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Summary

During the 131th and 132th year under review by the Cryospheric Commission, Swiss glaciers

continued to lose both length and mass. Both periods were characterized by small amounts of

snow accumulation during winter and moderate melt rates in summer. The results presented in

this report reflect the weather conditions in the measurement periods as well as the impacts of

ongoing atmospheric warming over the past decades.

In autumn 2010, a length variation was determined for 95 of the 114 glaciers currently under active

observation, while one year later such a result was obtained for 98 glaciers. In the two observation

periods, 2009/10 and 2010/11, Swiss glaciers experienced further losses in length. Most of the

measurement values vary between 0 and -30 m in both of these periods. Several glaciers displayed

extraordinarily high retreat values in a single year in one of these two measurement periods. These

can be attributed either to the separation of a protruding mass of dead ice, or to the melting of

sections of the glacier that had constantly been growing thinner over a number of years.

Detailed mass balance figures were obtained for these eight glaciers: Basòdino, Findelen, Gries,

Pizol, Plaine Morte, Rhone, Silvretta and Tsanfleuron, and point measurements were taken at

several additional glaciers. The glaciers experienced significant mass losses especially in the second

period, which ranks as about the fifth most negative in the long-term statistics.

Flow measurements were taken at selected glaciers in the Mauvoisin and Mattmark regions. The

trend continued toward diminishing velocities, a clear reflection of the reduction in ice thickness

due to lasting negative mass balances of the glaciers.

As a consequence of rapid changes over the last decade, an update of the inventory with surface

area and additional parameters has been analyzed based on aerial orthophotographs acquired by

swisstopo between 2008 and 2011. Selected results with a focus on the glaciers observed as part

of the Swiss monitoring programme are presented.
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5.3 Glacier de Corbassìere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

5.4 Mattmark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

v



6 The Swiss Glacier Inventory SGI2010 73

6.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

6.2 Previous glacier inventories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

6.3 Mapping glacier outlines for the SGI2010 . . . . . . . . . . . . . . . . . . . . . . . 74

6.4 The new SGI2010 data set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

6.5 Observed changes in area and number 1973-2010 . . . . . . . . . . . . . . . . . . 74

References 81

Acknowledgements 84

A Remote Sensing 85

A.1 Aerial photographs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

B Remarks on Individual Glaciers 88

C Investigators 110

C.1 Length Variation (2011) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

C.2 Mass Balance and Velocity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

vi



1 Introduction

Systematic and long-term records of glacier changes in Switzerland started in 1880 with annual

length change measurements of selected glaciers. At that time these measurements were motivated

by questions about past and future ice ages. In the meantime, the goals of the worldwide glacier

monitoring programs have evolved and multiplied. Glacier change data are primarily necessary for

investigations of the glacier-climate interactions. The data are also important for the assessment of

water resources, sea level rise and natural hazards. Finally, the broad public manifests an increasing

interest in glacier changes.

The main focus of the ongoing Swiss Glacier Monitoring Network is to collect the following data:

(1) mass balance, (2) surface flow speed, (3) length variation, (4) glacier parameters (e.g. surface

area) and (5) englacial temperature. The program for glacier monitoring in Switzerland (GLAMOS)

has been adopted by the Cryospheric Commission in March 2007. A detailed description about the

aims, current status and perspectives of the monitoring program was presented in chapter 1.1 of

”The Swiss Glaciers” volume number 125/126.

The results of the Swiss glacier monitoring contribute also to the international efforts to doc-

ument glacier fluctuations as part of global environmental monitoring initiatives of the Global

Terrestrial Network for Glaciers (GTN-G) within the Global Terrestrial and Climate Observing

System (GTOS/ GCOS) and are reported to the World Glacier Monitoring Service (WGMS).

This report is the new volume No. 131/132 in the series ”The Swiss Glaciers” and presents the

results of the two observational periods 2009/10 and 2010/11. It carries on the long tradition of

yearbooks documenting monitored fluctuations of Swiss glaciers since 1880 (see page iv). Data and

digital versions of the present and earlier volumes can be found at http://glaciology.ethz.ch/swiss-

glaciers. Thanks to continuous efforts of many people, public and private organisations in Switzer-

land, long time-series of data related to glacier changes do exist.

