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Source: Dr. Pieter Tans, NOAA/ESRL (www.esrl.noaa.gov/gmd/ccgg/trends/)



Cycle du carbone

Unités: GtC (milliards de tonnes de carbone) ou GtC/an
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CO2 Concentration in Ice Core Samples and
Projections for Next 100 Years
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A climate model:

Source: McGuffie & Henderson-Sellers (1997)
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IPCC : Intergovernmental Panel on Climate Change
Created by World Meteorological Organisation 
(WMO) & United Nations Environment Programme 
(UNEP) in 1988 
Mandate : assess the science of climate change, 
impacts and adaptation, mitigation options 
Publishes consensus reports (1990, 1996, 2001, 
2007) (Cambridge University Press)
Advises Climate Change Convention
Nobel Peace prize (2007)
Web : 
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IPCC - WGI
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IPCC - WGI

Understanding and Attributing Climate Change

Most of the observed increase in globally averaged 
temperatures since the mid-20th century  is very likely 
(>90%) due to the observed increase in anthropogenic 
greenhouse gas  concentrations. 

This is an advance since the TAR’s conclusion that 
“most of the observed warming over the last 50 years 
is likely (>66%) to have been due to the increase in 
greenhouse gas concentrations”. .
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Source:  IPCC, AR4 (2007)

NB: écart par rapport à la moyenne 1980-1999



Jean-Pascal van Ypersele 
(vanypersele@astr.ucl.ac.be)

 
 

 

NB: add 0.5°C to get pre-industrial reference



Virtually certain > 99%, very likely > 90%, likely > 66%, more likely than not > 50%

Post 1960 21th century



Based on current model simulations, it is very 
likely that the meridional overturning circulation 
(MOC) of the Atlantic Ocean will slow down 
during the 21st century. 

longer term changes not assessed with confidence 

Temperatures in the Atlantic region are projected 
to increase despite such changes due to the 
much larger warming associated with projected 
increases of greenhouse gases.
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TP Figure 3.4: Ensemble mean change of annual runoff, in percent, 
between present (1980-1999) and 2090-2099 for the SRES A1B 
emissions scenario (based on Milly et al., 2005).

Water at the end of the 21st century for SRES A1B



 













  
 



With 1 metre sea-level rise: 63000 ha below sea-level in 
Belgium (likely in 22nd century, not impossible in 21st century) 

(NB: flooded area depends on protection)

Source: N. Dendoncker (Dépt de Géographie, UCL), J.P. van Ypersele et P. Marbaix 
(Dépt de Physique, UCL) (www.climate.be/impact)



With 8 metre sea-level rise: 3700 km2 below sea-level in Belgium 
(very possible in year 3000) 

(NB: flooded area depends on protection)

Source: N. Dendoncker (Dépt de Géographie, UCL), J.P. van Ypersele et P. Marbaix 
(Dépt de Physique, UCL) (www.climate.be/impact)
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IPCC

Between 1970 and 2004 global greenhouse gas 
emissions have increased by 70 %

Total GHG emissions
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IPCC

• With current climate change mitigation 
policies and related sustainable development 
practices, global GHG emissions will continue 
to grow over the next few decades 

• IPCC SRES scenarios: 25-90 %
increase of GHG emissions
in 2030 relative to 2000 0
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IPCC

Note: estimates do not include non-technical options, such as lifestyle changes.
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IPCC

• Changes in occupant behaviour, cultural 
patterns and consumer choice in buildings. 

• Reduction of car usage  and efficient 
driving style, in relation to urban planning 
and availability of public transport

• Staff training, reward systems, regular 
feedback and  documentation of existing 
practices in industrial organizations
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< 0.12< 3Not available445-535[4]

<0.10.2 – 2.50.6535-590

< 0.06-0.6 – 1.20.2590-710

Reduction of average 
annual GDP growth 

rates [3]
(percentage points)

Range of GDP 
reduction [2]

(%)

Median
GDP 

reduction[1]
(%)

Stabilization 
levels 

(ppm CO2-eq)

[1] This is global GDP based market exchange rates.
[2] The median and the 10th and 90th percentile range of the analyzed data are given.
[3] The calculation of the reduction of the annual growth rate is based on the average reduction during the period till 2030 

that would result in the indicated GDP decrease in 2030.
[4] The number of studies that report GDP results is relatively small and they generally use low baselines.
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IPCC

