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Summary

During the 135th and 136th year under review by the Cryospheric Commission (EKK), Swiss glaciers

continued to lose both length and mass. The two periods were characterized by average amounts

of snow accumulation during winter, and moderate to very high melt rates in summer. The results

presented in this report reflect the weather conditions in the measurement periods as well as the

effects of ongoing atmospheric warming over the past decades.

In autumn 2014, a length variation was determined for more than 96 of the 114 glaciers currently

under active observation, while one year later 99 glaciers were measured. In the two observation

periods, 2013/14 and 2014/15, Swiss glaciers experienced further losses in length. Most of the

measurement values lay between 0 and -30 m in both periods. Several glaciers displayed remarkably

high retreat values in a single year. These can be attributed to the detachment of a mass of dead

ice from the glacier snout, or to the melting of sections of the glacier that had been thinning

constantly for many years.

Detailed mass balance observations at seasonal resolution were carried out at ten glaciers: Basòdino,

Findelen, Gries, Pizol, Plaine Morte, Murtel, Rhone, Sankt Anna, Silvretta and Tsanfleuron, but

measurements were also conducted at several additional glaciers. In the first period (2013/14),

glaciers in the Southern Valais showed a balanced mass budget, whereas mass loss was for the

most part moderate in the other regions. During the second period (2014/15), strong glacier

mass losses occurred throughout the entire Swiss Alps. In addition to the results of new measure-

ments, a homogenized 100-year series of point mass balance on Claridenfirn, as well as re-anaylzed

long-term mass balance series of glacier-wide balance for nine glaciers are presented.

Measurements of ice surface velocity were performed at selected glaciers in the Mauvoisin and

Mattmark regions. The trend continued toward diminishing velocities, reflecting the reduction in

ice thickness due to ongoing negative mass balances.

Measurements of borehole firn temperature at Colle Gnifetti, Valais, showed further warming over

the last pentade indicating a regime shift with melting occurring even at very high elevations in

the Alps during summer.

An update of the inventory of hazardous glaciers documents known events that ocurred since 2003

in the Swiss Alps. The list also includes glaciers that are now considered as potentially hazardous

and are under frequent observation.
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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 moti-

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

monitoring have evolved and multiplied. Glacier change data are necessary for investigations of the

glacier-climate interaction, but 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 retreat as an element of the Alpine environment excellently illustrating climate change.

The main focus of the Swiss glacier monitoring network is to collect the following data: (1) length

change, (2) mass balance, (3) volume change, (4) surface flow speed, (5) glacier parameters

(e.g. surface area), and (6) englacial temperature. The programme for GLAcier MOnitoring in

Switzerland (GLAMOS) has been adopted by the Cryospheric Commission in March 2007 and

receives long-term funding by the Federal Office for Environment (BAFU), MeteoSwiss within the

Global Climate Observing System (GCOS) Switzerland, the Swiss Academy of Sciences (SCNAT),

and support by the Federal Office of Topography (swisstopo) since 1.1.2016. A detailed description

of the aims, the current status and perspectives of the monitoring programme was presented in

Chapter 1.1 of ”The Swiss Glaciers” Volume 125/126.

The results of Swiss glacier monitoring contribute to the international efforts to document glacier

fluctuations worldwide as part of global environmental monitoring initiatives of the Global Terres-

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

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

This report is the new volume No. 135/136 in the series ”The Swiss Glaciers” and presents the

results of the two observational periods 2013/14 and 2014/15. 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 are available at http://glaciology.ethz.ch/swiss-

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

Switzerland, long time-series of data related to glacier changes have been acquired and are highly

valuable for scientific research, applied questions and outreach.

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

German, French and Italian in the magazine ”Die Alpen - Les Alpes - Le Alpi” of the Swiss Alpine

Club with detailed facts and figures.

1





2 Weather and Climate

In this section the weather and climate conditions for 2013/14 and 2014/15, the two periods

under review, are described. We focus on the two variables that are most relevant for glacier mass

balance: temperature and precipitation. In general, glacier mass balance is determined largely by

the amount of winter snowfall and by air temperature during summer. High temperatures in April,

May or June can diminish the winter snowpack rapidly and expose the much darker ice surface as

early as July. During July and August the amount of solar radiation is high, which enhances the

melting of the unprotected ice surface. When these two factors are combined, very negative mass

balances can be expected, as occurred during the heatwave of summer 2003. On the other hand,

summer snow down to the glacier termini protects the ice surface from melting and leads to less

negative mass balances.

We have selected the four high-elevation climate stations at Grand St-Bernard (2472 m a.s.l.),

Jungfraujoch (3580 m a.s.l.), Säntis (2502 m a.s.l.) and Weissfluhjoch (2690 m a.s.l.) to illustrate

the monthly anomalies in air temperature (Figure 2.1), and 14 stations (Airolo, Château-d’Oex,

Disentis, Engelberg, Elm, Grand St-Bernard, Grimsel Hospiz, Montana, Lauterbrunnen, Säntis,

Scuol, Sils-Maria, Weissfluhjoch, Zermatt) throughout all regions of the Swiss Alps for monthly

anomalies in precipitation (Figure 2.2) during the two periods. For 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). All stations belong to the observational

networks maintained by MeteoSwiss. The description of the weather conditions in the two periods

under review stems from the figures and the annual and monthly reports of the meteorological

conditions found in the data provided by the observational networks maintained by MeteoSwiss.