The present data-report expands the short overview of general outcomes published annually in

German and French in the magazine ”Die Alpen - Les Alpes” of the Swiss Alpine Club with

detailed facts and figures.
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2 Weather and Climate

In this section the weather and climate conditions for the two periods under review 2009/10 and

2010/11 are described. The focus is on the variables that are most relevant for glacier mass bal-

ance, namely temperature and precipitation. In general, glacier mass balance is largely determined

by the amount of snow fall in winter and the temperature during summer. Additionally, particular

climate conditions can have an important influence. High temperatures in April, May or June

can reduce the winter snow pack rapidly and expose the much darker ice surface already in July.

During July and August solar radiation receipts are very high and melting of the unprotected ice

can reach extreme values. When these two factors are combined very negative mass balances like

in the period 2002/03 are expected. On the other hand, snow fall down to low elevations (2000

m) during summer protects the glacier surface from melting and will lead to less negative mass

balances. Precipitation that falls as rain influences the mass balance negatively.

We have selected the four high-elevation climate stations at Grand St-Bernard (2472 m), Jungfrau-

joch (3580 m), Säntis (2502 m) and Weissfluhjoch (2690 m) to illustrate the monthly anomalies

in air temperature (Figure 2.1) and 15 stations (Airolo, Château-d’Oex, Disentis, Engelberg, Elm,

Grand St-Bernard, Grimsel Hospiz, Montana, Lauterbrunnen, Säntis, Scuol, Sils-Maria, Weiss-

fluhjoch, Zermatt) throughout all regions of the Swiss Alps for monthly anomalies in precipitation

(Figure 2.2) in the two reporting periods. For the two parameters of annual precipitation and

mean summer temperature, the long-term record since 1880 is shown in Figures 2.3 and 2.4 as a

mean of 12 homogenized climate stations (Begert et al., 2005). The description of the weather

conditions in the two reporting periods refer to the figures and the annual and monthly reports

of the meteorological conditions by MeteoSwiss. Data are taken from different stations of the

observational networks maintained by MeteoSwiss.

2.1 Weather and Climate in 2009/10

The first burst of winter weather occurred in mid-October with snow falling at elevations up to 1000

m. Due to further snowfalls, as early as mid-November a snow cover of at least 50 cm thickness lay

at elevations over 2000 m, a critical location for glaciers. This generally does not occur before the

end of November. Cold temperatures and on the whole low precipitation amounts characterized

the further course of the winter. Only Engadine and the southern valleys of the Grisons profited

in the form of above-average snow amounts from the repeated advection situations. There were

no abundant snowfalls at distinctive northwest-oriented slopes. For this reason, at the end of

3
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Figure 2.1: Mean monthly anomaly of temperature from the long-term climatic mean

(period 1961-1990) for four selected stations of the MeteoSwiss network.

Anomalies in the two reporting periods 2009/10 and 2010/11 are shown.

April snow depths proved to be slightly above average in Upper Engadine and the southern Grison

valleys only, slightly below average on the remaining southern slopes of the Alps, and clearly below

average on the north side of the Alps, as compared to the long-term average. In May a minor

improvement in the situation was brought about by further advection from the south bringing large

amounts of snow to the southern side of the Alps and the main alpine ridge. In addition, the

cool and dull meteorological conditions contributed somewhat to a delay in the melt-out of the

glaciers. During a heat wave in the first half of July, the zero degree line rose over a span of several

days well above 4000 m, resulting in the sixth-hottest July on record since measurements began

in 1864. Conditions were variable for the rest of the summer and autumn. In spite of many bursts

of cold weather, the summer of 2010 clearly remained one with above-average warm temperatures

(Figures 2.1 and 2.2).

