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Executive summary

The ocean remembersthe new dimension oftlimate legacy

The IPC&ecial Report on Gobal Warming of 1.5°C sent a message of urgeride IPCCYPecial
Report on theOcean andXyosphere in &hangingdimate re-emphasises iandadds thedimensions
of legacyof our actionslt shows how changes in ocean anticryosphere will continue for centuries
and millenniaeven after emissions have seiz&ka levels in 2300ight exceed 3.5m under very high
emission scenarios, and only achieving trei$®> Agreement temperature goavould give a good
chance to hold 2300 sea level rise below 1m.

Thecdimate reality to date

LYLI)} Ota 2F OftAYIF(GS OKIFy3aS 2y 20SIYy FyR ONE23aLIKSN
frequency has doubled in forty years and caused irreversible loss, such as feragheBarrier Reef

that has already lost 50% it$ shallowwater coralsLimiting warming to 1.5°C would leadaalecline

by a further 7690% at 1.5°C with larger losses (>99%) ata2%0e end of the century, emphasizing

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

and pecious systems already.

Changes are pervasive and observed from high mountains, to the polar regions, to coasts, and into the
deep oceanstrongly exposing communities who live in connection to these environmeoss and
damage islready 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 #edtiee adaptation for
sustainable development and, conversely, the escalating costs and risks of delayed action.

It also establishe how adaptation can only delay impaciis ocean and cryospherand not be a
W3 2 f ddinils foyadaptation can be reached and exceeledhrming exceeds 1.5°@daptioncosts
for coastal adaptation alonfr some small island statemnamount to several percent of GDP

Undera highgreenhouse gasmission scenarigRCP8.5, at theend of the centurythe oceanwill

have takerup 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 ezachd0.84m with
respect to 19862005 the globalscale biomass of marine animals across the foeth will decrease

by 15%the Y maximum catch potentiadf fisheries by 209Millions of peopleare andwill continue

to be threatened by sedevel rise even under a low emission scenafiRCP2 9.

PostIPCC science femphasizes 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 Ndigpiag

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 emit(€sina, US, EU, IndiRussia) alone
contributing about 12cm. In additiomew elevation datéhas revealed that three times more people
might be vulnerableo sealevel rise and coastal floodirigan previously thought.

1cf Technical note
2cf Technical note



CLIMATE®
ANALYTICS

New science on permafrost releaseveals howabrupt permafrost thawcan 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 yéaowtianY El NifioFebruary 2020 had

the highest monthly sea surface temperatureger recorded on the Great Barrier Reafid for the

first time, severe bleaching has struck all three regions of the Great Barrie¢ Reafiorthern, central

and now large parts of the southern sectors.

Selected information onitferential impacts between a Paris Agreement scenario (RCP2.6)yan(
policy high warming scenario (RCP8.5) from the IPCC Special: Report

Projected impacts and risks RCP 2.6 RCP 8.5

Global dacier mass reduction between 2015 and 21 18 + 7% 36+ 11%

Heat uptake by 2100 (compared to the obsen 2-4 times more heal 57 times more hea
accumulated ocean heat uptake since 1970) uptake uptake

Frequency of marine heatwaves by 2@2100
relative to 185@1900
Global mean sea level rise in 2100 with regpiec

' 20 times more frequent 50 times more frequent

0.43m (0.280.59 m)  0.84 m (0.641.10 m)

19862005

Rate of global mean sea level rise in 2100 4 mm yr (2-6 mm yfl) ;il)mm yF* (1020 mm
Rise in sea level by 2300 0.6¢1.07 m 2.35.4m

Ocean oxygen content decline by 268100relative 1.62.0% 3.23.7%

to 2006;2015

Open ocean surface pH decrease by 22300
relative to 20062015

Decrease of the globalcale biomass of marin

0.036;0.042 pH units  0.287%0.290 pH units

animals across the foedeb by 208Q2099 relative to 4.3 + 2.0% 15.0 £+ 5.9%
1986;2005

