
The ‘eternal ice’ is transient
Glaciers are very sensitive to changes in climate. Precip-
itation in the form of snow plays a decisive role in their 
condition. Snow protects the ice below and ‘nourishes’ the 
glaciers. Snow which lasts for the entire year slowly trans-
forms into ice. Snow also reflects solar radiation, reducing 
the melting process.

The melting of snow and ice depends on summer tempera-
tures. When compared to the pre-industrial reference period 
from 1871 to 1900, the summer months from June to August 
are on average 3.3 degrees Celsius warmer.1 This tempera-

ture rise is the main reason for the rapid increase in glacial 
retreat.2

Changes in glaciers have been documented in Switzerland 
through detailed measurements for almost 150 years (see 
Box 1). Series of measurements recorded over such a long 
period are unique on an international level and extremely 
valuable when it comes to research. Measurement data and 
photographic comparisons clearly illustrate the massive ex-
tent of this decline. An area as large as the Canton of Uri 
(around 1,000 km2) has been cleared of ice since 1850. Si-
multaneously, over 1,000 small glaciers have disappeared. 
The collapse of glacier tongues has dramatically altered the 
landscape in the Alpine region (Fig. 1).

The Swiss Alps are characterised by glaciers. Their retreat influences the landscape and tourism, harbours natural 
hazards, lowers the volume of water available in summer and even has an impact on the ocean. The extent to 
which the Alpine glaciers are retreating and whether they will eventually disappear depends on climate change 
and, consequently, global climate protection. The factsheet outlines the level of knowledge concerning glacial mel-
ting and its impact on society and, additionally, illustrates available options and courses of action.
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The glaciers began to retreat about 170 years ago. This pro-
cess was very gradual in the beginning. Years with losses al-
ternated with periods of a few decades in which snowfall and 
the melting process cancelled one another out. The speed at 
which the tongue retreats depends on the size of the gla-
cier. Small glaciers react rapidly to annual fluctuations in 
weather conditions. Medium-sized glaciers have, in addition 
to the general retreat, also exhibited short phases of glacial 
advance due to intermittently favourable climatic conditions, 
for example during the 1970s. Conversely, large valley gla-
ciers such as the Aletsch Glacier are the slowest to adapt, as 
they mirror long-term climatic trends and have experienced 
a continuous reduction in length since measurements began.

The volume of Swiss glaciers has reduced by almost 40 per-
cent since the year 2000, and the glaciers continue to lose 
mass each year (Fig. 2). This loss is, on average, equivalent 
to over one metre of ice thickness per annum. Additionally, 
years noticeable for an exceptional level of melting are in-
creasing. The previous record for ice loss was significantly 
exceeded in 2022, followed by 2023 as the year with the 
second-highest losses since measurements began. Ten per-
cent of all Swiss glacial ice disappeared in these two ex-
treme years.2

Fig. 1: Reduction of the Tschierva Glacier in the Canton of the Grisons (Graubünden) between 1935 and 2022. Source: swisstopo, VAW-ETH Zurich
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Fig. 2: Change of ice volume in all Swiss glaciers between 2000 and 2024 (above). 
Relative change in the volume of ice from year to year (below). Source: GLAMOS
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Fig. 3: The effects of glacial melting are felt from the mountains 
to the Swiss Plateau and on to the ocean. 

Source: University of Zurich, ZI, MELS/SIVIC, T. von Grebel

The effects of glacial melting
What is the significance of glacial melting? What conse-
quences are to be expected for the human race and the en-
vironment (Fig. 3)? Which courses of action are open to us?

Landscape and tourism: Glaciers 
and white peaks are part of the 
image of the Alps today and 
attract tourists from all over 
the world. They are regarded 
as an expression of homeland 
by many people in Switzerland.
Should the glaciers disappear, 

destinations such as Zermatt or the Jungfraujoch, which are 
known all over the world, would need to present themselves 
in a different light. These changes could influence regions 
where skiing and hiking are popular, and paths, mountain 
railways, roads and settlements would be endangered. A 
rough landscape characterised by rubble would be created 
in the valleys from which the glaciers retreat, possibly with 
new lakes and pioneer vegetation that could spread slow-
ly and create new biodiversity niches. The challenge is to 
preserve glaciers as much as possible, to maintain an un-
mistakable landscape despite the change, and to use it for 
touristic purposes.

Natural hazards: Global warm-
ing destabilises rock faces and 
slopes which were previously 
supported by glaciers or a fro-
zen ground (known as perma-
frost). This increases the risk 
of rockfalls or even landslides, 
such as occurred in August 

2017 on Piz Cengalo (in the Bregaglia valley) and in April 
2024 in the Roseg valley (in the Engadin). This frequently 
occurs in locations which were previously considered safe. 
The retreating ice leads to the creation of new lakes which, 
should they suddenly empty, could create flooding and de-
bris flows. Close observation of these changes will be neces-
sary in future to ensure that warnings and protection can be 
provided in a timely manner in the event of an emergency.