2.1 Weather and Climate in 2013/14

Despite ample snowfalls in November 2013, mostly in the eastern Swiss Alps, snow depth remained

well below average until Christmas in all regions of Switzerland. After that, the southern side of the

Alps in particular was affected by extreme snow precipitation events that in some places experienced

more than 100 cm of snowfall in 24 hours. Until February 2014, two to three times the normal

amount of snow was recorded south of the main Alpine divide with snow depths of 2-2.5 m at

1500 m a.s.l. Since the beginning of the measurements, the Winter 2013/14 was the wettest on

the south side of the Alps since measurements began. By contrast, frequent föhn led to mild

temperatures, sparse precipitation and snow depth well below average in the north. At some low-

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 in the MeteoSwiss network.

Anomalies in the two reporting periods 2013/14 and 2014/15 are shown.

elevation stations not a single day with snow was observed. The warm and rather dry months of

March and April contributed to an early onset of snowmelt on the glacier tongues. July and August

were characterized by average air temperatures (Figure 2.1) but also by significant precipitations

amounts, especially in July, when almost twice the typical amount was recorded at alpine stations

(Figure 2.2). In combination, these weather conditions led to frequent fresh snowfalls at elevations

of more than 3000 m a.s.l. and, hence, contributed to favourable conditions for the glaciers. In

September, however, relatively high temperatures prolonged the melting of snow and ice well into

autumn.

Compared to the period 1961-1990, summer air temperatures (May to September) were 0.9◦C

higher than the long-term mean (Figure 2.3). Annual precipitation amounts were 7% above

average for the whole of Switzerland (Figure 2.4). Winter precipitation in particular strongly

differed between the south and the north side of the Alps. For glaciers influenced by both large

amounts of winter snow and, at sufficiently high elevations, by summer snow events (Engadine,

Valais at the border to Italy), the particular weather conditions in 2013/14 resulted in the first

year of slightly positive glacier mass balances for over a decade.

2.2 Weather and Climate in 2014/15

Early winter 2014/15 was characterized by record warm temperatures and very below-average

amounts of snow (Figures 2.1 and 2.2). Until Christmas almost no snow was present in the Alpine

valleys, while in the second half of January, several events brought a significant amount of snow,

especially on the south side of the Alps. Considering the entire winter season, snow depth was close

to average only above 2200 m a.s.l., which can be attributed to the relatively high air temperatures

throughout the winter months. Significant differences in snow depth between the North and the

4



2. Weather and Climate

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
-100

-50

0

50

100

P
er

ci
pi

ta
tio

n 
an

om
al

y 
(%

)

2013/14
2014/15

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

(period 1961-1990) for 14 selected stations in the MeteoSwiss network.

Anomalies found in the two reporting periods 2013/14 and 2014/15 are

shown.

South persisted until April. In mid-May events with up to 1 meter of fresh snow in the North and

East resulted in above average snow cover at high elevation. High air temperatures in early and

late June contributed to a rapid melting of winter snow. Temperatures in July were almost 5◦C

above the long-term average (Figure 2.1). The extremely hot and dry weather persisted almost

continuously until mid-August and resulted in fast depletion of the snow cover on glaciers and

substantial ice melt. On Weissfluhjoch, not a single day with fresh snow was recorded in July

and August 2015, which has occurred only one other time since observations began 80 years ago.

Cooler temperatures and some snow at high elevation came in the second half of August. In early

September, it snowed even down to 2000 m a.s.l. which put a rather early end to the melting

season.

Summer air temperatures (May to September) were 2.4◦C higher than the long-term mean (Fig-

ure 2.3). This value ranks second right after the heatwaves of summer 2003. Annual precipitation

was 2% below average (Figure 2.4). The very high summer temperatures resulted in unfavorable

conditions for the glaciers with one of the most intense melting periods in the 21st century. As

the glaciers were relatively well-covered with winter snow at the beginning of the heatwave in late

June, and September brought new snow, glacier mass loss did not reach values as extreme as in

2003.
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Figure 2.3: Anomalies of mean summer air temperature (May-September) from the

mean value 1961-1990 in degrees Celcius for the period 1864-2015. The

gray shaded area highlights the years of the current report.
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Figure 2.4: Anomalies of annual precipitation (hydrological year) from the mean value

1961-1990 in percentage for the period 1864-2015. The gray shaded area

highlights the years of the current report.

6



3 Length Variation

3.1 Introduction

In the two periods covered this report, 114 of about 125 glaciers in the observational network were

actively observed (Figures 3.1, 3.2 and Table 3.1). The other glaciers 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 the measurement values obtained were rather imprecise, which does

not justify retaining these figures in the charts and analyses.

During the two years under review, 2013/14 and 2014/15, Swiss glaciers suffered further losses in

length. As in previous periods, most of the measurements were within the range of 0 to -30 m for

both periods. This overall trend was overshadowed in both years by a few very high retreat values,

which could be traced to local influences as in previous years, or which relate 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 2013/14

In autumn 2014 changes in the terminus position as compared to the previous years were determined

at 96 glaciers (Figure 3.1). Of these, 88 were found to be in recession, for four there was no change

observed, and another four glaciers showed a positive value. With the exception of three glaciers,

the values ranged from a retreat of -100 m at Blüemlisalpgletscher to a slight advance of +8 m at

Firnalpelifirn. Approximately two-thirds of the measurement values lay between -1 and -30 m.

The three exceptions refer to the massive retreats of Schwarzgletscher, Unterer Grindelwald-

gletscher and Kehlengletscher. The large retreat values are a result of the evolution of the glaciers

over the past ten years. The heavily debris-covered tongue and the absence of ice supply from the

accumulation area resulted in a gradual thinning of the flat tongues, while no change in length oc-

curred. At all three glaciers, the dynamic terminus shifted back abruptly during the summer when

a large portion of the tongue detached at a break in the terrain where the ice was thinned out.