Decrease of the maximum catch potential of fisher 0 0
by 2100 relative to 19882005 3.406.4% 20.524.1%
Decrease in marine fisheries maximum rever 71 +3.5% 10.4 + 4.20

potential by 2050 relative to 2000




1 Observed changes and impacts

1.1 Observed physical changes and impacts on natural ecosystems

- Physical changdsavealreadybeenobserved in both the ocean and cryosphere frequency of
marine heatwaves has doublethe Greenland Ice Sheet lost ice mass at an average rate of
11 Gt yf; 2.5 million knd of Artic June snow cover was lost;

- Sea level rise (+0.16m for 19@R15) and other climate change impacts strortyleaten coastal
ecosystems;

- Shifts in species composition, abundance and biomass production of ecosystems hayv
observed, with an overall decrease in the maximum catch potential of fishefid$4).

1.1.1 Observed physical changes

Ocean

Theglobal ocean has warmed unabated since 1970 laasl been assesse#ith high confidenceo
have taken up more than 90% of the excess heat in the climate system. Marine heatwavegdnave
likely doubled in frequency since 1982 and have become lofging, more intense and more
extensive. Moreover, the ocean has taken up betweeq3296 of total anthropogenic CO2 emissions
since the 1980s causing furth¥rocean acidificationleading open ocean surface pH to decline by a
range of 0.0170.027 pHunits per acade. The increasiny ocean stratification alongside the
changing ventilation and biogeochemistry, leads to a loss of oxygen by a range303%®ver the
upper 1000m between 1970 and 2010. In addition to thhgre is medium confidencehat the

Y Atlantic Meridional Overrning CirculatiofAMOC) has weakened relative to 1§3000Q

Cryosphere

Ice sheets and glaciers worldwide have lost mBstween 2006 and 2015, the Greenland Ice Sheet
lost ice mass at an average rate of 278 + 11 Gt(gguivdent to 0.77 + 0.03 mm ¥ of global sea
level rise)the Antarctic Ice Sheet lost mass at an average rate of 155 + 19'@.43 + 0.05 mm yr

1), and glaciers worldwide outside Greenland and Antarctica lost mass at an average rate of 220 + 30
Gt yrt(equivalent to 0.61 + 0.08 mm9sea level risefrrom 1967 to 2018, approximately 2.5 million
kn? of Artic June snow cover was losh nearly all high mountain areas, the depth, exteamnd
duration of snow cover have declined over recent decatibsreover,there isvery high confidence
that permafrost temperatures have increased to record high levels (3p88sent) including the
recent increase by 0.29°C = 0.12°C from 2007 to 2016 averaged across polar andumggin regions
globally Between 199 and 2018, Arctic sea ice extent hasy likelydecreased for all months of the
year, a decline of the areal proportion of mulgear ice at least five years otd approximately 90%
has been assessed witlery high confidencdn the Artic,there ishigh confidencehat area burned
and frequency of fires (including extrenfiees) are unprecedented over the last 10,000 yeaas
estimated 80,000 krof boreal area was burned globally per year from 1997 to 2011.

Sea level rise

Total Global Mean Sea Level (GMSL) rise for {205 is 0.16 niikelyrange 0.120.21 m) and there
ishigh confidencé¢hat the rate of3.6 mm yr! ((3.1¢4.1 mm yc1, very likelyrange)is unprecedented
over the last centurymostly because of thice sheet® fthi# @sd because dhe thermal expansion
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of the water.It isextremely likelyhat sea level rise has acceleratdde to the combined increased ice

loss from the Greenland and Antarctic ice shdgtis likelythat mass loss from the Antarctic ice sheet
over the period 20072016 tripled relative to 19972006 anddoubled for Greenlandandacceleration

of ice flow aml retreat in Antarctica, which has the potential to lead to sea level rise of savetals

within a few centuries, is observed West andEast Antarcticalt has been assessed withedium
confidencehat 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 19 anul\J.8

cm yrt over the period 19862018 Furthermore,there ishigh confidencehat 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.