Water balance: Glaciers store 
water in winter and release 
it in summer, thus ensuring 
the water balance. Melting of 
glacial ice first releases more 
water, which can be used for 
purposes such as hydropower 
and agriculture. However, if the 

reserves are exhausted, the storage effect of the ice is not 
available. The water shortage will increase, particularly in 
hot and dry summer periods. This not only applies to the 
Alpine valleys, but also to the major rivers in Central Europe 
(i.e. the Rhine, Rhône, Po and Danube) which are fed enor-
mous volumes of water in summer from the Alps, the surge 
chamber of Europe. Around 30 percent of the runoff into the 
Rhône at Geneva originates in summer from glaciers, and 
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Box 1: Monitoring of glaciers in Switzerland
The Swiss glacier monitoring network, GLAMOS  
is sustained by the ETH Zurich and the Universities 
of Freiburg und Zurich and supported by FOEN, die 
MeteoSwiss within the framework of GCOS-CH, SCNAT 
and swisstopo.

Measurement data collected 
Mass balance: 
20 glaciers. Annual measurements in April and Septem-
ber, in part for over 100 years (Fig. 4).
Length change: 
Approx. 100 glaciers. Annual determination of the 
position of the glacier tongue, since the end of the 19th 
century in many locations.
Area variation/Volume change: 
All 1,400 glaciers. Surveyed in 6-year cycles through 
aerial photographs.

Fig. 4: Measurement stake to determine the degree of melting 
on the Concordia Place (Aletsch Glacier).

Six metres of ice melted here in 2022. Source: M. Huss

this proportion can be higher during periods of drought.3 
The glacial retreat changes the quality of water in moun-
tain streams, and this poses a challenge to fauna and flora. 
An impact on groundwater and, consequently, the supply of 
drinking water is also probable. Adaptation of water usage 
guided by foresight is indispensable in order to address in-
creased runoff or discharge fluctuations.
 

Hydropower: Hydropower is 
crucially important for the 
power supply in Switzerland 
and, indeed, has become 
more significant in the light of 
the energy transition. Almost 
every reservoir in the coun-
try obtains its water from  
glaciated regions. These lakes 

can be filled through precipitation in future. Glacier shrink-
age, however, means that the water will probably flow in 
spring rather than midsummer, reducing the water volume 
in the long term. Management of reservoirs needs to take 
this changed water balance into consideration. One option 
is to store winter precipitation in new lakes instead of gla-
ciers.4 A balance must be achieved between the benefit this 
gives us and aspects of environmental and landscape con-
servation.

Rising sea level: Melting of 
Swiss glaciers contributes in 
a small way to the rising sea 
level. However, glaciers are 
retreating all over the world, 
and these will release copi-
ous amounts of water in the 
coming decades which, ulti-

mately, will flow into the oceans. Depending on the climate 
scenario, the sea level could rise by up to 0.5 to 1 metre 
by the year 2100 and, in a worst case situation, up to as 
much as 5 metres by the year 2300.5 Up until now and in 
the coming decades, mountain glaciers around the world 
will be responsible for around a quarter of the entire rise 
in the sea level. In addition to the expansion of warming 
ocean water, the rise in sea levels will be dominated in the 
long term by the melting of the ice sheet in Greenland and 
the Antarctic. As a landlocked country, Switzerland is not 
directly affected by this, but many coastal regions around 
the world are threatened by this, and millions of people will 
need to migrate.

  

https://www.glamos.ch
https://ethz.ch/en.html
https://www.unifr.ch/home/en/
https://www.uzh.ch/en.html
https://www.bafu.admin.ch/bafu/en/home.html
https://www.meteoswiss.admin.ch
https://www.meteoswiss.admin.ch/about-us/research-and-cooperation/programmes-gaw-ch-and-gcos-ch.html
https://scnat.ch
https://www.swisstopo.admin.ch/en


Fig. 5: Distribution of glaciers, their area and their volume (in 2024) across the Swiss cantons. The ice cubes illustrate the volume of glaciers 
divided across the Swiss cantons. However, the volume of ice in the cantons of St. Gallen (SG), Schwyz (SZ) and Appenzell Inner-Rhodes (AI) 

is much too low to be represented by an ice cube. Source: swisstopo, GLAMOS

Switzerland as a glacial landscape
The Swiss Alps are characterised by glaciers, and these still 
cover about two percent of the national territory. The figure 
exceeded four percent in 1850. According to the most recent 
glacier inventory, there are 1,400 glaciers across Switzerland, 
although most of these are small and, in part, do not even 
have a name.6 Around 130 glaciers have a length exceeding 
two kilometres. At 80 square kilometres, the Great Aletsch 
Glacier is the most powerful ice stream in the Alps. Its area 

is double that of the Canton of Basel-Stadt. The glaciers are 
distributed over eleven Swiss cantons (Fig. 5).
 
