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The Global Environmental 
Change Programmes and 

ESSP provide timely policy 
relevant information and 

scientific understanding to 
deal with climate change.

This is illustrated by the IGBP climate-change index, which It combines key 
indicators for CO2, temperature, sea level and sea ice. The index rises steadily and 
its change is unequivocal, it is global, and, significantly, it is in one direction.



Globally averaged increase in 
temperature anomaly

(oC from 1951-80)

2011 was the 11th warmest since records began 
in 1850. This is in spite of a cooling La Niña.

Hansen, J., R. Ruedy, M. Sato, 
and K. Lo. 2010. Global surface 
temperature change. Review 
Geophysics 48:RG4004.



A new assessment of global 
temperatures: The Berkeley Earth 
Surface Temperature Study (BEST)

The most important 
indicator of global warming, 
the temperature record has 
been criticized for the choice 
of stations and the methods 
for correcting systematic 
errors. The BEST study did a 
new analysis of the surface 
temperature record to 
address these criticisms. 
They used over 39,000 
unique stations and 
advanced interpolations 
schemes.

BEST found similar 
warming and patterns, 
comparable to all 
other studies.



Removing non-GHG factors 
from temperature records

When the estimated impact of El Niño/SO, volcanic aerosols and solar 
variability are removed, the global warming signal becomes even more 
evident. The adjusted data show warming at very similar rates to the 
unadjusted data with smaller probable errors but the warming rate is steady 
over the whole time interval. The two hottest years are 2009 and 2010.



Proof of intensification of 
the global water cycle

Durack, P. J., S. E. Wijffels, and R. 
J. Matear. 2012. Ocean Salinities 
Reveal Strong Global Water Cycle 
Intensification During 1950 to 2000. 
Science 336:455-458.

Fundamental thermodynamics 
and climate models suggest that 
dry regions will become drier 
and wet regions will become 
wetter in response to warming. 
Our 50-year observed global 
surface salinity changes, 
combined with changes from 
global climate models, present 
robust evidence of an 
intensified global water cycle at 
a rate of 8±5% per degree 
warming. 
This rate is double the response 
projected by climate models and 
suggests that a 16 to 24% 
intensification of the global 
water cycle will occur in a future 
2°to 3°warmer world.



Minimum arctic sea ice 
extent (September)

The last five years have been the five lowest 
extents. While the record low 2007 had 
weather conditions that favored ice loss, 
2011 had more typical weather patterns but 
continued warmth over the Arctic. This 
supports the idea that the Arctic sea ice 
cover is continuing to thin.
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The last five years have been the five lowest 
extents. While the record low 2007 had 
weather conditions that favored ice loss, 
2011 had more typical weather patterns but 
continued warmth over the Arctic. This 
supports the idea that the Arctic sea ice 
cover is continuing to thin.

The North-West Passage is a possible trade route. Until 
2008, the Arctic pack ice prevented regular shipping, 
but climate change has reduced the pack ice, and this 
Arctic shrinkage made the waterways now more 
navigable. Commercial cruises start in 2013.



Observed global sea level

Meyssignac, B. and A. Cazenave (2012). Sea level: A 
review of present-day and recent-past changes and 

variability. Journal of Geodynamics 58: 96-109.

IPCC 2007:
For 1961‐2003: 1.8 mm/yr; Models: 1.2 mm/yr
This study:
Last century: 1.7 mm/yr; 1990‐2010: 3.2 mm/yr



Spatial variations of sea level

Local sea‐level trends up to 10 times higher than the global 
mean rise (but very likely transient phenomena). Regional sea 

level trends largest in the Pacific.Nicholls, R. J. and A. Cazenave. 2010. Sea-Level Rise 
and Its Impact on Coastal Zones. Science 328:1517-

1520.



Climate extremes
(e.g. March temperatures)



http://www.globalcarbonproject.org/carbonbudget

Peters GP, Marland G, Le Quéré C, Boden T, 
Canadell JG, Raupach MR (2011) Rapid 

growth in CO2 emissions after the 2008-2009 
global financial crisis. Nature Climate Change, 

doi. 10.1038/nclimate1332.

Carbon Budget 2010

1 Pg = 1 Petagram = 1x1015g = 1 Billion metric tons = 1 Gigaton
1 Tg = 1 Teragram = 1x1012g = 1 Million metric tons 
1 Kg Carbon (C) = 3.67 Kg Carbon Dioxide (CO2)



Fossil Fuel & Cement CO2 Emissions

Peters et al. 2011, Nature CC; Data: Boden, 
Marland, Andres-CDIAC 2011; Marland et al. 2009

Growth rate
1990-1999

1% per year

Growth rate
2000-2010

3.1% per year

Growth rate
2010
5.9% yr

Growth rate
2009

-1.3% per year

Be aware that uncertainty of 
emissions from individual countries 
can be several-fold bigger



CO2 concentration rising



Consequent warming may be 
higher than earlier estimates

Rowlands, D. J., D. J. Frame, et al. (2012). "Broad range of 
2050 warming from an observationally constrained large 
climate model ensemble." Nature Geoscience 5(4): 256-

260.

Warming by the middle of the 21st

century that is stronger than earlier 
estimates is consistent with recent 
observed temperature changes and 
a mid-range ‘no mitigation’ scenario 
for greenhouse-gas emissions



Emission pathways and 
warming limits

Sources:
Rogelj J. et al., 2011, Nature Climate Change

Rogelj, J., W. Hare, J. Lowe, D. P. van Vuuren, K. Riahi, B. Matthews, T. 
Hanaoka, K. Jiang & M. Meinshausen. 2011. Emission pathways 
consistent with a 2oC global temperature limit. Nature Climate Change 
1:413-418.

Only the green pathway has a 66% 
chance to stay within the 2oC target.



Implications for staying 
below 2oC (or 1.5oC)

o Emission should peak 
before 2020 and then 
rapidly reduced by 70% in 
2050 and going to zero in 
2100.

o Until 2050 the 1.5oC
pathway is similar to a 
likely 2oC pathway, but 
with deep reductions 
afterwards.

o Emissions are constrained 
by the terrestrial and 
oceanic sources and sinks!

The two scenarios shown are from 
ADAM project (www.adamproject.eu)

Hulme, M., H. Neufeldt, and H. Colyer. 2009. Adaptation and mitigation 
strategies: Supporting European Climate Policies. Final Report from the 
ADAM Project, Tyndell Centre for Climate Change Research, Norwich, UK.



Major lesson on delays: 
Later reductions require 

faster AND deeper reductions

Source: Climate Analytics

20202010



Main final conclusions
o To keep within your 2oC climate-change target, global 

greenhouse gas emissions have to be more than 
halved by 2050 and should peak no later than 2020.

o The next years are thus a crucial to change 
course towards a sustainable future for all 
nations. 

o If this is not achieved risks will  increase rapidly and 
food, water and energy security cannot be guaranteed

o The long term solutions involve rethinking 
fundamental aspects of international and national 
economic, technical, institutional and social 
developments. This requires major innovations, 
capacity building and political will. 
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