Past and future changes in the ocean and cryosphere
Historical changes (observed and modelled) and projections under RCP2.6 and RCP8.5 for key indicators

ES=== Historical (observed) Historical (modelled) Projected (RCP2.6) Projected (RCP8.5)
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Figurel: (fig SPM1) Observed andnodelled historical changes in the ocean and cryosphere since 1950, and
projected future changes under low (RCP2.6) and high (RCP8.5) greenhouse gas emissionsGlecangessre

shown for: (a) Global mean surface air temperature change with likelyeradgearrelated 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 chang@Q@0 m depth). An approximate steric sea level
equivalentis shown with the right axis by multiplying the ocean heat content by the globah thermal

SELI yarzy O2STTAOASY(d 6¢¥ F nomup Y LISNI manun Ww2dzZ Sao ¥
(on the total scale). Assessed observational teesued compiled from open ocean time series sites longer than 15
years; and (i) Global mean ocean oxygen changec@@Dm depth). Assessed observational trends spancl970
2010 centered on 1996. Sea level changes with likely ranges for (m) Global meametehdrge. 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}; aml (g) Glacier mass loss. Further cryospiietated 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 600N); and (I) Change
in nearsurface (within 84 m) permarfost 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, Y cryospheric and associated hydrological changes have impacted terrestrial and
freshwater species and ecosystems in high mountain and polar re@tssrved 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 th&Y epipelagicand seafloor ecosystemsespectively.

Shifts in species composition, abundance and biomass production of ecosyst

There ishigh confidencahat snce 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 changsisch as oxygen losto 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 beypatbng with intensive fishindyas contributed

with medium confidencéo an overall decrease ¥ maximum catch potentialnd inmany regions,

to reduced fisheries catchewith an average decrease of approximately 3% per decade in population
replenishment and 4.1%very likely range ©09.0% decline to 0.3% increas@) maximum catch
potential from 1930 to 2010In some areasthe contribution ofchanging ocean conditions to the
expansion of suitable habitat and/or increases in the abundance of some species, such asen the
free waters of the Articbhecause of sea ice changdsave been assessed witligh confidence
Nevertheless, these changes are also linked to the habitat contraction of marine mammals and
seabirds.

Coastal ecosystems

Coastal ecosystenae among the mst affected by ocean warmingnd there ishigh confidenc¢hat

it isin combination with adverse effects from humaativities on ocean and lanBlabitat contraction,
geographical shift of associated species, loss of biodiversity and ecosfsietionality, largescale
coral bleaching events causing worldwide reef degradation since 1997-daadgzmangrove mortality
havealreadybeenobserved.There ishigh confidencehat nearly 50% of coastal wetlands have been
lost over the last 100 yearas a result of the combined effects of localised human pressures, sea level
rise, warming and¥ extreme climate eventsThereis high confidencehat distributions of seagrass
meadows and kelp forests are contracting at {atitudes and a loss &6¢43% following heat waves
has been observeth some areasMoreover, as vegetated coastal ecosystems are important carbon
stores, their loss is responsible for the current release of 0% GtC yit.

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 clima&iated hazards, some even pldar
relocation.




1.2.1 Food securit health
Since the mieR0th century, the shrinking cryosphere in the Arctic and higluntain areasalong with
the increasing frequency of wildfirebas led to predominantly negative impacts on food security,
water resources, water quality, livelihosdand health, with costs and benefits being unequally
distributed across populations and regiohsthe Artic,there ishigh confidencehat changes irsnow
cover, lake and river ice, and permafrbstve disrupted access to and the availability of food, livestock,
hunting, fishing and gathering areaSlacier retreat and snow cover changes have contributed to
localized declines in agricultural yields iame high mountain regions, includingith medium
confidencethe Hindu Kush Himalaya, and the tropical Anddsreover, Y peak water haseen
reached before 2019 for 825% of the glacier area in the tropical Andes4806 in Western Canada
and USA, and 567% in Central Europe (including European Alps and Pyrenees) and the Caucasus.