The timing of these events was rather arbitrary and only poorly reflects the overall and continuous

change in these glaciers. The sporadic positive measurement values stem from the specific weather

conditions in the year under review, and not from an advance due to a surplus of ice supply from

7
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the accumulation area after consecutive years of a positive mass balance. The increase in length

resulted from local conditions in an individual year, with both firn deposits at the margin of the

glacier and reduced melting at the terminus.

3.3 Length Variations in 2014/15

Length variations were determined for 99 glaciers in autumn 2015 (Figure 3.2). Of these, 91

became shorter, four did not change their position, and another four were slightly in advance.

With six exceptions, the values ranged from a recession of barely 100 meters at Schwarzgletscher

to an advance of 18 meters at Bifertenfirn. More than two thirds of the measurement values lay

between -1 and -30 meters.

Unterer Grindelwaldgletscher, Gamchigletscher, Vadret da Morteratsch and Turtmanngletscher

were the exceptions, together with two additional glaciers, where the length change was evaluated

in a multi-year period. The high retreat values for each is linked to a process that has been underway

for many years. Due to an increasingly thicker debris cover on the tongue or the continued absence

of ice flow from the accumulation areas, the glaciers have been melting irregularly or have thinned

out without any reduction in length. In an individual year such as the period under review, a large,

flat area melted suddenly and completely, disintegrated into individual ice masses, or broke apart in

a steep section of terrain. As a result, the active terminus shifted back abruptly and substantially.
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3. Length Variation

3.4 Length Variations in 2013/14 and in 2014/15, Summary

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

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

2013/14 2014/15 2015 2013 2014 2015

Catchment area of the river Rhone (II)

1 e,f Rhone VS −27.6 −6.2 2208.1 23.09. 23.09. 05.08.

3 e,f Gries VS −44.7 −45.2 2427.0 21.08. 23.09. 31.08.

4 e,f Fiescher VS n −210 3a 1682 n n 28.08.

5 e,f Grosser Aletsch VS −31.9 −53.5 1598.5 21.08. 22.08. 26.08.

7 e,f Kaltwasser VS −14.3 −6 2660 12 26.09. 26.09. 30.09.

173 e Seewjinen VS −1.0 −12.8 2735.5 04.09. 02.10. 21.09.

10 e,f Schwarzberg VS −16.4 −22.8 2663.2 04.09. 02.10. 21.09.

11 e,f Allalin VS −8.6 −15.9 2681.2 04.09. 02.10. 21.09.

174 e Hohlaub VS −1.6 −3.7 2839.4 04.09. 02.10. 21.09.

12 e Kessjen VS −3.5 −3.3 2866.1 04.09. 02.10. 21.09.

13 e,f Fee VS −21.1 −44.5 2259 26.09. 24.09. 02.10.

14 e,f Gorner VS −30 −72 2211 21.10. 03.10. 21.09.

16 e,f Findelen VS −33.3 −62.4 2553.2 20.08. 27.08. 05.08.

17 e Ried VS x −30 2319 20.10 14.09 10.10.

18 e,f Lang VS −14 −16 2033 09.10. 04.09. 10.11.

19 e,f Turtmann VS −13 −133.1 2270 10 03.10 08.09 07.10.

20 e Brunegg (Turtmann) VS x −21.8 2500 10 03.10 08.09 07.10.

22 e,f Zinal VS −30.4 2a −9.6 2178 n 12.09. 12.10.

23 e,f Moming VS −7.9 −4.3 2580 13 25.10. 06.10. 29.09.

24 e,f Moiry VS −5.5 −30 2390 25.10. 12.09. 23.09.

25 e,f Ferpècle VS −12.9 −24.8 2205 14 25.10. 09.10. 22.10.

26 Mont Miné VS −14.6 −14 2090 12 25.10. 09.10. 22.10.

27 e,f Arolla (Mont Collon) VS −15.1 −16.2 28.10. 29.09. 21.10.

28 e,f Tsidjiore Nouve VS −8.1 −10.3 2320 28.10. 29.09. 21.10.

29 e,f Cheillon VS −11.4 −15.2 2706 08.10. 31.10. 30.09.

30 e,f En Darrey VS x x 2510 11 n 31.10. 30.09.

31 e,f Grand Désert VS −5.6 −13.4 2817 22.09. 20.09. 19.09.

32 e,f Mont Fort (Tortin) VS −16.5 −14.5 2790 09.10. 28.09. 27.09.

33 e,f Tsanfleuron VS −19.4 −20 2550 22.10. 02.10. 23.10.

34 e Otemma VS −32.8 −24.3 2480 20.09. 08.09. 29.08.

35 e Mont Durand VS x −5 2380 13.09. 12.09. 27.08.

36 e Breney VS −6 −35 2575 21.09. 03.09. 30.08.

37 e Gíetro VS −7.9 −17.4 2712.2 04.09. 02.10. 21.09.

38 e Corbassìere VS −36.8 −24.2 2306.7 13.08. 02.10. 21.09.

39 f Valsorey VS −18.6 −18.5 2534 17.10. 14.10. 19.10.
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No. a Glacier Ct. b Length variation c Altitude d Date of measurements

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

2013/14 2014/15 2015 2013 2014 2015

40 e Tseudet VS −13.7 −11.4 2483.5 11 17.10. 14.10. 19.10.

41 Boveyre VS −27 −27.1 2680 14 17.10. 17.10. 19.10.

42 f Saleina VS −29.7 −29.4 1835.3 12 16.10. 18.09. 01.10.

