
Ecosystem impacts and food security 

CLIMATE CHANGE  

H.O Pörtner 
WGII CH. 6, Ocean Systems,  
ocean products in TS and SPM, CC-Boxes, SYR 

UNFCCC Art. 2:  
......prevent dangerous anthropogenic interference....  
............allow ecosystems to adapt naturally...  
............ensure that food production is not threatened...  
............enable economic development to proceed in a 
 sustainable manner: Petra Tschakert 
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Comparing affected sectors and long-
term global goals (LTGG) with respect to: 

Key risks of impacts 
Avoided impacts 

Reasons for concern 

Key climate drivers: 
• Temperature 
• Precipitation 
• Ocean warming, acidification 

and loss of oxygen  
• Extreme events 

LTGG .....allow ecosystems to adapt naturally...  
.....ensure that food production is not 

threatened...  



....Climate change: observed impacts  
on all continents and in all oceans, 

e.g. 
 

• Species displacements (marine, 
freshwater and terrestrial)  

• Increase in crop production 
constrained 

• Forest dieback due to drought 
and heat 

• Some unique systems at 
moderate risk from climate 
change (...risk may rise if 
combined with other pressures) 

 

0.8°C 

0.8°C 



Verons 2009 

Warm water coral reefs under combined 
pressures: 

Vulnerable ecosystems  

Observations: 
Loss of live coral cover 
due to various drivers 

WGII Box CC-CR 
Great Barrier Reef 

……are reefs on the move?  

0.8°C 
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Latitudinal shifts occurred during the Last 
Interglacial (LIG) compared to today (Δ SST < 1°C) 

Kiessling et al. (PNAS 2012) 

PCO2 (ppm) 

280 
320 – 380 

present day OA 

OA 

…but today’s reefs will be increasingly constrained 
by ocean acidification (OA) and other pressures  
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CHANGE IN MAXIMUM CATCH POTENTIAL (2051-2060 COMPARED TO 2001-2010, SRES A1B, 2°C warming of global surface T 
      0.7°C warmer Sea Surface T) 

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

WGII, 6-14, SPM.6, SYR 2.6 

2051-60: displaced and reduced fish and invertebrate biodiversity 

Food security constrained: ....Fisheries 
 

..... 2°C: 
Combined human pressures:  

oceans are warming, acidifying, losing oxygen,  
affecting presently overexploited stocks. 

 
 
 
 
 
 
 
 

BACKGROUND: 
OVERFISHING caused 

predatory fish biomass to 
decline  

(by ≈ 70%!)  

MEPS 512: 155–166, 2014 

2°C 



WGII, SPM.2 

Food security constrained: increase in crop production reduced 0.8°C  



WGII, Table TS.4, SYR Table 2.3 

...includes effects of 
redistributed precipitation, 
heat and drought events 

Food security constrained:  
>1.5°C:  high risk of more severe impacts after 2050 

>1.5°C  

Crop yields 
increasingly 

declining with 
climate change 



 
 

RCP 2.6 

RCP 8.5 

Some Arctic summer sea ice may be protected under RCP2.6 
  

Projections  

Observations 

WGI SPM.7b, 8c 

(reproduced) 1.5°C  ~ 

1.5°C  



WGI Figure 
12.43 and 
Table 13.8  
SYR 2.8 

RCP2.6 

RCP6.0, 8.5 

RCP4.5 

>7m : ...last time 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-observations 

Sea level rise beyond 2100 may challenge natural and human systems: 

....affecting habitat, freshwater 
resources, human society through 
flood events 

1.5°C 

1.5°C  ~ 

Global mean sea level rise 



....climate change:  ....avoided impacts  
....projected impacts 

• climate change velocity slow enough for most 
terrestrial and freshwater organisms to follow. 

• up to half of coral reefs may remain. 

• sea level rise may remain below 1 m. 

• some Arctic summer sea ice may remain. 

• ocean acidification impacts at moderate 
levels. 

