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Summary

During the 125th and 126th year under review by the Cryospheric Commission, Swiss glaciers

continued to lose both length and mass. The dominant weather conditions of this measurement

period and the e�ects of climate warming left clear traces. In autumn 2004, a length variation was

determined for 93 of the 102 glaciers observed, while one year later such a result was obtained

for 95 of 101 glaciers. In the two observation periods, 2003/2004 and 2004/2005, Swiss glaciers

experienced further losses in length. Most of the measurement values lie between 0 and -30 m in

both of these periods.

Detailed mass balance �gures were obtained for the three glaciers: Bas�odino, Gries and Silvretta,

and point measurements taken at several additional glaciers. While mass losses remained moderate

during the �rst observation period, the glaciers su�ered signi�cant losses during the second, mainly

due to diminished precipitation in winter. The two complete time series of Griesgletscher and

Silvrettagletscher have been reanalysed and homogenised with independently derived ice volume

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

regions as well as for the Aaregletscher. The trend continued toward diminishing velocities, a clear

re
ection of the reduction in ice thickness due to lasting negative mass balances of the glaciers. The

area of each glacier in the observation network has been updated for the three existing inventories

of the states 1850, 1973 and 1998/99. For the �rst time results from measurements of englacial

temperatures at the Colle Gnifetti (Gornergletscher, Monte Rosa Massif) are presented.

In recent years, an awareness has grown in the general public of the signi�cance of glaciers as

storers of water and for tourism purposes. After the intense melting experienced during the hot

summer months with minimal precipitation, the glaciers were able to ensure the availability of water

for irrigation, drinking water and energy production purposes. Glacier changes in some ski areas

have forced the operators to be very adaptable. Following the strong retreat of Triftgletscher a

lake formed in the proglacial area. Beside some hazard issues local authorities have to deal with,

the lake and the ongoing changes of the glacier tongue attracted a lot of visitors.
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Published Reports

Annual reports of the Swiss glaciers started in the year of 1880 by F.A. Forel (1841-1912).

Authors of the annual reports: No. Year

F.A. Forel et L. Du Pasquier 1 - 17 1880 - 1896

F.A. Forel, M. Lugeon et E. Muret 18 - 27 1897 - 1906

F.A. Forel, E. Muret, P.L. Mercanton et E. Ar-

gand

28 1907

F.A. Forel, E. Muret et P.L. Mercanton 29 - 32 1908 - 1911

E. Muret et P.L. Mercanton 33 - 34 1912 - 1913

P.L. Mercanton 35 - 70 1914 - 1949

P.L. Mercanton 71 - 75 1950 - 1954

A. Renaud 76 - 83 1955 - 1961/62

P. Kasser 84 - 91 1962/63 - 1969/70

P. Kasser und M. Aellen 92 - 104 1970/71 - 1982/83

M. Aellen 105 - 115 1983/84 - 1993/94

M. Aellen, M. Hoelzle und D. Vonder M�uhll 116 1994/95

M. Hoelzle und D. Vonder M�uhll 117 1995/96

M. Hoelzle, D. Vonder M�uhll, A. Bauder und

G.H. Gudmundsson

118 1996/97

M. Hoelzle, D. Vonder M�uhll und M. Maisch 119 1997/98

M. Hoelzle, D. Vonder M�uhll, M. Schwikowski

und H.W. G�aggeler

120 1998/99

A. Bauder, A. Vieli und M. Hoelzle 121 1999/00

A. Bauder und M. Hoelzle 122 2000/01

A. Bauder, C. Sch�ar und H. Blatter 123 - 124 2001/02 - 2002/03

A. Bauder, J. Faillettaz, M. Funk und A. Pralong 125 - 126 2003/04 - 2004/05

Authors and editors of the glaciological two year reports:

P. Kasser, M. Aellen und H. Siegenthaler 95/96 - 99/100 1973/74 - 1978/79

M. Aellen 101/102 1979/80 - 1980/81

M. Aellen und E. Herren 103/104 - 111/112 1981/82 - 1990/91

E. Herren und M. Hoelzle 113/114 1991/92 - 1992/93

E. Herren, M. Hoelzle and M. Maisch 115/116 - 119/120 1993/94 - 1998/99

E. Herren, A. Bauder, M. Hoelzle and M. Maisch 121/122 1999/00 - 2000/01

E. Herren and A. Bauder 123/124 2001/02 - 2002/03

A. Bauder and R. R�uegg 125/126 2003/04 - 2004/05
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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 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.

This report is the new volume No. 125/126 in the series "The Swiss Glaciers" and presents the

results of the two observational periods 2003/04 and 2004/05. It carries on the long tradition of

yearbooks documenting monitored 
uctuations 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 e�orts of many people, public and private organisations in Switzer-

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

The Swiss glacier monitoring program was reviewed in 2002 by the Swiss Academy of Sciences

(SCNAT) in order to ensure its compability to the international integrated monitoring concepts

for large glacier ensembles. The working group for glaciers within the Cryospheric Commission

(EKK) of SCNAT has thereupon elaborated the now ongoing program for glacier monitoring in

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

is presented in the following chapter 1.1.

The results of the Swiss glacier monitoring contribute to the international e�orts to document

glacier 
uctuations as part of environmental monitoring initiatives of the Global Terrestrial Network

for Glaciers (GTN-G) within the the Global Terrestrial and Climate Observing System (GTOS/

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

The present report is based on a short overview of general outcomes published in German and

French in the magazine "Die Alpen - Les Alpes" of the Swiss Alpine Club (Bauder et al., 2006).

