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EXECUTIVE SUMMARY 

1.   Introduction 

Since the publication of the Intergovernmental Panel on Climate Change (IPCC) special report on 
aviation (1999), the international scientific community has become aware of the importance of the 
impacts of emissions from the aviation sector on global warming. The report indeed shows that not 
only CO2, but also NOx, condensation trails (contrails) and enhanced cirrus cloud formation, have a 
significant impact on climate change. Yet, emissions from international air transport are not targeted 
by the Kyoto Protocol commitments, and are not integrated in any international climate policy, despite 
considerable growth in aviation since more than 10 years.  

The possibility of integrating this sector is increasingly considered both at the European level and in 
the context of the United Nations Framework Convention on Climate Change (UNFCCC). The 
European Union is planning on including aviation in its emission trading scheme in 2011-2012, and it 
is very likely that part of the post-Kyoto international negotiations will be dedicated to accounting for 
emissions from international air transport. 

On the 20th of December 2006, the European Commission has officially published its proposal to include 
the aviation sector in the EU-ETS. Adding the current negotiations on the review of the existing EU-ETS at 
the European level and on the post-2012 scheme and commitments at the UNFCCC level to the picture 
provides an overview of how climate impacts of the aviation sector have become an important “hot” topic 
but also how tricky and interdependent policy options to include aviation in climate policy are. 
Concerning scientific progress related to climate impacts of non-CO2 emissions from the aviation sector, 
major scientific advances have been included in the IPCC AR4 report (as well as projects such as 
TRADEOFF), compared to the TAR and SRAGA. These include that the estimated impact of NOx and 
contrails has been reduced but the impact of cirrus cloud formation seems to be greater than expected 
although there is still a large uncertainty. This implies that the total impact of aviation is dominated by the 
non-CO2 impacts, particularly as far as Belgium is concerned. 

In this context, the ABC impacts project intends to analyse these different climate policy options (as 
well as their consequences) and to provide an in-depth study of the technical, economic and 
environmental characteristics of the aviation sector. 
 
2.   Climate, climate policy and the aviation sector 

The influence of human activities on climate has been demonstrated by the IPCC and it is well known 
that the main anthropogenic greenhouse gasses are generated by combustion processes, such as 
those related to the transport sector.  

Climate policy aims at limiting climate impacts either by adapting ecosystems and human societies to 
those climate changes (adaptation) or by trying to reduce emissions causing climate change 
(mitigation).  

The transport sector is not only responsible for an important share of the total GHG emissions, 
especially in industrialised countries (more than 20% of the total GHG emissions of those countries 
are due to transport), but it grows strongly and continuously while other sectors succeed in stabilising, 
or even in reducing, the total quantity of their GHG emissions. Among the different transport 
segments, aviation plays a particular role for two main reasons: 

1. aviation induces greater climate impacts than those due to Kyoto greenhouse gasses emitted 
by aircrafts (e.g. perturbation of the high cloud cover, which induces a strong regional 
forcing) ; 

2. aviation registers one of the highest growth rates within the transport sector during the last 
years, and market forecasts seem to confirm this trend for the following years. 

Different policy instruments are available for the climate policy to mitigate climate impacts from the 
transport sector: 
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1. instruments with a direct link on the global warming issue (raising public awareness, 
voluntary/negotiated agreements or actions, financial and economic tools such as taxes / fees 
/ subsidies / market mechanisms, R&D, command-and-control regulation) ;  

2. instruments not aiming specifically at global warming but having an indirect influence on it 
(planning, financial and economic tools to set up a level playing field between all transport 
modes such as VAT or duty free sales, infrastructure management such as slot allocation at 
airports, the environmental legislation focusing on other air pollutants than GHGs or related 
annoyances such as noise, R&D to support more environmentally friendly transport solutions 
or alternatives to transport).  

The analysis of those instruments results in the realization that the environmental effectiveness of a 
policy mix is often better than the environmental effectiveness of a sole instrument. No isolated 
instrument offers simultaneously a real limitation on the total climate impact and a satisfactory level of 
flexibility to minimize the related costs as much as possible. In other respects, raising public 
awareness seems to be a basic element for a good comprehension and acceptance of other climate 
policy instruments. Moreover, ensuring a level playing field between all transport modes by applying a 
harmonized rate of VAT on the tickets and fuel tax is necessary to avoid competition distortion, as well 
as harmonizing the duty free practices.  

Moreover, the adoption of any policy measure should be done with the assessment of all its global 
consequences, seeing that even measures not focused on tackling climate change could have a 
substantial indirect influence on the efficacy and efficiency of other climate policy instruments.  

The world-wide extent of global warming and transports such as aviation generally implies that 
international agreements could have a better environmental efficiency and a lower risk of market 
distortion than measures adopted at the local level (e.g. tax on kerosene or on CO2 emissions; 
emission standards; airport taxes or fees; etc.). On the other hand, this kind of agreements may take a 
long time to be implemented and are often limited to the adoption of the lowest common denominator 
between the parties.  

The adoption of the Montreal Protocol, the UNFCCC, the Kyoto Protocol and the EU-ETS falls within 
this scope. The two last ones are aiming at increasing the flexibility of the policy measure and at 
reducing the compliance costs by combining a strict emission ceiling with market mechanisms.  

In this framework, the European Commission has officially launched in December 2006 a directive 
proposal to include the aviation in the EU-ETS. Diverging views between the European Parliament 
and the European Council Environment require a procedure of second reading that is expected to 
begin in May 2008. 
 
3.   Emissions from aircraft 

Due to the continuous growth of transport, related CO2 emissions have continuously increased during 
the last years, and are expected to reach 25% of world-wide CO2 emissions by 2030. 

Aviation is one of prime drivers of this growth, and yet its total climate impact is by far more important 
than only its CO2 emission climate impact. The concerned atmospheric pollutants are generated 
through kerosene combustion in aircraft engines and their respective total quantity of emissions 
depends either on the fuel composition (NOx, SOx), or on combustion conditions. These last ones vary 
according to the flight phase, so that more CO, NOx and unburnt hydrocarbons (HC) are emitted 
during the LTO phase than during the cruise phase and that the energy efficiency per kilometre flown 
is lower for short-distance flights than for long-distance flights. LTO emissions are more worrying for 
health and ecosystems (air quality), while cruise emissions are particularly more sensible for climate 
change.  

