining areas of northern Ticino and neighbouring parts of Valais, Uri and Grisons still
received 200 cm and more (Fig. 7). These cnormous amounts of snow arising from an
extraordinary meteorological sitsation caused disastrous avalanches as hardly ever regis-
tered in living memory. Only thanks to the rather high temperatures most of the precipita-
tion in the lower reaches fell in the form of rain, otherwise there would have been even
more snow to avalanche, Even up to 1800 m a.s.1. the snow was very wel and partly mixed
with rain, which allowed the snow cover o settle very fast. But the sheer amount of snow
proved to be just too much in the end.

This example demonstrates the "problem" of a mighty and well-solidified snow cover. If
the snow pack had been more fragile in January, many slopes would probably have
offloaded their weight at that time already or at least sarlier in February, hence causing
avalanches of less destructive power, But the well-solidified snow cover allowed to accu-
mulate more and more snow multiplying the destructive force of the avalanches.

TH.4-0158

Each scverc avalanche period has its own characteristics depending on the spatial and tem-
poral distribution, the causes and effects, It simply exceeds the scope of this paper w0
describe all the other disaster periods of this century in the same detail as the 1951 event.

Fig. 5 Disuribution of new snow depth (sum values) fallen in the period of January 16-22, 1951, The area severely affected by avalanches is

virtally identical with the area enclosed by the 150 cm isoline (from SLF, 1952).
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7. Extraordinary climatic conditions leading to disastrous avalanches during
earlier centuries

In the following paragraphs some earlier situations of extreme avalanche activily over the
last centuries are described and interpreted in a meicorological context. We begin with the
period of 1888 and then move back in time, considering more remote cases which are not
s0 well documented (a selection of the most important events and the corresponding
sources is given in the appendix).

7.1 The situation in February and March 1888

Feb4-14, 1851
at about 1200 m a.s.l.

The situation in the winter of 1887/88 was recently reinterpreted by Zysset (1989). He dis-
tinguishes three avalanche periods: February 15-20, February 26-28 and March 27-30 (Fig.
8). The first displays the typical picure of a northerly barrage situation mainly affecting the
central and eastern Swiss Alps. The catalogue of weather sitnations by HESS & BREZOWSKI
(1977) indicates a high-reaching, quasistationary cyclone over Central Europe for the criti-
cal period. Most stations north of the Alps observed northwesterly winds, but the amounts
of measured precipitation at lower altitudes were not so significant, Local records from
alpine stations indicate considerable amounts of snowfall though (Coaz, 1889). Tempera-
tures were below average and atmospheric pressure was low on both sides of the Alps over
the entire month. During the second period (February 26-28) the focus of precipitation was
south of the Alps which was connected (o a cyclonary south-southeasterly current affecting

Fig. 8 Distribution of the areas affected by ava-
lanches during the three disaster periods in 1888:
(a) February 15-20, (b) February 26-28, {c) March
2730, The outlined zones contain all registered
B 5 avalanches with emphasis in the light grey areas
]' , (after ZysskT, 1989)

Lh 4-0158

Fig. 7 Distribution of new snow depth (sum values) fallen in the period of February 4-14, 195i. The areas affected by avalanches were
mainly in the Ticine (Yalle Maggia, Leventina/Val Bedretto) and in parts of Valais (Simplon) and Griseas (Valle Mesolcina, Val Bregaglia),

all areas lying on the southern slope of the Alps (from SLF, 1952)
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the southern areas of the Valais unusually strongly. The third situation at the end of March
was initiated by the passage of a strong occlusion causing heavy precipitation - up 0 2000
m a.s.l. as rain - brought in by southerly winds. This mainly affected the areas south of the
Alps but also spread over large parts of Grisons. Avalanches were caused by the heavy
snowfalls in the higher reaches as well as by the destabilizing effect of the continuous rain
on the mighty snow cover at lower altindes (CALONDER, 1986). Huge avalanches occurred
also in some parts of the Bernese Oberland, possibly due to strong warming,