1.1 Glacier Monitoring in Switzerland (GLAMOS)

The main focus of the Swiss glacier monitoring is oriented towards glacier-climate interactions.

With the increasing human impact on the climate system, climate warming is expected to accelerate

in near future. It has become highly probable, that in near future large mountain regions will lose

their glaciers. The glacier monitoring activities should be regularly adapted to the ongoing glacier
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The Swiss Glaciers 2003/04 and 2004/05

changes. The incorporation of modern monitoring technologies such as remote sensing should help

to improve the data quality. Such new methods should be more frequently used in combination

with the traditional in-situ measurement techniques. Results from Swiss glacier monitoring should

allow analyses of glacier changes from a local to a global scale and is based on the available long-

term data. The monitoring concept involves the determination of the following measurements:

(1) mass balance and volume change, (2) 
ow speed, (3) length change, (4) inventory of glacier

characteristics, and (5) englacial temperature. In the following subsections a brief overview of the

measurement aims, the current state of the observations, problems encountered, and perspectives

for the future are presented.

(1a) Mass balance:

Aims: Mass balance measurements are essential for the investigation of glacier changes in the

context of climate change.

Current status: At present, ongoing long-term measurement series exist for the following glaciers:

Bas�odino, Gries and Silvretta (central and eastern Swiss Alps). Top priority should be given

to continuing these series. Mass balance measurements are carried out on a stake network at

Glacier du Gi�etro (western Swiss Alps). For all four glaciers (including Gi�etro) the glaciological

measurement method is used to calculate the glacier wide average balance and the seasonal balance

(not for Gi�etro). In addition, long-term index measurements (stake measurement at individual

sites) with seasonal resolution are available for the Grosser Aletschgletscher (Jungfrau�rn), at

Clariden�rn and in the Mattmark region. A comprehensive measurement series with seasonal

resolution exists for the period between 1947 and 1984 for the glaciers Limmern and Plattalva,

but was, unfortunately, discontinued.

Problems: As di�culties could arise in the medium term with the continuation of these measure-

ments, it is important that the EKK develops alternative solutions well in time.

Perspectives: For all mass balance measurement series, it is necessary to check, and possibly adjust,

the representativity of the individual stake locations by means of spatial mass balance modelling.

These models can also be used to improve the spatial extrapolation of stake measurements (point)

to the entire glacier (area). At the present time various research projects are underway at the

GIUZ, IfU and the VAW in which climatic data are used to provide spatial and temporal models of

mass balances. The EKK should continue to investigate the extent to which the results of these

projects can be incorporated into the existing measurement program.

(1b) Volume change:

Aims: The annual mass balance measurements according to the glaciological method are to be

complemented at 5- to 10-year intervals with the determination of volume changes for the entire

glacier. This random sample is to be completed by the determination of ice volume changes for

an additional number of glaciers.
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1. Introduction

Current status: Volume changes at intervals of 5 to 10 years were determined for the following 18

glaciers: Aletsch, Allalin, Bas�odino, Clariden, Corbassi�ere, Gi�etro, Gorner, Gries, Hohlaub, Kessjen,

Limmern, Plattalva, Rhone, Schwarzberg, Seewijnen, Silvretta, Trift and Unteraar.

Problems: It must be assured that the aerial photographs for the selected glaciers are taken at the

right time and under optimal conditions (maximal melting-out of the glacier) on the predetermined


ight paths (subsequent 
ights by Swisstopo are generally not adequate).

Perspectives: In future, volume changes should be determined not only for selected glaciers in the

mass balance programme, but also at a greater number of yet-to-be-established time intervals.

Data are available for the determination of volume changes over approximately the past 100 years

for a total of about 25 glaciers (the 18 mentioned above, as well as Arolla, Findelen, Morteratsch,

Trient, Unterer Grindelwald, Vestankla and Zinal). In future, other suitable methods (e.g. laser

scanning) should be considered in addition to classic photogrammetry.

(2) Flow speed:

Aims: Time series of surface velocities provide important data for numeric glacier 
ow models.

Information can also be acquired on how di�erent glacier geometries in
uence the 
ow �eld.

Current status: At present, surface movement is being determined with the aim of continuing

this procedure without gaps on the following 6 glaciers: Allalin, Corbassi�ere, Gi�etro, Oberaar,

Schwarzberg and Unteraar.

Problems: None at present.

Perspectives: The concurrent determination of the 
ow velocity at existing stake networks for the

mass balances makes obvious sense, and the additional e�orts required should be kept within rea-

sonable limits through the use of certain measurement instruments such as GPS and tachymeters.

(3) Length variation:

Aims: Length variations are at the end of the process chain of: climate ! mass balance !

geometry ! length variation. In contrast to mass balance, length variations o�er a rather indirect

indication of climate change. It is also, for a broad public, certainly the clearest signal of climatic

change. It is possible to obtain a general overview by using an extensive sample of every size and

type of glacier throughout all regions of the Swiss Alps.

Current status: At present, of 161 glaciers with documented observations, 110 are being observed

actively. The concept employed until now of using local people with no specialized training to carry

out the observations has proven successful. These so-called "glacier surveyors" are also able to

give useful information about potentially dangerous hazardous changes, for example, the formation

of proglacial lakes.

Problems: Many of the existing length variation measurement series have rather large gaps or are

not geo-referenced.

