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The world’s ocean and cryosphere have been 
‘taking the heat’ from climate change for decades.

Consequences for nature and humanity are 
sweeping and severe.
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First dedicated IPCC mountain chapter since AR2 (1995)

670 million people in and around high mountains
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Changes in the mountain cryosphere

• Smaller glaciers found, for example, in Europe, eastern Africa, the tropical 
Andes and Indonesia are projected to lose more than 80% of their current ice 
mass by 2100 if emissions continue to increase strongly.  

• As glaciers melt and snow cover shrinks, warm-adapted plant and animal 
species migrate upslope. Cold- and snow-adapted species decrease and risk 
eventual extinction, especially without conservation.

• The retreat of the cryosphere will continue to adversely affect recreational 
activites, tourism and cultural assets.



Sea level rise 2006-2015

Greenland Ice Sheet: 0.77 mm/yr 
Antarctic Ice Sheet: 0.43 mm/yr
Glaciers: 0.61 mm/yr

1.8   mm/yr

Thermal expansion: 1.4   mm/yr

Total observed: 3.6   mm/yr
(1901-1990:  1.4 mm/yr)
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Changes in the mountain cryosphere
10% of land surface (20% for 
Northern Hemisphere) under 
permafrost conditions

30% is mountain permafrost 
(20 x glacier area) 
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Changes in the mountain cryosphere

• Hazards for people, for example through landslides, snow avalanches or 
floods will increase as glaciers and permafrost decline.

• Changing water availability and quality affects households, agriculture, 
energy systems, and people both in the region and beyond. 

• Limiting warming to 1.5°C would help people to adjust to changes in water 
supplies and limit risks related to mountain hazards. 

• Integrated water management and transboundary cooperation provide 
opportunities to reduce the impacts of climate-related cryosphere changes on 
water resources.
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A1.4 Permafrost thaw and glacier retreat have decreased the stability of high-
mountain slopes (high confidence).

B1.4 In many high mountain areas, glacier retreat and permafrost thaw are 
projected to further decrease the stability of slopes, and the number and area 
of glacier lakes will continue to increase (high confidence).
Floods due to glacier lake outburst or rain-on-snow, landslides and snow 
avalanches, are projected to occur also in new locations or different seasons 
(high confidence). 

Summary for Policy Makers



B7.1 Disaster risks to human settlements and livelihood options in high mountain areas and the Arctic are 
expected to increase (medium confidence), due to future changes in hazards such as floods … landslides, 
avalanches, unreliable … snow conditions, and increased exposure of people and infrastructure (high 
confidence). Current engineered risk reduction approaches are projected to be less effective as hazards change 
in character (medium confidence)

C1.1 Current governance systems, financial resources and environmental monitoring often operate on time 
horizons which are shorter than the temporal scales of climate change impacts in … cryosphere and their 
societal consequences. Such mismatches constrain the ability of societies to adequately prepare for and 
respond to long-term changes including shifts in the frequency and intensity of extreme events (high 
confidence). Examples include changing landslides and floods in high mountain regions …

C4.2 Intensifying cooperation and coordination among governing authorities across scales, jurisdictions, 
sectors, policy domains and planning horizons … . Regional cooperation, including treaties and conventions 
… . … multiscale linkages with local and indigenous communities… . Consistency between national and 
transboundary regional policies …

C4.4 Investments in education and capacity building … . … engagement of local and indigenous knowledge-
holders, relevant professionals and stakeholders in adaptive governance systems and planning frameworks 
with close linkages to policy processes … . Promotion of climate literacy and drawing on local, indigenous 
and scientific knowledge systems … .

Summary for Policy Makers
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Observations
Glacier, snow and permafrost decline has altered the frequency, magnitude and location of most related 
natural hazards (high confidence). Exposure of people and infrastructure to natural hazards has increased 
due to growing population, tourism and development (high confidence). Glacier retreat and permafrost thaw 
have decreased the stability of mountain slopes and the integrity of infrastructure (high confidence). The number and 
area of glacier lakes has increased in most regions in recent decades (high confidence), but there is only limited 
evidence that the frequency of glacier lake outburst floods (GLOF) has changed. In some regions, snow avalanches 
involving wet snow have increased (medium confidence), and rain-on-snow floods have decreased at low elevations 
in spring and increased at high elevations in winter (medium confidence). The number and extent of wildfires have 
increased in the Western USA partly due to early snowmelt (medium confidence). {2.3.2, 2.3.3}
Projections
Most types of natural hazards are projected to change in frequency, magnitude and areas affected as the 
cryosphere continues to decline (high confidence). Glacier retreat and permafrost thaw are projected to decrease 
the stability of mountain slopes and increase the number and area of glacier lakes (high confidence). Resulting 
landslides and floods, and cascading events, will also emerge where there is no record of previous events (medium 
confidence). Snow avalanches are projected to decline in number and runout distance at lower elevation, and 
avalanches involving wet snow even in winter will occur more frequently (medium confidence). Rain-on-snow 
floods will occur earlier in spring and later in autumn, and be more frequent at higher elevations and less frequent at 
lower elevations (high confidence). {2.3.2, 2.3.3}

Executive Summary
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The more decisively and earlier we act, the 
more able we will be to address unavoidable 
changes, manage risks, improve our lives 
and achieve sustainability for ecosystems 
and people around the world – today and in 
the future.



Our ocean and cryosphere –

They sustain us.
They are under pressure.
Their changes affect all our lives.

The time for action is now.



More Information:
Website: http://ipcc.ch

IPCC Secretariat: ipcc-sec@wmo.int

IPCC Press Office: ipcc-media@wmo.int

@IPCC_CH

@IPCCNews

@IPCC_Climate_Change

www.vimeo.com/ipcc

www.youtube.com/c/ipccgeneva

Find us on:
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