7.2 The situation from December 11 to 13, 1808

From December 11 to 13, 1808 another northerly barrage situation developed, but this time
it extended farther to the west and the airflow came perhaps more from the north: Accord-
ing to the instrumentat diary of Samuel Studer in Bem it snowed more or less continuously
from December 11 to 13 and temperawres were substantially below zero (SCHWEIZ.
METEOROLOG. BEOBACHTUNGEN, 1885). In Chur 60 cm of fresh snow fell from De-
cember 11 1o 12 accompanied by stormy winds. In the mountain arcas snow accumulated to
an estimated depth of 1.8 m during these days. The highest accumulations of snow were
observed in the Central and Eastern part of the Bemese Oberland, in the region around the
Gotthard and in the Grisons, Most of the avalanches broke off during the night from
December 12 1o 13t damaging a substantial number of houses and bams and killing cattle
and dozens of people. For the Grisons Salis reports the destruction of 81 stables and bams
and of 9 houses: 355 head of cattle and 24 people were killed (SALIS, 1809:158). In the
Bemnese Oberland 42 victims were counted (MONATHLICHE NACHRICHTEN, 1750-1798).

7.3 The situation from February 6 to 7, 1749

During the first days of February snow and rain fell in the Lowlands together with high
windspeeds and rivers flooding their banks. At the same time heaps of snow were accumu-
lated in the mountains (PFISTER, 1985). Missing details about the precise meteorological
situation, particularly the wind directions, as well as the fact that avalanches are reported
from both sides of the Alps (see appendix) unfortunately make it difficult 10 get a clear
picture aboul this severe period. Nevertheless, it seems 10 have been a rather exceptional
situation, since usually only a few single regions get severely affectad by disastrous
avalanches at a time, but in 1749 wide areas of the Swiss Alps got struck simultancously.

7.4 The situation in February 1720

For this month two periods of high avalanche activity, February 7 to 8 and February 17 $o
18, are reported. It is not clear whether the date given in the first source already foliows the
Gregorian style (see chapter 5). Therefore, the meteorological situation of both periods is
described in the following paragraph.
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February 1720 was cold and very snowy, Huge amounis of snow accomulated in the cast-
ern part of the Swiss Alps (Canton of Appenzell), The meteorological situation was recon-
structed from the instrumental diary kept by Scheuchzer in Zirich: The amount of precipi-
tation measured over the entire month was 152 mm (250% of the 1901-60 average). Two
potential situations of high avalanche activity may be drawn from the record. The first
developed on February 7 and 8 with rain and snow and violent winds at first from south 1o
southwest, then from northwest. This reflects the classic situation of the passage of a warm
front followed by an active cold front, The maximum daily intensity of precipitation was
recorded on Feb 8 (38 mm), but it may well be that part of the water was blown away from
the raingauge, so that the actual precipitation was greater. A similar situation arose on
February 17 10 18: Warm weather, storm from southwest and west, much rain, snowmelt
(Scheuchzer, in: SAMMLUNG, 1720:150-151). This suggesis that particularly the first
period was related to a northerly barrage sitation, affecting - according 10 experience -
mainly the northeasiern areas of the Swiss Alps. And the records mention destructive
avalanches in the Canton of Grisons (Davos, Ftan). During the second period, however, the
most active weather (with winds from W/SW) seems to have moved right up the Valais,
which is completely open to this direction, and caused disastrous conditions mainly in this
part of the Alps (e.g. Obergestein),

7.5 The situation from January 15 1o 18, 1719

The metcorological situation was again reconstructed from the instrumental diary kept by
Scheuchzer in Zijrich: QOver the entire month barometric pressure was low, temperatures
were near the twentieth century average - the fresh snow layers were soon melted - and 109
mm of precipitadon (160% of the 1901-60 average) were measured in Ziwrich. Great
amounts of rain and snow fell from January 15 to 18 with strong southwesterty winds, then
the winds tumed to northwest (SAMMLUNG, 1719:20). This reflects again a typical
northerly barrage situation with a guasistationary trough. On Jannary 17 a huge avalanche
broke off that buried a part of the viilage of Lenkerbad (Valais). The occurrence of disas-
trous avalanches from other parts of the Alps is not known,