Perspectives: In order to ensure optimal data quality, continuity and representativity of the mea-

surement series, it is essential to continue these measurements. Important functions, for example,
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The Swiss Glaciers 2003/04 and 2004/05

the provision of detailed observations and photo documentation on site, are still, as ever, ful�lled

by the use of local observers, and this practice also serves to educate the general public. However,

improvements are needed in the training and support given to the local observers. There should

also be regular veri�cation of the suitability of the measurement method in use, and adjustments

as called for in each individual situation. In recent years new measurement methods have been

developed, especially modern terrestrial, aerial and satellite procedures. These represent a valuable

addition to the in-situ surveys and should in future be integrated into the regular measurement

network. It would also be desirable to include data from Swisstopo, which regularly collects rele-

vant information. By analyzing long time series of glacier changes, information about past local

temperature and precipitation regimes can be obtained. To this end, the time series must be

investigated using the appropriate inversion procedures. Research is still required in this �eld.

(4) Inventory of glacier characteristics:

Aims: Glacier inventories provide a summary of the basic data (delineation and surface area)

for a particular point in time of an as-comprehensive-as-possible sub-sample of all glaciers, thus

furnishing an important foundation for numerous glaciological, hydrological, climatological and

geomorphological investigations. These inventories should be conducted again every few decades.

Current status: There are glacier inventories in digital form available for the Swiss Alps for the

years 1850 and 1973 (complete), and for the year 1998/99 (incomplete, derived from satellite

data). The inventories from 1850 and 1973 are particularly suitable for all kinds of modelling,

as the glaciers were in relative equilibrium at the time the inventories were made. The glacier

delinations for the years 1850 and 1973 appear in the digital version of the Atlas of Switzerland

(incl. important additional details on each glacier), while the SGI2000 satellite-based inventory is

found in the GLIMS database, accessible via a web browser.

Problems: Along with the drastic changes in glacier geometry occurring since 1850, and even more

extremely in the last 20 years, other problems which need to be tackled have arisen in the evaluation

of the data. A visual check is of critical importance in addition to the automated determination

of glacier delineations from satellite data. Those zones which have snow, debris and hard shadows

are in particular need of precise checking and manual correction. The amount of time and e�ort

required is not to be underestimated.

Perspectives: It is recommended to use multispectral satellite data when compiling or updating an

inventory, as this enables a swift and easy determination of glacier characteristics for large-scale

samples by means of automated glacier mapping linked with the GIS (Geographic Information Sys-

tem) and digital elevation models (DEMs). Top priority is to be assigned to preparing digital glacier

delineations (vector lines) in order to determine, in these times of rapid geometric changes in many

glaciers (disintegration), which of the glaciers are a�ected by these changes. The EKK/SCNAT

should ensure that inventories are taken in good time, for example, at intervals of approx. every

10 years. In the aftermath of years such as 2003 with extreme temperature conditions, it makes

good sense to introduce shorter intervals, speci�c random samples (in view of the albedo e�ects
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1. Introduction

on the mass balance), or qualitative overviews (e.g., formation or development of lakes). From the

standpoint of the EKK/SCNAT, it would be worthwhile to make better use of the contributions

of Swisstopo, provided as part of its regular, routine collection of important characteristics.

(5) Englacial temperature:

Aims: The measurement of englacial temperature has not been a regular component of the Swiss

(or international) glacier observations so far. There are relatively few direct measurements, in

particular at elevations above 4,000 m a.s.l., that are suitable to be used as representative climatic

values. To this end, temperature measurements of �rn and ice could be a valuable contribution to

the documentation on thermal changes in glaciers at high elevations.

Current status: Colle Gnifetti is a suitable location for this purpose. Extensive investigations have

been conducted since the 1970s on this �rn saddle, especially in connection with core drilling for

paleo-climatic studies. In addition, �rn temperature measurements have been taken since 1983,

and will from now on be continued at 5- to 10-year intervals at the same location each time.

Problems: These measurements are very demanding in terms of logistics and the instruments

required.

Perspectives: A nearby automatic weather station would be a valuable addition to the �rn temper-

ature measurements.
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2 Weather and Climate

The years 2004 and 2005 were, just like the previous two, among the warmest throughout the

world since instrumental measurements were begun in 1860. The global mean temperature for the

earth’s surface surpassed the long-term mean value from 1961 to 1990 by +0.44�C to +0.48�C

(WMO, 2005). The warmest year on record remains 1998, while the past ten years. i.e., 1996 to

2005, are the warmest years recorded in the measurement series since 1861, with the exception of

1996.

In Switzerland, too, the two years under review were warm, with minimal precipitation. The second

one in particular had a very hot summer and very low precipitation amounts. A short summary

of the climate conditions in Switzerland during the two periods under review is presented in the

following two sections. The periods refer to the hydrological year (October to September). The

focus is on the three parameters temperature, precipitation and sunshine duration most relevant

to interpret glacier evolution. Both the weather and the climate data are taken from reports by

the Federal O�ce of Meteorology and Climatology (MeteoSwiss) (MeteoSchweiz, 2004b, 2005b).

