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Preface

The last two years of results from a data series spanning well over 100 years of continuous obser-
vation of glaciers are published in this issue no. 121/122 of the Glaciological Report of the Swiss
Academy of Sciences. The IPCC Report, which recently appeared in print, confirms the distinct
trend toward global warming of the atmosphere [IPCC 2001; Haeberli et al. 2002].

The effects of warming are clearly evident even on the regional level, where the glaciers in the Swiss
Alps continue to retreat unabatedly. The extreme retreat of certain mountain glaciers in the past few
years merits particular attention. Several of these glaciers are losing their entire tongue at present,
for example, the Trift (Photos 5.7 - 5.9), Trient, Palii or even the Paradies glacier. This means that
there are often major leaps in the length change data from one year to the next. This general, long-
term trend cannot be offset by short-term deviations from the normal variability of the climate which
occur in certain years. It is not surprising, therefore, that glaciers are considered one of the best indi-
cators of changes in the climatic system. Hence, the exact observation of glaciers and their beha-
viour constitutes an important basis for identifying and verifying climatic changes. Data collected
annually at Swiss glaciers, in some cases for well over one hundred years, serve this aim. The mea-
surement series thus acquired are among the longest and most comprehensive worldwide, and are
of unique importance to the detailed documentation and description of the development of the sen-
sitive “high alpine regions” ecosystem.

The Glaciological Commission strives to ensure, by means of regular inspections and constant
improvements to the measurement network, that it fulfills the international standard of glacier obser-
vations worldwide. These evaluations are intended to safeguard in the longer term the most impor-
tant data sets and to maintain the quality of the measurement series at the highest possible level.

The present volume is based on two short annual reports which appeared in “The Alps”, a magazine
published by the Swiss Alpine Club [Bauder et al. 2001; Bauder and Hoelzle 2002].
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1 Weather and Climate

1.1 Weather and Climate in 1999/2000

Both the weather and the climate data are taken from reports by the “MeteoSwiss” [MS, 1999-
2000a,b].

Weather and Climate Conditions in the 1999/2000 Hydrological Year

The final year in the century drawing to a close was also one of the warmest worldwide, and cha-
racterized again by the same extreme climatic conditions as the previous one, with regard to heat,
cold, rainfall and drought. The global mean for the near-surface air temperature was 0.3°C above
the climatological average mean value for the period of 1960 to 1990 [WMO, 2000].

The period under review was again marked by above-average warm temperatures in Switzerland,
and — due to a number of extreme events — relatively high precipitation in the east and on the south
side of the Alps. A warm October was followed by the sudden onset of winter in November with
abundant snow in the lowlands and low temperatures in the second half of the month. As early as
December there was a widespread thaw. The months from February to June were definitely too
warm; May and June stand out in particular, with temperatures over 3°C above average. July was
the first month to be uncharacteristically cold everywhere in Switzerland, while the temperatures in
August were once again above average.

The first six months of the year 2000 were very memorable, for the severe damage cause by storm
Lothar just after Christmas 1999, and the extremely mild temperatures that followed. In spite of a
long period of adverse weather, the summer was warm and dry. In contrast to the sun-poor year of
1998/99, the year under review, 1999/2000, was sunny (Figure 1.1b).

Key Climatic Features from the “Monthly Weather Reports of MeteoSwiss” [MS, 1999-2000a]

1999

October Mild temperatures with foehn in the north, banked clouds in the south
November Strong onset of winter after mid-month, very little sun in the midlands
December Storms and precipitation in the north, very little sun in the mountains
Year overall ~ Wet, yet warm; avalanches, flooding, hail, storm activity

2000

January Sunnier than usual and low precipitation; no precipitation in the south
February Clearly too mild: dry in the south, wet on the north side of the Alps
March Sunny in the west and south, wet and dull in the east. Rain at last in southern Ticino
April Wet and dull in the south, mild and frequent foehn wind in the north
May Extremely warm first half of May, unusual warm spell in spring

June Very warm, too little rain and unusually sunny outside of the Alps
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July Cool, rainy and little sun

August After an inclement beginning, warm midsummer temperatures with plenty of sun-
shine

September Somewhat too warm, sunny in the west and north-west; isolated heavy rainfalls

Year overall Unusually warm; extreme autumn rain events in the south and in Valais

Temperature

The sustained trend to higher average yearly temperatures continued during the period under re-
view. The months of October, December, February, April, May and June were clearly too warm,
though less distinctively so at higher elevations. Only the months of November and July were col-
der than the long-term average. The radiation-intensive summer months are of crucial importance
for snowmelt (May and June) and the disappearanc of the snow cover (“melting-out”) (July to Sep-
tember). During this period the values were between 1.0° and 2.5°C above average (Figure 1.1b).

Precipitation

The year 1998/99, with its above-average abundant and strong rains, was followed by a period in
1999/2000 within the normal range. Nevertheless, eastern regions and the south side of the Alps
were much wetter than the rest of Switzerland. While in all regions of Switzerland only the month
of July was wetter than average, October and November 1999, as well as January, May, June and
August 2000, were too dry. The deviations were for the most part between - 10 and + 30 %, with
maximum amounts up to 40 %. Upper Valais, northern Ticino, and the southern valleys of the Gri-
sons recorded the wettest autumn of the century (Figure 1.1a).

Sunshine duration

In the wake of the sun-poor year under review of 1998/99, the duration of sunshine in 1999/2000
was once again above average. The excess of sunshine was less distinctive in the Alps than in the
surrounding northern regions. The months of January, June, August and September in particular had
above-average sunshine duration, while December 1999 was the only month that really had little
sunshine in the entire Swiss Alps (Figure 1.1b).

1.2 Weather and Climate in 2000/2001

Both the weather and the climate data are taken from reports by the “MeteoSwiss” [MS, 2000-
2001a,b].