7.6 The situation from February 2 to 4, 1689

The main witness for this period of high avalanche activity is Johann Heinrich Fries in
Ziirich (see chapter 4). We know from his diary that it snowed and rained at the beginning
of the month, bat he gives no wind direction. The accumulation of huge snow masses is
reported from the Valais (DUFOUR, 1870), More is known on the meteorological situation
of these days from evidence collected in the context of a European project which aimed at
reconstructing weather situations in the late Maunder Minimum period, i.e. the period from
1675 to 1715 (FRENZEL et al., 1994). Louis Morin, who was a physician in Paris, kept
track of the direction and speed of clouds in his instrumental diary, which is a very valuable
indicator for the main aunospheric current (PRISTER & BARELSS, 1994: 151). During the
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first ten days of February the clouds in Paris came mainly from northwest, which again
points o a situation of northwesterly barrage. Considering the number of victims (see
appendix}, it was perhaps the worst situation prior 10 1951.

7.7 The situation in February, 1598

R. CysaT (1969) describes this winter as follows: From Christmas 1597 until March 1598
it snowed almost every day and night in the Lowlands, it rarely rained in between, so that
the snow accumulated more and mare (this holds even for places such as Geneva, where a
long lasting snow cover is rather rare nowadays). In some locations the snow was 8 1o 10
feet deep. In the mountains people had o dig tunnels through the snow to move the catile
from one stable to another. Considering this situation it is striking that the sources hardly
mention an increased avalanche activity north of the Alps. However, disastrons avalanches
broke off in the southeastern parts of the Swiss Alps and in neighbouring arcas of Italy
around February 17.

7.8 The period from 1566 to 1579

For the period between 1566 and 1576 several sources mention a series of winters with
unusually large amounts of snow without, however, providing a full report of avalanche
activity. In 1565/66 snow was so deep in the eastern part of the Swiss Alps, that cattle
could not be moved from one stable to another any more and starved as a consequence
(PFISTER, 1985). This suggests the frequent occurrence of long lasting northwesterly situa-
tions during that winter. This interpretation would be in agreement with a reported extreme
drought in Catalonia during the same period (BARRIENDOS, pers, comm,). In the valley of
Grindelwald (Bemnese Oberland) a huge amount of snow fell on Dec 28, 1572 which
crushed several houses under its weight; in spring 1573 avalanches broke off everywhere in
the valley and caused many victims. It is the worst avalanche pericd which is documented
for this valley. The situation was not much better in the following winter of 1573/74. In the
winter of 1575/76 again the snow blocked people in their houses for a prolenged time
{HUGI 1842: 86; KAUFMANN, 1905). Such descriptions give the impression that avalanche
activity during the years from 1565 to 1579 might have been above the mean level of the
last 500 years. On a morc general level, winters were colder and somewhat wetter than
those of the period 1901-60 (PFISTER, 1984). This was an important clement - together with
the high frequency of wet and cool summers - to promote the expansion of alpine glaciers
in the second phase of the Little Ice Age.

8. Conclusions

Situations of increased avalanche activity for the preinstrumemnal and early instumental
period may be reconsurucied from reports in historical documents, if the historians' rules of
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source verification are observed. Since the sixteenth century extraordinary climatic condi-
tions leading to disastrous avalanches were in most cases connected 10 quasistationary
troughs over Central Europe producing a northwesterly air-flow and a barrage situation
over the Alps. This coincides with PROHASKA (1943), who points out that northwesterly
currents are particularly notorious for heavy snowfalls in the Alps.

