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Executive summary 
 

The ocean remembers - the new dimension of climate legacy 

The IPCC Special Report on Global Warming of 1.5°C sent a message of urgency. The IPCC Special 

Report on the Ocean and Cryosphere in a Changing Climate re-emphasises it and adds the dimensions 

of legacy of our actions. It shows how changes in ocean and Ýcryosphere will continue for centuries 

and millennia even after emissions have seized. Sea levels in 2300 might exceed 3.5m under very high 

emission scenarios, and only achieving the Paris Agreement temperature goal would give a good 

chance to hold 2300 sea level rise below 1m. 

 

The climate reality to date  

LƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƻƴ ƻŎŜŀƴ ŀƴŘ ŎǊȅƻǎǇƘŜǊŜ ŀǊŜ ŀƭǊŜŀŘȅ ǳƴŜǉǳƛǾƻŎŀƭ ǘƻŘŀȅΤ ƳŀǊƛƴŜ ƘŜŀǘǿŀǾŜǎΩ 

frequency has doubled in forty years and caused irreversible loss, such as for the Great Barrier Reef 

that has already lost 50% of its shallow-water corals. Limiting warming to 1.5°C would lead to a decline 

by a further 70-90% at 1.5°C with larger losses (>99%) at 2°C at the end of the century, emphasizing 

the need for urgent action but also the loss and damage inferred by climate change to these unique 

and precious systems already.  

 

Changes are pervasive and observed from high mountains, to the polar regions, to coasts, and into the 

deep ocean, strongly exposing communities who live in connection to these environments. Loss and 

damage is already a reality for vulnerable coastal communities, some of them being forced to migrate. 

 

Achieving the goals of the Paris Agreement would substantial reduce climate change impacts  

The IPCC assessment reveals the benefits of ambitious mitigation and effective adaptation for 

sustainable development and, conversely, the escalating costs and risks of delayed action.  

It also establishes how adaptation can only delay impacts in ocean and cryosphere, and not be a 

ΨǎƻƭǳǘƛƻƴΩ. Limits to adaptation can be reached and exceeded if warming exceeds 1.5°C; adaption costs 

for coastal adaptation alone for some small island states can amount to several percent of GDP. 

 

Under a high greenhouse gas emission scenario (RCP8.51), at the end of the century, the ocean will 

have taken up 5-7 times more heat compared to the observed accumulated ocean heat uptake since 

1970; marine heatwaves will be 50 times more frequent; sea level rise will reach around 0.84 m with 

respect to 1986-2005; the global-scale biomass of marine animals across the food-web will decrease 

by 15%, the Ýmaximum catch potential of fisheries by 20%. Millions of people are and will continue 

to be threatened by sea-level rise, even under a low emission scenario (RCP2.62). 

 

Post-IPCC science re-emphasizes the importance of limiting warming to below 2°C to avoid tipping 

points 

Recent science has found that at 2°C warming, the West Antarctic Ice Sheet would reach a Ýtipping 

point. In addition, emissions implied by present day NDCs would commit the world to sea level rise 

above 1m in 2300 with the NDCs of the biggest five emitters (China, US, EU, India, Russia) alone 

contributing about 12cm. In addition, new elevation data has revealed that three times more people 

might be vulnerable to sea-level rise and coastal flooding than previously thought. 

 
1 cf Technical note 
2 cf Technical note 
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New science on permafrost release reveals how abrupt permafrost thaw can lead to increased rates 

of greenhouse gas emissions.  

 

Impacts on the marine biosphere continue to emerge. In 2020, the Great Barrier Reef has experienced 

its worst mass bleaching event since 1998 and this in a year without an ÝEl Niño. February 2020 had 

the highest monthly sea surface temperatures ever recorded on the Great Barrier Reef, and for the 

first time, severe bleaching has struck all three regions of the Great Barrier Reef ς the northern, central 

and now large parts of the southern sectors.  

