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Observed warming:

Land and Ocean annual temperature (°C)

(anomalies relative to 1851-1880)

Long-term warming trend modified by internal (e.g. red – El Niño and blue – La Niña) 

and external (e.g. volcanic eruptions) variability

Jones et al. (2012); Morice et al. (2012) for temperature record, ENSO years from NOAA 



Arctic Sea Ice Extent
(area of ocean with at least 15% ice)

http://nsidc.org/arcticseaicenews/

Late-summer minimum of 2012



Observed sea level change at top of range 

projected in IPCC assessment reports

Rahmstorf et al., 2012

(Rahmstorf et al., 2012) 



Shepherd et al. 2012

Accelerating loss from ice-sheets

• A recent review revealed accelerating mass loss from both polar ice 

sheets Greenland and Antarctia

• Contributes 20% to total sea-level rise since 1992



Global total CO
2

emissions 

•3% up from 2010 to 2011

•2.6% up from 2011 to 2012

•58% above 1990 in 2012

Global Carbon Project: Emissions on the rise



Warming projections: Heading towards 4oC?

Schellnhuber et al., 2012



IPCC (2000) TAR SPM

Delays and time scales in the climate system’s 

response to greenhouse-gas emissions



How are temperature and sea level linked?



Reconstruction of past Sea Level



Sea Level reconstruction vs semi-empirical model

Kemp et al., 2011



Validation for 20th century

Bittermann et al., 2013



Rate of Sea-level rise projections 21st century

Schaeffer et al., 2012; Schellnhuber et al., 2012



Sea-level rise projections 21st century

Schaeffer et al., 2012; Schellnhuber et al., 2012



Sea Level by 2300:

2.7m and rising versus

1.5m and stabilizing

• The difference in sea-level rise between a stabilized 2°C and a “well below” 1.5°C scenario 

is less than 10 cm by 2100, but rate of rise is very different by then, so that difference in 

sea-level rise between scenarios diverges to over 1 m by 2300

• Sea-level rise may be halted in 2300 for a “well below” 1.5°C scenario, in sharp contrast 

to a 2°C stabilization scenario.

Schaeffer et al., 2012

Can sea level rise be held below 1m?



Regional deviations from global SLR

Perrette  et al., 2012; Schellnhuber et al., 2012



How are species affected by ocean acidificaton?
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How rapidly does acidification increase?

Schellnhuber et al., 2012



Coral reefs projected “chemical” and “thermal” stress

Meissner et al (2012) 

Reefs in blue have a less-than-10% probability of experiencing a severe bleaching event and 

live in areas with annual mean open ocean seawater aragonite saturation above 3.3. Orange 

reefs are thermally stressed experiencing a severe bleaching event at least once every 10 

years. Light blue reefs are chemically stressed (annual mean seawater aragonite saturation 

below 3.3), and reefs in red are both thermally and chemically stressed



Closing remarks

• Climate change poses a risk to ocean-based or 
ocean-dependent systems through warming, sea-
level rise and acidification

• Several aspects (Backup Slides) not discussed 
here, e.g.:

– Tropical cyclone intensity

– Weakening Thermohaline circulation

– Changes in patterns of variability in ocean, 
atmosphere and combined (e.g. ENSO, NAO)

• Current emission trends, observations and 
inadequacy of proposed emission reductions lead 
to projected high risks



Thank you

www.climateanalytics.org



Backup slides

further information and “other 

aspects” of climate change & 

oceans



Correlation between hurricane power 

and tropical sea-surface temperatures

Coumou and Rahmstorf (2012)



Thermohaline circulation

or “great conveyor belt”

Observations and model projections show weakening.

Affects SLR, plankton/fisheries, land climate



(Rahmstorf et al., 2012) 

Consistent global warming signal in line with IPCC 

projections 



CO
2

emissions at record level
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…and so is CO
2

concentration
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Core findings:
– 2010 global total emissions: 50 GtCO2e/yr (95% range: 45.6-54.6)

– Current “emissions gap” for 2°C (>66% chance) 8 to 13 GtCO2e/yr, depending on:
• unconditional/conditional pledges: 2 GtCO2e/yr improvement

• lenient/strict accounting rules: 3 GtCO2e/yr improvement

– Emissions gap increased by ca. 2 GtCO2e/yr relative to 2011 estimate
• due to updated BaUs for developing countries (higher expected emissions)

• due to inclusion and accounting for the effect of double counting of offsets

– 2020 emissions:
• in line with 2°C (>66% chance) remain at 44 GtCO2e/yr (41-47 GtCO2e/yr)

• in the few 1.5°C scenarios emerging in literature: around 43 GtCO2e/yr 

• Based on the pledges: 52-57 GtCO2e/yr, depending on conditionality and accounting rules 

– Also “later action” pathways emerge in literature
• higher near-term emissions (lower near-term costs)

• Higher technology dependence on any mitigation option (for example, CCS)

• Higher long-term (and overall) costs

• Higher pressure on future policy requirements (participation, climate vs water/biodiversity)

• Increased climatic risks: emission budget used more quickly, temperature rate and overshoot

– Highlights importance of energy efficiency to keep many options open





Regional SLR projection time series

Schellnhuber et al., 2012



Regional SLR projection time series

Schellnhuber et al., 2012



Regional SLR projection time series

Schellnhuber et al., 2012