43 e,f Trient VS −41 −4 2110 22.09. 06.09. 27.09.

44 e,f Paneyrosse VD −8.7 −7.4 28.09. 17.09. 30.09.

45 e,f Grand Plan Névé VD −3.5 −11.9 27.09. 12.09. 02.10.

47 e,f Sex Rouge VD +1.1 −4.2 04.09. 11.09. 06.08.

48 e Prapio VD +5.0 −1 2540 27.09. 27.09. 27.08.

Catchment area of the river Aare (Ia)

50 f Oberaar BE n n 2306.9 09 04.09 n n

51 f Unteraar BE n n 1930.3 09 04.09 n n

52 e Gauli BE −51 −13 2170 21.09. 12.09. 21.09.

53 e,f Stein BE −88 −99 2125 22.09. 07.09. 13.09.

54 e Steinlimi BE −88.5 −39 2390 22.09. 07.09. 13.09.

55 e,f Trift (Gadmen) BE −1.2 −3.4 2114.0 22.08. 23.09. 05.08.

57 e,f Oberer Grindelwald BE −11.6 +2.0 2177.1 23.09. 23.09. 05.08.

58 e,f Unterer Grindelwald BE −471.7 −450 1491.6 23.09. 23.09. 05.08.

59 e Eiger BE −7 −12 2397 20.09. 15.09. 25.09.

60 e Tschingel BE −13.6 −7.9 2270 26.09. 16.09. 22.09.

61 e,f Gamchi BE −50 −387 2140 28.09. 27.09. 01.10.

109 e Alpetli (Kanderfirn) BE −24.3 −24.3 2305 21.09. 23.09. 29.90.

62 e,f Schwarz VS −959 2a −100 2540 n 30.09. 12.09.

63 Lämmern VS −12 −16 2550 14.09. 29.09. 11.09.

64 e,f Blüemlisalp BE −100.7 −39 2360 23.09. 24.09. 21.09.

65 e,f Rätzli BE −8.8 −3.8 2465.8 21.08. 23.09. 05.08.

111 e Ammerten BE −0.1 −3.3 2350 22.09. 11.09. 20.09.

Catchment area of the river Reuss (Ib)

66 e,f Tiefen UR −29.5 −36.5 2520 13 22.09. 26.09. 02.10.

67 e,f Sankt Anna UR −9.2 −12.9 2600 13 06.09. 26.09. 02.10.

68 e,f Kehlen UR −302.6 −31.1 2380 05.09. 19.09. 21.09.

69 e Rotfirn (Nord) UR −22 −14.3 2070 05.09. 19.09. 21.09.

70 e,f Damma UR −9.4 −25.6 2380 06.09. 20.09. 22.09.

71 e,f Wallenbur UR −43.4 −29.9 2290 08.10. 02.10. 29.09.

72 e,f Brunni UR −3.9 5a −3.5 2560 n 28.08. 26.08.

74 e,f Griess UR −8.1 −13.0 2228 25.09. 03.10. 01.10.

75 e,f Firnalpeli (Ost) OW +8.4 2a +0.2 2220 n 28.08. 10.09.

76 e,f Griessen OW −7.8 2a −14.5 2525 n 19.08. 02.10.
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No. a Glacier Ct. b Length variation c Altitude d Date of measurements

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

2013/14 2014/15 2015 2013 2014 2015

Catchment area of the river Linth / Limmat (Ic)

77 e,f Biferten GL −49.4 +17.6 1963.9 24.08. 04.10. 03.10.

78 e Limmern GL −20.9 −10.3 2290 25.09. 05.10. 30.09.

114 e Plattalva GL −17.8 −19.8 2625 24.09. 05.10. 01.10.

79 e,f Sulz GL −8.2 +5.9 1796 12 02.10. 09.10. 12.10.

80 e,f Glärnisch GL −7.4 −34.0 2347.2 17.08. 06.09. 29.09.

81 e,f Pizol SG +1.3 −9.8 2610 14 09.10. 07.10. 09.10.

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

82 f Lavaz GR −3.4 −16.2 2413 30.08. 17.09. 21.08.

83 e,f Punteglias GR −1 −26.6 2352 20.09. 16.09. 22.09.

84 e,f Lenta GR −33.5 x 2700 30.08. 29.08. 25.08.

85 f Vorab GR −10.3 −18.3 2636.8 20.09. 30.09. 09.10.

86 f Paradies GR +1.8 −23.8 2705 11.09. 09.09. 05.10.

87 e Suretta GR −9 +0.4 2563 20.09. 30.09. 08.09.

88 e,f Porchabella GR −11 −15.3 2690 11.09. 23.09. 09.09.

115 e Scaletta GR s x 2605 07.09. 08.09. 10.09.

89 f Verstankla GR −8.8 −18.3 2460 30.08. 04.09. 28.08.

90 e Silvretta GR −7.1 −6.9 2466.9 22.08. 27.09. 07.08.

91 e,f Sardona SG −10.2 −19.4 2460 14 25.09. 29.09. 29.09.

Catchment area of the river Inn (V)

92 f Roseg GR −39.6 +4.3 2160 09 10.09. 16.10. 14.10.

93 e Tschierva GR −66.5 −27.9 2308 10.09. 16.10. 14.10.

94 e,f Morteratsch GR −22.3 −163.9 2033 03.10. 13.10. 17.10.

95 e Calderas GR −3.1 −6.3 2787 15.08. 25.08. 05.10.

96 e,f Tiatscha GR −36.1 −0.5 2636.1 23.08. 11.09. 07.08.

97 e Sesvenna GR −5.5 −15.0 2735 21.08. 25.08. 21.08.