 

Selected information on differential impacts between a Paris Agreement scenario (RCP2.6) and a no-

policy high warming scenario (RCP8.5) from the IPCC Special Report:  

 

Projected impacts and risks RCP 2.6 RCP 8.5 

Global glacier mass reduction between 2015 and 2100  18 ± 7% 36 ± 11% 

Heat uptake by 2100 (compared to the observed 
accumulated ocean heat uptake since 1970) 

2-4 times more heat 
uptake 

5-7 times more heat 
uptake 

Frequency of marine heatwaves by 2081ς2100, 
relative to 1850ς1900 

20 times more frequent 50 times more frequent 

Global mean sea level rise in 2100 with respect to 
1986ς2005 

0.43 m (0.29ς0.59 m) 0.84 m (0.61ς1.10 m) 

Rate of global mean sea level rise in 2100 4 mm yr-1 (2-6 mm yrς1) 
15 mm yrς1 (10-20 mm 
yrς1) 

Rise in sea level by 2300 0.6ς1.07 m 2.3ς5.4 m 

Ocean oxygen content decline by 2081-2100 relative 
to 2006ς2015 

1.6-2.0% 3.2ς3.7% 

Open ocean surface pH decrease by 2081ς2100 
relative to 2006ς2015 

0.036ς0.042 pH units 0.287ς0.290 pH units 

Decrease of the global-scale biomass of marine 
animals across the food-web by 2080ς2099 relative to 
1986ς2005 

4.3 ± 2.0% 15.0 ± 5.9% 

Decrease of the maximum catch potential of fisheries 
by 2100 relative to 1986ς2005 

3.4ς6.4% 20.5ς24.1% 

Decrease in marine fisheries maximum revenue 
potential by 2050 relative to 2000 

7.1 ± 3.5% 10.4 ± 4.2% 
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1 Observed changes and impacts 
 

1.1 Observed physical changes and impacts on natural ecosystems 

 

- Physical changes have already been observed in both the ocean and Ýcryosphere: frequency of 

marine heatwaves has doubled, the Greenland Ice Sheet lost ice mass at an average rate of 278 ± 

11 Gt yrς1; 2.5 million km2 of Artic June snow cover was lost; 

- Sea level rise (+0.16m for 1902-2015) and other climate change impacts strongly threaten coastal 

ecosystems; 

- Shifts in species composition, abundance and biomass production of ecosystems have been 

observed, with an overall decrease in the maximum catch potential of fisheries (-4.1%). 

 

1.1.1 Observed physical changes 

Ocean 

The global ocean has warmed unabated since 1970 and has been assessed with high confidence to 

have taken up more than 90% of the excess heat in the climate system. Marine heatwaves have very 

likely doubled in frequency since 1982 and have become longer-lasting, more intense and more 

extensive. Moreover, the ocean has taken up between 20ς30% of total anthropogenic CO2 emissions 

since the 1980s causing further Ýocean acidification, leading open ocean surface pH to decline by a 

range of 0.017ς0.027 pH units per decade. The increasing Ýocean stratification, alongside the 

changing ventilation and biogeochemistry, leads to a loss of oxygen by a range of 0.5-3.3% over the 

upper 1000m between 1970 and 2010. In addition to that, there is medium confidence that the 

ÝAtlantic Meridional Overturning Circulation (AMOC) has weakened relative to 1850ς1900. 

 

Cryosphere 

Ice sheets and glaciers worldwide have lost mass. Between 2006 and 2015, the Greenland Ice Sheet 

lost ice mass at an average rate of 278 ± 11 Gt yrς1 (equivalent to 0.77 ± 0.03 mm yrς1 of global sea 

level rise), the Antarctic Ice Sheet lost mass at an average rate of 155 ± 19 Gt yrς1 (0.43 ± 0.05 mm yrς

1), and glaciers worldwide outside Greenland and Antarctica lost mass at an average rate of 220 ± 30 

Gt yrς1 (equivalent to 0.61 ± 0.08 mm yrς1 sea level rise). From 1967 to 2018, approximately 2.5 million 

km2 of Artic June snow cover was lost. In nearly all high mountain areas, the depth, extent, and 

duration of snow cover have declined over recent decades. Moreover, there is very high confidence 

that permafrost temperatures have increased to record high levels (1980s-present) including the 

recent increase by 0.29°C ± 0.12°C from 2007 to 2016 averaged across polar and high-mountain regions 

globally. Between 1979 and 2018, Arctic sea ice extent has very likely decreased for all months of the 

year; a decline of the areal proportion of multi-year ice at least five years old of approximately 90% 

has been assessed with very high confidence. In the Artic, there is high confidence that area burned 

and frequency of fires (including extreme fires) are unprecedented over the last 10,000 years: an 

estimated 80,000 km2 of boreal area was burned globally per year from 1997 to 2011. 