In order to realise an aviation emission inventory for Belgium based on the calculation of aircraft 
emissions and related energy consumption, the following parameters have to be taken into account:  

- activity data of Belgian airports, as well as of overflights ; 
- aircraft types (and as far as possible the used engine technologies) ;  
- distances flown ; 
- the different flight phases.  

CO2 emissions and energy consumption related to flights departing from or arriving at a Belgian airport 
almost reach the same level as in 2001, before the SABENA bankruptcy and the New York attacks, 
while those related to overflights have steadily increased period to attain practically twice the emission 
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level of Belgian airport activities. A similar trend exists for NOx emissions, as opposite to CO and HC 
emissions that are typically generated in higher quantities during the LTO phases (in this case, on 
Belgian airports) rather than during the cruise phase of overflights.  

There are different solutions to mitigate aviation emissions on a short to middle term either at the 
aircraft level (engine technology improvement, higher load factor, small modifications of the aircraft 
design, etc.), or at the level of the global aviation sector (alternative fuels, improvement of the 
navigation system, better emission management at airports, etc.). However, reduction potentials face 
many obstacles to be really efficient (time delay for the adoption and market penetration of new R&D 
solutions, huge increase of the total forecasted emission volume due to the market growth compared 
to the emission reduction potential, etc.). 
 
4.   Aviation sector prospect and Belgian characteristics 

After 2001, the aviation sector almost recovered its former activity level partly thanks to the strong 
growth in the freight segment. Another general trend in the passenger transport consists in the use of 
larger aircrafts which increase the number of available seats. 

In contrast, the number of flights at the European level has risen sharply since 1985 (with a little drop 
in 2001-2002) but overflights represent a minor part of the total flights contrarily to the Belgian 
situation. 

Considering air traffic forecasts, passenger flights are expected to grow by 4% per year, leading to a 
doubling of the current frequencies by 2023, and cargo flights could reach an even stronger growth 
level between 4,4% and 5,9% per year. 

More specifically, European air traffic is expected to increase on average by 3,3% annually in the mid 
term and from 2,3% to 3,4% in the longer term (until 2023), while Belgian/Luxembourgian air traffic 
should grow annually by 2,8% on average in the mid term, with an increased proportion of overflights 
in the total, and by 2,3%-3,4% in the longer term.  

As regards the characteristics of the Belgian aviation sector, 15 companies registered their licence in 
Belgium in 2007, from which 2 helicopter businesses. At the airports level, Brussels National Airport 
still registers the most important activity but suffered the Sabena bankruptcy in 2001, while passenger 
numbers have grown substantially at regional airports, especially Brussels South Charleroi Airport. 
Concerning cargo flights, which grew faster than passenger flights in Belgium, Brussels Airport is still 
the major Belgian cargo airport but the market share of regional airports, mainly Liège Airport, has 
increased sharply these last years with a stronger trend than for passenger transport.  

Since Belgium is situated in the middle of the main European air knots, overflights above the Belgian 
territory are especially important (more than 750.000 in 2006 compared to more or less 200.000 LTO 
cycles at Belgian airports).  

From the financial point of view, the situation of the Belgian aviation sector has improved since 2001 
and the staff number hired and paid in Belgium has strongly declined (decrease in the sector 
employment + growth in staff hired following another country rules), but the Belgian aviation sector has 
never been profitable as a whole during the last ten years.  
 
 
5.   Interactions between the climate and the aviation sector 

As mentioned earlier, aviation has a greater climate impact than that only induced by CO2 emissions. 

Emissions at high altitude play an important role: 

- in the interactions with the atmospheric chemistry (methane destruction, ozone formation, 
aerosols formation), modifying the radiative forcing balance of the atmosphere,  

- and in clouds induction (contrails, cirrus), which is mainly a local phenomenon along the main air 
corridors.  

Therefore, the total climate impact of an aircraft at 12 km, taking into account global and regional 
impacts, is on average twice as large as its impact at 8 km.  

On global average, the total climate impact from the aviation sector ranges from 2,5 (IPCC, 1999) 
times to more 5 times (TRADEOFF, 2003) the climate impact from aviation CO2 emissions only.  
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Whereas in Europe as a whole, overflights (without landing or taking off in any European airport) 
represent only a tiny portion of all flights (less than 1%), they represent the majority of the flights over 
the Belgian territory (~70%). This is reflected in the radiative forcing of contrails and aircraft induced 
cloudiness (AIC) produced by these flights.  

Seeing that Belgium is right in the middle of the main European air knots, it will suffer from one of the 
most important contrail covers.  

In Belgium the impact of LTO flights represent only ~4% of RF due to contrails or AIC as most of the 
flights taking off or landing in Belgium do not reach an altitude where contrails can be produced before 
leaving the Belgian airspace.  

Belgium is thus submitted to important climate impacts (imbalance in radiative forcings inducing local 
temperature changes, enhanced cloudiness) from these flights that do not or barely contribute to the 
economy of the country (It is important to note that although the RF from AIC in Belgium is of the 
same order of magnitude than that of all anthropogenic CO2, this does not imply that the temperature 
increase generated by these radiative forcing imbalances will be the same, as the climate system will 
be able to disperse the impact of such a strong local forcing).  

One implication of this result is that it would be in the interest of Belgian policymakers to propose a 
strong mechanism to include the non-CO2 gases, either within the Emissions Trading System or some 
parallel process.  

In order to assess climate impacts from the aviation sector, two new modules have been added to the 
interactive Java Climate Model JCM5. This version of JCM5 is already available online, and can be 
launched easily with one click from a web browser, assuming that Java 5+ is installed. {see point 5.2} 

To make it easier to find the new plots and parameters, a system has recently been developed to 
automatically set up the model settings and layout to illustrate a specific topic such as aviation. The 
aviation setup includes a documentation page linking to other examples, illustrating the changing 
mixture of radiative forcing from different aviation gases and also a variety of scenarios, both 
unmitigated within the context of the EU 2°C limit.  

During the second phase of the ABC Impacts project, further work will be done on the assessment of 
regional climate impacts generated by the aviation sector. First tests to model regional climate 
changes have already been carried out with the CCLM model.  
 