98 e,f Lischana GR n −128.4 2a 2904 15.08. n 15.09.

Catchment area of the river Adda (IV)

99 Cambrena GR −6 −6.6 2488 26.09. 30.09. 18.08.

100 e,f Palü GR −0.7 −23.8 2590 25.09. 29.09. 25.09.

101 e Paradisino (Campo) GR −7.5 −16.8 2888 26.09. 30.09. 28.09.

102 f Forno GR −14.6 −34.9 2230 09.09. 04.09. 02.09.

116 Albigna GR −15.3 −17 2180 27.09. 02.09. 04.09.

Catchment area of the river Ticino (III)

120 e Corno TI −16.4 −15.8 2648.5 02.10. 20.10. 01.09.

117 e Valleggia TI −6 2a −5.3 2421.6 n 11.09. 30.09.

352 e Croslina TI −1.6 2a −3.8 2723.6 n 15.09. 28.09.

103 e,f Bresciana TI −29 3a n 2941.7 14 n 03.10. n
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No. a Glacier Ct. b Length variation c Altitude d Date of measurements

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

2013/14 2014/15 2015 2013 2014 2015

119 e Cavagnoli TI m −13.0 2685.2 n 11.09. 30.09.

104 e,f Basòdino TI −8.8 2a −25.4 2602.7 n 09.09. 29.09.

Legend

+ advancing x value not determined

st stationary, ±1 m n not observed

− retreating sn snow covered

a Identification number of the glacier in the observation network.

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 4a = Decrease of 23 meters within 4 years.

d If the altitude of the glacier tongue is not measured in 2015, the year of the last measurement

is indicated: 2522 09 = 2522 m a.s.l., measured in the year 2009.

e Compare Appendix B: Remarks on individual glaciers.

f Glacier with nearly complete data series since the beginning of the measurements at the end

of the 19th century and one of the 73 glaciers selected in Figures 3.3 and 3.4.
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Figure 3.1: Observed glaciers in fall 2014.
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Figure 3.2: Observed glaciers in fall 2015.
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3.5 Length Variations - Statistics for 1880-2015

The long-term development of glaciers in Switzerland is illustrated by using a selected sample from

the Swiss glacier network (Figures 3.3 and 3.4), and the cumulative glacier length variations which

have been classified according to length (Figures 3.5 - 3.8).

The dynamic response to climatic forcing of glaciers with variable geometry involves striking dif-

ferences in the recorded curves (Figures 3.4 and 3.5 - 3.8) (Hoelzle et al., 2003). Such differences

reflect the considerable effects of size-dependent reaction of the delayed tongue response with

respect to the undelayed input (mass balance) signal. As a consequence, the overview figure of

annual length-change data presented here as annual numbers or percentages of advancing and

retreating glaciers should be interpreted carefully.

In order to avoid having a glacier sample whose scope changes annually, not all glaciers were included

in Figures 3.3 and 3.4. From the entire dataset, 73 glaciers were selected as a sample with nearly

complete series since the beginning of the measurements at the end of the 19th century. In Chapter

3.4, these 73 glaciers are indicated by a footnote f. The measured annual values are assigned to

three classes: advancing, stationary and retreating. Figure 3.3 presents absolute numbers and

percentages. The sample is dominated by medium-sized glaciers (length between 1 to 5 km) with

a typical response time in the order of decades. The periods of advance, such as those in the 1910s

to 1920s and the 1970s to 1980s, can be seen clearly. Figure 3.4 shows the annual and individual

length change of all 73 selected glaciers sorted for length. For the purpose of intercomparison,

values of cumulative length change are presented with respect to size categories chosen in a way
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Figure 3.3: Yearly classification of glacier length behaviour (advancing, stationary and

retreating) of 73 selected glaciers.
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to optimally reflect common characteristics of the response signal at the glacier terminus. It is

well recognized that large glaciers, such as Grosser Aletschgletscher, show continuous retreat since

1880, in contrast to the smaller glaciers such as Pizolgletscher, which has highly variable behavior.

1900 1950 2000

Grand Plan Névé 0.27 km
Sulz 0.30 km
Pizol 0.45 km

Sardona 0.48 km
Sankt Anna 0.55 km

Lischana 0.60 km
Bresciana 0.65 km

Firnalpeli (Ost) 0.77 km
Sex Rouge 0.87 km

Mutt 0.87 km
Paneyrosse 0.89 km

Punteglias 0.99 km
Griessen 1.03 km

Lavaz 1.15 km
Basòdino 1.29 km

Griess 1.33 km
Kaltwasser 1.44 km

Mont Fort (Tortin) 1.54 km
Vorab 1.55 km

Grand Désert 1.62 km
Tiatscha 1.67 km

Wallenbur 1.77 km
Kehlen 1.83 km

Lenta 1.85 km
Verstankla 1.88 km

Porchabella 1.88 km
En Darrey 1.89 km

Gamchi 2.09 km
Blüemlisalp 2.11 km

Glärnisch 2.23 km
Paradies 2.23 km
Damma 2.33 km

Roseg 2.43 km
Tiefen 2.48 km

Schwarz 2.60 km
Brunni 2.89 km

Tsanfleuron 3.01 km
Moming 3.08 km
Cheillon 3.19 km

Valsorey 3.33 km
Stein 3.49 km
Palü 3.52 km

Schwarzberg 3.53 km
Trift (Gadmen) 3.66 km

Rossboden 3.96 km
Trient 3.98 km

Oberer Grindelwald 4.07 km
Biferten 4.20 km

Arolla (Mont Collon) 4.35 km
Oberaar 4.52 km

Fee 4.59 km
Tsidjiore Nouve 4.63 km

Rätzli 4.84 km
Gries 4.95 km

Turtmann 5.06 km
Moiry 5.10 km
Forno 5.25 km
Allalin 5.91 km

Saleina 5.96 km
Morteratsch 5.98 km

Unterer Grindelwald 6.22 km
Zmutt 6.30 km

Ferpècle 6.31 km
Lang 6.43 km

Findelen 6.66 km
Hüfi 6.74 km

Zinal 6.90 km
Rhone 7.67 km

Oberaletsch 8.82 km
Unteraar 11.85 km

Gorner 12.38 km
Fiescher 14.51 km

Grosser Aletsch 22.53 km

Figure 3.4: Individual yearly pattern of the same 73 selected glaciers (displayed in the

