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Ocean Impacts and Projections 
CLIMATE CHANGE  

H.O	  Pörtner,	  D.M.	  Karl,	  P.W.	  Boyd,	  W.W.L.	  Cheung,	  S.E.	  Lluch-‐Cota,	  Y.	  Nojiri,	  D.N.	  
Schmidt,	  and	  P.O.	  Zavialov	  
	  
WGII	  CH.	  6,	  Ocean	  Systems,	  	  
ocean	  products	  in	  TS	  and	  SPM,	  CC-‐Boxes,	  SYR	  

...a	  sectoral	  analysis	  by	  IPCC	  AR5	  WGII	  
	  

just	  launched,	  available	  via:	  	  ipcc.ch	  	  

Oceans	  play	  a	  major	  role	  in	  climate	  regulaVon	  globally:	  
•  absorb	  >90%	  of	  the	  heat	  accumulaVng	  in	  the	  atmosphere	  	  

	   	   	   	   	  !	  ocean	  warming,	  hypoxia	  
•  absorb	  25%	  of	  man-‐made	  CO2	   	  !	  ocean	  acidificaVon	  
•  accumulate	  excess	  water	  from	  melVng	  ice	  sheets	  !	  sea	  level	  rise	  
•  redistribuVon	  of	  nutrients 	   	  !	  producVvity	  shi]s	  

DETECTION	  AND	  ATTRIBUTION	  
…with	  temperature	  presently	  being	  the	  predominant	  driver	  of	  

ongoing	  global	  changes,	  
effects	  of	  ocean	  acidificaFon	  and	  hypoxia	  reported	  in	  some	  areas	  

Large-‐scale	  climate-‐related	  isssues	  in	  the	  global	  ocean	  	  

Human	  acVviVes	  also	  influence	  ocean	  condiVons	  locally:	  
•  overfishing,	  polluVon,	  eutrophicaVon	  etc.	  
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World-‐wide	  marine	  species	  
displacements	  due	  to	  climate	  
change	  

OBSERVATIONS	  

WGII,	  SPM.2	  
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Climate	  change….causing	  risks	  
….which	  were	  assessed	  in	  AR5	  	  

(key	  risks	  are	  those	  relevant	  to	  arVcle	  2,	  UNFCCC	  
“	  dangerous	  anthropogenic	  interference	  with	  the	  climate	  system”)	  

PRINCIPLES	  
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WGI	  Figure	  6.30	  

ObservaFons	  and	  ProjecFons:	  DeoxygenaFon	  

RCP8.5:	  Overall	  loss	  in	  
oxygen	  also	  affecFng	  
AntarcFc	  oceans	  

	  
respiratory	  deoxygenaFon	  

(e.g.	  deep	  water)	  
exacerbates	  acidificaFon	  

Oceans	  are	  losing	  oxygen	  
	  

Different	  tolerances	  to	  	  
low	  oxygen	  levels	  

explain	  the	  shi]	  to	  tolerant	  
communiVes	  	  

(unicells	  and	  small	  animals)	  
	  

below	  60	  µmol	  l-‐1	  

....in	  cool	  midwater	  Oxygen	  
Minimum	  Zones	  

	  

WGI,	  6-‐30,	  	  WGII,	  6-‐11	  
D.	  Storch	  et	  al.,	  2014	  

Dependence	  on	  body	  size	  	  
in	  animals	  

WGI	  

WGII	  

ObservaVons	  

ProjecFons	  

Warming	  
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proof2	  

PROJECTIONS	  

SpaFal	  changes....and	  a	  small	  decrease	  
	   	  	  in	  ocean	  primary	  producFon	  

IPCC	  AR5	  WGII	  Figure	  6.13	  
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CHANGE IN MAXIMUM CATCH POTENTIAL (2051-2060 COMPARED TO 2001-2010, SRES A1B, 2°C warming) 

<50% -21 – 50% -6 – 20% -1 – 5% No data 0 – 4% 5 – 19% 20 – 49% 50 – 100% >100% 

WGII,	  6-‐14,	  SPM.6	  

Ocean	  warming	  2051-‐60:	  displaced	  and	  reduced	  fish	  and	  invertebrate	  stocks	  
at	  low	  laVtudes	  (reduced	  biodiversity)....and	  in	  the	  AntarcVc	  

PROJECTIONS:	  direct	  temperature	  effects	  and	  producFvity	  effects	  
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proof2	  

Temperature	  means	  and	  variability:	  the	  two	  hemispheres	  

IPCC	  AR5	  WGII	  Figure	  6.1	  

Temperature	  stability:	  
key	  feature	  of	  the	  
Southern	  hemisphere	  ...	  
and	  AntarcVca:	  
	  
	  
shaping	  AntarcVc	  
evoluVon	  

proof2	  

Species	  
interacVons	  
affected	  by	  
climate	  
change:	  

	  
e.g.	  endemic	  
and	  invasive	  
species	  in	  
AntarcVca	  

IPCC	  AR5	  WGII	  Figure	  6.7	  
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proofs2	  

PerspecVves:	  Foodweb	  consequences	  

IPCC	  AR5	  WGII	  Figure	  6.12	  

WGI	  3-‐18	  

!