It seems that the central and eastern parts of the Swiss Alps get affected more frequently
than the western part. For the areas south of the Alps not many events prior to the last cen-
tury are known. That does not necessarily mean that disaster avalanches were less frequent
- maybe they are just not recorded - but by means of statistical analyses CALONDER (1986)
comes (o the conclusion that the probability of high avalanche activity is far less than the
probability of excessive snowfalls for the southern slope of the Swiss Alps. That means not
many great snowfalls (which occur more frequent on the southern compared to the northern
slope) have destructive avalanches as a consequence. This stands in clear contrast to the
situation in the central (greater Gotthard region) and "inner eastem” (Engadine, Mittel-
bilnden) areas of the Swiss Alps, where heavy snowfalls led to disastrous avalanches much
earlier (CALONDER, 1986). This makes also sense from the physical point of view, since on
the southern slope of the Alps the temperatures during snowfall periods are generally
higher than in the north which allows the snow to settle faster and brings about a more
stable snow cover.

So far historical periods of high avalanche activity can be rcasonably well explained by
their corresponding meteorological conditions. But it must be emphasized that the results
should not be over-interpreted. Many weather descriptions of carlier centuries are too
incomplete for unambiguous identification of the meteorological situation. Possibly large
scale situations can better be reconstructed, but definitely not the local wind fields and pre-
cipitation patterns {unless specific observations or measurements exist!). And that is
exactly what we need in many situations. Characteristically, hardly any avalanche pericds
affected the entire country as a whole (as in 1749), but often isolated valleys got struck
severely whereas neighbouring areas widely escaped. This reflects the fact that heavy
snowfalls within a short period are most ofien confined to comparatively small areas
{generally less than about 5000 km?), which - for example - implies the necessity of
high resolution in avalanche forecasting. The second avalanche peried in 1951 stands as an
impressive example.
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Table 1 Selected examples of great disasterous avalanches or entire avalanche periods in Switzer-
land since the 16t century

Date * Locality [Region or Canton)* Fatalities, Damage (Source [chronicle]} *
1518 Leukerbad (VS) . 61 deaths, many buildings and spa desiroyed
i {Loretan 1935; Coaz 1881)

1688 Feb 17 Grisons, paricularty in the Engadine about 50 deaths, many larmsieads incl, catile

and Val Mustair (=15Q) destroyad (Brilgger 1882 [Arddser))

Livigno (Haly) 50 deaths (Brilgger 1882 [Ardiiser])

Campodoleine {llaly) 18 deaths (Brigger 1882 [Ardilser]}
1602 Jan 16 Davos (GR) 13 deaths, 70 bulldings, 20 cows and numercus

olher cattie (Laety 1984 {Ardiiser, Chrisi, Sprechar])

1609 Mar 3 Davos (GR) 16 {or 267} deaths, buildirgs and catlle {Lasly 1984

[Avdiiger, Christ, Spracher))

1683 Fab 4 ()

Saas (Prittigau, GR)

2 avalanches claim $8 victims, destroy 22 houses
and many more sheds, barns, orchards and wood
{and caille?) {Sprecher 1940 [Jost])

81, Anidinten (Priittigan, GR)

13 deaths, B houses, 2 milis, shade, caltle and large
areas of forest (Finze-Michaglsen 1988 [Ruosch])

1689 Feb 3 {g)

{ Davos (GR)

8 deaths, 6 housas and many sheds incl, catlle
(Laaly 1984 [Chrisi, “privale chronicie™)

1888 Feb2-4{g)

Montafen (Vorarlberg, Austria)

120 deaths, 112 houses, nearly 700 other buildings,
740 head of catile and 1830 trees (Sprecher 1940
[lold chronicle™], Flaig 1555)

1688

Galitir’Paznaunial (Tyrol, Austria)

29 deaths, more than 800 houses and many sheds
(Briigger 1882 [Amstein])

1686 Feb 21 (g)

Bosco-éurin (Valla Maggia, Tl}

34 deaths, 11 housas and 11 sheds (Briigger 1882
{Scheuchzer], Viglezio 1977)

