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Outline

• Emission reductions needed to stabilize climate

• The carbon cycle and carbon offset projects

• The non-CO2 climate effects of aviation

• Regional aviation impacts

• The importance of time horizons



Stabilization of global temperatures
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Summary for Policymakers

o  For illustrative examples of portfolios of mitigation 

options, see figure SPM.9 [3.3, 3.4].

Investments in and world-wide deployment of low-

GHG emission technologies as well as technology 

improvements through public and private Research, 

Development & Demonstration (RD&D) would be 

required for achieving stabilization targets as well as cost 

reduction. The lower the stabilization levels, especially 

those of 550 ppm CO
2
-eq or lower, the greater the need 

for more efficient RD&D efforts and investment in new 
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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 I to VI as indicated in Figure SPM.7. The data are drawn from AR4 
WGI, Chapter 10.8.
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Figure SPM.9: Cumulative emissions reductions for alternative mitigation measures for 2000 to 2030 (left-hand panel) and for 2000-2100 (right-hand panel). The figure 
shows illustrative scenarios from four models (AIM, IMAGE, IPAC and MESSAGE) aiming at the stabilization at 490-540 ppm CO2-eq and levels of 650 ppm CO2-eq, respectively. 
Dark bars denote reductions for a target of 650 ppm CO2-eq and light bars the additional reductions to achieve 490-540 ppm CO2-eq. Note that some models do not consider 
mitigation through forest sink enhancement (AIM and IPAC) or CCS (AIM) and that the share of low-carbon energy options in total energy supply is also determined by inclusion 
of these options in the baseline. CCS includes carbon capture and storage from biomass. Forest sinks include reducing emissions from deforestation. [Figure 3.23]
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Source : IPCC,2007.
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Summary for Policymakers

19. The range of stabilization levels assessed can be 

achieved by deployment of a portfolio of technologies 

that are currently available and those that are expected 

to be commercialised in coming decades. This assumes 

that appropriate and effective incentives are in place for 

development, acquisition, deployment and diffusion of 

technologies and for addressing related barriers (high 

agreement, much evidence).

The contribution of different technologies to emission 

reductions required for stabilization will vary over time, 

region and stabilization level. 

o  Energy efficiency plays a key role across many 

scenarios for most regions and timescales. 

o  For lower stabilization levels, scenarios put more 

emphasis on the use of low-carbon energy sources, 

such as renewable energy and nuclear power, and 

the use of CO
2
 capture and storage (CCS). In these 

scenarios improvements of carbon intensity of 

energy supply and the whole economy need to be 

much faster than in the past. 

o  Including non-CO
2
 and CO

2 
land-use and forestry 

mitigation options provides greater flexibility 

and cost-effectiveness for achieving stabilization. 

Modern bioenergy could contribute substantially 

to the share of renewable energy in the mitigation 

portfolio. 
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Figure SPM.7:  Emissions pathways of mitigation scenarios for alternative categories of stabilization levels (Category I to VI as defined in the box in each panel). The path-
ways are for CO2 emissions only. Light brown shaded areas give the CO2 emissions for the post-TAR emissions scenarios.  Green shaded and hatched areas depict the range of 
more than 80 TAR stabilization scenarios. Base year emissions may differ between models due to differences in sector and industry coverage. To reach the lower stabilization 
levels some scenarios deploy removal of CO2 from the atmosphere (negative emissions) using technologies such as biomass energy production utilizing carbon capture and 
storage. [Figure 3.17]

Emission reductions needed

Source : IPCC,2007.



Carbon cycle
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O3 CH4
(cooling because concentration diminishes)

(Direct emissions)

(Transformation in the 
Wake of planes)

Condensation trails (Contrails)

Reflexion of incoming 
solar light

Absorbtion of outgoing 
long wave terrestrial 
radiation

Mean diurnal effect
= 
Climate warming 

 NOx + CxHy + CO2 + H2O + CO + CBC + SOx

     if air is 
supersaturated

Factor of : climate warming    climate cooling 

cirrus !

Climate impact of aviation



Global radiative forcing

red: IPCC, 1999
blue: TRADEOFF

Source : adapted from Schumann 2005.



Regional distribution of contrail coverage
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Strong regional coverage 
in Europe, especially over 
Belgium, situated between:

London
Frankfort

Paris
Amsterdam

Source : IPCC 1999.



Regional radiative forcing

In Belgium, there is a strong forcing from overflying aircrafts

→ propose a strong mechanism to include the non-CO2 gases, either 
within the ETS or some parallel process.

Source : ABCI project



Importance of time horizon

2°C stabilization B2 scenario

RFI = 
Total aviation RF

RF due to CO2 emitted by aircrafts

Source : Matthews JCM

Calculations of time variation of radiative forcing index (RFI) with JCM



Changes of flight altitude
Source : Mannstein, 2006.

Source : Ferrone, 2006.
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✈

Occurence of supersaturation (%)

altitude
(km)

Surface temperature increase due to an 
increase of ozone at different altitudes

Pressure 
(atm)

(K)

Relative climate impact of CO2, NOx and H2O 
according to the altitude (100 = reference of 
CO2 impact at 12 km)

Source : Öko-Institut eV, 2004.



Conclusions

• Non-CO2 forcings from aviation are difficult to 
address with carbon offset projects

• The total forcing from aviation depends on the 
location and time horizon considered

• Due to its geographical situation Belgium receives a 
strong forcing from overflights



Outlook

• In WP7 of the ABCI project we will investigate the 
impact of contrails in Europe with a regional climate 
model (CCLM, COSMO model in CLimate Mode)

• This will help us to investigate some possible 
strategies to minimize the impact of non-CO2 
forcing (e.g. changes in flight altitudes)

• First preliminary results of this research can be 
found in the intermediate report