Summertime temperatures were 0.9◦C higher than the long-term mean (Figure 2.4). Positive devi-

ations of approx. one degree have been common since the 1990s. On the other hand, precipitation

amounts generally corresponded to the long term mean (Figure 2.3). On the whole it was the lack

of precipitation in winter rather than the heat surplus in summer that had an unfavorable effect on

the glacier mass balance. Since this surplus usually came in the form of liquid precipitation even

at higher elevations, it did not lead to any significant accumulation and succeeded only in slowing

down the melt rate to a minor extent.

2.2 Weather and Climate in 2010/11

As a result of an episode of winter conditions at the end of September, a closed snow cover formed

relatively early in the season above 2000 m. Following further snowfalls at the end of November

and in December, snow depths just slightly above average were recorded in almost the entire Swiss

4
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Figure 2.2: Mean monthly anomaly of precipitation from the long-term climatic mean

(period 1961-1990) for 15 selected stations of the MeteoSwiss network.

Anomalies in the two reporting periods 2009/10 and 2010/11 are shown.

alpine region. All months from January to the end of April had low precipitation amounts and warm

to very warm temperatures (Figures 2.1 and 2.2). Overall, below-average amounts of snow lay on

the ground and there were no late episodes of a sudden burst of winter weather. The warm and

dry weather continued into May, while snowfalls at high elevations in early June were able to some

extent to slow down the rapid melting. The warmest spring since measurements began in 1864

was followed by a summer marked by variability and repeated cold air intrusions. The extensive

period of high pressure at the end of August brought with it a heat wave and abundant sunshine.

These warm and sunny conditions continued into September, resulting in a temperature surplus

between May and September. With a clear precipitation deficit in the second half of winter, and

predominantly variable conditions during the mid-summer months, the second measurement period

very much resembled the first one.

Annual precipitation for 2010/11 was 17% below the long-term mean (Figure 2.3), whereas the

summer temperatures (May to September 2011) were +1.9◦C above average (Figure 2.4).
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Figure 2.3: Anomalies of annual precipitation (hydrological year) from the mean value

1961-1990 in percentage for the period 1864-2011. The gray shaded area

highlights the years of the current report.
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Figure 2.4: Anomalies of mean summer air temperature (May-September) from the

mean value 1961-1990 in degrees Celcius for the period 1864-2011. The

gray shaded area highlights the years of the current report.
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3 Length Variation

3.1 Introduction

Of the 121 glaciers registered in the observation network, 113 in the period 2009/10 and 114 in

period 2010/11 were being actively observed (Figures 3.1, 3.2 and Table 3.1). The other glaciers

(compare Table 3.1, remark f) 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 glaciers were observed only at irregular intervals, and produced

measurement values that were rather imprecise, which does not justify preserving these figures in

the charts and analyses.

During the two years under review, 2009/10 and 2010/11, Swiss glaciers suffered further losses

in length. Most of the measurements are within the range of 0 to -30 m for both periods. This

overall trend was overshadowed in both years by a few significantly high retreat values, which as

in previous years could be traced to local influences, or refer to larger glaciers, and in some cases

also pertain to a period of several years. They are usually also the result of a process extending

over a longer period of time and thus are not unexpected.

3.2 Length Variations in 2009/10

Changes at the glacier front were determined for 95 of the 102 glaciers measured in the autumn.

Of these, 87 were found to be in recession, 3 were advancing slightly, and for 5 there was no

change in the glacier terminus position. All in all, the values extend from a retreat of 196 m at

Gauligletscher to a slight advance of 14 m at Glacier du Trient. Nevertheless, most of the values

lie between -1 and -25 meters.

The massive retreat of the Gauligletscher must be seen in the context of the lake encircling the

glacier tongue, which serves to intensify and accelerate the melting.which has been underway for

a number of years. Riedgletscher recorded an even greater retreat of 580 meters. This change

occurred in the two-year measurement period following the summer of 2009 during which the

glacier split and a detached mass of protruding debris-covered dead ice was formed.

In the meantime, the terminus of the Glacier du Trient is located on a steep slope. In the past

years the glacier has retreated drastically and appears to be able to maintain its new position for

7
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the time being. Under these conditions there is a possibility that the glacier tongue will advance

slightly in certain years.