1696 Feb 21122 {g)

Val Bedrelto (T1}

church and several houses destroyed, pries! killed
{Briigger 1882 [Lavizarri])

1635 Mar

Chur area (GR)

savaral damage avalanches, ai leasi 3 deaths
(Brilgger 1882 [church book of Churwalden])

1718 Jan 17

Leukerbad {VS)

58 dealhs, chapel, spa, more than 50 houses and
many other buildings destroyed (Coaz 1881;
Brigger 1882 [B2Z]; Larelan 1935 [Matter])

1720 Feb 7 (g?)

Davos (GR)

damage on a church, heuses and in the forest
(Laely 1984 [Brlichen chrenicla)

1720 Fab 8 (g?)

Ftan (Engadine, GR})

35 pr 36 deaths, many buildings and wood (Coaz
1881; Briiggec 1882 [Leonhardi])

1720 Feh 18 (g?)

Obergesteln {Goms, VS)

many deaths (according to different sources 48, 84
or §8), up 10 120 bujldings desiroyed and 400 head
of callle killed (Coaz 1881; Brilgger 1882 [BZZ);
Hess 1936)

1720

near Brig (VS)

40 people "buried” {dead?) (Brigger 1882 [BZZ])

Randa (VS)

12 deaths (?) (Schild 1872)

Gd. 81. Bernard (V5)

23 deaths (?) (Schild 1972)
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Table 1 {continued)

1741 Mar 16 {g)

Saas Fee area (V5)

18 dealhs, 2pprox. 25 buildings desireyed (Ruppen
ot al, 1979; Coaz 1881; Briigger 1882 [BZZ))

1749 Feb 6 Disentis (Surselva, GR) 5 deaths, 13 buildings and ;more than 50 head of
calile (Brigger 1882 [monastery of Disentls])
Rueras (Sursalva, GR) B4 daaths, 23 houses, 39 sheds, 33 bamns, 5 milis, 1
sawmill and 237 head of cattle {Brlgger 1852
[Annals of Sadrun]}
Zarcuns (Surselva, GR) & deaths, 1 house, § sheds, Z barns and some cattle
{Briigger 1882 [Anrals of Sedrun|)
1749 Feb &/7 Grindedwaid {Bernese Oberland, BE) avalanches (Kaufmann 1905)
Mattmark, St, Niklaus, avalanches (Liischg 1926; Briigger 1882 [BZZ];
Reckingen (V5) Furrer 1852)
Ossasca (Val Bedretio, TI) 13 deaths (Coaz 1881; Brilgger 1882 [Lavizarri],
Viglezie 1977)
1749 Bosca-Gurin {TI) 47 deaths (?} (SLF 1852; Viglzio 1977}

1608 Oct-Dac

Davos (GR}

great avalanche activily in early winter; nol much
damage (Lasly 1984)

1808 Dec 11-13

Eastern Beragse Oberland (mainly
Badmen and Grindaiwald, also
Eblingen, Ringgenberg, Saxsten,
Frutigen, Kandersleg, Lenk}

42 deaths, some callle and buildings (Monathliche
MNachrichten)

Cantral Switzeriand (Gersas,
Obarrickenbach, Biirglen)

avalanches {Monalhliche Nachrichien)

Grisons (mainly Salva, also Trun,
Taming, Caslial, Avars)

24 deaths, desiruction of 9 houses, 89 sheds and
barms. 365 haad of caltle killad {Salis 1809;158)

181213 Selva {Surselva, GR) 27 dealhs (7) (SLF 1952)

1827 Seilxingen. Biet {Goms, V3) 52 dealhs {Monathliche Nachrichten; Schild 1972)

1849 Apr3 Saas Fes area (V5) 48 dealhs, 6 houses and maore than 50 other
buildings destroyed, numerous callle killed
{Ruppan et al. 1979; Coaz 1881)