• Near–term health benefits from reduced air pollution
may offset a substantial fraction of mitigation costs

• Mitigation can also be positive for: energy security, 
balance of trade improvement, provision of modern 
energy services to rural areas and employment 

BUT
• Mitigation in one country or group of countries could

lead to higher emissions elsewhere (“carbon leakage”) 
or effects on the economy (“spill-over effects”).
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+90 to +1402060 - 20904.9 – 6.1855 – 1130

+25 to +852050 - 20804.0 – 4.9710 – 855

+10 to +602020 - 20603.2 – 4.0590 – 710

-30 to +52010 - 20302.8 – 3.2535 – 590

-60 to -302000 - 20202.4 – 2.8490 – 535

-85 to -502000 - 20152.0 – 2.4445 – 490

Reduction in 2050 
compared to 200Year CO2 needs to peak

Global Mean temp. increase 
at equilibrium (ºC)

Stab level 
(ppm CO2-eq)

•The lower the stabilization level, the more quickly emissions would 
need to peak and to decline thereafter
•Mitigation efforts over the next two to three decades will have a large 
impact on opportunities to achieve lower stabilization levels
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Figure SPM 8:  Stabilization scenario categories as reported in Figure SPM.7 (coloured bands) and their 
relationship to equilibrium global mean temperature change above pre-industrial, using (i) “best estimate” climate 
sensitivity of 3 C (black line in middle of shaded area),  (ii) upper bound of likely range of climate sensitivity of 
4.5 C (red line at top of shaded area) (iii) lower bound of likely range of climate sensitivity of 2 C (blue line at 
bottom of shaded area). Coloured shading shows the concentration bands for stabilization of greenhouse gases in 
the atmosphere corresponding to the stabilization scenario categories. The data are drawn from AR4 WGI, Chapter 
10.8.
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• Effectiveness of policies depends on national 
circumstances, their design, interaction, 
stringency and implementation

– Integrating climate policies in broader development policies 
– Regulations and standards 
– Taxes and charges 
– Tradable permits 
– Financial incentives
– Voluntary agreements 
– Information instruments 
– Research and development
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Selected sectoral policies, measures and instruments 
that have shown to be environmentally effective

Producer subsidies

Renewable energy obligations

May be appropriate to 
create markets for low 
emissions technologies

Feed-in tariffs for  renewable 
energy technologies

Taxes or carbon charges on 
fossil fuels

Resistance by vested 
interests may make 
them difficult to 
implement

Reduction of fossil fuel 
subsidies

Energy supply

Key constraints or 
opportunities

Policies[1],  measures and 
instruments shown to be 
environmentally effective

Sector

[1] Public RD&D investment in low emission technologies have proven to be effective in all sectors. 
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Selected sectoral policies, measures and instruments 
that have shown to be environmentally effective

Investment in attractive public 
transport facilities and non-motorised 
forms of transport

Particularly appropriate for 
countries that are building 
up their transportation 
systems

Influence mobility needs through land 
use regulations, and infrastructure 
planning 

Effectiveness may drop 
with higher incomes

Taxes on vehicle purchase, 
registration, use and motor fuels, road 
and parking pricing

Partial coverage of vehicle 
fleet may limit effectiveness

Mandatory fuel economy, biofuel
blending and CO2 standards for road 
transport

Transport 

Key constraints or 
opportunities

Policies[1],  measures and 
instruments shown to be 
environmentally effective

Sector

[1] Public RD&D investment in low emission technologies have proven to be effective in all sectors. 
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IPCC

• Notable achievements of the UNFCCC/Kyoto Protocol that 
may provide the foundation for future mitigation efforts: 
– global response to the climate problem,
– stimulation of an array of national policies,
– the creation of an international carbon market and 
– new institutional mechanisms

• Future agreements:
– Greater cooperative efforts to reduce emissions will help to 

reduce global costs for achieving a given level of mitigation, 
or will improve environmental effectiveness

– Improving, and expanding the scope of, market mechanisms 
(such as emission trading, Joint Implementation and CDM) 
could reduce overall mitigation costs
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