 

• Capacity to increase food production reduced 
further with some scope for adaptation.  

• some unique systems at high risk. 

• more than half of coral reefs may be lost. 

• risks of combined ocean acidification and 
warming become more prominent. 

 

 

 

 

1.5°C 



 

• climate change velocity becomes too high for 
some species to move sufficiently fast. 

• long-term sea level rise may exceed 1 m: 
coastal habitat loss, flooding, seawater 
inundation. 

• Arctic summer sea ice may be lost. 

• some unique systems at very high risk. 

 e.g. coral reefs and sea ice systems 
 marginalized. 

• risks of combined ocean warming and 
acidification become high. 

• crop production at high risk with some room 
for adaptation 

 

 

 

 

2°C 

....climate change:  ....avoided impacts  
....projected impacts 



• most projected ecosystem impacts effective at 
high risk levels 

• loss of biodiversity, highly reduced fisheries 
catch potential 

• crop production at very high risk.  

• climate change velocity much too high for 
terrestrial and freshwater species to move 
sufficiently fast. 

• long-term sea level rise by far exceeds 1 m: 
coastal loss, flooding, seawater inundation. 

• Arctic summer sea ice lost. 

• some unique systems marginalized. 

• risks of combined ocean warming and 
acidification become very high. 

 

 

 

 

>>2°C 

....climate change:  ....avoided impacts  
....projected impacts 



Thank you! 
 



Food security constrained:  
>1.5°C:  high risk of more severe impacts after 2050 

Crop yields 
increasingly declining 
with climate change 

>1.5°C  



...allow ecosystems to adapt naturally...  

...ensure that food production  
   is not threatened... 

....climate change impacts observed 
on all continents and in all oceans 

 • World-wide species displacements due 
to climate change,  

 marine, freshwater and terrestrial 
• Increase in crop production reduced by 

climate change 
• some systems at risk 

 

0.8°C 



....climate change: observed impacts  
on all continents and in all oceans 

 
• World-wide species displacements 

(marine, freshwater and terrestrial)  

• Crop production increase constrained 

• Forest dieback due to drought and heat 

• Some unique systems at moderate risk 
from climate change (...risk rises if 
combined with other pressures) 

 

0.8°C 

crop yield reduction forest dieback 



• are home to diverse species and ecosystems valued in tourism  

• offer rich biodiversity and resources for innovative drugs or 

biomechanics.  

• sustain coral reefs and mangroves protecting coastlines from 

tsunamis and storms.  

Oceans cover ~70% of the blue planet 

• create half the oxygen (O2) we use to breathe and burn fossil 

fuels.  

• provide 20% of the animal protein consumed by 3 billion 

people.  

• sustain shipping of 90% of all goods the world uses. 



Oceans play a major role in climate regulation globally: 
• absorb >90% of the heat accumulating in the atmosphere  
      ocean warming, hypoxia 
• absorb 25% of man-made CO2   ocean acidification 
• accumulate excess water from melting ice sheets  sea level rise 
• redistribution of nutrients   productivity shifts 

 
…with temperature presently being the predominant driver of 

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

Large-scale climate-related isssues in the global ocean  

Human activities also influence ocean conditions locally: 
• overfishing, pollution, eutrophication etc. 
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0.8°C:  
World-wide species 
displacements due to climate 
change,  
marine, freshwater and terrestrial 

OBSERVATIONS IN ECOSYSTEMS 

WGII, SPM.2 

Marine 
displacements 



Climate change velocity can exceed the capacity of species to move: 
on the safe side under RCP 2.6 

headed towards by 2100 

>4°C  

2.4°C  

2.8°C  ~ 

~ 

1.5°C  ~ 

WGII, SPM.5 



Climate change velocity can exceed the capacity of species to move

headed towards by 2100

>4°C 

2.4°C 

2.8°C ~

~

1.5°C ~



courtesy: T. Froelicher 

Ocean temperatures lag behind the global atmospheric mean 





Special vulnerabilities 
of polar species? 