3.3 Length Variations in 2010/11

In the autumn of 2011, length changes were determined for 98 glaciers. Of these, 95 shortened,

two did not change position, and only one glacer had a positive value. The values range from a

retreat of 1300 m at Vadret da Roseg, to an advance at the terminus margin of 23 m at Glacier

du Mont Durand. Approximately three-quarters of the measurement values lie between -1 and -30

meters.

The massive retreat of the Vadret da Roseg stems from a process that has been underway for

decades. The glacier tongue, located in a valley basin, was fed previously by two inflows originating

in the extensive firn area. The transition from firn area to glacier tongue occurs however at a steep

section of terrain. The glacier has been thinning gradually in this area over the past ten years and

as early as the summer of 2007 was no longer connected with the inflow from Piz Sella. In the

summer of 2009 the main inflow also no longer reached as far as the tongue, which favored the

formation of a debris-covered mass of dead ice in the valley basin. This ice mass was nourished then

only by the occasional ice break-off or snow avalanches in winter. For this reason, the terminus of

the active glacier shifted abruptly and substantially.

At the Glacier du Mont Durand, local changes at the glacier terminus, and not an advance due to

abundant ice flow from the firn area, are responsible for the positive measurement values. Because

the glacier is heavily covered with debris, the tongue melts at an very irregular rate. As a result,

a large hollow formed over recent years and a mound of rock can now be seen. Diffusive ice flow

of marginal ice masses most likely led to the advance of the margin in the previous summer.

8



3. Length Variation

3.4 Length Variations in 2009/10 and in 2010/11, Summary

No. a Glacier Ct. b Length variation c Altitude d Date of measurements

(m) (m a.s.l.) (Day, Month)

2009/10 2010/11 2011 2009 2010 2011

Catchment area of the river Rhone (II)

1 e,f Rhone VS −3.2 −50.6 2208.2 07.09. 20.09. 22.09.

2 e,f Mutt VS n −17.0 2a 2655 04.10. n 20.08.

3 e,f Gries VS −23.9 −31.7 2421.8 08.09. 21.09. 22.09.

4 e,f Fiescher VS −24.7 −41.9 1675 15.10. 29.10. 09.11.

5 e,f Grosser Aletsch VS −20.9 −34.4 1590.2 07.09. 22.09. 28.09.

7 e,f Kaltwasser VS +4.7 −37 2660 30.09. 01.10. 15.09.

173 e Seewjinen VS −7.7 −6.5 2716.2 07.09. 20.09. 15.09.

10 e,f Schwarzberg VS −10.1 −6.0 2659.2 07.09. 20.09. 15.09.

11 e,f Allalin VS −1.2 −12.9 2639.2 07.09. 20.09. 15.09.

174 e Hohlaub VS −4.2 −4.9 2838.1 07.09. 20.09. 15.09.

12 e Kessjen VS −5.1 −2.6 2868.2 07.09. 20.09. 15.09.

13 e,f Fee VS −6.4 −23.5 2159 05.10. 11.10. 06.10.

14 e,f Gorner VS −11 −20 2180 15.10. 15.10. 17.09.

15 e,f Zmutt VS −183 13a n 2238 10 n 01.09 n

16 e,f Findelen VS −49.9 −48.4 2551.5 07.09. 20.09. 22.09.

17 e Ried VS −580 2a −6 2266 n 31.08. 02.10.

18 e,f Lang VS −28 −22 2096 30.10. 15.10. 20.10.

19 e,f Turtmann VS x −22.7 6a 2270 10 n 16.09. 29.09.

20 e Brunegg (Turtmann) VS −99 5a −77.4 2500 10 n 16.09. 29.09.

22 e,f Zinal VS −8.5 −16 2050 22.10. 16.10. 22.10.

23 e,f Moming VS −11 −2.7 2580 16.10. 30.09. 30.09.

24 e,f Moiry VS −32.5 2a −18 2400 n 03.10. 12.10.

25 f Ferpècle VS −23 −12 15.10. 07.10. 00.00.

26 Mont Miné VS −20.5 −58.4 24.09. 07.10. 00.00.

27 f Arolla (Mont Collon) VS −24.7 −38 24.09. 01.10. 00.00.