Weather and Climate Conditions in the 2000/2001 Hydrological Year

Throughout the world, the past yearly period was one of the warmest since 1860, when instrumen-
tal measurements were introduced. For the 23rd consecutive time, the global mean of temperatures
near the earth’s surface surpassed the long-term mean value for 1960 to 1990, this time by a full
0.4°C. Nine out of the ten warmest years were recorded since 1990. And once again, the number
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of climatic extreme events such as tornadoes, floods, and droughts was above average [WMO,
2001].

In Switzerland, too, the 2000/01 year under review was above-average warm, as well as abundant
in precipitation. A wet, rather cool October and November was followed by an unusually mild
December which, except for Ticino and Grisons, was extremely dry. The mild temperatures conti-
nued until April, when winter returned, to be followed then by a spring marked by heavy precipi-
tation and little sunshine. The summer was changeable and above-average warm until the extremely
early onset of winter at the beginning of September. The middle of October witnessed disastrous
storm activity in Valais, while in many places the warmest May since measurements began in 1860,
and the coolest September since 1972, especially in mountain regions, were recorded.

Key Climatic Features from the “Monthly Weather Reports of MeteoSwiss” [MS, 2000-2001a]

2000

October Storm disasters in Valais, highest water levels in Lago Maggiore since 1868

November Unsettled in the north, mild with foehn winds, extremely wet in the south

December On the north side of the Alps and in Valais: extremely mild and very little precipi-
tation

Year overall  Unusually warm, extreme autumn rain in the south and in Valais

1999

January Mild with foehn winds. Lack of snow on the north-alpine slopes, little sun in the
south

February Very mild in the first half of the month; not much fog in the lowlands

March Rainy and mild; record amounts of precipitation north of the Alps

April Changeable in the south, cold and wet in the north; return of delayed winter

May Sunny, dry and extremely warm

June First wet and cool, then sunny and warm in the last third of the month

July Cool and rainy at mid-month, midsummer conditions in the last third of the month

August Very warm, abundant sunshine on the north side of the Alps, generally too dry

September Very cool; unusually dull on the north side of the Alps

Year overall  Warm and quite sunny in the lowlands, wet on the north side of the Alps

Temperature

Once again in 2000/01, most months had above-average high temperatures. December, January,
February, March, May and August were clearly too warm, yet somewhat less distinctively so at
higher elevations. In contrast to this are only two months, April and September, that were clearly
colder than the long-term average. The trend in past years toward higher average annual tempera-
tures continued. And during the summer months significant for radiation intensity: May and June for
snowmelt and July to September for melting-out, the values were again between 1.0° and 2.5°C
above average (Figure 1.2b).
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Precipitation

The 1999/2000 period, which had normal levels of precipitation, was followed by 2000/01 with
above-average amounts. Autumn 2000 was very wet, especially in the south, while in the remaining
period abundant precipitation was recorded on the north side of the Alps. Everywhere in Switzer-
land the months of October, November, January and March were too wet, while only May and
August were too dry in all areas. Deviations extend over a relatively broad span of + 10 to + 70 %,
with maximum amounts clearly over + 100 %. A number of prolonged advection situations from
the south-westerly direction led to large amounts of snow on the south side of the Alps, in particu-
lar in the mountains of western Ticino and in Engadine (Figure 1.2a).

Sunshine duration

After the period of abundant sunshine in 1999/2000, sunshine duration for the 2000/01 period
under review was well below average. Aside from the mountain regions of northern Grisons, stan-
dard values were obtained at higher elevations. May, June and August were above-average sunny,
whereas October, November, December 2000 and March, April and September 2001 were sun-
poor in the entire Swiss Alps. In spite of the lack of sunshine, however, above-average temperatures
were recorded (Figure 1.2b).

1.3 Climate in 1999/2000 and in 2000/2001, Summary
Deviation from the mean value 1901-1960

The regional differences in the important cli-
matic elements for the mass balance of the gla-
ciers are illustrated in the Figures 1.1 and 1.2
(preceding pages) on the basis of the annual
precipitation and the summer air temperatures
[MS, 1999-2001b].

Photo 1.1:

View of Allalingletscher after the break-off of a
large section of the tongue (approximately
1 million m3) on July 315 2000. The remaining
tongue is visible at the top. In the foreground at
the bottom of the slope is the huge pile of
accumulated ice blocs.

(Photo: Archives VAW)




2 Length Variations

2.1 Introduction

Of the 121 glaciers registered in the observation network, 108 are currently being actively obser-
ved (Figures 2.1a+b, 2.3a+b and Table 2.1). The other glaciers (compare Table 2.1, footnote g) have
melted back drastically, and are often debris-covered, on one hand, with the result that it is simply
not possible to carry out a proper survey at yearly intervals. On the other hand, a number of gla-
ciers (compare Table 2.1, footnote h) were observed only at irregular intervals, and produced indivi-
dual measurement values that were very imprecise, which certainly does not justify preserving these
figures in the charts and analyses.

2.2 Length Variations in 1999/2000

In the case of 88 of the 95 glaciers visited, changes in glacier position could be determined during
the period under review. While just 5 of the termini advanced, and 4 remained stationary (+ 1 m),
79 glaciers, the vast majority, retreated (Figures 2.3a). The greatest advance was recorded by the
Turtmanngletscher with + 4.8 m, and the greatest retreat by the Allalingletscher at - 218 m.

There is a special reason for the massive retreat of the Allalingletscher. In July 2000, almost the entire
tongue, with over 1 million m3 of ice, fell down over the protruding steep rock face into the valley.
A similar event (but with approx. three times the volume) and claiming 88 lives at the time, occur-
red in 1965 during the construction of the Mattmark dam. Thanks to the comprehensive observati-
on programme that has been in place since, it was possible to ascertain as early as the mid-1990s
that the Allalingletscher had again reached a similar starting point, which meant that another such
ice slide event was to be expected. The protective measures and blockades set up proved to be ade-
quate and a re-occurrence of this disastrous event was prevented [Funk-Salami, 2001].