6.   The MAMCA analysis 

Among several evaluation methods on transport related projects, the multi stakeholders multi criteria 
analysis (MAMCA) has been chosen by the ABC Impacts project.  

The methodology consists of seven steps. 

The first step is the definition of the problem and the identification of the alternatives (step 1). 
Secondly, the various relevant stakeholders are identified as well as their key objectives (step 2). 
Then, these objectives are translated into criteria and then given a relative importance (weights) (step 
3). For each criterion, one or more indicators are constructed (e.g., direct quantitative indicators such 
as money spent, number of lives saved, reductions in CO2 emissions achieved, etc. or scores on an 
ordinal indicator such as high/medium/low for criteria with values that are difficult to express in 
quantitative terms, etc.) (step 4). The measurement method for each indicator is also made explicit 
(e.g. willingness to pay, quantitative scores based on macroscopic computer simulation, etc.). This 
enables the measurement of each alternative performance in terms of its contribution to the objectives 
of specific stakeholder groups.  

Steps 1 to 4 can be considered as mainly analytical, and they precede the "overall analysis", which 
takes into account the objectives of all stakeholder groups simultaneously and is more "synthetic" in 
nature. Here, an evaluation matrix is constructed aggregating each alternative contribution to the 
objectives of all stakeholders (step 5). The MCDA yields a ranking of the various alternatives and 
gives the strong and weak points of the proposed alternatives (step 6). The stability of this ranking can 
be assessed through a sensitivity analysis. The last stage of the methodology (step 7) includes the 
actual implementation. 
 
7.   Main conclusions and recommendations 
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Based on the former chapters, the following conclusions and intermediary recommendations have 
been drawn by the ABC Impacts project: 

7.1 Through important innovative adaptations the aviation sector succeeded in implementing an 
important reduction of the emissions (CO2, H2O, Soot, CO, SOx, NOx, etc.) and fuel consumption of 
individual aircraft. However, the reductions of the emissions (fuel consumption decreases by 
0,5% - 2% per year) are less than the high growth rate of the sector (average of 6,4% per year 
between 1991 to 2005, European Commission). 

          In the future several improvements are to be expected. In the long term some radical changes (like 
the use of hydrogen as a fuel for aircraft) might occur. In the meantime some other technological 
evolutions are to be expected (implementation of synthetic fuels, biofuels, etc.) all of which present 
some specific strengths and weaknesses. Some other innovative concepts have recently been 
presented (adapted rear turboprop mounting, adapted empennage and air frame, improved 
aerodynamics...) and form promising options for the future.  

7.2 On the other hand, some sector management changes (improved ATM, implementation of the 
Single European Sky, Reduced Vertical Separation Minimum (which is already largely 
implemented), Continuous Descent Approach…) might reduce the impact of aviation on climate by 
more than 10% without the need for new technologies to be implemented onboard and without the 
delay that is necessary for fleet renewal when new technologies are implemented. 

7.3 The Belgian aviation market has a very specific position within Europe due to its geographical 
situation; in the middle of the so-called FLAP area which is demarcated by the four main airports of 
Europe: Frankfurt, London, Amsterdam and Paris. This also implies that the number of overflights 
is already considerable through Belgian airspace and could become even more important 
due to the sectoral growth and potential route adaptations (according to Statfor-Eurocontrol, 
the adoption of shorter routes could increase overflights above the Belgian territory by 10%).  

7.4 The role of ozone and cirrus clouds, especially for regional climate, is fundamental and so 
operational measures to reduce them should be considered, despite remaining uncertainties. This 
is especially important as tradeoffs are to be found between the different impacts. In general a 
reduction of CO2 emissions for an engine induces an increase in NOx emissions, thus producing 
more ozone. Also it is a general trend that more fuel efficient engines produce more contrails at 
higher temperature (i.e lower altitudes).  

 
7.5 It is important to note that on the one hand the impacts of the Belgian aviation sector on global 

climate change is relatively small compared to other sectors or other countries (Belgium's 
contribution to aviation emissions is not particularly remarkable), but that on the other hand 
regional climate impacts due to contrails, cirrus formation and change in the ozone concentration 
could have a large influence on the country because of the concentration of flights over the Belgian 
territory. One focus for Belgian policy makers could be to reduce the impacts from transit 
aviation, especially via operational measures targeting non-CO2 gases, as well as shift to other 
transport modes.  
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1. INTRODUCTION 

1.1. Context 

Since the publication of the Intergovernmental Panel on Climate Change (IPCC) special report on 
aviation (1999), the international scientific community has become aware of the importance of the 
impacts of emissions from the aviation sector on global warming. Such report indeed shows that not 
only CO2, but also condensation trails (contrails), NOx emissions and cirrus cloud formation have a 
significant impact on climate change. Yet, emissions from international air transport are not targeted 
by the Kyoto Protocol commitments, and are not integrated in any international climate policy, despite 
considerable growth in aviation since more than 10 years.  

The possibility of integrating this sector is increasingly considered both at the European level and in 
the context of the United Nations Framework Convention on Climate Change (UNFCCC). The 
European Union is planning on including aviation in its emission trading scheme in 2011-2012, and it 
is very likely that part of the post-Kyoto international negotiations will be dedicated to accounting for 
emissions from international air transport. 
 
On the 20th of December 2006, the European Commission has officially published its proposal to include 
the aviation sector in the EU-ETS. On the one hand, ICAO had already expressed its support to voluntary 
agreements and to the integration of the aviation sector in existing emission markets, but on the other 
hand ICAO seems to be reluctant to accept the application of the EU proposal to non-EU carriers without 
bilateral agreements (cf. General Assembly of ICAO in September 2007).  
Adding the current negotiations on the review of the existing EU-ETS at the European level and on the 
post-2012 scheme and commitments at the UNFCCC level to the picture provides an overview of how 
climate impacts of the aviation sector have become an important “hot” topic but also how tricky and 
interdependent policy options to include aviation in climate policy are.    
Concerning scientific progress related to climate impacts of non-CO2 emissions from the aviation sector, 
major scientific advances have been included in IPCC AR4 report (as well as projects such as 
TRADEOFF), compared to the TAR and SRAGA. These include that the impact of NOx and contrails has 
been reduced but the impact of cirrus cloud formation seems to be greater although there is still a large 
uncertainty. This implies that the total impact of aviation is dominated by the non-CO2 impacts, particularly 
as far as Belgium is concerned. 
 