descending order of actual glacier length).
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Figure 3.5: Large valley glaciers with a length of more than 10 km displaying a more or

less continuous retreat over the entire time period. The gray shaded area

highlights the years of the current report.
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Figure 3.6: Mountain glaciers with a length of 5 to 10 km show advance and retreat

phases in two periods (around 1920 and 1970). The gray shaded area high-

lights the years of the current report.
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Figure 3.7: Small mountain glaciers with a length of 1 to 5 km show the two distinct

advance and retreat phases. The gray shaded area highlights the years of

the current report.
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Figure 3.8: Very small cirque glaciers with a length of less than 1 km display generally

small changes and a more irregular variability. The gray shaded area highlights

the years of the current report.
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Kehlengletscher in 2003 (top) and 2015 (bottom) – the terminus experienced

a large retreat in 2014 when marginal ice completely disconnected (Photos:

M. Planzer)
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4 Mass Balance

4.1 Introduction, cumulative mean specific mass balances

Detailed mass balance data were collected using the glaciological method for Ghiacciaio del

Basòdino, Findelengletscher, Griesgletscher, Vadret dal Murtèl, Pizolgletscher, Glacier de la Plaine

Morte, Rhonegletscher, Sankt Annafirn, Silvrettagletscher and Glacier de Tsanfleuron in Switzer-

land. In addition to these investigations measurements of mass balance were also taken at Clar-

idenfirn, Jungfraufirn (Grosser Aletschgletscher), Glacier du Gíetro and Glacier de Corbassìere

(cf. Chapter 5), as well as in the Mattmark region (Allalin, Hohlaub, Schwarzberg, Chapter 5). In

Figure 4.1 the location within Switzerland of all these glaciers is shown.

The mass balance measurements at stakes, in snow pits and extensive snow probing in spring were

Basòdino

Findelen

Gries

Pizol

Sankt Anna

Silvretta

Rhone

Tsanfleuron

Plaine Morte
Murtèl

Clariden

Grosser Aletsch

Allalin

Schwarzberg
Corbassière

Giétro

Figure 4.1: Investigated glaciers for mass balance with the focus on spatial distribution

and analysis of mean specific seasonal components of mass balance (dark

blue) or point measurements (light blue).
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Figure 4.2: Cumulative mean specific mass balance over the whole observation period

for the glaciers Silvretta, Rhone, Pizol, Gries, Findelen and Basòdino. The

gray shaded area highlights the years of the current report.

used to calculate the mean specific components of mass balance following the methods described

in Huss et al. (2009). Extrapolation from individual measurements to the entire glacier surface was

performed using a mass balance model including the most important processes governing glacier

mass balance distribution. The procedure is divided into two steps:

(1) The model is tuned such that both the measurements of winter accumulation and summer

ablation are matched optimally over the periods defined by the exact dates of the in-situ

measurements which are reported for the years of the current report. This allows extrapola-

tion of mass balance based on a physical representation of the spatial variability, as well as

the calculation of mass balance over fixed date periods (e.g. the hydrological year).

(2) A periodical final reanalysis and homogenisation with independently derived ice volume changes

is reported separately in five to ten year intervals after evaluation.

The cumulative mean specific winter and annual balances of the glaciers with extensive obser-

vation series are presented in Table 4.1. Numbers for Adlergletscher as a former tributary of

Findelengletscher have been evaluated separately but detailed figures are presented together with

Findelengletscher. A similar situation exists at Glacier du Sex Rouge, a small glacier that is con-

nected by an ice-divide to Glacier de Tsanfleuron. The long-term trends are very well recognizable

for Griesgletscher and Silvrettagletscher with long time-series (Figure 4.2). Notably, the acceler-

ated mass loss since the mid-1980s is remarkable, as are the balanced mass budgets recorded in
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4. Mass Balance

Table 4.1: Summary table with area, mean specific winter and annual balance, ELA and

AAR for the measurement periods 2013/14 and 2014/15.

Glacier No. Period Area Bw Ba ELA AAR

(km2) (mm w.e.) (mm w.e.) (m a.s.l.) (%)