2.1 Weather and Climate in 2003/04

Weather and Climate Conditions in the Hydrological Year 2003/04

In the �rst period { the hydrological year 2003/04 { the winter season began already at the

beginning of October with snowfall down to the low-lying areas. Further snowfall, especially in

mid- and late March, made this winter a snow-rich one, on the whole. The �rst half of 2004

was characterized by several strong temperature variations and precipitation events. After the

summer-like hot spell at the beginning of June, July was extremely variable, while summer fully

returned during August, followed by a mild Indian summer. Overall, the 2003/04 hydrological year

contained no extreme meteorological events, and no individual month was highlighted by signi�cant

deviations in temperature, precipitation, or duration of sunshine, anywhere in Switzerland.

Key Climatic Features from the \Monthly Weather Reports of MeteoSwiss"

2003

October Powerful intrusion of cold air, snow down to the lowlands on the north side of the

Alps

November Foehn winds and mild, wet in the south

7



The Swiss Glaciers 2003/04 and 2004/05

December In
uence of foehn, sunny in the Swiss plateau, abundant snow in the south {

sunny, cold Christmas

Year overall Extremely warm, sunny and very little precipitation { record summer

2004

January Abundant precipitation, storms from the west, abundant snow at month’s end

February Spring-like and sunny to start, more winter-like after mid-month

March First winter-like, warm at mid-month, than heavy snowfall in the pre-alpine regions

April Abundant rain in the south, dry in the north, foehn winds, but wet and cool over

Easter

May Changeable, intrusion of winter in the mountains at start, mid-summer tempera-

tures around mid-month

June Changeable, heavy rainfall in central Switzerland, extremely dry in southern

Switzerland

July Within long-term average. Widespread hailstorms on 8th July north of the Alps

August Very warm and humid, heavy storms in the west { then changeable

September Unseasonably warm due to late summer conditions in the beginning { dry in the

west and south

Year overall Warmer than normal and variable { hailstorm in the Swiss plateau

Temperature

In the �rst period under review, no individual month was either extremely cold or extremely warm.

In all regions of the country, the months of November, April and August of the 2003/04 period

were excessively warm. Only the month of October was colder than the long-term mean. The

values in the Alps in 2004 during the radiation-intensive summer months, which are of importance

for snowmelt (May and June) and for the disappearance of the snow cover on the glacier (July to

September), were 1�C above average.

Precipitation

In the �rst review year, precipitation was below average. There were high precipitation amounts

in Valais and Grisons, and generally low precipitation in most parts of the rest of Switzerland.

No single month anywhere was unseasonably dry or wet throughout whole Switzerland, although

in every region during many months the precipitation conditions in general were clearly too dry.

There were no major precipitation events of country-wide scale. The deviation of -6.2% from the

norm is approximately the same as in the previous period.

Sunshine duration

In the �rst review period, the sunshine duration was within the normal range. None of the months

throughout Switzerland, with the exception of October, was either extremely sunny or had below

average sunshine duration. Surpluses were recorded in many regions in the months of February,

May and September.

8



2. Weather and Climate

2.2 Weather and Climate in 2004/05

Weather and Climate Conditions in the Hydrological Year 2004/05

The second period began with an October that was warm and wet. The �rst intrusions of cold air

did not occur before November, so in the early part of winter there were rather low amounts of

snow. It was not until the snowfalls of mid-December that average snow depths could be recorded

in many parts of the country. The mild start to the year was followed by a cold snap in mid-February

and an unusually prolonged period of winter weather. Extremely low temperatures were recorded

in early March in many places, and snow depths were above average at the end of the month

throughout the country. Southern Switzerland experienced extremely dry conditions in the �rst

months of 2005, followed by a warm spring and a hot June. Weather conditions remained variable

but warm, and a more stable high-pressure situation did not return until the middle of July. The

end of the hydrological year was characterized by increasing dryness, and an initial drastic drop in

temperature in mid-September marked the approaching end of summer. The extreme event of late

August, the horrendous storms, overshadowed the entire period. Excessive, intense rainfall lasting

in some areas for more than 2 days resulted in 
ooding and debris 
ows.

Key Climatic Features from the \Monthly Weather Reports of MeteoSwiss"

2004

October Mild, with foehn in
uence in the Alps. Otherwise abundant precipitation and very

little sunshine in the south

November Very little precipitation in the north, mild in the south with heavy orographically

rainfall early in month

December Sunny and mild at high elevations, low stratus in the north { changeable from

mid-month

Year overall Warmer than normal and variable { hailstorm in the Swiss plateau

2005

January Sunny and spring-like, very winter-like later on. Sparse precipitation in the south

February Mid-winter conditions in the second part of the month in the north, extreme

dryness in the south

March Very cold at the start, very mild at mid-month. Again little precipitation

April Unseasonably mild overall { unusual snowfall in western Switzerland

May Changeable, abundant sunshine particularly in the south { mid-summer conditions

at end of May

June Extremely warm, very sunny, dry in many places { mid-summer conditions from

mid-month

July Very warm and dry in the south. Changeable in the north { heavy thunderstorms

at some places

August Unstable and wet and very little sunshine { heavy disastrous storms

September Warm, and dry in many places

Year overall Warm in the low-lying areas, extremely dry in the south. Heavy intense rainfall in

August

9
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Temperature

In the second period, the number of months with above-average high temperatures dominated, as

in previous years. Throughout Switzerland the months of October, May and June were excessively

warm. The values in the Alps in 2005 during the radiation-intensive summer months, so important

for snowmelt (May and June), and for the disappearance of the snow cover on the glacier (July to

September), were about 2.4�C above average. The summer of 2005 was only slightly warmer than

that of 1947 and thus occupies 2nd place behind 2003 in the ranking of extremely hot summers.