Different options may thus be considered for the inclusion of aviation into climate policy. The analysis 
of these options is of particular interest for Belgium, given the importance of this sector in its economy 
and the intensity of greenhouse gas emissions from air traffic over the Belgian territory. 

1.2. Objectives 

In this context, the ABC impacts project intends to analyse these different climate policy options (as 
well as their consequences) and to provide an in-depth study of the technical, economic and 
environmental characteristics of the aviation sector. When relevant, the project will also draw a 
comparison with the case of international maritime transport, using as a basis the results of previous 
research projects such as MOPSEA and ECOSONOS. 

This research project serves two main objectives:  

1- to inform political decision-makers about the environmental, political and socio-economic 
implications for Belgium of integrating (or not) the international aviation and maritime transport 
sectors into climate policy;  

2- to present itself as a tool for the preparation and assessment of Belgian climate policy, on the 
eve of the negotiations concerning the expansion of the European Emission Trading Scheme 
(EU-ETS) and the post-2012 phase of the Kyoto Protocol.  
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The ABC Impacts project has been split into two phases:   

- first phase (2006-2007): this starting phase focuses on the state-of-the-art about the 
problematic of the climate change and the aviation sector  through the identification of the 
different policy options to include aviation in the climate policy, the analysis of aircraft 
emissions and the creation of an emission database, the integration of an “aviation module” in 
the JCM5 climate model in order to assess climate impacts from aviation, and the 
identification of stakeholders and their characteristics for the MAMCA. 
 
This report summarises the work already carried out by the research team in 
connection with this first phase. 

 
- second phase (2008-2009): this phase aims at consolidating the work undertook in the first 

phase through the introduction of systematic analyses of a set of policy options according to 
different scenarios, and at refining analyses and results based on data already gathered 
during the first phase and updated if necessary. 

1.3. Methodology 

To achieve these objectives, a multidisciplinary approach has been adopted. 

On the basis of a literature review, a preliminary “state-of-the-art” has been carried out on the 
evolution of the climate policy, the emissions from aircrafts, the evolution of the transport sector and 
specifically the aviation and maritime transport sectors, the scenarios and assumptions as regards 
climate modelling.  

Concerning the climate policy, work has been completed by the follow-up of the current negotiations 
on the post-2012 UNFCCC-Kyoto scheme and the proposal to include the aviation in the EU-ETS. 
Different analyses have been carried out in order to assess the consequences and stakes related to 
the different options discussed or proposed by stakeholders about this proposal, as well as the 
potential interaction of this inclusion with other policies (e.g. post-2012 negotiations, EU-ETS review, 
etc.). The work carried out on this thematic is summarized in Chapter II. 

As regards the emission of the aviation sector, data have been collected from airports, Belgocontrol 
and Eurocontrol in order to build an emission inventory of aircrafts landing on or taking-off from a 
Belgian airport, as well as of overflights above the national territory. The work carried out on this 
thematic is summarized in Chapter III. 

In order to assess the evolution of aviation in the following years and to identify the characteristics of 
the different market segments (for the EU and for Belgium in particular), a market analysis has been 
carried out. This will be used to forecast the related aircraft emissions more in detail, as well as to 
assess the consequences of the integration of the aviation sector in climate policies on the 
environment, the aviation sector, etc. The work carried out on this thematic is summarized in Chapter 
IV. 

This data collection is of most importance for the climate modelling, mainly as regards the 
development of a specific model aiming at assessing the regional climate impacts caused by aircrafts. 
In the first phase, a former climate model (JCM5) has been updated and completed with a specific 
module dedicated to the aviation sector. During the second phase of the project, a specific climate 
model on regional climate impacts will be developed in order to assess the climate  effects of several 
aircraft emissions having more localized impacts (e.g. change in the ozone concentration due to NOx 
interactions, induced cloudiness due to particles, aerosols and water vapour, etc.). The work carried 
out on this thematic is summarized in Chapter V. 

The Multi Actor and Multi Criteria Analysis (MAMCA) will be used to synthesize the results of the 
comparison between the different policy options to tackle the climate impacts from aircraft and to 
range them according to different stakeholder positions or criteria. The methodology of the MAMCA is 
summarized in Chapter VI. 

Figure 1 presents an overview of the different work packages (WPs) of the project and their 
interactions. 
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Figure 1 : Task scheme and interconnections between the different WPs of the ABC Impacts project 

 
 
A project website has been set up (http://www.climate.be/abci) with : 

- a detailed description of the tasks (http://dev.ulb.ac.be/ceese/ABC_Impacts/abc_home.php) 
and of the partners (http://dev.ulb.ac.be/ceese/ABC_Impacts/open_section_about_us.php), 

- different interesting references 
(http://dev.ulb.ac.be/ceese/ABC_Impacts/open_section_references.php) and links 
(http://dev.ulb.ac.be/ceese/ABC_Impacts/open_section_related_links.php) on the topic of 
aviation and climate change 

- an extended glossary and various synthesis documents 
(http://dev.ulb.ac.be/ceese/ABC_Impacts/open_section_in_brief.php), 

- the climate model developed by ASTR with a specific module dedicated to the aviation global 
climate impact (http://www.climate.be/jcm/jcm5/wsjcm5_aviation.jnlp).  
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2. CLIMATE, CLIMATE POLICY AND THE AVIATION SECTOR 

This chapter presents an overview of the origins of the climate policy, the interaction between the 
climate change and the transport sectors, the description of different climate policy tools and a brief 
history of the international climate policy agreements and their interactions with transport sectors. 

2.1. Climate stake and climate policy 

Since several decades, and mainly around the 70s, governments and the private sector begun to be 
conscious of the negative impacts of human activities on different environmental compartments (such 
as the air, the soil, water systems, ecosystems, etc.). In order to reduce the pollution, the depletion in 
biodiversity or natural resources, and to tackle waste management, they set up different instruments 
like laws, regulations for the public sector and self-regulation and rule-making for the private sector. 

All those instruments and other policy mechanisms related to environmental issues and sustainability 
are part of the environmental policy. Since the environment is considered as a transversal approach 
through the traditional policy pillars, environmental policy may cover other policy sectors such as 
energy, transport, economy, etc. 

