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 KEY MESSAGES 

The world’s glaciers have lost about 9625

gigatonnes of ice since 1961, raising the global

sea level by nearly 3 cm.

Their current mass loss is 335 gigatonnes a
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Their current mass loss is 335 gigatonnes a

year, corresponding to a global sea level rise of

almost 1 mm per year.

In Europe, the largest contributions to global sea

level rise come from the peripheral glaciers in

Greenland, and the glaciers located in Svalbard

and Iceland.

The other European glaciers cover a relatively

small area and only constitute a minor

contribution to sea level rise.

Global sea level rise is due to two main factors: land ice melt

and thermal expansion. Land ice includes the ice sheets in

Greenland and Antarctica, as well as all glaciers worldwide.

Global
glaciers
and sea
level
rise

 



Glacier mass change from 1961 to 2016 as estimated
for different regions. The cumulative regional and
global mass changes (in Gt, represented by the size
of the bubbles) are shown. In orange, the locations of
glaciers from RGI 6.0 are illustrated. Data source:

. Credit: ESA/Zemp et al. 

Between 1961 and 2016, glaciers around the world lost about

9625 gigatonnes (Gt) of ice. This resulted in a global sea level

rise of 27 mm over the same period. The largest contributions

were from glaciers in Alaska, followed by the melting ice

fields in Patagonia and glaciers in various Arctic regions (see

figure above). During this period, South West Asia (ASW) was

the only region where glaciers experienced a slight mass

gain. The glaciers in Alaska contributed a total mass change

of approximately -3,000 Gt or 8 mm sea level equivalent. This

was due to a substantial rate of ice loss (-0.6 m w.e. yr-1) over a

large area.

Over the past decade it has been calculated that the global

loss of ice from glaciers has been 335 ± 144 Gt per year

(approximately three times the volume of all the ice in the

European Alps), corresponding to a rise in sea level of almost

Zemp et al. (2019)

https://doi.org/10.1038/s41586-019-1071-0


1 ± 0.4 mm per year; around 25-30% of the total.



Melting glaciers in Russia’s Arctic territory. This
image shows glaciers on the Franz-Josef-Land
archipelago in the Arctic Ocean (black). The glaciers
and ice caps (light blue) are covered with little or no
snow (white), which is an indicator of significant
mass loss. Source: Copernicus Sentinel data 2016.

European
glaciers
and sea
level rise

Over the past six decades, glaciers in Europe have been losing

mass. The biggest losses are in regions where glaciers cover a

large proportion of land and experience a high cumulative

mass loss.

The highest cumulative mass losses have been observed in

Svalbard (-687 Gt), Iceland (-132 Gt), Scandinavia (-38 Gt) and

the European Alps (-38 Gt). Glaciers peripheral to the

Greenland ice sheet had an estimated cumulative mass loss

of 1237 Gt. The contribution of European glaciers to sea level

rise is thus dominated by the glaciers on Greenland and



Svalbard.

The rate of mass change per square metre, measured in

metres of water equivalent per year (m w.e. yr-1), show

differences across Europe. The Caucasus, European Alps and

Svalbard have a higher rate of specific mass loss (-0.25 to -0.5

m w.e. yr-1) than Iceland and the Scandinavian Alps (0 to

-0.25 m w.e. yr-1). Read more in the ‘ ’. 
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Glacier Mass Change:  | 

The cumulative mass balance estimates presented here are

based on long-term in-situ observations combined with

satellite-based observations. The former are compiled by the

World Glacier Monitoring Service (WGMS) in annual calls-for-

data from a scientific collaboration network in more than 40

countries worldwide. The latter are derived from comparing

digital elevation models from at least two points in time over

the respective glacier areas, revealing the so-called geodetic

mass balance. The estimates given here are from a subset of

global and European reference glaciers ( , updated
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global and European reference glaciers ( , updated

and earlier reports).

Calculating the contribution of glaciers to sea level on a global

scale is a challenging task. The numbers here are based on

the methods and findings presented by . The

mass change is also converted to an equivalent sea level

contribution by assuming that 362.5 Gt of ice is equivalent of 1

mm sea level rise.

Maps and graphs

The map shows the total mass change of all glaciers over the

1961-2016 period (per region and the global sum) that is also

represented by the size of the bubbles.

WGMS 2019

Zemp et al. (2019)
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