Moreover, negative impacts of cryosphere change on hurnealth have included increased risk of
food- and waterborne diseases, malnutrition, injury, and mental health challenges especially among
Indigenous peoplesThere ismedium confidencethat gored anthropogenic legacy pollutants
contaminants (such as maury)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 yedtsrthermore since the early 1980fere ishigh confidence

that the occurrence of harmful algal blooms and pathogenic organisms (e.g., Vibrio) has increased in
coastal areas in response to warmidgoxygenation and’ eutrophication, with negativémpacts on

food provisioning, tourism, theconomy 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 ofawninginduced changes in the spatial distribution and abundance of
some fish and kellfish havebeen assessed withigh confidencefor Indigenous peoples and local
communities that are dependent on fisheries. Catches, economic benefits, livelihoods, and local
culture areaffected Furthermore there ismediumconfidencehat in many mountain regions, tourism
and recreationactivities (skiing, glacier tourism, mountaineeringave been negatively impacted
alongside thalegradation ofiesthetic aspects of high mountains (e.g. in the Himalaya, East Africa, the
tropical Andes).

1.2.3 Coastakommunities
In addition to thatthere ishigh confidencehat coastal communities aramong the mosexposed to
multiple climaterelated hazards, including tropical cyclones, extreme sea levels and flooding, marine
heatwaves, sea ice loss, and permafrost thahere ishigh confidencahat some coasthcommunities
have planned for relocatigreven if a diversity of responses has been implemented worldwnadstly
after Y extreme events, bualso some in anticipation of future sea level rise

2 Projected changes and risks

2.1Projected physicalhangesndrisks for ecosystes
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- Impacts on the ocean and cryosphere are projected to become greater, leading to
irreversible changes and in some cases to ¢ngsy aY tipping point;under RCP8.5, by the end
the century, adecreasan the openocean surface pH by around 0.3 pH units, &d@ increase in
YINAYS KSI (¢ lagid deQreaSeNididpaizsafe@iarine biomasacross the foodveb
by 15.0 + 5.9%are projected

- Sea level rise is projected to continue to increase unddR@P scenario.84m under RCP8.5
2100) with many lowlying megacities and small islands projected to experience histg
centennial events at least annually by 2050.

2.1.1 Projected physical changes
Ocears
Over the 21st centurthe ocean is projected to transition to unprecedented conditionss Virtually
certainthat it will continue to warm, taking up-8 times more heat by 2100 under RCP8.5 than the
observed accumulated ocean heat uptake since 1970.upiper Y ocean stratification isery likely
projected to increase, therefore inhibiting vertical nutrient, carbon and oxygen fluxes. Moreover, by
20812100 under RCP8.5, ocean oxygen content, upper ocean nitrate content, net primary production
and carbon export & projected to decline globally werylikelyranges of 84%, €14%, 4€11% and
9¢16% respectively, relative to 20§B015. In addibn to this, it is virtually certain that continued
carbon uptake by the oceas projected to decrease the open ocean surface pH by around 0.3 pH units
by 208%2100, relative to 20062015, under RCP8.5. Under RCP8.5, oxygen loss between 100 and 600
m depth is projected toerylikelyemerge over 5880% of the ocean area by 262050and over 79
91% by 2082100.

Furthermore,marine heatwaves are projected to further increase in frequefmotably in the Arctic

and the tropical oceans), duration, spatial extent and intensiih very high confidengehe latter
beingprojected to increase about Hold under RCP8.5 by 2082100, relative to 185¢1900(medium
confidencg ExtremeY El Nifio andY La Nifia eventare projected tdlikelyincrease in frequency in

the 22 century and to likely intensify existing hazards, with drier or wetter responses in several
regions across the globe. Besidt® Y AMOC igrojected toverylikelyweaken in the 21st century

under all RCPs, causing a decrease in marine productivityeiNthth 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.