Basòdino 104 2013/14 1.842 1896 −211 2945 36

2014/15 1.842 1928 −1345 3125 1

Findelen 16 2013/14 12.880 1258 159 3185 70

2014/15 12.880 1197 −606 3305 53

Adler 16 2013/14 2.011 975 230 3355 65

2014/15 2.011 985 −378 3495 41

Gries 3 2013/14 4.431 1638 −568 2995 41

2014/15 4.431 1764 −1713 3255 0

Murtèl 377 2013/14 0.301 1439 534 3157 74

2014/15 0.302 1076 −902 3222 19

Pizol 81 2013/14 0.067 1148 −1222 2777 1

2014/15 0.067 1856 −1501 2777 1

Plaine Morte 65 2013/14 7.549 1011 −991 2805 1

2014/15 7.549 1235 −2395 2935 0

Rhone 1 2013/14 15.571 1197 −353 2915 57

2014/15 15.571 1723 −1083 2995 45

Sankt Anna 67 2013/14 0.195 1881 −437 2792 33

2014/15 0.193 1801 −1477 2917 0

Silvretta 90 2013/14 2.684 1202 −786 2925 21

2014/15 2.684 1397 −1649 3025 1

Tsanfleuron 33 2013/14 2.618 1391 −610 2835 18

2014/15 2.618 1565 −2744 2975 0

Sex Rouge 47 2013/14 0.270 1176 −613 2832 9

2014/15 0.270 1447 −2213 2882 0

the 1960s and 70s. The point measurements of the mass balance are of particular significance

with regard to answering questions related to climate change (Ohmura et al., 2007; Huss and

Bauder, 2009; Gabbi et al., 2015). The four existing long-term time series (Claridenfirn, Grosser

Aletschgletscher, Silvrettagletscher) start in the 1910s and cover almost the entire 20th century.

Mass balance data of the present report have also been submitted to the World Glacier Monitor-

ing Service (WGMS) as a contribution to the efforts of international glacier monitoring (WGMS,

2013).

4.2 Mass Balance in 2013/14

The glacier-wide mass balance in seasonal resolution was determined by measuring snow accumu-

lation during winter and melting in summer for the ten glaciers: Basòdino, Findelen, Gries, Murtèl,

Pizol, Plaine Morte, Rhone, Sankt Anna, Silvretta and Tsanfleuron. On glaciers located south of

the main Alpine ridge and in Engadine (e.g., Findelen, Murtèl) a balanced or slightly positive mass
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balance was observed. Glaciers investigated on the north slopes of the Alps showed moderate mass

losses. However, the reduction in average ice thickness between 0.3 and 0.6 m w.e. was relatively

small compared with the values registered during the last decade. Most negative mass balances of

a meter or more were found on the glaciers Plaine Morte in the western Swiss Alps and Pizol in

the north-east. Regional differences in mass balance were considerable in this period. The main

Alpine ridge acts as a weather divide and differences between north and south are common. In

this period, they can be attributed to frequent damming of low pressure systems from the south

in winter and spring. This resulted in large amount of snow on the south slopes, whereas dry

conditions predominated in the north. These general conclusions drawn from the glaciers with

focus on glacier-wide results are in accordance with the results on interannual variability revealed

by the long-term point measurements at Claridenfirn and Jungfraufirn.

By upscaling the measurements on individual glaciers to all glaciers in the Swiss Alps, a total

loss in ice volume in the order of 300 million m3 was estimated during this period. This amount

corresponds to a reduction of about 0.6 % in the ice volume presently existing. However, we

conclude for this period that the weather conditions were relatively favorable for the glaciers. Only

in the previous period 2012/13 were conditions over the last 10 years even more favorable. Even

though the melting was less dramatic than previously, the mass loss was still substantial.

4.3 Mass Balance in 2014/15

The same ten glaciers were investigated during this period as well with regard to their mass balance.

The differences in mass balance between these glaciers were higher than in previous periods. The

most negative mass balance results were observed at glaciers in the western Swiss Alps. Extreme

values of over -2.5 m w.e. were registered at Tsanfleuron and Plaine Morte. The least amount

of mass loss for glaciers under detailed investigations, with average thickness changes at about

-0.6 m w.e., was found on Findelen and Allalin in the southern Valais. All other glaciers ranged

between one and two meters of mass loss. The very hot period in summer had an especially strong

impact on the smaller glaciers with areas not extending to higher elevations. At the end of July,

the winter accumulation on most of them had already disppeared completely. The 2015 calendar

year is on record as one of the hottest year since systematic weather observation started in 1864.

However, the slow melt-out in early summer as well as repeated snowfalls in mid-August and in

September prevented a more intensive melt.

Extrapolated over the entire glacierized area in Switzerland, a loss in ice volume of 1300 million

m3 was found. This corresponds to 2.5 % of the estimated current ice volume. In summary, the

weather conditions during the period under review were unfavorable for the glaciers in Switzerland.

Snow accumulation during winter was about average, while the summer season turned out to be

very melt-intensive. In comparison to recent decades, as well as the period covering the last 100

years with systematic measurements on the glaciers, this period was among the most negative.
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4. Mass Balance

4.4 Ghiacciaio del Basòdino

Introduction

Ghiacciaio del Basòdino is a small north-east facing temperate mountain glacier in the southern

Swiss Alps. The small individual branch descending to the north with a separate tongue is not

considered part of the glacier and not included in the mass balance determination. The main

branch presently covers an area of 1.8 km2 and extends from 2562 to 3186 m a.s.l. Detailed mass

balance investigations have been carried out since 1990. Determination of volumetric changes

in decadal resolution reach further back to 1929 (Bauder et al., 2007). Topographic maps or

photogrammetrical surveys exist for 1929, 1949, 1971, 1985, 1991, 2002, 2008 and 2013. Huss

et al. (2015) re-analyzed and homogenized the seasonal stake data and ice volume changes for the

period 1991 to 2013. The results of the mean specific winter and annual balance for comparable

fixed date periods are presented in Section 4.17 of this report.

3000

3000

2800

2800

23

4

6

7

8

9

10
11

12

14

15

67
90

00

140250

68
15

00

141500

0 1km

Figure 4.3: Surface topography and observational network of the Ghiacciaio del

Basòdino.