In addition to Allalingletscher, the Glacier de Trient showed extraordinary retreat, at - 180 m. A con-
tinuous period of advance by the Trient from the early sixties to the late eighties was followed in the
nineties by a massive recession, with a very high final measurement (Table 2.1). The rest of the large
length variations determined in the period under review lie in the range of approx. - 50 m. The
mostly negative measurement values from the smaller glaciers, which naturally react quickly to cli-
matic changes, indicate that the one-time, abundant amounts of snow in the winter of 1998/99 can
hardly be said to have had a positive effect. The results are very inconsistent. There is no reason to
assume that a trend can be identified, as a possible signal cannot be recognized due to coarse reso-
lution of the measurements.

There is, at present, a rapid decay of the glacier tongue at Triftgletscher (Photos 5.7 - 5.9) in the
Susten-/Grimsel region (Gadmer valley). The tongue flows through a narrow passage from the accu-
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mulation zone over a steep drop and extends far down (to about 1660 m a.s.l.). This is one of the
lowest-reaching tongues in the Swiss Alps, which, until a few years ago, ended at a rock barrier. This
flatly-spread tongue region has melted back strongly in recent years, lost a great amount of mass,
no longer extended as far as the rock band, and a natural lake formed at its edge. For this reason, it
must be expected that the tongue will continue to retreat rapidly. Due to the difficult access to the
terminus area and the negligible variations along the edge of the retaining rock barrier, there are,
unfortunately, only scant measurements available of the length variations.

2.3 Length Variations in 2000/2001

Once again in 2000/01, the year under review, the majority of Swiss glaciers were in retreat. In spite
of the early onset of winter, and the long period of adverse weather in September, 99 of the 108 gla-
ciers under active observation were able to be visited and the length variation of 91 of them deter-
mined (Table 2.1 and Figure 2.3). The overwhelming majority of 76 were in retreat, while 6 remai-
ned stationary (+ 1 m), and just 7 tongues were advancing. The maximum amounts recorded indi-
cate an advance of + 103 m at the Surettagletscher and a retreat of about - 250 m at the Triftglet-
scher.

The extraordinarily high maximum value of the small Surettagletscher in Rheinwald does not indi-
cate a true advance of the glacier tongue. For several years, residues of multi-year-old snow have
been left at the tongue, which had taken on distinct firn characteristics, and thus are now conside-
red part of the glacier. During this period, the glacier never again lost its snow cover. This behaviour
is in contrast to an actual advance of the glacier, during which a mass surplus is built up in the accu-
mulation zone as a result of long-term cool weather conditions with abundant precipitation. The
altered mass conditions trigger a dynamic reaction of the glacier extending, with a time delay, to the
tongue of the glacier.

At the Triftgletscher in the Susten-/Grimsel region (Gadmer valley) the changes continue to be very
interesting (Photos 5.7 - 5.9). Last summer the lake that formed in recent years got bigger, and a
channel divided the tongue in two. The lake further accelerates the melting back of the tongue,
which is clearly revealed by the maximum recession value measured.

Considerable retreat activity was recorded not only at the Triftgletscher, but also at the Fee- and
Roseggletscher, and in the two latter cases, a development from the previous periods was continued
in a somewhat intensified form. The remaining major length variations determined in the period
under review lie in the range of - 50 m. The individual positive values cannot be directly explained
by the reaction to the climatological conditions such as the large amounts of snow in the southern
regions. They are more a reflection of the greater fluctuations in the measurement values, in parti-
cular in the case of small glaciers with shorter reaction times.
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2.4 Length variations in 1999/2000 and in 2000/2001, Summary