 

Sea level rise 

Total Global Mean Sea Level (GMSL) rise for 1902ς2015 is 0.16 m (likely range 0.12ς0.21 m), and there 

is high confidence that the rate of 3.6 mm yr-1 ((3.1ς4.1 mm yrς1, very likely range) is unprecedented 

over the last century, mostly because of the ice sheetsΩ ƭƻǎǎ but also because of the thermal expansion 
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of the water. It is extremely likely that sea level rise has accelerated due to the combined increased ice 

loss from the Greenland and Antarctic ice sheets (it is likely that mass loss from the Antarctic ice sheet 

over the period 2007ς2016 tripled relative to 1997ς2006, and doubled for Greenland) and acceleration 

of ice flow and retreat in Antarctica, which has the potential to lead to sea level rise of several meters 

within a few centuries, is observed in West and East Antarctica. It has been assessed with medium 

confidence that extreme wave heights, which contribute to extreme sea level events, coastal erosion 

and flooding, have increased in the Southern and North Atlantic Oceans by around 1.0 cm yrς1 and 0.8 

cm yrς1 over the period 1985ς2018. Furthermore, there is high confidence that increases in tropical 

cyclone winds and rainfall, and increases in extreme waves, combined with relative sea level rise, 

exacerbate extreme sea level events and coastal hazards.  
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Figure 1: (fig SPM.1) Observed and modelled historical changes in the ocean and cryosphere since 1950, and 
projected future changes under low (RCP2.6) and high (RCP8.5) greenhouse gas emissions scenarios. Changes are 
shown for: (a) Global mean surface air temperature change with likely range. Ocean-related changes with very 
likely ranges for (b) Global mean sea surface temperature change; (c) Change factor in surface ocean marine 
heatwave days; (d) Global ocean heat content change (0ς2000 m depth). An approximate steric sea level 
equivalent is shown with the right axis by multiplying the ocean heat content by the global-mean thermal 
ŜȄǇŀƴǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ όʶ Ғ лΦмнр Ƴ ǇŜǊ млнп WƻǳƭŜǎύ ŦƻǊ ƻōǎŜǊǾŜŘ ǿŀǊƳƛƴƎ ǎƛƴŎŜ мфтлΤ όƘύ Dƭƻōŀƭ ƳŜŀƴ ǎǳǊŦŀŎŜ ǇI 
(on the total scale). Assessed observational trends are compiled from open ocean time series sites longer than 15 
years; and (i) Global mean ocean oxygen change (100ς600 m depth). Assessed observational trends span 1970ς
2010 centered on 1996. Sea level changes with likely ranges for (m) Global mean sea level change. Hashed 
shading reflects low confidence in sea level projections beyond 2100 and bars at 2300 reflect expert elicitation on 
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the range of possible sea level change; and components from (e,f) Greenland and Antarctic ice sheet mass loss 
{3.3.1}; and (g) Glacier mass loss. Further cryosphere-related changes with very likely ranges for (j) Arctic sea ice 
extent change for September13; (k) Arctic snow cover change for June (land areas north of 60oN); and (l) Change 
in near-surface (within 3ς4 m) permafrost area in the Northern Hemisphere.  

 

1.1.2 Observed impacts on ecosystems 

Through the appearance of land previously covered by ice, changes in snow cover, and thawing 

permafrost, Ýcryospheric and associated hydrological changes have impacted terrestrial and 

freshwater species and ecosystems in high mountain and polar regions. Observed rates of range shifts 

since the 1950s are estimated to be 51.5 ± 33.3 km per decade and 29.0 ± 15.5 km per decade for 

organisms in the Ýepipelagic and seafloor ecosystems, respectively. 

 

Shifts in species composition, abundance and biomass production of ecosystems 

There is high confidence that since about 1950 many marine species across various groups have 

undergone shifts in geographical range and seasonal activities in response to ocean warming, sea ice 

change and biogeochemical changes (such as oxygen loss) to their habitats. This has resulted in shifts 

in species composition, abundance and biomass production of ecosystems, from the equator to the 

poles. Ocean warming in the 20th century and beyond, along with intensive fishing, has contributed 

with medium confidence to an overall decrease in Ýmaximum catch potential, and in many regions, 

to reduced fisheries catches, with an average decrease of approximately 3% per decade in population 

replenishment and 4.1% (very likely range of 9.0% decline to 0.3% increase) in maximum catch 

potential from 1930 to 2010. In some areas, the contribution of changing ocean conditions to the 

expansion of suitable habitat and/or increases in the abundance of some species, such as in the ice-

free waters of the Artic because of sea ice changes, have been assessed with high confidence. 