ObservaVons	  in	  surface	  waters	  

ObservaVons	  	  	  	  " ProjecFons	  

Ocean	  acidificaFon	  
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Special	  vulnerabiliVes	  
of	  polar	  species?	  

proofs2	  

!

observed	  projected	  

in	  2100:	  

pH
	  

Calcifier	  	  
fisheries	  

IPCC	  AR5	  WGII	  Figure	  6.10,	  SPM.6	  

The	  emerging	  risk:	  Ocean	  acidificaVon	  

IPCC	  AR5	  WGII	  Figure	  6.10	  

SensiVvity	  distribuVon	  across	  phyla	  (Meta-‐analysis	  done	  in	  Bioacid)	  

Meta-‐analysis	  done	  in	  BIOACID	  

WGII,	  SPM.6	  

SPM	  
version	  
(high	  
confidence	  
findings)	  
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Synergism of multiple stressors: 
sensitivity distribution shifted to lower values of PCO2, 

a hypothesis 

A.	  Wiomann,	  H.O.	  Pörtner,	  2013	  
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IPCC	  SYR,	  release	  Nov	  2	  

	  
	  
	  

…	  in	  animals	  strongest	  impacts	  are	  expected	  where	  
warming,	  acidificaFon	  and	  hypoxia	  come	  together,	  

	  
...indicaFng	  that	  assessments	  based	  on	  individual	  

drivers	  are	  conservaFve.	  
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WGI	  Figure	  
12.43	  and	  
Table	  13.8	  	  

RCP2.6	  

RCP6.0,	  8.5	  

RCP4.5	  

>7m	  :	  ...last	  Vme	  when	  the	  
atmosphere	  had	  400	  ppm	  
CO2	  (in	  Pliocene,	  3-‐5	  Mya)	  

5-‐9	  m	  :	  	  ...during	  the	  last	  interglacial	  
(Eemian,	  125.000	  ya,	  at	  0.7-‐2°C	  

above	  pre-‐industrial)	  

Paleo-‐observaFons	  

Sea	  level	  rise:	  ProjecVons	  beyond	  2100,	  challenging	  natural	  and	  human	  systems	  
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Verons 2009 

Warm water coral reefs 
Vulnerable ecosystems  

Observations: 
Loss of live coral cover 
due to various drivers 

WGII	  Box	  CC-‐CR	  
Great	  Barrier	  Reef	  

„To	  protect	  at	  least	  50%	  of	  the	  coral	  reef	  cells,	  global	  mean	  temperature	  change	  would	  have	  
to	  be	  limited	  to	  1.2°	  C	  (1.1	  –	  1.4°	  C),	  especially	  given	  the	  lack	  of	  evidence	  that	  corals	  can	  
evolve	  significantly	  on	  decadal	  Vmescales	  and	  under	  conVnually	  escalaVng	  thermal	  stress.“	  
(....not	  yet	  taking	  ocean	  acidificaFon	  effects	  into	  account)	  

MiVgaVon	  	  
...needed	  to	  
minimize	  the	  
marginalizaVon	  
of	  coral	  reefs.	  

Frieler	  et	  al.,	  2013:	  

WGII	  CC	  Box	  coral	  reefs	  

ProjecFons:	  warm	  water	  coral	  reefs	  
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Arctic sea ice ecosystem  
Vulnerable ecosystems  

 
 

RCP	  2.6	   RCP	  8.5	  

Northern	  Hemisphere	  September	  sea	  ice	  extent:	  MarginalizaVon	  with	  conVnued	  warming	  	  

ProjecFons	  	  

ObservaVons	  

WGI	  SPM.7b,	  8c	  

(reproduced)	  
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Risks	  involving	  the	  oceans,	  a	  global	  perspecVve:	  
.....is	  there	  risk	  reducVon	  by	  adaptaVon?	  	  