Table 2.1: Length variations in 1999/2000 and in 2000/2001

No. 2 Glacier Ct. b Length variation ©  Altitude ¢ Date of measurement
[m] [m a.s.l] [Day, Month]
1999/2000 2000/2001 2001 1999 2000 2001
Catchment area of the Rhone (1I)
1ef Rhone VS - 59 - 6.1 2193.4 9.09. 23.08. 23.08.
2¢ Mutt VS -111.8% - 48 262290 p 20.09. 13.09.
3¢ Gries VS - 22.7 - 13.0 2389.2 9.09. 25.08. 23.08.
4ef Fiescher VS - 84 - 11.6 1681 20.09. 20.09. 17.09.
5ef Grosser Aletsch VS - 185 - 47.8 1557.1 27.10. 23.08. 23.08.
1068 Mittelaletsch VS n n 2294 92 n n n
6 Oberaletsch VS n - 14.4 22 21.09. n 18.09.
7ef Kaltwasser VS - 9.8 + 13.1 2660 92 12.10. 18.09. 5.10.
88 Tilliboden VS n n n n n
98 Ofental VS n n n n n
10¢ Schwarzberg VS - 11 - 20 2658 2.09. 5.09. 24.08.
11ef Allalin VS -218 - 95 2590 2.09. 5.09. 24.08.
12¢ Kessjen VS - 13 + 1.5 2868 2.09. 5.09. 24.08.
13ef Fee (Nord) VS - 36.8 -209.4 2100 29.09. 28.09. 30.10.
14t Gorner VS n - 2932 2150 20.10. n 26.09.
1586 Zmutt VS n n n n n
16¢ Findelen VS - 58.5 n 2492.0 2.09. 8.09. n
1070 Bis VS n n n n n
17 Ried VS - 31.5 - 324 2067 22.09. 21.09. 17.09.
18ef Lang VS - 31 - 53 2060 29.10.  3.11. 15.11.
19 f Turtmann VS + 48 - 1.4 22629 24.09. 18.09. 5.10.
20¢ Brunegg (Turtmann Ost) VS - 11.5 - 8.5 246899 24.09. 18.09. 5.10.
21 BellaTola VS - 23 - 45 23.09. 17.09. 6.10.
22ef Zinal VS - 18 -5 2040 3.10. 22.10. 6.10.
23 Moming VS - 29 - 90 2580 3.10. 22.10. 6.10.
24 ¢ Moiry VS - 5 - 6 2390 3.10. 25.09. 3.10.
25 f Ferpecle VS - 15 -5 2095 83 17.10.  8.10. 23.09.
26  Mont Miné VS - 20 - 25 1963 83 17.10.  8.10. 23.09.
27 f Arolla (Mont Collon) VS - 14 - 20 2135 83 10.10.  8.10. 23.09.
28 f Tsidjiore Nouve VS - 17 - 12 2205 8 10.10.  8.10. 23.09.
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No. @ Glacier Ct.» Length variation ¢ Altitude 9 Date of measurement
[m] [m a.s.l] [Day, Month]
1999/2000 2000/2001 2001 1999 2000 2001
29¢ Cheillon VS - 6.5 - 1.7 2650 10.09. 27.09. 3.10.
30¢ En Darrey VS st st 2440 10.09. 27.09. 27.09.
31¢ Grand Désert VS - 13.4 - 29.2 2760 92 12.09. 10.09. 6.10.
32 ¢ Mont Fort (Tortin) VS - 3.2 - 10.2 2780 92 5.09. 10.09. 14.10.
33 f Tsanfleuron VS - 5 - 30 22.10. 29.08. 14.09.
34¢ Otemma VS - 343 - 242 2460 93 9.10. 17.09. 6.10.
35¢ Mont Durand VS + 1.4 - 2.2 2340 9 12.09. 18.09. 8.10.
36¢ Breney VS - 15.9 - 55.7 257593 10.10. 9.09. 5.10.
37¢ Giétro VS - 29 - 7.0 2524.8 2.09. 5.09. 5.10.
38¢ Corbassiere VS - 95 - 13.6 2189.7 2.09. 5.09. 17.10.
39 f Valsorey VS n - 422 23959  12.10. n 16.10.
40 Tseudet VS n - 92 2448.5 12.10. n 16.10.
41  Boveyre VS n - 1822 2616.5 8.10. n 5.11.
42 T Saleina VS n - 322 1764 1.09. n 8.10.
108h Orny VS n n n n n
43ef Trient VS -180 - 30 1900 ca. 31.10. 2.09. 15.09.
44 ¢ Paneyrosse VD st - 4.6 25.09. 5.09. 17.10.
45 T Grand Plan Névé VD - 2.6 - 53 24.09. 5.09. 17.10.
46N Martinets VD n n n n n
47¢ Sex Rouge VD - x - 1.5 n 24.08. 27.08.
48¢ Prapio VD - x - X 23.09. 20.08. 27.08.
49h Ppierredar VD n n n n n
Catchment area of the Aare (la):
50 Oberaar BE n n 2300 9 n n n
51ef Unteraar BE - x n 1930 9 8.09. 11.08. n
52¢ Gauli BE - 11 - X 2115 15.10. 13.09. 9.10.
53¢f Stein BE - 16 - 14 1936 15.09. 23.09. 27.09.
54 ¢ Steinlimmi BE - 15 - 18 2096 15.09. 23.09. 27.09.
55¢ Trift (Gadmen) BE - 50ca. -250ca. 1710ca. 16.09. 6.10. 26.08.
56N Rosenlaui BE n n n n n
57¢f Oberer Grindelwald BE - 50ca. - x 17.10. 29.10. 27.10.
58 f Unterer Grindelwald ~ BE - x - X 17.10. 22.10. 27.10.
59¢ Eiger BE - 294 - 4.1 2194 23.09. 14.09. 21.09.