Cryophere

There ishighconfidenceghat goobalscale glacier mass loss, permafrost thaw, and decline in snow cover
and Arctic sea ice extent are projected to continue in the fteam (203%2050) contributing tosea

level rise and leading tdver run-off, with increases in average winter runoff and earlier sppegks
There ismediumconfidencehat regions with mostly smaller glaciers (e.g., Central Europe, Caucasus,
North Asia, Scandinavia, tropicdahdes, Mexico, eastern Africa and Indonesia) are projected to lose
more than 80% of their current ice mass by 2100 under RCPBddition to that,there ishigh
confidencethat Arctic autumn and spring snow cover are projected to decreasds low elevation
mean winter snow depth in high mountains arebtoreover, widespread permafrost thaw is projected

for this century and beyon(ery high confidencg The rates and magnitudes of the¥ecryospheric

11
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changes are projected to increase furthettlie second half of the 21st century in a high greenhouse
gas emissions scenaifgrror! Reference source not founyl.

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 a&ratihg 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 morgotential for stimulated plant growththe summer growing season is a period of net
carbon uptake into terrestrial ecosystejrs offset some CO2.

Sea level rise

The Global Mean Sea Level (GM&intinues to rise at an increasing raia 2100 undeRCP8.5, it is
projected to have risen by 0.84¢0.61-1.10 m likelyrange)and to increase b$5 mm yf! (10c20 mm

yrel, likely range)(with regional differenceks sea level risés projected to continue beyond 2100 in all
RCP scenaridmean 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)Consequentlythere is high confidencethat 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. Manriylogy megacities and small islands (including

Y SID$ are projected to experienchistorical centennial eventat least annually by 2050 under
RCP2.6, RCP4.5 and RCP8d&reover, there is high confidencethat an increase in the average
intensity and magnitude of storm surgeand precipitation rates of trojal cyclones wikkxacerb#e
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 glatiale biomass aharine animals across the
food web is projected to decrease by 15.0 + 5.9% arith mediumconfidencethe Y maximum catch
potential of fisheries by 20:84.1%by the end of the 21st century relative to 198®05 undelRCP8.5
The rate and magnitude of déoe is projected to be highest in the tropics, whereas impacts remain
diverse in polar regionghere ocean warming and sea ice changes are projected to increase marine
net primary production. Moreover, ocean warming and acidification (among others) #mesecies
such aghe Antarctic krill, a key prey species for penguins, seals and whalesrads,which support
high biodiversity.There ishigh confidencethat amost all warmwater coral reefs are projected to
suffer significant lossea their extentand local extinctions, even if global warming is limited t¢Q.5
Furthermore, there is high confidencethat ocean warming, sea level rise and tidal changes are
projected to expand salinizaticand Y hypoxia in estuariewith high risks for some biota leading to
migration, reduced survival, and local extinction under high emission scenarios.

Cryosphere

There ismediumconfidencethat future landY cryosphere changesill 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 functioréingh as further upslope

12



CLIMATE®
ANALYTICS

migration bylower-elevation species, range contractions, or forest exgiam A loss of globally unique
biodiversityisalsoprojectedwith mediumconfidenceParticularly on Arctic land wheréere islimited
refugia for some Higirctic species and they ateenceoutcompeted by more temperate species
Additionally, permafrost thaw and decrease in snow will affect Arctic and mountain hydrology and
wildfire, with impacts on vegetation and wildlifabout20% of Arctic land permafrost is vulnerable to
abrupt permafrost thaw and ground subsidenedich is projected to increase small lake area by over
50% by 2100 for RCP&rediumconfidencé Furthermore,there ismediumconfidencehat wildfire

will increase for the rest of this century across most tundra and boreal regamsyell asn some
mountain regions.