28 f Tsidjiore Nouve VS −14.7 −8.5 15.10. 01.10. 00.00.

29 e,f Cheillon VS −2.3 −3.6 2706 28.10. 12.10. 27.09.

30 e,f En Darrey VS −32.5 x 2510 28.10. 12.10. 27.09.

31 f Grand Désert VS −16.3 2a −23 2831 n 19.09. 22.09.

32 f Mont Fort (Tortin) VS −6.5 −23 2809 20.09. 20.09. 24.09.

33 e,f Tsanfleuron VS n −8.3 2545 n n 24.09.

34 e Otemma VS −37.4 −15.4 2460 01.09. 04.09. 09.09.

35 e Mont Durand VS −24 +23 2380 30.08. 03.09. 06.09.

36 e Breney VS −35.4 −49 2575 31.08. 05.09. 10.09.

37 e Gíetro VS −32.9 −24.8 2634.9 07.09. 22.09. 15.09.
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The Swiss Glaciers 2009/10 and 2010/11

No. a Glacier Ct. b Length variation c Altitude d Date of measurements

(m) (m a.s.l.) (Day, Month)

2009/10 2010/11 2011 2009 2010 2011

38 e Corbassìere VS −40.2 −64.2 2263.8 07.09. 22.09. 15.09.

39 e,f Valsorey VS −21.4 −17.8 2429.5 04.10. 15.10. 11.08.

40 e Tseudet VS −7.9 −7.2 2483.5 04.10. 15.10. 11.08.

41 e Boveyre VS −18.8 −38.2 2680 09.10. 31.07. 08.09.

42 e,f Saleina VS −25.5 −39.8 1825.3 29.09. 14.10. 18.10.

43 e,f Trient VS +14 0 2075 11.09. 02.10. 01.10.

44 e,f Paneyrosse VD −9.3 −7.7 15.09. 23.09. 14.09.

45 e,f Grand Plan Névé VD −7.9 −8.4 10.09. 23.09. 15.09.

47 e,f Sex Rouge VD n −0.2 2a 10.09. n 05.10.

48 e Prapio VD −9.0 −12.5 2547 09.09. 20.09. 01.10.

Catchment area of the river Aare (Ia)

50 f Oberaar BE n n 2306.9 09 19.08. n n

51 f Unteraar BE n n 1930.3 09 19.08. n n

52 e Gauli BE −196 −135 2130 18.09. 15.09. 06.09.

53 e,f Stein BE −122 −155 1970 22.09. 21.09. 01.10.

54 e Steinlimi BE −51 −28 2100 22.09. 21.09. 01.10.

55 e,f Trift (Gadmen) BE −23.5 −25.2 1655.4 07.09. 20.09. 22.09.

57 e,f Oberer Grindelwald BE x x 1394.0 09 08.09. 23.10. 17.09.

58 e,f Unterer Grindelwald BE x x 1243.4 07.09. 21.09. 28.09.

59 e Eiger BE −8.0 2a −19 2330 10 n 06.10. 15.09.

60 e Tschingel BE −16.2 −21.1 2270 15.09. 14.09. 16.09.

61 f Gamchi BE −15.5 −18.8 2050 03.10. 09.10. 30.09.

109 e Alpetli (Kanderfirn) BE −24.8 −33.1 2280 12.09. 11.09. 10.09.

62 e,f Schwarz VS −2.8 −5.6 2266 23.09. 04.09. 03.09.

63 Lämmern VS −12 −20 2550 11.09. 22.09. 10.09.

64 e,f Blüemlisalp BE −15.3 −24.5 2280 16.09. 21.09. 16.09.

111 e Ammerten BE −1.3 −3.5 2350 11.10. 03.10. 03.09.

112 e Dungel BE −2.4 n 2607 10 08.08. 11.09. n

113 e Gelten BE x n 2499 10 09.09. 12.09. n

Catchment area of the river Reuss (Ib)

66 e,f Tiefen UR −16.4 −26.9 2520 10.09. 19.09. 10.09.