10
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No. 2 Glacier Ct. b Length variation ¢ Altitude 9 Date of measurement
[m] [m a.s.l] [Day, Month]
1999/2000 2000/2001 2001 1999 2000 2001
60¢ Tschingel BE - 2.8 - 5.2 2266 24.09. 15.09. 28.09.
61 f Gamchi BE - 7.6 - 54 1950 25.09. 24.09. 14.10.
109¢ Alpetli BE - 103 - 3.8 225093 17.09. 14.09. 27.09.
110" Lotschberg BE n n n n n
62 ¢ Schwarz VS - X - X 2245 17.09. 19.09. 28.09.
63 ¢ Lammern VS - 11.7 - 1.5 2530 18.09. 23.09. 25.08.
64¢! Bliimlisalp BE - 32 - 95 225097 14.09. 19.09. 2.10.
111¢ Ammerten BE - 1.5 st 2350 ca. 11.09. 5.10. 30.09.
65 ¢ Ratzli BE st - 2450 14.09. 26.09. 16.10.
112¢8 Dungel BE 14.10. n n
113%8 Gelten BE 24.09. n n
Catchment area of the Reuss (Ib):
66 ¢ Tiefen UR - 16.6 - 7.5 2520 97 9.09. 24.09. 6.10.
67 ¢ Sankt Anna UR - 11.1 n 2580 91 14.09. 14.09. n
68¢f Kehlen UR - 33.2 - 25.8 2140 8.10. 5.10. 5.10.
69 ¢ Rotfirn (Nord) UR - 124 - 18.2 2030 97 8.10. 5.10. 5.10.
70¢ Damma UR - 20.8 - 6.7 2080 99 28.10. 19.10. 15.10.
71ef Wallenbur UR - 4.6 - 34 2250 15.09. 30.10. 16.10.
72 f Brunni UR n n n n n
73et Hifi UR - 892 - 256 1640 92 n 23.10. 12.10.
74 ¢ Griess UR - 4.2 st 222399 18.09. 18.10. 12.10.
75¢ Firnalpeli (Ost) ow - 25 n 2180 %7 19.09. 24.08. n
76 ¢ Griessen Oow - 8»3a 6.3 2510 97 n 14.09. 18.10.
Catchment area of the Linth / Limmat (Ic):
77 ¢ Biferten GL - 9.8 - 9.0 1949.3 11.09. 26.08. 6.10.
78¢ Limmern GL n - 9,54 2215 n n 20.10.
114 ¢ Plattalva GL n - 11.64 2530 n n 19.10.
79¢ Sulz GL + 4.4 - 93 1798 12.10. 25.09. 6.10.
80¢ Glarnisch GL - 8.6 - 2.5 2297.5 9.10. 29.09. 25.08.
81¢f Pizol SG st n 2600 94 1.10. 20.09. n
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No. 2 Glacier Ct. b Length variation ¢ Altitude 9 Date of measurement
[m] [ma.s.l] [Day, Month]
1999/2000 2000/2001 2001 1999 2000 2001
Catchment area of the Rhine / Lake Constance (Id):
82 lLavaz GR n n 2260 19.10. n n
83ef Punteglias GR n - 15.622 2350 11.09. n 27.10.
84¢f Lenta GR - 17.3 - 25 2320 29.10. 27.09. 8.10.
85¢ Vorab GR - 482 n 261599 13.09. 11.09. n
86&f Paradies GR - 3.1 + 44 2680.2 8.09. 8.09. 11.09.
87¢ Suretta GR - 12 +103.2 2165 10.09. 14.09. 28.09.
115 ¢ Scaletta GR - 5 + 46 258099  15.09. 26.08. 7.09.
88ef Porchabella GR - 6.6 st 2641.2 17.09.  6.09. 10.10.
89¢ Verstankla GR - 15 - 53 238099  30.08. 29.08. 27.08.
90¢ Silvretta GR - 2.0 sn 2465 1.11.  9.09. n
91ef Sardona SG + 1.1 n 2500 ca. 29.09. 14.09. n
Catchment area of the Inn (V):
92¢f Roseg GR - 54.1 -118 2159 93 6.10. 5.10. 17.10.
93¢ Tschierva GR - 53.1 - 46.7 2221 6.10. 5.10. 17.10.
94ef Morteratsch GR - 29.6 - 26.4 2020 99 7.10.  4.10. 17.10.
95¢ Calderas GR - 8.1 - 1.7 2743 16.09. 30.08. 27.08.
96°¢ Tiatscha GR - 189 + 132 2510 16.10. 28.10. 16.10.
97 ¢ Sesvenna GR - 1.7 - 80 276093 28.10. 14.10. 16.10.
98¢ Lischana GR  sn - 172 275093  25.09. 14.10. 6.10.
Catchment area of the Adda (1V):
99¢ Cambrena GR - x - 82 2518 3.09. 22.09. 13.09.
100¢ Palii GR - 57 + 95 2325 3.09. 12.09. 18.09.
101 € Paradisino (Campo) GR - x - 7.5% 2825 n 22.09. 22.09.
102 f Forno GR - 224 - 21.0 228099  22.09. 25.08. 7.09.
116N Albigna GR n n 2163 1 n n n
Catchment area of the Ticino (I1I):
120¢ Corno T - 33 - 83 2550 24.09. 24.08. 13.09.
117¢ Valleggia T - 77 - 30 242597 2.09. 5.09. 3.09.
118¢ Val Torta T - 19.1 st 2500 31.08.  4.09. 3.09.
103 ¢ Bresciana Tl - 234 - 140 2810 23.09. 1.09. 25.10.
119¢ Cavagnoli T - 112 - 10.5 2530 6.10. 27.09. 28.08.
104 ¢ Basodino T -196 - 3.0 2540 5.10. 26.09. 11.10.
121¢ Croslina T - 3.6 st 2680 14.10. 29.08. 12.10.
105¢f Rossboden VS + 33 - 1.8 19209 15.10. 13.10. 3.10.
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Legend and Remarks

Abbreviations

+ advancing X value not determined
st stationary, + 1 m n not observed

- retreating sn snowed in
Remarks

a Identification number of the glacier in the observation network (see Figure 2.3a and b).

b If a specific glacier is situated in more than one canton, the canton indicated in the table is the
one where the observed glacier tongue lies.

c If the value given relates to more than one year, the number of years is indicated as follows:
-23 42 = Decrease of 23 meters within 4 years.

d If the altitude of the glacier tongue is not measured in 2001, the year of the last measurment is
indicated: 2522 99 = 2522 m above sea level, measured in the year 1999.

e Compare Appendix I: Remarks on individual glaciers.

f  Glacier with nearly complete data series since the beginning of the measurements at the end of
the 19t century and one of the 38 glaciers selected in Figure 2.1a,b.

g Glaciers which have melted back drastically, often debris-covered, making it impossible to carry
out a proper survey at yearly intervals.

h Glaciers which are observed only at irregular intervals and/or yield imprecise measurement
values, which does not justify preserving these figures in the charts and analyses.
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Photos 2.1:
Ghiacciaio del Basodino (Ticino).
(Photos: Archives VAW / Sezione forestale cantonale TI)

a) 1971

b) 1997
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a) 1971
Photos 2.2:
Cambrenagletscher (Grisons).
(Photos: Archives VAW / A. Godenzi)
b) 2001
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2.5 Length variations - Statistics for 1880-2001

The long-term development of glaciers in Switzerland is illustrated by taking a selected sample from
the Swiss glacier network (Figure 2.1a,b), and the cumulative glacier length variations which have
been classified according to length (Figures 2.2a-d).