The first great international event to focus on the environment and to consider the water problematic 
was the United Nations conference of Stockholm in 1972, where the United Nations Environment 
Programme (UNEP) was created. 

2.1.1. Climate stake 

Concern about climate change is relatively a recent topic in the environmental policy, compared to 
other environmental themes with more local consequences such as health impacts of pollutants for 
example. In fact, scientific evidence about the influence of anthropogenic activities, the potential 
impacts and the necessity of an international approach of the climate issue was quite difficult to 
identify.  

Generally speaking, climate change refers to any change in climate over time, due to natural variability 
(see Figure 2). Since some time past, scholars have shown that this change can also be a result of 
human activity (anthropogenic emissions of greenhouse gases).  
 

Figure 2 : Variations of deuterium (δ D), a proxy for local temperature derived from ice cores from 
Antarctica. The blue bands give an indication of global temperature variations and the gray shading 

indicates the last interglacial warm periods 

Approximatively 
-4 to -7°C 

on global average 
 

Source:   IPCC, 2007 
 

Indeed, the average temperature at the Earth surface has fluctuated quite a lot (see Figure 2). These 
temperature variations have several natural causes, such as the plate tectonics, volcanic 
eruptions, solar radiation variability and the orbital variability of our planet. In addition, without natural 
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emissions of greenhouse gases (like water vapour1, carbon dioxide and methane emitted by living 
species or by evaporation), the average temperature on Earth would be 30°C colder than it is today.2

2.1.1.1. Anthropogenic influence 

However, scientists have taken note that starting from the industrial revolution in the 19th century, 
concentrations of different greenhouse gases in the atmosphere (see Figure 3) have gradually 
increased in parallel with the growth of human activities, such as burning fossil fuels, deforestation, 
agriculture3 and stock farming4, the use of refrigerants5 and some other chemical components6.  

These activities have in fact an important impact on the emission of GHGs (carbon dioxide, methane, 
nitrous oxide, chlorofluorocarbons, etc.) and the carbon cycle balance. 
 

Figure 3 : Evolution of selected GHG concentrations in the atmosphere before 2005 (year 2005 = 0) 

 
 

Source:   IPCC, AR4, WG1, 2007 

2.1.1.2.   Climate impacts 

The increased concentrations of those different anthropogenic greenhouse gases have induced a 
global warming phenomenon due to the fact that less infrared radiation is re-emitted by the 

                                                           
1  Water vapour is the most important natural greenhouse gas. 
2  UNEP/WMO, http://unfccc.int/resource/beginner.html, 12 March 2007.  
3  Modern agriculture methods involve increasing amounts of fossil fuels and of fertilizers resulting in nitrous oxide 
emissions. 
4  Livestock is a great emitter of methane due to fermentation occurring in the stomach and gut of animals. The 
food given to the animals and the production of this food play a role in the amount of greenhouse gases emitted. 
5  Chlorofluorocarbons (CFCs), hydrofluorocarbons (HFCs), etc. 
6  E.g.: halons. 
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atmosphere towards space (cf. greenhouse gases absorb those kinds of radiation and influence the 
radiative forcing of the atmosphere). This is called the greenhouse effect7.  

This results in global warming which is expected to have different impacts on: the sea level, 
biodiversity, rain and drought patterns, etc.8 and that this phenomenon will be more or less serious 
and rapid depending on the accumulation of GHGs in the atmosphere, hence according to human 
beings capability to slow down the increase of their emissions or, even better, stabilise and decrease 
them.  

2.1.2. Answer to the climate issue: the climate policy 

Climate policy covers all plans, measures and instruments implemented in order to tackle climate 
change and its impacts. One major characteristic of climate policies is the direct and strong link 
existing between the measure adopted and the causes or impacts of the climate change. 

Knowing those stakes, climate policy can be split into two main categories: adaptation and mitigation. 

2.1.2.1. Adaptation 

Adaptation involves all decisions or activities aiming at “adjusting natural or human systems in 
response to actual or expected climatic stimuli or their effects, which moderates harm or 
exploits beneficial opportunities”9. These decisions/activities can then be classified according to 
binary characteristics: anticipatory / reactive, autonomous / planned, private / public.10

From a climate policy point of view, adaptation includes among other things R&D funding, technology 
transfer, monitoring and estimations of future climate impacts, financial means to help countries that 
will most probably be victims of future climate impacts, etc. However, according to the IPCC definition 
of adaptation, measures aiming at covering damages from unavoided climate impacts (e.g.: relief, 
rehabilitation, reconstruction, etc.) or indirect effects (“impacts of response measures”) are not taken 
into account.11

Some multilateral funds have been set up to financially support adaptation measures (cf. the Special 
Climate Change Fund of the UNFCCC created by the CoP7 in 2001 ;  the Least Developed Countries 
Fund financed by voluntary contributions of industrialized countries ; the Adaptation Fund established 
under the Kyoto Protocol in favour of developing countries that are Parties to the protocol12 ; the 
Strategic Priority on Adaptation fund of the GEF Trust Fund13) but bilateral agreements are the most 
common funding solution. 

The greatest challenge related to this topic consists in estimating the cost of adaptation measures at 
the present time and in the future for developed as well as for developing countries. 

Seeing that the underlying philosophy of this category of climate policies consists of tackling the 
potential impacts of climate change and not acting on the causes of this change, adaptation measures 
will not further be studied in this project. 

2.1.2.2. Mitigation 

In the context of climate change, mitigation means “a human intervention to reduce the sources or 
enhance the sinks of greenhouse gases.  Examples include using fossil fuels more efficiently for 

                                                           
7 For more details, see http://maps.grida.no/go/graphic/greenhouse_effect
8 See http://unfccc.int/resource/docs/publications/caring2005_en.pdf for more details 
9  UNFCCC glossary, http://unfccc.int/essential_background/glossary/items/3666.php, 8 March 2007.  
10  Müller B. & Hepburn C. (2006), IATAL - An outline proposal for an international air travel adaptation levy, 
Oxford Institute for Energy Studies, EV 36, October 2006, 40 p., http://www.oxfordenergy.org/pdfs/EV36.pdf  
11  idem. 
12  This fund will be financed through a 2% tax on Clean Development Mechanism credits. 
13  GEF : Global Environment Facility  
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industrial processes or electricity generation, switching to solar energy or wind power, improving the 
insulation of buildings, and expanding forests and other ‘sinks’ to remove greater amounts of carbon 
dioxide from the atmosphere”14. 