ASIA 

Risks for Low-Lying 
Coastal Areas 

Loss of Livelihoods, 
Settlements,   
Infrastructure, 
Ecosystem Services, 
and Economic 
Stability 

SMALL ISLANDS 

Increased Flood  
Damage to  
Infrastructure , 
Livelihoods,  
and Settlements 

Increased Flood Damage 
to Infrastructure and 
Settlements  

Increased Risks  
to Coastal  
Infrastructure  
and Low-Lying  
Ecosystems 

AUSTRALASIA 
Significant Change in  
Composition and Structure  
of Coral Reef Systems 

Reduced Fisheries  
Catch Potential  
at Low Latitudes 

Increased Mass Coral 
Bleaching and Mortality 

Coastal Inundation 
and Habitat Loss 

THE OCEAN 

Unprecedented Challenges, 
Especially from Rate of Change 

Risks for  
Ecosystems 

POLAR REGIONS Risks for Health  
and Well-Being 

Reduced Fisheries  
Catch Potential  
at Low Latitudes 

Increased Mass Coral 
Bleaching and Mortality 

Coastal Inundation 
and Habitat Loss 

THE OCEAN 

Increased Flood Losses and Impacts 

Increased Flood Losses and Impacts 

EUROPE 

WGII,	  SYR	  

.....very	  limited	  for	  some	  systems:	  marginalizaFon	  of	  coral	  reefs	  and	  polar	  fauna	  

How	  to	  convey	  these	  messages	  to	  the	  policy	  makers?	  
	  
You	  can	  contribute,	  ahead	  of	  COP21,	  Paris:	  
	  
join	  the	  science	  conference	  in	  Paris	  July	  7-‐10,	  2015:	  
hop://www.commonfuture-‐paris2015.org/	  
	  
Submission	  of	  session	  proposals	  is	  possible	  unVl	  mid	  November.	  	  
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Thank you! 
Pörtner,	  H.-‐O.,	  D.M.	  Karl,	  P.W.	  Boyd,	  W.W.L.	  Cheung,	  S.E.	  Lluch-‐Cota,	  Y.	  Nojiri,	  D.N.	  
Schmidt,	  and	  P.O.	  Zavialov,	  2014:	  Ocean	  systems.	  In:	  Climate	  Change	  2014:	  Impacts,	  
AdaptaVon,	  and	  Vulnerability.	  Part	  A:	  Global	  and	  Sectoral	  Aspects.	  ContribuVon	  of	  
Working	  Group	  II	  to	  the	  Fi]h	  Assessment	  Report	  of	  the	  Intergovernmental	  Panel	  on	  
Climate	  Change	  [Field,	  C.B.,	  V.R.	  Barros,	  D.J.	  Dokken,	  K.J.	  Mach,	  M.D.	  Mastrandrea,	  
T.E.	  Bilir,	  M.	  Chaoerjee,	  K.L.	  Ebi,	  Y.O.	  Estrada,	  R.C.	  Genova,	  B.	  Girma,	  E.S.	  Kissel,	  A.N.	  
Levy,	  S.	  MacCracken,	  P.R.	  Mastrandrea,	  and	  L.L.	  White	  (eds.)].	  Cambridge	  University	  
Press,	  Cambridge,	  United	  Kingdom	  and	  New	  York,	  NY,	  USA,	  pp.	  411-‐484.	  

Hoegh-‐Guldberg,	  O.,	  R.	  Cai,	  E.S.	  Poloczanska,	  P.G.	  Brewer,	  S.	  Sundby,	  K.	  Hilmi,	  V.J.	  
Fabry,	  and	  S.	  Jung,	  2014:	  The	  Ocean.	  In:	  Climate	  Change	  2014:	  Impacts,	  
AdaptaVon,	  and	  Vulnerability.	  Part	  B:	  Regional	  Aspects.	  ContribuVon	  of	  Working	  
Group	  II	  to	  the	  Fi]h	  Assessment	  Report	  of	  the	  Intergovernmental	  Panel	  on	  Climate	  
Change	  [Barros,	  V.R.,	  C.B.	  Field,	  D.J.	  Dokken,	  M.D.	  Mastrandrea,	  K.J.	  Mach,	  T.E.	  Bilir,	  
M.	  Chaoerjee,	  K.L.	  Ebi,	  Y.O.	  Estrada,	  R.C.	  Genova,	  B.	  Girma,	  E.S.	  Kissel,	  A.N.	  Levy,	  S.	  
MacCracken,	  P.R.	  Mastrandrea,	  and	  L.L.	  White	  (eds.)].	  Cambridge	  University	  Press,	  
Cambridge,	  United	  Kingdom	  and	  New	  York,	  NY,	  USA,	  pp.	  1655-‐1731.	  