The dynamic response to climatic forcing of glaciers with variable geometry involves striking diffe-
rences in the recorded curves (Figures 2.1b and 2.2a-d) [Hoelzle et al., 2000 and 2002]. Such dif-
ferences reflect the considerable effects of size-dependent filtering, smoothing, and enhancing of
the delayed tongue response with respect to the undelayed input (mass balance) signal. As a con-
sequence, the still-popular straight averaging of annual length-change data presented here as annual
percentages of advancing and retreating glaciers obscures essential aspects of the observed signal
and should be interpreted carefully.

In order to avoid having a glacier sample whose scope changes annually, not all glaciers were inclu-
ded in Figure 2.1a,b. Thirty-eight glaciers were selected as a sample with nearly complete series
since the beginning of the measurements at the end of the 19th century. In Table 2.1, these 38 gla-
ciers are indicated by a footnote. The glaciers are assigned to three classes: advancing, stationary
and retreating. The sample is dominated by medium-sized glaciers (length between 1 to 5 km). The
typical response time of these glaciers is in the order of decades, and the periods of advance, such
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Figure 2.1a:  Yearly classification of glacier length behaviour (advancing, stationary and retreating)
of 38 selected glaciers (cf. Table 2.1).
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as those in the 1920s and the 1980s, can be seen clearly. For the purpose of intercomparison, values
of cumulative length change are presented with respect to size categories chosen in a way to opti-
mally reflect common characteristics of the tongue-reaction signal. Figure 2.1b shows the annual
and individual length change of all 38 selected glaciers. It is well recognized that large glaciers,
such as Grosser Aletschgletscher, show continuous retreat since 1880, in contrast to the smaller gla-
ciers such as Pizolgletscher, with its highly variable behaviour.

Glacier Glacier
Name  Glacier Length class A: L > 10 km Length
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Glacier Length class B: L 5 to < 10 km
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Figure 2.1b:  Individual yearly patterns of the same 38 selected glaciers (displayed in the descen-
ding order of glacier length and grouped into four glacier length classes A-D; cf. Figu-
res 2.2a-d).
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Figures 2.2a-d: Summary of yearly length variations (in m) for glaciers in various length categories:
Figure 2.2a:  Large valley glaciers with a length of more than 10 km.
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Figure 2.2b:  Smaller mountain glaciers with a length of 5 — < 10 km.
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Figure 2.2d:  Very small cirque glaciers with a length of less than 1 km.
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2.6 Glacier observation network
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Figure 2.3a:  Observed glaciers in 2000.
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3 Mass Balance

3.1 Introduction, cumulative mean specific net balances

Detailed, extensive mass balance data was collected using the glaciological method for the Gries-
gletscher (Photos 5.5 and 5.6), Silvrettagletscher and Ghiacciaio del Basodino (Photos 2.1a,b) in
Switzerland (Figure 3.1). The annual cumulative mean specific net balances of these observation
series are presented in Figure 3.2. The long-term trends are very well recognizable. The strong mass
loss in the 1940s and '90s in particular is remarkable. In addition, the increase in the '60s and '70s
of the 20t is notable. In addition, individual point measurements were taken of the mass variation
at Claridenfirn (Chapter 3.8), Glacier de Giétro and Glacier de Corbassiere (cf. also Chapter 4). The
mass budget provides very detailed information and in particular immediately reveals the climatic
influences.

Nevertheless, the mass budget of the entire Aletschgletscher will in future no longer be determined
on the basis of the hydrological method. The method used involves so many large uncertainties and
errors that it is considered to be only of limited value. Conversely, the point measurements of the
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Figure 3.1:  Investigated glaciers for mass balance, including point measurements (Chapter 3),
velocities (Chapter 4) and selected glaciological research projects (Chapter 5).
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mass changes are of much greater significance with regard to the answers they provide to questions
relating to climate.

The Griesgletscher and Silvrettagletscher also belong to the international observation network, to-
gether with approximately 50 glaciers whose mass balance is observed in worldwide cooperation
with the Global Terrestrial Observing System (GTOS) lead by the World Glacier Monitoring Service
[Dyurgerov 2002; IAHS (ICSI) - UNEP - UNESCO, 1991; 1993a+b; 1994; 1996; 1998; 1999 and
2001]. Results of first analyses of Ghiacciaio del Basodino including an evaluation of thickness
changes using 8 different topographic maps dating back to 1851 are published in Kappenberger et
al. [1995], Aellen et al. [1996], and Kappenberger and Aellen [1998].
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Figure 3.2:  Cumulative mean specific net balance over the whole observation period for the gla-
ciers Silvretta, Basodino and Gries.

3.2 Mass Balance in 1999/2000

The Griesgletscher in the Nufenen region and the Ghiacciaio del Basodino in Ticino experienced a
major loss in mass, whereas the Silvrettagletscher mass balance in the Prattigau valley was even
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slightly positive. The values of the mean, specific mass balance were - 847 mm at Gries, - 780 mm
at Basodino and finally, + 218 mm at Silvretta (Figure 3.2 and Table 3.1 and 3.2a-c). Compared with
the previous measurements, all the values are lower than in the last period with abundant snow in
winter and higher than in the second-most recent period with drastic melting in summer. However,
the finished year under observation had spatial characteristics similar to the one before it. While
both the Ghiacciaio del Basodino and Griesgletscher, which are exposed to weather influences from
the south, continue to suffer distinctive mass losses, the Silvrettagletscher north of the main Alpine
ridge showed a positive result for the second time, a trend also reflected by the point measurements
of the mass variation (unpublished data). A slight drop can be detected between the average values
in the north and the rather lower values in the south (Valais).