proofs2 

in 2100: 
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Calcifier  
fisheries 

IPCC AR5 WGII Figure 6.10, SPM.6 

The emerging risk: Ocean acidification 



Projections: Ocean acidification, risks for mollusk and crustacean fisheries
and coastal protection by coral reefs

WGII, SPM.6
SYR Figure 2.6

observed projected

pH



Synergism of multiple stressors: 

sensitivity distribution shifted to lower values of PCO2, 
a hypothesis 

A. Wittmann, H.O. Pörtner, 2013 





WGI Figure 6.30 

Observations and Projections: Deoxygenation 

RCP8.5: Overall loss in 
oxygen also affecting 

Antarctic oceans 
 

respiratory deoxygenation 
(e.g. deep water) 

exacerbates acidification 



Oceans are losing oxygen 
 

Different tolerances to  
low oxygen levels 

explain the shift to tolerant 
communities  

(unicells and small animals) 
 

below 60 µmol l-1 

....in cool midwater Oxygen 
Minimum Zones 

....combined with CO2 
accumulation 

 

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

Dependence on body size  
in animals 

WGI 

WGII 

Observations 

Projections 

Warming 



(1.5°C) 



proof2 

PROJECTIONS 

Spatial changes....and a small decrease 
   in ocean primary production 

IPCC AR5 WGII Figure 6.13 
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Risks involving the oceans, a global perspective: 
.....is there risk reduction by adaptation?  

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: marginalization of coral reefs and polar fauna 





proofs2 

Perspectives: Foodweb consequences 

IPCC AR5 WGII Figure 6.12 



? 

? 

? 

? 

? 

? 

? 
? 

Devonian Carbonif. Silurian Permian Triassic Jurassic Cretaceous 
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Streamflow changes reflecting changes in freshwater supply to sectors, e.g. crop production 

≈ 2.6°C 





Africa 

Asia 

Central and South America 

WGII, Tables TS.4, 5 



Risk Level with 
Current Adaptation 

Risk Level 

Very 
Low Med 

Very 
High 

4°C 

2°C 

Present 

Long Term 
(2080-2100) 

Near Term (2030-2040) 

Potential for 
Additional Adaptation to 
Reduce Risk 

Risk Level with 
High Adaptation 

 
Climate change….causing risks 
….which were assessed in AR5  

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

PRINCIPLES 
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„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 timescales and under continually escalating thermal stress.“ 
 

Mitigation to 
1.5°C... 
...losses beyond 
50%!! 
....not yet 
taking ocean 
acidification 
effects into 
account) 

Frieler et al., 2013: 

WGII CC Box coral reefs 

However, warm water coral reefs undergo degradation.... 

=RCP 2.6 



Key expected vs. avoided impact: e.g. oceans 

• present (0.85°C):  

• some redistribution of fish stocks 

• reduced growth and decline of some coral reefs 

• large scale shifts of fish stocks and reduced productivity 

• 1.5°C:  

• high latitude species invasions 

• reduced productivity of low latitude fisheries 

• ≤ 50 % of warm water coral reefs maintained 

• some Arctic summer sea ice maintained 

• 2°C:  

• largely reduced productivity of low latitude fisheries (20% overall) 

• high latitude species invasions, biodiversity loss 

• Arctic summer sea ice lost 

• << 50 % of warm water coral reefs maintained 

 

• >2°C:  

• warm water coral reefs marginalized, loss of biodiversity, highly reduced 

catch potential 

• - 



Key risks of impacts 

present 
1.5°C 

2°C 

4°C 

Comparing long-term global goals...........with: 
Avoided impacts 

.....allow ecosystems to adapt naturally...  
.....ensure that food production is not threatened...  

Key climate drivers: 
• Temperature 
• Precipitation 
• Ocean hypoxia and 

acidification 
• Extreme events 