Precipitation

The period 2004/05 had less precipitation than the long-term average in the west of Switzerland,

the Alps, and in Ticino, while the precipitation de�cit on the south side of the Alps could even be

termed extreme. In Sopraceneri and Misox this was the driest year on record since 1901 and in other

regions since 1921. March, June and September were unseasonably dry throughout Switzerland,

whereas in the north, April and August, and October in the south in particular, were clearly too

wet. The southern regions of the Swiss Alps experienced a long period of dryness in January and

February. The annual total deviates by -11.7% from the mean value for 1961 to 1990.

Sunshine duration

Above-average values for sunshine duration were recorded in the second period under review.

Throughout the whole of Switzerland, only the month of July had a sunshine de�cit, in contrast to

the months of December, January, March, May and June with their abundant hours of sunshine.

The month of August in the Alps, and September in southern regions were also sunshine de�cient.

The major portion of the yearly surplus was achieved in June, the month with more daylight hours.

This surplus of sunshine duration was less marked at higher elevations, with the exception of

Engadin.

2.3 Climate in 2003/04 and in 2004/05, Summary: deviation

from the mean value 1961-1990

The regional di�erences and temporal variations in the important climatic elements for the mass

balance of the glaciers during the two periods under review are presented on the basis of the annual

precipitation and the summer air temperatures (MeteoSchweiz, 2004a, 2005a). The Figures 2.1 -

2.4 show the regional di�erences recorded in Switzerland while temporal variations since the begin

of systematic meteorological measurements in 1864 is illustrated in Figures 2.5 and 2.6 as a mean

of the 12 homogenized time series (Begert et al., 2005). Deviations from the mean values in the

standard climatological period 1961-1990 are presented (Aschwanden et al., 1996; Begert et al.,

2003). Data are taken from the di�erent observational networks ANETZ, ENET, KLIMA and

NIME maintained by MeteoSwiss.
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2. Weather and Climate
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Figure 2.1: Regional di�erences of annual precipitation 2003/04 - Deviation from the

mean value 1961-1990. Deviation in percentage.
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Figure 2.2: Regional di�erences of mean summer air temperatures in 2004 - Deviation

from the mean value 1961-1990. Deviation in degree Celcius.
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Figure 2.3: Regional di�erences of annual precipitation 2004/05 - Deviation from the

mean value 1961-1990. Deviation in percentage.
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Figure 2.4: Regional di�erences of mean summer air temperatures in 2005 - Deviation

from the mean value 1961-1990. Deviation in degree Celcius.
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Figure 2.5: Deviations of annual precipitation (hydrological year) from the mean value

1961-1990 in percentage for the period 1864-2005. The gray shaded area

highlights the years of the current report.
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Figure 2.6: Deviations of mean summer air temperature (May-September) from the

mean value 1961-1990 in degree Celcius for the period 1864-2005. The

gray shaded area highlights the years of the current report.
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a) b)

c) d)

Ammertengletscher in a) 1971, b) 1985, c) 1995 and d) 2005

(Photos: Archives VAW / E. Hodel)
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3 Length Variation

3.1 Introduction

Of the 121 glaciers registered in the observation network, 110 are currently 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 individual measurement values that were

very imprecise, which certainly does not justify preserving these �gures in the charts and analyses.

During the two years under review, 2003/04 and 2004/05, Swiss glaciers su�ered further losses

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

from the maximum retreat values at Triftgletscher, there are only a few instances with very large

length reductions. These extraordinary retreat amounts can be found in some cases over a two-

year time span, some are from larger glaciers, or can be explained by local in
uences. In many

places, measurement activities have been impeded in past years by the drastic, continued retreat

of the glacier. The measurement strategy has to be changed or adapted more frequently, and in

some places the glacier tongues have retreated into very steep or inaccessible terrain, requiring a

much greater expenditure of time and equipment. In addition, the constantly thickening layer of

debris not only hinders e�orts to locate the ice margin, but a growing number of detached dead

ice masses in front of the glacier are found, a result of the glacier tongue being completely cut o�

in a steep section of terrain. Glaciers with a stationary tongue position are generally small ones,

or those with a thick layer of debris. The continuous debris cover protects the underlying ice from

solar radiation and melting is reduced.

3.2 Length Variations in 2003/04

In the autumn 2004 observation period, 102 glacier tongues of the 110 glaciers under active

observation were investigated, and length variations determined for 91 of them. The majority of

the glaciers, or 76 in total, were in retreat, while 5 of them remained stationary (0 � 1 m) and 8

glacier tongues increased in length. The maximum amounts recorded indicate a minor advance of

a full 10 m at Morteratschgletscher, and a retreat of about 134 m at Triftgletscher.

The fact that certain glaciers advanced, as in the �rst observation period, can usually be explained

15



The Swiss Glaciers 2003/04 and 2004/05

by local in
uences at the tongue. This is not a true glacier advance stemming from a mass

surplus in the accumulation area, the result of cooler climate conditions with more abundant

precipitation in the past. In the previous measurement period of 2002/03, a very large length

retreat was determined at Morteratschgletscher in the Bernina region. In autumn 2003 a very

steep front remained, which 
attened out distinctly within the span of the 2003/04 measurement

period. Furthermore, the tongue is partially covered with debris, which reduces the melting of the

underlying ice. These factors could have had an in
uence on the advance �gure determined just

this one time.