3.3 Mass Balance in 2000/2001

The Ghiacciaio del Basodino in Ticino clearly gained mass, while the Griesgletscher in the imme-
diate vicinity has an almost completely even mass balance. The analytic data for the Silvrettaglet-
scher in the Prattigau valley located on the northern side of the Alps also showed a positive mass
balance. The values of the mean, specific mass balance of water equivalent are: + 620 mm at Baso-
dino, - 55 mm at Gries and + 858 mm at Silvretta. In comparison with the previous measurement
periods, all of the values are higher, not only in terms of the most recent, but also the second-most
recent periods with abundant snow in winter (Figure 3.2 and Table 3.1 and 3.2a-c).

Both the Ghiacciaio del Basodino and the Griesgletscher are subject to weather influences mainly
from the south. The results clearly reveal the effects of the large amounts of snowfall during the last
winter on the south side of the Alps. At Basodino, the smaller of the two glaciers, the snow accu-
mulation over the winter season had a definite positive effect. In addition to the size and at the same
time the higher elevation band, it is very likely that the dust and the fine-grained debris found on
the tongue of the glacier, which serve to intensify melting, are responsible for this difference. In the
previous periods, both glaciers suffered enormous mass losses.

The situation is rather different at the Silvrettagletscher, where the positive tendency which began in
previous years was continued. During the 2000/01 period under review, it profited less from the
snow depositions during the winter than from the longer periods of adverse weather in the summer
and the relatively early onset of the winter season in the autumn. This is possibly one of the reasons
that the 2000/01 result was more positive than the one from 1998/99 with the extreme amounts of
snowfall in this region. It will be interesting to see in what way this 3-year trend of positive mass
balances will affect the dynamic reaction of the glacier. For the time being the tongue is retreating,
yet it is slowly building up a decisive mass surplus in the accumulation zone.

The additional point measurements (unpublished data) complete the spatial overview. The results of
the mass variation are much more positive compared with the previous period, and are spread out
equally over the entire Swiss Alpine region, with no discernible gradient along or across the main
ridge of the Alps.
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3.4 Summary Tables

Table 3.1: Summary Table (area, mean specific net balance, ELA, ELAy, AAR, AARy).

Glacier area bgo bo1 ELAgo ELAQ1 ELAg  AARpy AARp; AAR(
[km2]  [mm] [mm] [mas.l] [mas.l] [masl] [%] [%] (%]

Gries 6.194 @ -3847 - 55 3009 2897 2834 38 57 56

Silvretta 3.009P +218 +858 2751 2661 2758 59 78 56

Basodino 2.37/2.28 ¢ - 782 +620 3000 2765 2883 15 76 47

a Measured in
b Measured in
¢ Measured in

Table 3.2a:

Griesgletscher

Measuring period: 10.9.1999-12.9.2000; 12.9.2000-1.10.2001

1991.
1994.
1991, respectively in 2001.

Griesgletscher — Specific net balance 1999/2000 and 2000/2001 versus altitude and
stake values.

cf. Figure 3.3a

Altitude Area Specific net balance Stakes Year
1991 1999/2000 2000/2001 1999/2000 2000/2001

[m a.s.l.] [km?2] [mm] [mm] [mm] [mm]
2400 - 2500 0.153 -3956 -3030 1T -1170 - 1200
2500 - 2600 0.805 -3248 -2352 2 -1040
2600 - 2700 0.619 - 2540 -1675 3+ 210 +1350
2700 - 2800 0.457 -1832 - 997 4
2800 - 2900 0.658 -1124 - 320 5
2900 - 3000 0.994 - 416 + 358 6 -2790 - 1540
3000 - 3100 1.600 + 292 +1035 7 -2230
3100 - 3200 0.692 +1000 +1713 8 -3360 -2500
3200 - 3300 0.206 +1708 +2391 9
3300 - 3400 0.010 +2416 +3068 10
2400 - 3400 6.194 - 847 - 55
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Table 3.2b:  Silvrettagletscher — Specific net balance 1999/2000 and 2000/2001 versus altitude
and stake values.

Silvrettagletscher

Measuring period: 10.9.1999-12.9.2000; 12.9.2000-12.710.2001 cf. Figure 3.4a

Altitude Area Specific net balance Stakes Year

1994 1999/2000  2000/2001 1999/2000 2000/2001

[m a.s.l.] [kmZ2] [mm] [mm] [mm] [mm]
2400 - 2500 0.021 - 1865 - 1436 1 +1700
2500 - 2600 0.370 - 1246 - 754 2 +1100 +2300
2600 - 2700 0.451 - 626 - 72 3 +1890
2700 - 2800 0.770 -7 + 610 4 + 460 +1340
2800 - 2900 0.623 + 613 +1291 5 + 150 + 810
2900 - 3000 0.596 +1232 +1973 6 - 420 - 840
3000 - 3150 0.178 +1852 +2655 7 -1100 - 620

8 -1600 - 480

2400 - 3150 3.009 + 218 + 858

Table 3.2c:  Ghiacciaio del Basodino — Specific net balance 1999/2000 and 2000/2001 versus
altitude and stake values.

Ghiacciaio del Basodino

Measuring period: 6.10.1999-25.10.2000; 25.10.2000-8.9.2001 cf. Figure 3.5a
Altitude Area Specific net balance Stakes Year
1991/2001 1999/2000 2000/2001 1999/2000 2000/2001

[m a.s.l.] [kmZ] [mm] [mm] [mm] [mm]
2600 - 2700 0.31/0.24 - 2600 -1100 1 -1900 - 1600
2700 - 2800 0.47/0.45 - 1800 - 16 2 -2400 - 300
2800 - 2900 0.55 - 700 + 580 3 + 100 - 150
2900 - 3000 0.56 - 100 +1120 4 - 900 - 150
3000 - 3100 0.48 + 500 +1540 5 - 100 +1000
2600 - 3100 2.37/2.28 - 782 + 620 8+ 500 1540
9 + 250
10 - 200
11 - 500
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3.5 Griesgletscher (Aegina)
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Figure 3.3a:  Topography and observational network of the Griesgletscher.
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Figure 3.3b:  Specific net balances 1999/2000 and 2000/2001 versus altitude.