Nevertheless, these changes are also linked to the habitat contraction of marine mammals and 

seabirds. 

 

Coastal ecosystems 

Coastal ecosystems are among the most affected by ocean warming, and there is high confidence that 

it is in combination with adverse effects from human activities on ocean and land. Habitat contraction, 

geographical shift of associated species, loss of biodiversity and ecosystem functionality, large-scale 

coral bleaching events causing worldwide reef degradation since 1997, large-scale mangrove mortality, 

have already been observed. There is high confidence that nearly 50% of coastal wetlands have been 

lost over the last 100 years, as a result of the combined effects of localised human pressures, sea level 

rise, warming and Ýextreme climate events. There is high confidence that distributions of seagrass 

meadows and kelp forests are contracting at low-latitudes and a loss of 36ς43% following heat waves 

has been observed in some areas. Moreover, as vegetated coastal ecosystems are important carbon 

stores, their loss is responsible for the current release of 0.04ς1.46 GtC yrς1.  

 

1.2 Observed impacts on People and Ecosystem services 

 

- Food security and human health have already been negatively impacted by climate change; 

- Cultural aspects (local culture, tourism, aesthetics) are also affected; 

- Coastal communities are the most exposed to climate-related hazards, some even plan for 

relocation. 
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1.2.1 Food security & health 

Since the mid-20th century, the shrinking cryosphere in the Arctic and high-mountain areas, along with 

the increasing frequency of wildfires, has led to predominantly negative impacts on food security, 

water resources, water quality, livelihoods and health, with costs and benefits being unequally 

distributed across populations and regions. In the Artic, there is high confidence that changes in snow 

cover, lake and river ice, and permafrost have disrupted access to and the availability of food, livestock, 

hunting, fishing and gathering areas. Glacier retreat and snow cover changes have contributed to 

localized declines in agricultural yields in some high mountain regions, including with medium 

confidence the Hindu Kush Himalaya, and the tropical Andes. Moreover, Ýpeak water has been 

reached before 2019 for 82ς95% of the glacier area in the tropical Andes, 40-49% in Western Canada 

and USA, and 55-67% in Central Europe (including European Alps and Pyrenees) and the Caucasus. 

 

Moreover, negative impacts of cryosphere change on human health have included increased risk of 

food- and waterborne diseases, malnutrition, injury, and mental health challenges especially among 

Indigenous peoples. There is medium confidence that stored anthropogenic legacy pollutants 

contaminants (such as mercury) released from melting glaciers and thawing permafrost have affected 

water quality; an estimated 2.5 tonnes has been released by glaciers to downstream ecosystems across 

the Tibetan Plateau over the last 40 years. Furthermore, since the early 1980s, there is high confidence 

that the occurrence of harmful algal blooms and pathogenic organisms (e.g., Vibrio) has increased in 

coastal areas in response to warming, deoxygenation and Ýeutrophication, with negative impacts on 

food provisioning, tourism, the economy and human health; human communities in poorly monitored 

areas are among the most vulnerable to these biological hazards. 

 

1.2.2 Cultural aspects 

Negative consequences of warming-induced changes in the spatial distribution and abundance of 

some fish and shellfish have been assessed with high confidence for Indigenous peoples and local 

communities that are dependent on fisheries. Catches, economic benefits, livelihoods, and local 

culture are affected. Furthermore, there is medium confidence that in many mountain regions, tourism 

and recreation activities (skiing, glacier tourism, mountaineering) have been negatively impacted, 

alongside the degradation of aesthetic aspects of high mountains (e.g. in the Himalaya, East Africa, the 

tropical Andes).  

 

1.2.3 Coastal communities 

In addition to that, there is high confidence that coastal communities are among the most exposed to 

multiple climate-related hazards, including tropical cyclones, extreme sea levels and flooding, marine 

heatwaves, sea ice loss, and permafrost thaw. There is high confidence that some coastal communities 

have planned for relocation, even if a diversity of responses has been implemented worldwide, mostly 

after Ýextreme events, but also some in anticipation of future sea level rise. 

 

2 Projected changes and risks  

 

2.1 Projected physical changes and risks for ecosystems 
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- Impacts on the ocean and cryosphere are projected to become greater, leading to some 

irreversible changes and in some cases to crossing of a Ýtipping point; under RCP8.5, by the end of 

the century, a decrease in the open ocean surface pH by around 0.3 pH units, a 10-fold increase in 

ƳŀǊƛƴŜ ƘŜŀǘǿŀǾŜǎΩ ŦǊŜǉǳŜƴŎȅ and a decrease in global-scale marine biomass across the food-web 

by 15.0 ± 5.9% are projected. 