67 e,f Sankt Anna UR −13.3 −9.1 2585 26.09. 11.09. 01.10.

68 e,f Kehlen UR −30.7 −28.3 2240 23.09. 20.09. 22.09.

69 e Rotfirn (Nord) UR −24.1 −19.2 2050 23.09. 20.09. 22.09.

70 e,f Damma UR x −41 5a 2370 n 22.09. 23.09.

71 e,f Wallenbur UR −11.8 −18 2261 07.10. 07.10. 04.10.

73 e,f Hüfi UR 0 x 1800 30.10. 06.10. 31.10.
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3. Length Variation

No. a Glacier Ct. b Length variation c Altitude d Date of measurements

(m) (m a.s.l.) (Day, Month)

2009/10 2010/11 2011 2009 2010 2011

74 e,f Griess UR −2.0 −9.4 2224 09.10. 22.09. 15.09.

75 e,f Firnalpeli (Ost) OW −22.9 −11.8 2235 24.08. 23.09. 02.10.

76 e,f Griessen OW −4.3 −11.4 2540 25.08. 14.10. 03.10.

Catchment area of the river Linth / Limmat (Ic)

77 e,f Biferten GL −10.6 −10.9 1969.8 01.11. 11.09. 03.09.

78 e Limmern GL −2.0 −3.3 2290 24.09. 09.10. 13.08.

114 e Plattalva GL −18.9 −19.3 2590 25.09. 10.10. 12.08.

79 e,f Sulz GL −1.6 −2.6 1791 06.10. 31.08. 29.09.

80 e,f Glärnisch GL −8.6 −7.7 2344.6 26.09. 12.09. 24.09.

81 e,f Pizol SG −2.9 −29.1 2595 24.09. 22.09. 26.09.

Catchment area of the river Rhine / Lake Constance (Id)

82 e,f Lavaz GR −14.4 2a −25 2395 n 23.08. 13.09.

83 e,f Punteglias GR −12.5 2a −27.8 2370 n 12.10. 24.08.

84 e,f Lenta GR −14.7 −33.4 2380 07.09. 03.09. 06.09.

85 e,f Vorab GR −8.6 −23.0 2650 22.09. 17.09. 29.09.

86 e,f Paradies GR +0.4 −18.6 2698 17.09. 16.09. 16.09.

87 e Suretta GR +0.7 −2.0 2589 17.09. 23.09. 16.09.

88 e,f Porchabella GR −15.6 −18.7 2715 07.10. 07.10. 03.10.

115 e Scaletta GR −4.4 −5.9 2598 01.09. 26.08. 23.08.

89 e,f Verstankla GR −10 −19.9 2450 01.09. 16.09. 06.09.

90 e Silvretta GR −7.7 −11.8 2466.8 09.09. 22.09. 16.09.

91 e,f Sardona SG +1.7 −14.6 2450 28.08. 24.09. 27.09.

Catchment area of the river Inn (V)

92 e,f Roseg GR 0 −1305 2160 09 14.09. 13.10. 25.11.

93 e Tschierva GR −20.7 −29.3 2262 09 14.09. 13.10. 13.09.

94 e,f Morteratsch GR −50.6 −44.9 2110 14.09. 13.10. 13.09.

95 e Calderas GR −12.6 −18.0 2801 27.08. 17.08. 28.07.

96 e,f Tiatscha GR −7.0 −1.6 2650 05 20.08. 27.08. 19.08.

97 e Sesvenna GR −8.4 −8.4 2760 07 19.08. 26.08. 23.08.

98 e,f Lischana GR x −7.9 2a 2774 06 28.08. 14.09. 12.08.

Catchment area of the river Adda (IV)

99 e Cambrena GR n −42 3a 2530 08 n n 21.10.

100 f Palü GR 0 2a −13.4 2620 n 07.10. 29.09.

101 Paradisino (Campo) GR −40 2a x 2770 n 08.10. 30.10.

102 f Forno GR −27.6 −26.2 2260 09 21.09. 23.08. 19.08.

116 Albigna GR −28.4 −17.3 28.07. 20.08. 30.08.
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