26




3. MASS BALANCE

AAR =56 + 0.032 b; R2=0.94

100 T T T T T T T T T T T T
- Gries ®
80 3
! 5 AAR = 56% / o |
| O@ (06}
i 2000/2001 Yo i
— 60 ]
§' - — — — e —_— ——_— - o — = = = =
x 1999/2000 1
< 40
i o) é§>¢c> i
e S| @ ’
20| 9 =1 & |
O 7\ L L L L L L L L L L L L ]
-1500 -1000 -500 0 +500 +1000 +1500

mean specific net balance, b [mm]

Figure 3.3c: Accumulation area ratio (AAR) versus mean specific net balance for the whole obser-
vation period.
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Figure 3.3d:  Equilibrium line altitude (ELA) versus mean specific net balance for the whole obser-
vation period.
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3.6 Silvrettagletscher
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Figure 3.4a:  Topography and observational network of the Silvrettagletscher.
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Figure 3.4b:  Specific net balances 1999/2000 and 2000/2001 versus altitude.
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Figure 3.4c:  Accumulation area ratio (AAR) versus mean specific net balance for the whole obser-
vation period.

ELA =2758 +-0.21 b; R2=0.98

Silvretta |

3200

¢)
3000 | O\OO&
| 0NN ELA = 2758 m
%

E i o, ]
< 2800 TR0 1999/2000
d F - =-"=-=-"-"=-"=-"="==-== CZ' - — T = = = =T = ===
B OO
i O%\Q O 2000/2001
-~
2600 5
| O \O -
~ o
[ S, + T~ |
2400 L L L L L L L L L ! L L L L L L L L 1 L
-1500 -1000 -500 0 +500 +1000 +1500

mean specific net balance, b [mm]

Figure 3.4d:  Equilibrium line altitude (ELA) versus mean specific net balance for the whole obser-
vation period.
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3.7 Ghiacciaio del Basodino (Ticino)
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Figure 3.5a:  Topography and observational network of the Ghiacciaio del Basodino.
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Figure 3.5b:  Specific net balances 1999/2000 and 2000/2001 versus altitude.
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Figure 3.5¢c: Accumulation area ratio (AAR) versus mean specific net balance for the whole obser-
vation period.
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Figure 3.5d:  Equilibrium line altitude (ELA) versus mean specific net balance for the whole obser-
vation period.
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Table 3.3:  Ghiacciaio del Basodino — Summary Table (mean specific net balance, ELA, AAR) for

the whole observation period.

91/92 92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/2000 00/01

b [mm] +350 - 80 +440 +610 +170 - 210 -1070
ELA [m a.s.l.] 2840 2845 2800 2785 2820 2865 >3200
AAR [%] 57 55 67 70 62 51 0

- 440 - 780 + 620
3100 3000 2765
5 15 76

Table 3.4:  Ghiacciaio del Basodino - Specific net balance versus altitude for the whole observation

period.
Altitude Area? Specific net balance

1991/2001 92/93 93/94 94/95 95/96 96/97 97/98 98/99 99/2000 00/01
[m a.s.l.] [km?2] [mm]  [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm]

2600 - 2700 0.31/0.24 -2300 -1350 -1200 -1500 -2000 -2200
2700 - 2800 0.47/0.45 -1450 - 400 - 600 - 550 -1100 - 1400
2800 - 2900 0.55 + 150 + 400 +1000 + 200 - 100 -1050
2900 - 3000 0.56  + 900 +1250 +1500 + 900 + 600 - 650
3000 - 3100 0.48  +1280 +1540 +1500 +1050 + 750 - 550

1800 -2600 -1100
720 -1800 - 20
180 - 700 + 580
100 - 100 +1120

0 + 500 +1540

2600 - 3100 2.37/2.28 - 80 + 440 + 610 + 170 - 210 -1070

440 - 780 + 620

a Until the year 2000, the mean specific net balances were calculated based on a total glacier area of

2.37 km?, and from the year 2001 onward based on an area of 2.28 kmZ.

32




3. MASS BALANCE

3.8 Point measurements on Claridenfirn

Introduction

Measurements of the snow and firn accumulation, as well as of precipitation values in the accu-
mulation area of the Claridenfirn, have been undertaken by various researchers since 1914. By dig-
ging a snowpit down to the layer of ochre applied the previous autumn and measuring the water
equivalents, mass balances were determined every autumn since 1957 and also regularly in spring
at two plateau locations at altitudes of 2700 and 2900 m a.s.l.

The reports dealing with the years 1914 to 1978 are published in Kasser et al. [1986]. The method
of measurement and the results from the period 1914-1984 are published in Miiller and Kappen-
berger [1991].

Investigations in 1999/2000

The spring measurements were done on May 14, Both stakes were not visible. The guardien of the
Claridenhiitte placed a temporary stake for the lower one. The fall measurements were done on Sep-
tember 17, There was no new snow (Table 3.5).

Investigations in 2000/2001
The spring measurements were done on May 13" and the fall ones late in the year on Octobre 17th.
Fortunately, the snow from early Septembre was almost melted away (Table 3.6).

Table 3.5:  Snow and firn accumulation, change in thickness and movement of the Claridenfirn
in 1999/2000.

Measuring period Measuring site Snow or firn increase Change in  Horiz.
stake altitude thickness movement

from to [m a.s.l.] [cml  [cmw.el] [g/cm?] [m] [m]

Winter

3.9.1999 - 14.5.2000 lower 2700 448 212 0.473

3.9.1999 - 14.5.2000 upper 2900 437 2