- Sea level rise is projected to continue to increase under all RCP scenarios (0.84m under RCP8.5 in 

2100), with many low-lying megacities and small islands projected to experience historical 

centennial events at least annually by 2050. 

 

2.1.1 Projected physical changes 

Oceans 

Over the 21st century the ocean is projected to transition to unprecedented conditions. It is virtually 

certain that it will continue to warm, taking up 5-7 times more heat by 2100 under RCP8.5 than the 

observed accumulated ocean heat uptake since 1970. The upper Ýocean stratification is very likely 

projected to increase, therefore inhibiting vertical nutrient, carbon and oxygen fluxes. Moreover, by 

2081ς2100 under RCP8.5, ocean oxygen content, upper ocean nitrate content, net primary production 

and carbon export are projected to decline globally by very likely ranges of 3ς4%, 9ς14%, 4ς11% and 

9ς16% respectively, relative to 2006ς2015. In addition to this, it is virtually certain that continued 

carbon uptake by the ocean is projected to decrease the open ocean surface pH by around 0.3 pH units 

by 2081ς2100, relative to 2006ς2015, under RCP8.5. Under RCP8.5, oxygen loss between 100 and 600 

m depth is projected to very likely emerge over 59ς80% of the ocean area by 2031ς2050 and over 79ς

91% by 2081-2100.  

 

Furthermore, marine heatwaves are projected to further increase in frequency (notably in the Arctic 

and the tropical oceans), duration, spatial extent and intensity with very high confidence, the latter 

being projected to increase about 10-fold under RCP8.5 by 2081ς2100, relative to 1850ς1900 (medium 

confidence). Extreme ÝEl Niño and ÝLa Niña events are projected to likely increase in frequency in 

the 21st century and to likely intensify existing hazards, with drier or wetter responses in several 

regions across the globe. Besides, the ÝAMOC is projected to very likely weaken in the 21st century 

under all RCPs, causing a decrease in marine productivity in the North Atlantic, more storms in 

Northern Europe, less Sahelian summer rainfall and South Asian summer rainfall, a reduced number 

of tropical cyclones in the Atlantic, and an increase in regional sea level along the northeast coast of 

North America. 

 

Cryosphere 

There is high confidence that global-scale glacier mass loss, permafrost thaw, and decline in snow cover 

and Arctic sea ice extent are projected to continue in the near-term (2031ς2050), contributing to sea 

level rise and leading to river run-off, with increases in average winter runoff and earlier spring peaks. 

There is medium confidence that regions with mostly smaller glaciers (e.g., Central Europe, Caucasus, 

North Asia, Scandinavia, tropical Andes, Mexico, eastern Africa and Indonesia) are projected to lose 

more than 80% of their current ice mass by 2100 under RCP8.5. In addition to that, there is high 

confidence that Arctic autumn and spring snow cover are projected to decrease, so is low elevation 

mean winter snow depth in high mountains areas. Moreover, widespread permafrost thaw is projected 

for this century and beyond (very high confidence). The rates and magnitudes of these Ýcryospheric 
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changes are projected to increase further in the second half of the 21st century in a high greenhouse 

gas emissions scenario (Error! Reference source not found.).  

 

The permafrost region represents a large, climate sensitive reservoir of organic carbon with the 

potential for some of this pool to be rapidly decayed and transferred to the atmosphere as CO2 and 

methane as permafrost thaws in a warming climate, thus accelerating the pace of climate change; the 

potential carbon release from the permafrost zone is estimated at 92 ± 17 Pg C (1 Pg = 1 billion metric 

tonnes) by 2100 under high emission climate warming trajectories. On the other hand, permafrost 

thaw gives more potential for stimulated plant growth (the summer growing season is a period of net 

carbon uptake into terrestrial ecosystems) to offset some CO2. 