Investigations in 2013/14

The measurement period extended from 13th September 2013 to 26th September 2014 with a

field visit in spring on 16th May 2014. Abundant firn accumulation was present at the end of the

balance year in September 2014. Snow depth was measured at about 16 locations during the

spring measurement period and supplemented by a density profile from the central sector of the

glacier.
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Investigations in 2014/15

The measurement period was from 26th September 2014 to 31th August 2015 with a field visit in

spring on 25th May 2015. Again snow depth was sampled at about 36 locations distributed over the

entire glacier with a density profile at the center. An additional filed visit on 26th September 2015

at the lower stakes revealed substantial melt of 20-30 cm w.e. that occurred during September

2015 after the measurements had been taken.
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Figure 4.4: Ghiacciaio del Basòdino - Mean specific annual balance (bars) and cumulative

mass balance for the period 1991-2015. Values refer to the measurement

period.
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4. Mass Balance

Table 4.2: Ghiacciaio del Basòdino - Specific winter and annual balance versus altitude

in the two periods 2013/14 and 2014/15, evaluated for the measurement

period defined by the dates of field survey.

Altitude 2013/14 2014/15

Area bw ba Area bw ba

(m a.s.l.) (km2) (mm w.e.) (mm w.e.) (km2) (mm w.e.) (mm w.e.)

2500 - 2600 0.010 2049 −681 0.010 1980 −2114

2600 - 2700 0.141 1967 −377 0.141 1985 −1510

2700 - 2800 0.360 1903 −393 0.360 1982 −1534

2800 - 2900 0.429 1854 −542 0.429 1911 −2326

2900 - 3000 0.528 1960 3 0.528 1968 −744

3000 - 3100 0.314 1868 116 0.314 1882 −711

3100 - 3200 0.059 1526 111 0.059 1481 −1295

2500 - 3200 1.842 1896 −211 1.842 1928 −1345

Table 4.3: Ghiacciaio del Basòdino - Individual stake measurements of winter and annual

balance.

Stake Period Coordinates Mass balance

Start Spring End bw ba

(m / m / m a.s.l.) (mm w.e.)

4 13.09.2013 16.05.2014 26.09.2014 680061 / 141294 / 2819 1562 −864

6 13.09.2013 16.05.2014 26.09.2014 679650 / 141450 / 2890 1672 −816

8 13.09.2013 16.05.2014 26.09.2014 679500 / 140800 / 3040 2002 426

9 13.09.2013 16.05.2014 26.09.2014 680557 / 141167 / 2758 1786 −608

10 13.09.2013 16.05.2014 26.09.2014 681000 / 141130 / 2689 1782 −976

11 13.09.2013 16.05.2014 26.09.2014 681336 / 141054 / 2610 2433 −432

12 13.09.2013 16.05.2014 26.09.2014 679781 / 140828 / 2990 1870 168

14 13.09.2013 16.05.2014 26.09.2014 679983 / 141017 / 2904 1672 −140

15 13.09.2013 16.05.2014 26.09.2014 679391 / 140978 / 3040 1665 −196

2 26.09.2014 25.05.2015 31.08.2015 680067 / 141303 / 2792 1700 −2440

6 26.09.2014 25.05.2015 31.08.2015 679666 / 141432 / 2848 1850 −1728

8 26.09.2014 25.05.2015 31.08.2015 679618 / 140718 / 3020 2300 90

9 26.09.2014 25.05.2015 31.08.2015 680559 / 141158 / 2738 1700 −1292

10 26.09.2014 25.05.2015 31.08.2015 680990 / 141125 / 2680 2300 −1819

11 26.09.2014 25.05.2015 31.08.2015 681303 / 141021 / 2586 2250 −1080

12 26.09.2014 25.05.2015 31.08.2015 679790 / 140827 / 2970 1900 −140

14 26.09.2014 25.05.2015 31.08.2015 679986 / 141022 / 2874 1750 −1428

15 26.09.2014 25.05.2015 31.08.2015 679390 / 140974 / 3020 1900 −1440
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Figure 4.5: Specific (left) and volumetric (right) winter (dotted, ⋄), summer

(dashed, △) and annual (continuous line, +) balance versus al-

titude for 2013/14 (top) and 2014/15 (bottom). Small symbols

mark the individual measurements.
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Figure 4.6: Equilibrium line altitude (ELA) and accumulation area ratio (AAR)

versus mean specific balance including all previous observations.
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4.5 Findelengletscher

Introduction

Findelengletscher (12.9 km2) and its former tributary Adlergletscher (2.0 km2) are located in the

southern Valais in the Zermatt area. The two glaciers cover an elevation range from 2580 m a.s.l. to

4120 m a.s.l. Findelengletscher is west-facing and is characterized by gently sloping high-elevation

accumulation basins and a comparatively narrow glacier tongue. The region is relatively dry with

equilibrium line altitudes being among the highest in the Alps. Mass balance measurements on

Findelengletscher were initiated in fall 2004 and the observational network was extended to Adler-

gletscher one year later.

3400

34
00

3600

32
00

3200

3800

38
0036

0034003200

28
00

2600

30
00

F2

F31

F32
F4

F5
F6

F7

F8

F81

F82

F93

F94

F10

F11

A4

A2

A3

A6

63
00

00

96000

63
60

00

92000

0 1km

Adlergletscher

Findelengletscher

Figure 4.7: Surface topography and observational network on Findelengletscher and the

former tributary Adlergletscher.

Investigations in 2013/14

Winter mass balance of Findelen- and Adlergletscher was determined on 9th April 2014. Snow

probings were obtained for 321 locations and snow density was measured in five snow pits distributed

over the entire elevation range of the glacier. Ground-based radar provided supplementary data
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