2.2. Climate change and transport 

Most important sources of anthropogenic GHG emissions are related to the combustion of fossil fuels 
and it is well known that transport activities have one the most important fossil fuel consumption 
among human activities. 

2.2.1. Repartition of anthropogenic GHG emissions 

Human activities can be shared out into 7 main categories when analysing GHG emissions:  

- energy,  
- industrial processes,  
- solvent and other product use,  
- agriculture,  
- land-use/land-use change/forestry (LULUCF),  
- waste  
- others.15 

Energy is by far the greatest source of GHG emissions (see Figure 4). These emissions are mainly due 
to the combustion of fossil fuels. 

 
Figure 4 : Kyoto GHG emissions from the different human activities within the EEA area16  
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Source:   EEA, 2007 
Within the EU, the “Energy” sector was responsible in 2004 for 80% of total17 EU(25) GHG emissions 
(emissions from international aviation and marine bunker fuels not included). More than 85% of these 
emissions were due to EU(15) countries. 

2.2.2. Responsibility of the transport sectors in the GHG emissions 

                                                           
14  UNFCCC glossary, http://unfccc.int/essential_background/glossary/items/3666.php, 8 March 2007.  
15  Human activities classification used within the UNFCCC. 
16  European Environment Agency area = EU(27) + Iceland + Lichtenstein + Norway + Switzerland + Turkey. 
17  Only GHGs covered by the Kyoto Protocol are taken into account.  
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Within the classification of human activities, transport is integrated in the global “Energy” class 
covering: 

- energy production (electricity, fuels, etc.),  
- transport,  
- manufacturing industries and construction,   
- the real estate sector (heating of buildings).  

GHG emissions from transport cover emissions from the combustion and evaporation of fuel for all 
transport activity, regardless of the sector. Concerning non-CO2 Kyoto GHG emissions from transport, 
the main contribution comes from the use of F-gases in air-conditioning and refrigeratory appliances. 

Transport amounts for a huge, and increasing, part of the energy-related GHG emissions. 

While the general “Energy” category has slightly reduced its GHG emissions between 1990 and 2004 
within the EEA area, the sub-category “Transport”, taking into account all international transport, has 
increased its emissions by more than one third (see Figure 5) to reach roughly 26% of the energy-
related GHG emissions.18

 
Figure 5 : Evolution of Kyoto GHG emissions from transport in the EEA area 

 

 

 

 

 

 

 

 

 

 
Source:   EEA, 2007 

Remarks:   the EEA area covers 32 countries ; data include all international transport ;  
GHGs specific to the aviation sector not included19

 
Again, the EU(15) countries are by far the biggest emitters in this sub-category, and register the 
highest growth in GHG transport emissions: +26% between 1990 and 2004 (excluding international 
aviation and maritime transport).20 Without international aviation and shipping, transport generated 
22% of all GHG emissions related to EU(15) in 2004, compared to 17% in 1990. The main source of 
emissions is road transport. Inside the “Energy” category, transport represented 25% of the emissions 
in 2004 compared to 21% in 1990. 

Emissions from the international aviation (+86%) and maritime transport are growing even 
much faster than emissions from other transport modes in the same period. Major growth has 
been registered in EU(15) countries. A detailed analysis of the aviation trends is available at point 
4.1 in chapter 4. 

As regards market segmentation, both passenger and freight transports have continuously increased 
in volume within the EEA area, but growth was more significant for freight transport (respectively 
+27% between 1990 and 2004 and +51% between 1990 and 2003). 

                                                           
18  On a worldwide level, transport accounted for 23% of the energy-related GHG emissions in 2004, for instance 
6,3 Gt of CO2 emissions. As regards the energy use, transport consumed around 77 EJ in 2000 with 11,6% for 
the aviation sector and 9,5% for shipping. (IPCC 2007: AR4, WGIII) 
19  See point 2.2.3 and point 5.1 in chapter 5 for more details on this topic. 
20  EEA, 2006. 
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This trend in the transport sector is expected to continue in the following decades. The International 
Energy Agency21 forecasts a global progression of energy consumption by +2% a year for transport 
with a more marked increase (+3,6% / year) in emerging economies, mainly due to light-duty vehicles, 
freight trucks and air travel22. 

Aviation has already grown at an average rate of +3,8% per year between 2001 and 2005, and is 
currently growing at 5,9% per year (with a particularly pronounced increase of +12,2% in the 
Europe/Asia-Pacific traffic). As regards the future, passenger traffic is expected to double 
within 15 years (~ 5% / year) and freight traffic to follow an even stronger trend.  

Those forecasts are however based on the working hypothesis that world oil supply would be sufficient 
and affordable, that world economies would continue to grow without significant disruption23, and that 
extreme climate events related to the raising global temperature would have no major impacts on 
economies and on the aviation sector itself. 

2.2.3. Aviation specificities related to GHGs 

Beside the GHG emissions mentioned in the former paragraphs, dominated essentially by CO2 
emissions, and covered by the Kyoto Protocol, it is important to note that the aviation sector generates 
specific emissions having an impact on the climate change.  

This particularity is caused by the fact that a great part of aviation emissions occur at high altitude 
and interfere with the chemical balance between substances in the atmosphere: 

- NOx emissions play a role in the natural balances of atmospheric chemistry. At cruising 
altitudes they lead to a reduction of methane concentrations and a local increase of ozone 
concentrations, 

- particles, sulphurs and aerosols modify locally the radiation energy budget, 

- water vapour, which is generally considered as a natural GHG, is responsible together with 
aerosols and NOx for the formation of contrails and cirrus clouds under specific meteorological 
conditions, which influence the local radiation energy budget.24 

As a consequence, the total climate impact of aviation is more important than the climate impact 
related to “traditional GHG” emissions only. Experts have evaluated that the total warming effect of 
aviation could reach 2 to 5 times the effect generated by aviation’s CO2 emissions only.25  

This phenomenon is explained in more detail in chapter 5, point 5.1. 

2.3. Climate policy instruments and transport 

Different policy instruments exist to tackle climate change. 