 

Sea level rise 

The Global Mean Sea Level (GMSL) continues to rise at an increasing rate: in 2100 under RCP8.5, it is 

projected to have risen by 0.84m (0.61-1.10 m, likely range) and to increase by 15 mm yrς1 (10ς20 mm 

yrς1, likely range) (with regional differences); sea level rise is projected to continue beyond 2100 in all 

RCP scenarios (mean sea level rise projections are higher by 0.1 m compared to AR5 under RCP8.5 in 

2100, and the likely range extends beyond 1 m in 2100 due to a larger projected ice loss from the 

Antarctic Ice Sheet). Consequently, there is high confidence that local sea levels that historically 

occurred once per century (historical centennial events) are projected to occur at least annually at 

most locations by 2100 under all RCP scenarios. Many low-lying megacities and small islands (including 

ÝSIDS) are projected to experience historical centennial events at least annually by 2050 under 

RCP2.6, RCP4.5 and RCP8.5. Moreover, there is high confidence that an increase in the average 

intensity and magnitude of storm surges and precipitation rates of tropical cyclones will exacerbate 

coastal hazards. 

 

2.1.2 Projected risks for ecosystems 

Oceans 

Projected ocean warming and changes in net primary production alter biomass, production and 

community structure of marine ecosystems. The global-scale biomass of marine animals across the 

food web is projected to decrease by 15.0 ± 5.9% and, with medium confidence, the Ýmaximum catch 

potential of fisheries by 20.5-24.1% by the end of the 21st century relative to 1986ς2005 under RCP8.5. 

The rate and magnitude of decline is projected to be highest in the tropics, whereas impacts remain 

diverse in polar regions where ocean warming and sea ice changes are projected to increase marine 

net primary production. Moreover, ocean warming and acidification (among others) threaten species 

such as the Antarctic krill, a key prey species for penguins, seals and whales, or corals, which support 

high biodiversity. There is high confidence that almost all warm-water coral reefs are projected to 

suffer significant losses in their extent and local extinctions, even if global warming is limited to 1.5°C. 

Furthermore, there is high confidence that ocean warming, sea level rise and tidal changes are 

projected to expand salinization and Ýhypoxia in estuaries with high risks for some biota leading to 

migration, reduced survival, and local extinction under high emission scenarios. 

 

Cryosphere 

There is medium confidence that future land Ýcryosphere changes will continue to alter terrestrial 

and freshwater ecosystems in high mountain and polar regions with major shifts in species 

distributions resulting in changes in ecosystem structure and functioning, such as further upslope 
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migration by lower-elevation species, range contractions, or forest expansion. A loss of globally unique 

biodiversity is also projected with medium confidence. Particularly on Arctic land where there is limited 

refugia for some High-Arctic species and they are hence outcompeted by more temperate species. 

Additionally, permafrost thaw and decrease in snow will affect Arctic and mountain hydrology and 

wildfire, with impacts on vegetation and wildlife: about 20% of Arctic land permafrost is vulnerable to 

abrupt permafrost thaw and ground subsidence, which is projected to increase small lake area by over 

50% by 2100 for RCP8.5 (medium confidence). Furthermore, there is medium confidence that wildfire 

will increase for the rest of this century across most tundra and boreal regions, as well as in some 

mountain regions.  

 

2.1.3 Tipping points & irreversible changes 

The specific trajectories that will materialise crucially depend on if and when certain climate system 

thresholds or Ýtipping points are reached. Critical in this Ýcryospheric context and very uncertain is 

the tipping point when Greenland ice loss becomes irreversible and the threshold for ice shelf stability 

in West Antarctica, which depend on surface melt and sub-ice melt, combined with uncertainties 

surrounding marine ice sheet instability and/or marine ice cliff instability. For Greenland, with more 

than 2.0°C of summer warming, it becomes more likely than not that the Greenland ice sheet crosses 

a tipping point, entering a long-term state of decline with the potential loss of most or all of the ice 

sheet over thousands of years. If the warming is sustained, ice loss could become irreversible due to 

the reinforced surface melt (as the ice sheet surface lowers into warmer elevations) and the Ýalbedo-

melt feedback associated with darkening of the ice surface. There is deep uncertainty1 about whether 

and when a tipping point will be passed. The chance of passing a tipping-point is substantially higher 

for RCP8.5 than for RCP2.6. With the prospect of multiple interacting tipping points, the present social 

cost of carbon increases from 15 to 116 USD per tonne of CO2. 

 

Some irreversible phenomena related to the ocean and cryosphere have been assessed, with low to 

very high confidence: ocean deoxygenation and Ýhypoxic events (medium confidence), as well as 

Ýocean acidification (very high confidence), are reversible at surface, but irreversible for centuries to 

millennia at depth; the partial West Antarctic Ice Sheet collapse is irreversible for decades to millennia 

(low confidence); the Greenland ice sheet decay is irreversible for millennia (high confidence); ice-shelf 

collapses are possibly irreversible for centuries (low confidence); changes in warm coral reefs are 

irreversible due to irreversible changes in habitat composition (very high confidence). 