2.1.3 Tipping point& irreversible changes
The specific trajectories that withaterialisecruciallydepend on if and when certaiclimate system
thresholdsor Y tipping points arereached Criticalin this Y cryospheric contexandveryuncertainis
the tipping pointwhenGreenlandce loss becomes irreversitd@dthe threshold for ice shelf stability
in West Antarctica, which depend on surface melt and-sebmelt, combined with uncertainties
surrounding marine ice sheet instability and/or marine ice cliff instabiityr. Greenlangwith more
than 2.0C of summer waming, it becomesnore likely than nothat the Greenland ice sheet crosses
a tipping point, enteing a longterm 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 @ueddb irreversible due to
the reinforced surface melfas the ice sheet surface lowers into warmer elevatj@mslthe Y albedo
melt feedback associated with darkening of the ice surfabere is deep uncertaintjabout whether
and when a tipping point will be passéethe chance of passing a tippHpoint is substantially higher
for RCP8.than for RCP2.8Vith the prospect of multiple interacting tipping points, the present social
cost of carbon increases frofrbto 116 USD per tonne of CO2.

Some irreversible phenomena related to the ocean and cryosphere have been asseigisddw to

very high confidenceocean deoxygenatioand Y hypoxic eventdmedium confidencg, as well as

Y ocean acidificatiorfveryhigh confidencg, 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 confidencg the Greenland ice sheet decay is irreversfbtamillennia(high confidencg iceshelf
collapses are possibly irreversible for centur{esv confidencg changes irwarm coral reefs are
irreversible due to irreversible changes in habitat composifi@ry high confidende

Critical thresholds have beestudiedfor some speciesThere ismedium confidencethat the most
widely distributed, habitaforming species in deep water (e.g., Lophelia pertasagld-water coral)
cannot survive with warming above water temperatured4fG15°C or oxygen concentrations below
1.6 ml ! in the Gulf of Mexico, 3.3 nfllin the north Atlantic, 2 mFkl in the Mediterranean, and 0
1.5 ml #1in the southeast AtlanticRocky shore specig€s.g., barnacles, mussel®ve been assessed
with high confidenceto be extremely sensitivéo extreme temperature events and to acidification
critical thresholdsbeingexpected to be reached at warming of 35and aboveThe same goes for
kelp forests whichare already experiencing largeeale changesand are projectedwith 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 unertainty about key variables and parameters; and/or (3) how to weigh and value desirable alternative
outcomes
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confidenceto experience higher frequency of mass mortality events as the exposure to extreme
temperature rises

2.2 Projected risks fdPeople and Ecosystem services

- Food security, as well as human healile projected to becomencreasinghaffected by climate
change In someregionsthere isa projecteddecrease imaximum fisheries catch potentiaf -50%

- Climate changémpacts on marine ecosystems and their services is projected to continue p
key cultural dimensions of lives and livelihoods at risk, particularly for Indigenous communitie
- Increased mean and extreme sea level, alongside ocean warminyg acidification are projected
to exacerbate risks for human communities in #ying coastal areas.

2.2.1 Food security
There ismediumconfidencehat future shifts in fish distribution and decreases in their abundance and
fisheries catch potential due to clae change affect food security of marine resoudspendent
communities as well as marine fisheries maximum revenue potentidlich are projected to be
YySAtGA@Ste AYLIOGSR Ay yd: 2F (GKS 62NI RQA FAAKA)
relative to the current statusThere ismediumconfidencethat many populations that are already
facing challenges in food insecurity reside indatitude regions such as in the Pacific Islands and West
Africa where maximum fisheries catch potential is projected to decrbas®0%in some regionsand
where landbased food production is also at riskhese ppulations are also estimated to have the
highest proportion of their micronutrient intake relative to the total animal sourced foatiich
increasestheir vulnerability Moreover, sea level rise will affect agriture mainly through land
submergence, soil and fresh groundwater resoursalnisation and land loss due to permanent
coastal erosion, with consequencédsr production, livelihood diversification and food security,
especially in heavily coast@agdriculturedependent countries such as Bangladesh.

There ismediumconfidencethat range shifts under ocean warming will alter the distribution of fish
stocks across political boundariekis redistribution between countries could destadsliexisting
international fisheries agreements and increase the risk of international conflicts.