3.3 Length Variations in 2004/05

In the autumn of 2005, thanks to good measurement conditions and favourable melt-out, 99

glacier tongues were investigated and a length change determined for 92 of them. Once again, the

majority, or 85 of them, were in retreat, while 7 were stationary. The recorded maximum values

indicate a 216 m retreat at Triftgletscher, followed by 66 m at Grosser Aletschgletscher.

The unusual development at Triftglescher in the Susten/Grimsel region did not come unexpectedly,

as the glacier has been in strong retreat for a number of years. A lake has formed at the terminus,

and the glacier tongue thinned out drastically in the meantime. The retreat process is accelerated

by the combined e�ect of calving (
oating up and breaking o� of ice masses at the edges) and

an increased supply of heat due to the direct contact of the glacier with the lake. During this

measurement period, all but a small portion of the ice melted away in the lake. This retreat

trend, which began years ago, continued also at Morteratschgletscher, where a single advance was

recorded in the �rst measurement period.
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3. Length Variation

3.4 Length Variations in 2003/04 and in 2004/05, Summary

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

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

2003/04 2004/05 2005 2003 2004 2005

Catchment area of the river Rhone (II)

1 e;f Rhone VS �11:4 �7:5 2208:0 08.08. 17.09. 15.09.

2 f Mutt VS �11:7 �6:8 2623 01 05.08. 24.10. 20.08.

3 f Gries VS �27:0 �58:0 2412:8 23.08. 05.10. 15.09.

4 e;f Fiescher VS x x 1681 01 n 27.08. 13.10.

5 f Grosser Aletsch VS �41:0 �65:6 1565:3 08.08. 17.09. 15.09.

106 Mittelaletsch VS n n n n n

6 f Oberaletsch VS �3:3 �5:8 2144 01 03.09. 03.09. 02.09.

7 e;f Kaltwasser VS �2:0 �0:6 2660 26.09. 29.09. 02.11.

10 e;f Schwarzberg VS �13 �19 2660 13.08. 07.09. 15.09.

11 e;f Allalin VS +2:8 �4:5 2601:1 13.08. 07.09. 15.09.

12 e Kessjen VS �15 �13 2868 13.08. 07.09. 15.09.

173 e Seewjinen VS �8:5 �21 2705 04.09. 07.09. 15.09.

13 e;f Fee (Nord) VS �5:1 �7:4 2135 02 15.10. 05.10. 10.10.

14 f Gorner VS �5 �17 2240 02.10. 02.10. 07.11.

15 f Zmutt VS n n n n n

16 f Findelen VS �18:1 �19:2 2491:5 08.08. 01.09. 14.09.

17 e Ried VS �29:1 �16:2 2069 10.09. 10.10. 23.10.

18 e;f Lang VS �16 �24 2077 22.10. 08.09. 05.10.

19 f Turtmann VS �46:4 �17:4 2270 20.09. 19.09. 25.09.

20 Brunegg (Turtmann) VS �9:6 �24 2500 20.09. 19.09. 25.09.

21 Bella Tola VS �7:8 �2:4 21.09. 18.09. 24.09.

22 f Zinal VS �9 �8 2040 12.10. 03.10. 25.09.

23 e;f Moming VS n n 2630 02 n n n

24 e;f Moiry VS +5 �24:5 2410 13.10. 04.10. 18.09.

25 e;f Ferp�ecle VS �38 �2 16.10. 02.10. 08.10.

26 e Mont Min�e VS �36 �29 14.09. 02.10. 08.10.

27 f Arolla (Mont Collon) VS �26 �28 14.09. 01.10. 08.10.

28 e;f Tsidjiore Nouve VS �22 �45 14.09. 01.10. 08.10.

29 e;f Cheillon VS �21:6 2a �14:5 2689 n 08.09. 18.10.

30 e;f En Darrey VS �7:3 �28:5 2445 10.10. 08.09. 16.10.

31 e;f Grand D�esert VS �6:4 �5:2 19.09. 18.09. 23.09.

32 e;f Mont Fort (Tortin) VS �23:4 �1:4 22.09. 20.09. 23.09.

33 f Tsan
euron VS �19 �37:5 03.09. 09.10. 03.10.

34 e Otemma VS �19:1 �41:5 2460 16.09. 30.09. 25.09.

35 e Mont Durand VS +1:4 �36:4 2340 14.09. 01.10. 25.08.
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No. a Glacier Ct. b Length variation c Altitude d Date of measurements

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

2003/04 2004/05 2005 2003 2004 2005

36 e Breney VS �31:5 �17:4 2575 15.09. 29.09. 24.09.

37 Gi�etro VS �34:8 �58:1 2596:6 02.08. 01.09. 14.09.

38 Corbassi�ere VS �54:0 �27:0 2218:5 02.08. 01.09. 14.09.

39 e;f Valsorey VS n �27 2a 2399:2 08.10. n 14.10.

40 e Tseudet VS n �54 2a 2463:8 08.10. n 14.10.

41 e Boveyre VS n �24 2a 2620:4 18.10. n 21.11.

42 f Saleina VS �17 �8 1788:4 01.10. 18.11. 19.08.

43 e;f Trient VS �19 �35 2030 22.09. 11.09. 24.09.

44 e;f Paneyrosse VD �1 x 27.08. 19.09. 08.09.

45 e;f Grand Plan N�ev�e VD �1:6 +0:1 27.08. 23.09. 01.09.

47 e;f Sex Rouge VD +3:1 �5:5 16.09. 04.09. 24.09.