 

Critical thresholds have been studied for some species. There is medium confidence that the most 

widely distributed, habitat-forming species in deep water (e.g., Lophelia pertusa, a cold-water coral) 

cannot survive with warming above water temperatures of 14°C-15°C or oxygen concentrations below 

1.6 ml lς1 in the Gulf of Mexico, 3.3 ml lς1 in the north Atlantic, 2 ml lς1 in the Mediterranean, and 0.5ς

1.5 ml lς1 in the south-east Atlantic. Rocky shore species (e.g., barnacles, mussels) have been assessed 

with high confidence to be extremely sensitive to extreme temperature events and to acidification, 

critical thresholds being expected to be reached at warming of 1.5°C and above. The same goes for 

kelp forests, which are already experiencing large-scale changes, and are projected with very high 

 
1 A situation of deep uncertainty exists when experts or stakeholders do not know or cannot agree on: (1) appropriate 
conceptual models that describe relationships among key driving forces in a system; (2) the probability distributions used to 
represent uncertainty about key variables and parameters; and/or (3) how to weigh and value desirable alternative 
outcomes. 
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confidence to experience higher frequency of mass mortality events as the exposure to extreme 

temperature rises. 

 

2.2 Projected risks for People and Ecosystem services  

 

- Food security, as well as human health, are projected to become increasingly affected by climate 

change. In some regions there is a projected decrease in maximum fisheries catch potential of -50%; 

- Climate change impacts on marine ecosystems and their services is projected to continue putting 

key cultural dimensions of lives and livelihoods at risk, particularly for Indigenous communities; 

- Increased mean and extreme sea level, alongside ocean warming and Ýacidification, are projected 

to exacerbate risks for human communities in low-lying coastal areas. 

 

2.2.1 Food security 

There is medium confidence that future shifts in fish distribution and decreases in their abundance and 

fisheries catch potential due to climate change affect food security of marine resource-dependent 

communities, as well as marine fisheries maximum revenue potential, which are projected to be 

ƴŜƎŀǘƛǾŜƭȅ ƛƳǇŀŎǘŜŘ ƛƴ уф҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǎƘƛƴƎ ŎƻǳƴǘǊƛŜǎ ǳƴŘŜǊ ǘƘŜ w/tуΦр ǎŎŜƴŀǊƛƻ ōȅ ǘƘŜ нлрлǎ 

relative to the current status. There is medium confidence that many populations that are already 

facing challenges in food insecurity reside in low-latitude regions such as in the Pacific Islands and West 

Africa where maximum fisheries catch potential is projected to decrease by -50% in some regions, and 

where land-based food production is also at risk. These populations are also estimated to have the 

highest proportion of their micronutrient intake relative to the total animal sourced food, which 

increases their vulnerability. Moreover, sea level rise will affect agriculture mainly through land 

submergence, soil and fresh groundwater resources salinisation, and land loss due to permanent 

coastal erosion, with consequences for production, livelihood diversification and food security, 

especially in heavily coastal agriculture-dependent countries such as Bangladesh. 

 

There is medium confidence that range shifts under ocean warming will alter the distribution of fish 

stocks across political boundaries. This redistribution between countries could destabilise existing 

international fisheries agreements and increase the risk of international conflicts. 

 

2.2.2 Health 

There is medium confidence that global warming compromises seafood safety through human 

exposure to elevated bioaccumulation of persistent organic pollutants (POPs) and mercury in marine 

plants and animal: in the northeastern Pacific, concentrations of MeHg (methylmercury) and 

polychlorinated biphenyls (PCBs) in top predators could increase by 8% and 3%, respectively, by 2100 

under RCP8.5 relative to current levels. This accumulation causes long-term contamination of 

traditional seafoods, particularly affecting Arctic ecosystems and their associated indigenous 

communities. Moreover, there is medium confidence that projected conditions of increased coastal 

flooding from storm surges and sea level rise will increase exposure to waterborne disease, such as 

Vibrio, whose suitable area is projected to be nearly multiplied by two between 2015 and 2050 in the 

Baltic Sea for both RCP4.5 and RCP8.5 scenarios. Besides, the occurrence of harmful algal blooms, their 

toxicity and risk on natural and human systems (water discolouration and foam accumulation, anoxia, 

contamination of seafood with toxins, disruption of food-webs and massive large-scale mortality of 
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marine biota) are projected to continue to increase with warming and rising CO2 in the 21st century 

(high confidence). 