The Canton of Valais is home to the greatest proportion of glacial 
area and volume, followed by the cantons of Bern, the Grisons 
and Uri. Currently, the total glacier volume of Switzerland is es-
timated to be 46.5 km3 (as of 20242, 7). This water volume would 
fill Lake Biel 40 times over, and it is almost equivalent to the 
volume of Lake Constance. While the average ice thickness is 
around 60 metres, there is currently an almost 800-metre-thick 
ice cover on the Concordia Place (Aletsch Glacier).

Fig. 6: Covering a small part of the Rhône Glacier in 2019 with white cloths 
for localised reduction of melting. However, these measures were unable 

to prevent the retreat of the glacier tongue. Source: M. Huss

Box 2: Saving glaciers with technology?
When it comes to the tourist infrastructure on glaciers, 
white cloths known as geotextiles have been laid on 
the ice for about 20 years in Switzerland (Fig. 6). This is 
an efficient method which, on a local level, can prevent  
50–70 percent of melting.8 However, this application 
is very expensive and limited to small areas of a few 
1,000  m2 where an economic benefit can be achieved. 
It is impossible to impede the disappearance of an en-
tire glacier or even all glaciers in a region through this 
method, as it would simply be an exercise in combating 
symptoms. In addition, the landscape suffers as a result, 
and considerable environmental pollution is involved 
(e.g. through microplastics). What applies to methods 
such as geotextiles also applies to approaches involv-
ing large-scale artificial variation of solar radiation,9 as 
they do not represent a long-term solution. The global 
reduction of greenhouse gas emissions is the only op-
tion that will preserve glaciers in the Alps and around the 
world. In addition to the positive effect for glaciers, this 
would also minimise other climate change risks such as 
extreme events, the loss of biodiversity, ocean acidifica-
tion, droughts and crop failures.5

Valais (VS)
505,81 km2

33,842 km3

591 glaciers

Bern (BE)
136,69 km2

7,732 km3

244 glaciers

Grisons (GR)
69,64 km2

2,424 km3

301 glaciers

Uri (UR)
45,69 km2

1,915 km3

160 glaciers

Glarus (GL)
10,67 km2

0,429 km3

35 glaciers

Obwalden (OW)
3,16 km2

0,070 km3

13 Gletscher

Vaud (VD)
1,52 km2

0,031 km3

13 glaciers

Ticino (TI)
1,85 km2

0,024 km3

29 glaciers

St. Gallen (SG)
0,49 km2

3 glaciers

Schwyz (SZ)
0,02 km2

3 glaciers

Appenzell  
Inner-Rhodes (AI)
0,004 km2

1 glacier
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The future of Swiss glaciers
The international community agreed in 2015 in Paris to sta-
bilise the increase of temperatures globally at a level well 
below two degrees Celsius when compared to pre-industrial 
conditions.10 A reduction of global greenhouse gas emissions 
to a net value of zero by the year 2050 would be necessary 
for this. However, the world is currently on a development 
trajectory that will lead to significantly greater warming. 
So what do these perspectives mean for Swiss glaciers, and 
how much ice could still remain?

As glaciers react slowly to climate change, they are too 
large for the currently prevailing climate. Even if the tem-
peratures remained stable from now on, it is expected that 
the volume of ice would reduce by a third within 25 years.11 

Many smaller glaciers would simply disappear. The room for 
manoeuvre and the consequences are, however, consider-
able. In a world without climate change mitigation, which 
is an extreme scenario, practically all glaciers in the Swiss 
Alps would disappear by the year 2100. If the two-degree 
target can be maintained, around one quarter of the ice 
present today will be preserved. The glacial area at around 
3,100 m above sea level would be preserved to a large ex-
tent at the end of the 21st century, weakening the negative 
impact of glacial melting.

In a scenario without climate change mitigation, the Great 
Aletsch Glacier could disappear completely in 75 years (Fig. 
7). Even the Jungfraujoch would be devoid of ice. Converse-
ly, if the target of net zero emissions can be achieved by 
2050 and global warming is well bellow two degrees, the 
Aletsch Glacier would be shorter and thinner, but it would 
be preserved in part with its three ice streams.
 

In a global perspective, climate protection embodies greater 
potential when it comes to preserving glaciers. Three quar-
ters of the global volume of mountain glaciers could be pre-
served in a best-case scenario,12 and melting of the ice sheet 
in Greenland and the Antarctic limited.13 This could consider-
ably reduce the menacing rise in the sea level.

Fig. 7: Anticipated expansion of the Great Aletsch Glacier in 2100 
in a scenario with strict global climate protection efforts (above) 

and a scenario without climate protection (below). The glacier 
tongue retreats considerably in both cases, revealing a deep valley with 

glacial lakes. Source: Tages-Anzeiger Interaktiv, VAW-ETHZ, UNIFR

https://scnat.ch/en/id/3FE3S
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