48 e Prapio VD x �15:5 2a 2525 03 09.08. 30.07. 22.09.

Catchment area of the river Aare (Ia)

50 f Oberaar BE �29:8 3a �3:8 2301:8 n 01.09. 05.08.

51 f Unteraar BE �158:6 3a �32:7 1927:6 n 01.09. 05.08.

52 Gauli BE �5 �1 2110 15.09. 10.09. 23.09.

53 e;f Stein BE �32 �52 1945 19.09. 08.09. 16.09.

54 e Steinlimmi BE �8 �59:5 2100 19.09. 08.09. 16.09.

55 e;f Trift (Gadmen) BE �135:7 �215:8 1651:5 04.09. 28.07. 14.09.

57 e;f Oberer Grindelwald BE x x n 23.10. 22.10.

58 f Unterer Grindelwald BE x x n 23.10. 22.10.

59 e Eiger BE �11:9 �12:0 2202 18.09. 04.10. 15.09.

60 e Tschingel BE �1:7 �3:2 2269 19.09. 23.09. 16.09.

61 e;f Gamchi BE �15 �16:6 1950 04 28.09. 05.09. 08.10.

109 e Alpetli (Kander�rn) BE �10:8 �16:3 2250 22.09. 08.09. 15.09.

62 e;f Schwarz VS �20 �25:7 2267 12.09. 10.09. 29.09.

63 e L�ammern VS �14:6 �13:7 2540 13.09. 11.09. 30.09.

64 e;f Bl�uemlisalp BE �18:9 �40:4 2250 25.09. 14.09. 13.09.

111 e Ammerten BE �0:6 �0:3 2350 14.09. 05.09. 04.09.

65 f R�atzli BE n n 2450 01 n n n

112 Dungel BE �1 �6 2608 07.09. 10.09. 15.09.

113 Gelten BE x x 22.09. 11.09. 16.09.

Catchment area of the river Reuss (Ib)

66 e;f Tiefen UR �6:8 �19:8 2520 14.09. 18.09. 21.09.

67 e;f Sankt Anna UR �7:8 n 2580 04 26.09. 12.10. n

68 e;f Kehlen UR �20:5 �21:3 2200 25.09. 05.10. 11.10.

69 e Rot�rn (Nord) UR �1:0 �16:7 2035 25.09. 05.10. 11.10.
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No. a Glacier Ct. b Length variation c Altitude d Date of measurements

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

2003/04 2004/05 2005 2003 2004 2005

70 e;f Damma UR x n 2085 03 15.10. 06.10. n

71 e;f Wallenbur UR �6:6 �12 2250 18.09. 13.10. 16.10.

72 f Brunni UR n n 2560 03 n n n

73 e;f H�u� UR �34 �4 1700 19.09. 18.09. 13.10.

74 e;f Griess UR +2:2 �9:2 2223 18.09. 05.10. 12.10.

75 f Firnalpeli (Ost) OW �36:2 �13:0 2172 14.08. 10.09. 16.09.

76 f Griessen OW �6:3 �5:5 2515 22.08. 13.09. 15.09.

Catchment area of the river Linth / Limmat (Ic)

77 e;f Biferten GL �1:8 �10:5 1960:7 18.10. 11.09. 15.10.

78 e Limmern GL �1:7 �3:4 2290 06.09. 08.09. 16.10.

114 e Plattalva GL �2:9 �19:6 2580 06.09. 09.09. 17.10.

79 e;f Sulz GL +1:5 +0:5 1789 03.10. 01.10. 24.10.

80 e;f Gl�arnisch GL �16:2 �3:1 2330:1 02.08. 22.09. 24.09.

81 e;f Pizol SG +9:7 �10:8 2600 04.09. 07.09. 07.09.

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

82 e;f Lavaz GR �354 11a �7:2 2428 n 02.09. 30.08.

83 e;f Punteglias GR �4:6 �10:6 2350 09.11. 04.11. 21.10.

84 e;f Lenta GR �37:1 �21 2360 12.08. 21.09. 09.09.

85 e;f Vorab GR x �27:4 2a 14.08. 31.08. 15.09.

86 e;f Paradies GR �0:1 �0:8 2688 04.09. 17.09. 12.09.

87 e Suretta GR �58:5 �54:6 2227 14.08. 29.09. 21.09.

88 e;f Porchabella GR �11 �19:8 2645 20.08. 25.08. 08.09.

115 e Scaletta GR �3:1 �3:3 2580 03 05.09. 02.09. 05.09.

89 e;f Verstankla GR �3:3 �14:7 2405 26.08. 25.08. 06.09.

90 Silvretta GR �5:8 �15:9 2465:7 13.08. 05.10. 15.09.

91 e;f Sardona SG �1:4 �7:2 2450 28.08. 06.09. 27.09.

Catchment area of the river Inn (V)

92 e;f Roseg GR �53:7 �55:5 2160 28.10. 06.10. 18.10.

93 e Tschierva GR �34:0 �34:3 2340 28.10. 06.10. 18.10.

94 e;f Morteratsch GR +10:3 �22:2 2085 25.10. 06.10. 19.10.

95 e Calderas GR �12:4 �11:2 2745 26.08. 23.08. 15.09.

96 e;f Tiatscha GR x x 2650 27.08. 06.10. 03.11.

97 e Sesvenna GR �6:8 n 2735 04 19.10. 26.08. n

98 e;f Lischana GR �4:2 �3:9 2800 01.09. 02.09. 23.09.