 

There is medium confidence that glacier decline is projected to accelerate the release of stored 

anthropogenic legacy pollutants; projections indicate that all scenarios of future climate change will 

enhance the mobilisation of metals, such as mercury, in metamorphic mountain catchments. Glacier 

dissolved organic carbon (DOC) losses are expected to accelerate as they shrink, leading to a 

cumulative annual loss of roughly 15 Tera gC yr-1 of glacial DOC by 2050 from melting glaciers and ice 

sheets. Permafrost degradation is also a major and increasing source of bioavailable DOC. 

 

2.2.3 Cultural aspects 

There is medium confidence that disaster risks to human settlements and livelihood options in high 

mountain areas and the Arctic are expected to increase, due to future changes in hazards such as 

floods, fires, landslides, avalanches, unreliable ice and snow conditions, and increased exposure of 

people and infrastructure. Indeed, permafrost thaw-induced subsidence of the land surface is 

projected to impact overlying urban and rural communication and transportation infrastructure in the 

Arctic and in high mountain areas, provided that the majority of Arctic infrastructure is located in 

regions where permafrost thaw is projected to intensify by mid-century. Furthermore, the decline in 

warm-water coral reefs is projected to greatly compromise the services they provide to society, such 

as coastal services or tourism (high confidence). Moreover, there is high confidence that high mountain 

tourism, recreation and cultural assets are projected to be negatively affected by future Ýcryospheric 

changes.  

 

There is medium confidence that climate change impacts on marine ecosystems and their services put 

key cultural dimensions of lives and livelihoods at risk, particularly for Indigenous communities. This 

includes potentially rapid and irreversible loss of culture and local knowledge and Indigenous 

knowledge (for example, the shape of shores in many low-lying islands in the Pacific, leading to 

modification or disappearance of geomorphological features that represent gods and mythological 

ancestors), as well as the degradation of aesthetic and inspirational values of marine biodiversity and 

ecosystems that are important to the psychological and spiritual well-being of people, including film, 

literature, art and recreation. 

 

2.2.4 Human communities in low-lying coastland areas 

There is high confidence that increased mean and extreme sea level, alongside ocean warming and 

Ýacidification, are projected to exacerbate risks for human communities in low-lying coastal areas. In 

the absence of more ambitious adaptation efforts compared to today and under current trends of 

increasing exposure and vulnerability of coastal communities, there is very high confidence that 

impacts such as erosion, land loss, flooding, salinization, and cascading impacts due to mean sea level 

rise and extreme events are projected to significantly increase throughout this century under all 

greenhouse gas emissions scenarios. Under the same assumptions, annual coastal flood damages are 

projected to increase by the order of magnitude of 2 to 3 by 2100 compared to today. Some island 

nations are therefore likely to become uninhabitable, though habitability thresholds remain extremely 

difficult to assess. While ambitious adaptation has the potential to reduce risks in many locations 

(which does not prevent residual risks and associated losses from occurring), there is high confidence 
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that rural and poorer areas may be challenged to afford such investments with relative annual costs 

for some small island states amounting to several percent of GDP.  

 

 
 

Figure 2: (fig SPM.4) The effect of regional sea level rise on extreme sea level events at coastal locations. (a) 
Schematic illustration of extreme sea level events and their average recurrence in the recent past (1986ς2005) 
and the future. As a consequence of mean sea level rise, local sea levels that historically occurred once per century 
(historical centennial events, HCEs) are projected to recur more frequently in the future. (b) The year in which 
HCEs are expected to recur once per year on average under RCP8.5 and RCP2.6, at the 439 individual coastal 
locations where the observational record is sufficient. The absence of a circle indicates an inability to perform an 
assessment due to a lack of data but does not indicate absence of exposure and risk. The darker the circle, the 
earlier this transition is expected. The likely range is ±10 years for locations where this transition is expected 
before 2100. White circles (33% of locations under RCP2.6 and 10% under RCP8.5) indicate that HCEs are not 
expected to recur once per year before 2100. (c) An indication at which locations this transition of HCEs to annual 
events is projected to occur more than 10 years later under RCP2.6 compared to RCP8.5.  

 

2.3 Avoidable risks by limiting warming to likely below 2°C 

 








































