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Regional fact sheet - Polar Regions

Common regional changes

• Annual mean surface air temperatures and precipitation will continue to increase during the 21st century 
under all assessed emissions scenarios in both Polar regions (high confidence). 

• There is high confidence that mean precipitation and precipitation intensity will increase, the Arctic is 
projected to be dominated by rainfall, and in Antarctica rainfall will increase over the coastal regions.

• There is high confidence that glaciers have lost mass in all polar regions since 2000 and will continue to lose 
mass at least for several decades, even if global temperature is stabilized.

• Both major ice sheets – Greenland and Antarctica – have been losing mass since at least 1990, with the 
highest loss rate during 2010–2019 (high confidence), and they are projected to continue to lose mass.
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 

Final Government Distribution Technical Summary IPCC AR6 WGI 

Do Not Cite, Quote or Distribute TS-119 Total pages: 150 

 1 

 2 
 3 
Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 

Recent and future changes in ice sheets

Greenland and Antarctic Ice Sheet cumulative mass changes in gigatonnes (recently observed and projected by 

models under SSP1-2.6 and SSP5-8.5 scenarios) and equivalent sea level change (in meters). Maps show 

recent elevation changes (meters/year).



SIXTH ASSESSMENT REPORT

Working Group I – The Physical Science Basis

• The observed increase in 

relative sea level rise is 

virtually certain to continue in 

the Arctic (other than north-

eastern Canada and west 

coast of Greenland) 

contributing to more frequent 

and severe coastal flooding 

and shoreline retreat along 

sandy coasts

• Current Arctic sea ice cover 

(both annual and late 

summer) is at its lowest level 

since at least 1850 (high 

confidence) and is projected 

to reach practically ice-free 

conditions at its summer 

minimum at least once 

before 2050 under all 

scenarios.

Antarctic

• Observations show a widespread, strong warming trend 

starting in the 1950s in the Antarctic Peninsula. 

Significant warming trends are observed in other West 

Antarctic regions and at some stations in East Antarctica 

(medium confidence). 

• The Antarctic Peninsula, West Antarctica and some East 

Antarctic regions are projected to continue to warm in the 

21st century at a rate greater than global. 

• Antarctic snowfall and net snow accumulation have 

increased over the 20th century (medium confidence).

• Mass losses from West Antarctic outlet glaciers, mainly 

induced by ice-shelf basal melt, outpace mass gain from 

increased snow accumulation on the continent.

• At sustained warming levels between 2°C and 3°C, the 

West Antarctic Ice Sheet will be lost almost completely 

and irreversibly over multiple millennia; both the 

probability of complete loss and the rate of mass loss 

increase with higher surface temperatures.

• For Antarctic sea ice, there is no significant trend in 

satellite-observed sea ice area from 1979 to 2020 in both 

winter and summer, due to regionally opposing trends 

and large internal variability.

Mean annual temperature

Projected changes (SSP5-8.5 scenario) in mean 

annual temperature and total precipitation at 2°C

global warming compared to 1850–1900 for the 

Arctic (left) and Antarctic (right).

Arctic

• It is very likely that the Arctic has warmed at more than twice the global rate 

over the past 50 years, and it is virtually certain that surface warming in the 

Arctic will continue to be more pronounced than the global average warming 

over the 21st century. 

• Extreme heat events have increased around the Arctic since 1979, and 

minimum temperatures have increased at about three times the global rate 

• The fire weather season is projected to lengthen (medium confidence), together 

with encroachment of fire regimes into tundra regions (high confidence)

• Permafrost warming and thawing have been widespread in the Arctic since the 

1980s, and there is high confidence in future permafrost warming, decreasing 

permafrost extent with increased risk of hazardous impacts, including carbon 

release.

• Reductions in spring snow cover extent have occurred across the Northern 

Hemisphere since at least 1978 (very high confidence), and it is virtually certain

that this reduction will continue with further warming, despite a likely increase in 

winter snow amount in the far northern continental regions and central Arctic.

Links for further information:
TS.2.5, TS.4.3, TS, TS.4.3.2.8, Figure TS.11

2.3, 3.4,4.3, 8.3, 8.4, 9.3, 9.4, 9.5, 9.6, 11.3, 

12.4, Atlas.11, Figure 9.17, 9.18

Total precipitation

Results expanded 

in the Interactive  

Atlas (active links)

https://interactive-atlas.ipcc.ch/
https://interactive-atlas.ipcc.ch/regional-information#
https://interactive-atlas.ipcc.ch/regional-information#
https://interactive-atlas.ipcc.ch/regional-information#
https://interactive-atlas.ipcc.ch/regional-information#