1651 Mar 23 Ghirone-Cozzera (Tl) 23 dealhs, 300 head of catile killed (7} (SLF1952)

1888 Feb 15-20
1885 Feb 26-28
1888 Mar 27-30

GR, SG, (UR, T
TI, VS, (GR, UR}
GR. Tt (UR, BE, VS)

During winter 1887/35 1094 severe damage
avalanches in Swilzedand clalmed 49 victims,
destroyad B50 buildings, kitled 700 haad of cattle
and broka 1325 ha of jorest (Coaz 1889)

{oid) slyle,
{q) to Gregarian
(new) style

(BE), Grisons (GR}, 5t. Gall (SG),
Ticino (Th, Wi (UR), Valais {(V5)

1951 Jan 19-21 GR, UR, (VS) During winter 1950/51 1301 damage avalanches in
T, {¥S. GR, UR} Swilzerland claimed 98 victims, desiroyed about
1961 Feb 11-14 1489 huildings, killed abaut 800 head of catile and
broke 1945 ha of foresi (SLF 1952}
* Notes * Notes * Notes
{j) relers to Julian Abt ions of Swiss : Berne ! «Caille» mosl often means cows, goats and sheep;

sometimes also horsas, donkeys and pigs.
Enirias with (?) are not confirmed by contemperary
BOUICES

Dating of rapid mass movements in Scandinavia: talus rockfalls,
large rockslides, debris flows and slush avalanches

Christer Jonasson, Rolf Nyberg & Anders Rapp

Summary

The dating of rapid mass movements and the possibility of drawing climatic inferences
from such datings are discussed on the basis of studies in mainly northern Scandinavia.
Rockfall-produced rockwall chutes can, by indirect means, be judged as being of pre-
Weichse! age and were not obliteraled by ice sheet erosion. Rockfalls and other rapid mass
movements occurting above permanent snow paiches or small-scale glaciers may create
protalus ramparts in front of these feawures. These ramparts are very similar to, or grade
into, small-scale moraines, Dating is possible by TL-methed, and the ramparis can serve as
indicators of climatic periods of intense rapid mass movements, among other processes.
Several large rockslides are most likely of Latcglacial age and related to a climatic amelio-
ration and i.a. permafrost thawing, or 10 pressure release of glacial ice. Debris flows and
slush avalanches have been tentatively dated by lichenometry covering the last few thou-
sand years. More precision is needed in the datings to improve the use of these processes as
climatic indicators. To monitor rapid mass wasting activity during the whole Postgiacial
period, lake sediment siudies are more useful than geobotanical datings. According 10 these
studies, the intensity of rapid mass wasting processes has varied considerably during the
Holocenc. Periods of increased rapid mags wasting can be roughly correlated with periods
of cold climate. However, more research on the application of dating methods in this con-
text is nceded due to the complex relationships between mass movements and climate.

Zusammenfassung

Die Datierung von schnellen Massenbewegungen und die Moglichkeiten, hieraus klimati-
sche SchluBfolgerungen abzuleiten, werden auf der Grundlage von Untersuchungen, die
haupigichlich im nérdlichen Skandinavien durchgefihrt wurden, diskutiert. Steinschlagrin-
nen kdnnen mit Hilfe indirckter Datierungsmaglichkeiten als vorweichselzeitlich eingestuft
werden und wurden durch glazialerosive Prozesse nicht zerswrt. Im Bereich von Schnee-
flecken oder Eis- und Firnfeldern ktnnen sich frontal "protalus ramparts” entwickeln, die
vollstindig oder zumindest ieilweise auf Steinschlige oder andere Typen schneller Massen-
bewegungen zuriickgehen, Diese "protalus ramparts” ktinnen mit der TL-Methode datien
werden und somit als Indikatoren filr Klimaabschaitie, die u.a. durch hiufig anfiretende,
schnelle Massenbewegungen gekennzeichnet sind, gelten. Mehrere groBe Bergstiirze haben
ein vermutlich spétglaziales Alter und ereigneten sich in Verbindung mit der einsstzenden