In this point, a kind of inventory of main instruments having a direct and an indirect link with this global 
problematic are presented. Instruments are classified (see Table 1) according to their characteristics 
(economic instrument, regulation, planning, etc.), described briefly and analysed from the point of view 

                                                           
21  IEA, World Energy Outlook, 2006 
22  Air travel is expected to generate 23% of the growth in energy consumption for transport by 2030. 
(WBCSD, Mobility 2030 in IPCC 2007 AR4 chIII) 
23  IPCC 2007, AR4, chIII. 
24  O3 production from NOx  : positive radiative forcing of      + 21,9 mW/m² 
    CH4 reduction from NOx  : negative radiative forcing of     - 10,4 mW/m² 
    Sulphate particles   : negative radiative forcing of     -   3,5 mW/m² 
    Soot particles                  : positive radiative forcing of      +   2,5 mW/m²    
    H2O                                 : positive radiative forcing of      +   2,0 mW/m² 
    Contrails                         : positive radiative forcing of      + 10,0 mW/m² 
    Cirrus formation              : positive radiative forcing of     + 10,0 - 80,0 mW/m² 
(IPCC 2007: AR4, chIII) 
25  IPCC, 1999 ; Sausen, 2005 

SSD - Science for a Sustainable Development – Climate 22 

http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kyoto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kyotoghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/mitigation.php




http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/offset.php
http://www.oecd.org/LongAbstract/0,2546,fr_2649_201185_2790075_1_1_1_1,00.html
http://www.foundationpartnership.org/pdf/oecd.PDF


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/offset.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/offset.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/aau.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ji.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cdm.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/offset.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/offset.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/unfccc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kyoto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/offset.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cdm.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ji.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/offset.php
http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/07/46&format=HTML&aged=0&language=EN&guiLanguage=fr
http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/07/46&format=HTML&aged=0&language=EN&guiLanguage=fr
http://dev.ulb.ac.be/ceese/ABC_Impacts/documents_abc/Heughebaert_report_compensation.pdf
http://www.iewonline.be/spip.php?article1441


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/externality.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/mitigation.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/chicago.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/chicago.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/externality.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/socialcost.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/externality.php
http://economics.about.com/cs/economicsglossary/g/elasticity.htm


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/chicago.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/tankering.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/benchmark.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cap.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cap.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/flexible.php
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0459:FIN:EN:PDF
http://www.concilium.europa.eu/ueDocs/cms_Data/docs/pressData/en/ec/87642.pdf
http://www.europarl.europa.eu/sides/getDoc.do?Type=TA&Reference=P6-TA-2006-0296&language=EN


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cap.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/eurocontrol.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/belgocontrol.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cap.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/icao.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/imo.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/externality.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0459:FIN:EN:PDF


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kerosene.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/montreal.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/unfccc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kyoto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kyoto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_climate_policy_history.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_climate_policy_history.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_belgian_climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_belgian_climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_belgian_mechanisms.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/unfccc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kyoto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/allocation.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/international.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/bunker.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/party.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_climate_policy_history.php#euets
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/et.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kyoto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/direct_emissions.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/icao.php
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0459:FIN:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0459:FIN:EN:PDF
http://ec.europa.eu/environment/climat/pdf/aviation_et_study.pdf
http://ec.europa.eu/environment/climat/pdf/aviation_et_study.pdf
http://ec.europa.eu/environment/climat/pdf/report_publ_cons_aviation_07_05.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0459:FIN:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0459:FIN:EN:PDF
http://www.consilium.europa.eu/ueDocs/cms_Data/docs/pressData/en/ec/87642.pdf
http://www.consilium.europa.eu/ueDocs/cms_Data/docs/pressData/en/ec/87642.pdf
http://eescopinions.eesc.europa.eu/eescopiniondocument.aspx?language=en&docnr=598&year=2006
http://ec.europa.eu/environment/climat/pdf/eccp_aviation_final.pdf
http://www.europarl.europa.eu/sides/getDoc.do?Type=TA&Reference=P6-TA-2006-0296&language=EN
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://ec.europa.eu/environment/climat/pdf/aviation_ets_com_2006_818-21273_en.pdf
http://ec.europa.eu/environment/climat/pdf/aviation/sec_2006_1684_en.pdf


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cap.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cap.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/allocation.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/benchmark.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/auctioning.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/nap.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/mtow.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/vfr.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/et.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/benchmark.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/tkm.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/rtk.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/benchmark.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gcd.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/passenger.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/benchmark.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/tkm.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cap.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/auctioning.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/tkm.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/benchmark.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/benchmark.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/chicago.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/icao.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/icao.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cap.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kyoto.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://ec.europa.eu/environment/climat/emission/ets_post2012_en.htm
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://www.europarl.europa.eu/news/expert/infopress_page/062-12900-316-11-46-910-20071109IPR12781-12-11-2007-2007-false/default_en.htm
http://www.europarl.europa.eu/news/expert/infopress_page/062-12900-316-11-46-910-20071109IPR12781-12-11-2007-2007-false/default_en.htm
http://www.euractiv.com/en/transport/eu-states-agree-airline-emission-trading-plan/article-169358


http://www.lne.be/themas/klimaatverandering/klimaatconferentie/vlaamseklimaatconferentie/werkgroepen-1/strategie/stakeholderoverleg-luchtvaart-europees-emissiehandelsysteem-januari-2008/presentatie%20LNE%20AIM.pdf
http://dev.ulb.ac.be/ceese/ABC_Impacts/open_section_in_brief.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gasoline.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kerosene.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/combustion.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/combustion.php


http://www.grida.no/climate/ipcc/aviation/index.htm
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cruise.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/combustion.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cruise.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/engines.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/aircraft_emissions.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate_impacts.pdf


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/jet.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climb.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climb.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/engines.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/engines.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/belgocontrol.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/eurocontrol.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/combustion.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climb.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php




http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/engines.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/engines.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/combustion.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cruise.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/engines.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/loadfactor.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/engines.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/engines.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/engines.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/winglets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/wintip.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cruise.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kerosene.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/apu.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/apu.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/combustion.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/loadfactor.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lcc.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/loadfactor.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php






http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/mtow.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/mtow.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/vfr.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/statistics_movements_belgium.php
http://www.brusselsairport.be/nl/brusselsairport1
http://www.statbel.fgov.be/home_nl.asp