Catchment area of the river Adda (IV)

99 e Cambrena GR �6 �9:7 2520 20.08. 03.11. 11.08.

100 e;f Pal�u GR �66 2a n 2640 04 n 08.09. n

101 e Paradisino (Campo) GR �35 �24 2830 14.08. 07.11. 27.10.

102 e;f Forno GR �23:6 �43:8 2232 02 26.08. 25.08. 06.09.
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No. a Glacier Ct. b Length variation c Altitude d Date of measurements

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

2003/04 2004/05 2005 2003 2004 2005

Catchment area of the river Ticino (III)

103 e;f Bresciana TI �76:8 �1:8 2910 17.09. 22.09. 31.08.

104 e;f Bas�odino TI �4:7 �14:9 2539:0 26.09. 07.09. 13.09.

105 e;f Rossboden VS x n 1915 02 n 01.10. n

117 e Valleggia TI �1:2 �4:4 2426 02.09. 09.09. 15.09.

118 e Val Torta TI �0:1 0 2512:0 03.09. 09.09. 15.09.

119 e Cavagnoli TI �4:2 �14:9 2521:9 25.09. 08.09. 14.09.

120 e Corno TI +0:1 �3:8 2570 05.09. 01.09. 30.08.

352 e Croslina TI �1:4 �3:2 2704:0 19.09. 21.09. 01.09.

Legend

+ advancing x value not determined

st stationary, �1 m n not observed

- retreating sn snowed in

a Identi�cation number of the glacier in the observation network.

b If a speci�c 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 2005, the year of the last measurement

is indicated: 2522 99 = 2522 m above sea level, measured in the year 1999.

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.

Table 3.1 no longer includes a) glaciers which have melted back drastically and are often debris-

covered, making it impossible to carry out a proper survey at yearly intervals (Mittelaletsch, T�alli-

boden, Ofental, Zmutt), and b) glaciers observed only at irregular intervals and/or that yield

imprecise measurement values, which does not justify retaining these �gures in the charts and

analyses (Bis, Orny, Martinets, Pierredar, Rosenlaui, L�otschberg, Albigna).
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Figure 3.1: Observed glaciers in fall 2004.
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Figure 3.2: Observed glaciers in fall 2005.
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a)

b)

Tiefengletscher in a) 1975, b) 1990, c) 1999 and d) 2005

(Photos: J. Marx / Amt f�ur Forst und Jagd, UR)
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c)

d)
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3.5 Length Variations - Statistics for 1880-2005

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

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

which have been classi�ed 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 di�erences

re
ect the considerable e�ects of size-dependent �ltering, smoothing, and enhancing of the delayed

tongue response with respect to the undelayed input (mass balance) signal. As a consequence, 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 included

in Figures 3.3 and 3.4. 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 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 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 optimally re
ect common characteristics of the tongue-reaction signal. Figure 3.4 shows the
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Figure 3.3: Yearly classi�cation of glacier length behaviour (advancing, stationary and

retreating) of 73 selected glaciers.
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3. Length Variation

annual and individual length change of all 73 selected glaciers. 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, with its highly variable behaviour.

1900 1950 2000

Grand Plan NØvØ 0.32 km
Sulz 0.32 km
Pizol 0.50 km

Sardona 0.59 km
Sankt Anna 0.64 km

Bresciana 0.73 km
Lischana 0.75 km

Firnalpeli (Ost) 0.83 km
Sex Rouge 0.88 km

Paneyrosse 0.94 km
Mutt 0.96 km

Punteglias 1.09 km
Griessen 1.10 km

Lavaz 1.24 km
Griess 1.39 km

Basòdino 1.41 km
Kaltwasser 1.51 km

Mont Fort (Tortin) 1.63 km
Vorab 1.68 km

Tiatscha 1.79 km
Grand DØsert 1.79 km

Wallenbur 1.91 km
En Darrey 1.94 km
Verstankla 2.00 km

Lenta 2.05 km
Porchabella 2.05 km

Paradies 2.28 km
Glärnisch 2.33 km

Kehlen 2.42 km
Damma 2.44 km

Blüemlisalp 2.44 km
Gamchi 2.70 km

Tiefen 2.73 km
Brunni 2.91 km

Moming 3.12 km
Cheillon 3.25 km

Tsanfleuron 3.31 km
Valsorey 3.53 km

Palü 3.63 km
Schwarz 3.69 km

Schwarzberg 3.70 km
Roseg 3.94 km

Rossboden 3.96 km
Stein 4.15 km

Biferten 4.29 km
Trient 4.30 km

Arolla (Mont Collon) 4.56 km
Oberaar 4.70 km

Tsidjiore Nouve 4.73 km
Fee (Nord) 4.74 km

Trift (Gadmen) 4.84 km
Rätzli 4.87 km
Gries 5.21 km

Turtmann 5.24 km
Moiry 5.25 km
Forno 5.48 km
Allalin 5.97 km

Saleina 6.21 km
Morteratsch 6.45 km

Oberer Grindelwald 6.45 km
FerpŁcle 6.47 km

Zmutt 6.49 km
Lang 6.59 km
Hüfi 6.77 km

Zinal 7.03 km
Findelen 7.27 km

Rhone 7.85 km
Unterer Grindelwald 8.38 km

Oberaletsch 8.83 km
Unteraar 12.21 km

Gorner 12.89 km
Fiescher 14.99 km

Grosser Aletsch 22.85 km

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

descending order of glacier length).
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