2.2.2 Health
There ismedium confidencethat gobal warming compromises seafood safety through human
exposure to elevatethioaccumulation of persistent organpollutants (POPsand mercury in marine
plants and animal in the northeastern Pacific, concentrations of MeHg (methylmercury) and
polychlorinated bipheng(PCB}in top predators couldncrease by 8% and 3%, respectively, by 2100
under RCP8.5 relative tourrent levels This accumulationcauses longerm contamination of
traditional seafoods, particularly affecting Arctic ecosystems and their associated indigenous
communities.Moreover, there ismediumconfidencethat 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 fdboth RCP4.5 and RCP8.5 scenaBesides, the occurrence of harmful digkboms, their
toxicity and risk on natural and human systems (water discolouration and foam accumulation, anoxia,
contamination of seafood with toxins, disruption of foagbs andmassive largascale mortality of

14



CLIMATE®
ANALYTICS

marine biota) are projected to continue to increase with warming and rising CO2 in theeBiury
(high confidence

There ismedium confidencethat glacier declineis projected toaccelerae the release of stored
anthropogenic legacy pollutantgrojections indicate that all scenarios of future climate change will
enhance the mobilisation of metals, such as mercury, in metamorphic mountain catchr@datcser
dissolvel organic carbon (DOC)dses are expected to accelerate as they shrink, leading to a
cumulative annual loss of roughly 15 Tera g&afmglacial DOC by 2050 from melting glaciers and ice
sheets. Permafrost degradation is also a major and increasing soubgmavhilable DOC.

2.2.3 Cultural aspects
There ismediumconfidencehat 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, grmafrost thawinduced subsidence of the land surface is
projected to impact overlying urban and rural communication and transpontdtifrastructure in the
Arctic and in high mountain areaprovided that he majority of Arctic infrastructure is located in
regions where permafrost thaw is projected to intensify by 1oéhtury. Furthermore the decline in
warm-water coral reefs is projected to greatly compromise the services they provide to society, such
ascoastal services aourism(highconfidencg Moreover,there ishighconfidencehat high mountain
tourism, recreation and culturalssets are projected to be negatively affected by futMreryospheric
changes.

There ignediumconfidencehat dimate change impacts on marine ecosystems and their services put
key cultural dimensions of lives and livelihoods at, rigkrticularly 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-liomg islands in the Pacific, leading to
modification ordisappearance of geomorphological features that represent gods and mythological
ancestors), as well dhe degradation of aesthetic and inspirational values of marine biodiversity and
ecosystems that are important to the psychological and spiritual-betig of people, including film,
literature, art and recreation.

2.2.4 Human communities in lelying coastland areas
There ishigh confidencethat increased mean and extreme sea level, alongside ocean warming and
Y acidification are projected to exacerbate risks for human communities inliomg coastal areasn
the absence of more ambitious adaptation efforts compared to today and under curremtidref
increasing exposure and vulnerability of coastal communitiesre isvery high confidencéhat
impacts such asrosion land loss, flooding, salinization, and cascading impacts due to mean sea level
rise and extreme events are projected to sigrafitly increase throughout this century under all
greenhouse gas emissions scenarios. Under the same assumptions, annual coastal flood damages are
projected to increase bthe order of magnitude of 2 to By 2100 compared to todaysome island
nations aretherefore likely to become uninhabitable, though habitability thresholds remain extremely
difficult to assessWhile ambitious adaptation has the potential to reduce risks in many locations
(which does not prevent residual risks and associated losses from occuthierg) ishigh confidence
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that rural and poorer areas may be challenged to afford such investmeitiisrelative annual costs
for some small island states amounting to several percent of GDP.

Figure2: (fig SPM.4) The effect of regional sea level rise on extreme sea level events at coastal locations. (a)
Schematic illustratin of extreme sea level events and their average recurrence in the recent past2Q@86

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 ptefeto 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 ciicégndn 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 transitiorctisdexpe
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. (¢) An indication at which locations this transition of HCEs to annual
events is projected to occarore than 10 years later under RCP2.6 compared to RCP8.5.

2.3 Avoidable risks by limiting warmitaylikely below 2°C
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