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/statistics_air_passengers_belgium.php
http://aps.vlaanderen.be/statistiek/cijfers/stat_cijfers_mobiliteit.htm#luchtverkeer


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lcc.php
http://www.charleroi-airport.com/BSCA/siteEN.nsf/.NouvelleW/CD8277BFD56BB06FC12572CF0026980C?OpenDocument&Key=no
http://www.charleroi-airport.com/BSCA/siteEN.nsf/.NouvelleW/CD8277BFD56BB06FC12572CF0026980C?OpenDocument&Key=no


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/vfr.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ifr.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/vfr.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/scheduled.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/scheduled.php
http://www.tnt.com/country/en_ta/about/company/airlinesmainbase.html




http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/belgocontrol.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/output.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gav.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gdp.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gav.php




http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_maritime_trends.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_aircraft_emissions.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kyotoghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/combustion.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/mitigation.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://www.grida.no/climate/ipcc/aviation/index.htm
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://www.grida.no/climate/ipcc/aviation/index.htm
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://www.iac.ethz.ch/tradeoff/


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://www.ipcc.ch/ipccreports/assessments-reports.htm


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/lto.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/rfi.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gwp.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gtp.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/unep.php
http://www.econ.kuleuven.ac.be/ew/academic/energmil/climneg/


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/unfccc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://www.climate.be/jcm/jcm5/wsjcm5_aviation.jnlp
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/carboncycle.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/rfi.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/rfi.php
http://www.climate.be/jcm/jcm5/wsjcm5_aviation.jnlp
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://www.climate.be/jcm/jcm5/wsjcm5_aviation.jnlp
http://www.climate.be/jcm/jcm5
http://www.climate.be/jcm


http://www.chooseclimate.org/flying
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/offset.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php




http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/socialcost.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/externality.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/externality.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_mamca_methodology.php#6
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/socialcost.php




http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_mamca_methodology.php#ex
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/sheet_mamca_methodology.php#ex


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/euets.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/mtow.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/mitigation.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/engines.php


http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/rfi.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/mitigation.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/ipcc.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gwp.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/kyotoghg.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gtp.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gtp.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/climate.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/gtp.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/carboncycle.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/contrails.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/cirrus.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/CO2equ.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/CO2equ.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/radiative.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/carboncycle.php
http://dev.ulb.ac.be/ceese/ABC_Impacts/glossary/carboncycle.php




http://www.climatechange.be/pdfs/NC4_ENG%20LR.pdf
http://clm.gkss.de/index.php?menuid=26&downloadid=125&reporeid=0
http://www.eci.ox.ac.uk/research/energy/downloads/predictanddecide.pdf
http://reports.eea.europa.eu/technical_report_2006_6/en/EC-GHG-Inventory-2006.pdf
http://reports.eea.europa.eu/technical_report_2006_6/en/index_html
http://reports.eea.europa.eu/eea_report_2007_1/en/eea_report_1_2007.pdf
http://www.euractiv.com/en/transport/eu-states-agree-airline-emission-trading-plan/article-169358
http://www.eurocontrol.int/statfor/public/subsite_homepage/homepage.html
http://www.eurocontrol.int/statfor/public/subsite_homepage/homepage.html
http://www.eurocontrol.int/statfor/public/subsite_homepage.html


http://ec.europa.eu/dgs/energy_transport/figures/pocketbook/
http://epp.eurostat.cec.eu.int/
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0459:FIN:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2005:0459:FIN:EN:PDF
http://www.concilium.europa.eu/ueDocs/cms_Data/docs/pressData/en/ec/87642.pdf
http://www.europarl.europa.eu/sides/getDoc.do?Type=TA&Reference=P6-TA-2006-0296&language=EN
http://ec.europa.eu/environment/climat/pdf/aviation_ets_com_2006_818-21273_en.pdf
http://www.europarl.europa.eu/news/expert/infopress_page/062-12900-316-11-46-910-20071109IPR12781-12-11-2007-2007-false/default_en.htm
http://www.europarl.europa.eu/news/expert/infopress_page/062-12900-316-11-46-910-20071109IPR12781-12-11-2007-2007-false/default_en.htm
http://dev.ulb.ac.be/ceese/ABC_Impacts/documents_abc/Ferrone_report_DEA.pdf
http://dev.ulb.ac.be/ceese/ABC_Impacts/documents_abc/Heughebaert_report_compensation.pdf
http://dev.ulb.ac.be/ceese/ABC_Impacts/documents_abc/Heughebaert_report_compensation.pdf
http://www.iea.org/textbase/nppdf/free/2006/weo2006.pdf
http://www.grida.no/climate/ipcc/aviation/index.htm
http://www.ipcc.ch/ipccreports/assessments-reports.htm
http://www.ipcc.ch/ipccreports/assessments-reports.htm


http://www.oxfordenergy.org/pdfs/EV36.pdf
http://www.oecd.org/LongAbstract/0,2546,fr_2649_201185_2790075_1_1_1_1,00.html
http://www.foundationpartnership.org/pdf/oecd.PDF
http://www.transportenvironment.org/docs/Publications/2006/2006-06_aviation_clearing_the_air_myths_reality.pdf
http://www.transportenvironment.org/docs/Publications/2006/2006-06_aviation_clearing_the_air_myths_reality.pdf

	TABLES OF ILLUSTRATIONS 
	ACRONYMS, ABBREVIATIONS AND UNITS 
	EXECUTIVE SUMMARY 
	1. INTRODUCTION 
	1.1. Context 
	1.2. Objectives 
	1.3. Methodology 
	2. CLIMATE, CLIMATE POLICY AND THE AVIATION SECTOR 
	2.1. Climate stake and climate policy 
	2.1.1. Climate stake 
	2.1.1.1. Anthropogenic influence 
	2.1.1.2.   Climate impacts 

	2.1.2. Answer to the climate issue: the climate policy 
	2.1.2.1. Adaptation 
	2.1.2.2. Mitigation 


	2.2. Climate change and transport 
	2.2.1. Repartition of anthropogenic GHG emissions 
	2.2.2. Responsibility of the transport sectors in the GHG emissions 
	2.2.3. Aviation specificities related to GHGs 

	2.3. Climate policy instruments and transport 
	2.3.1. Policy tools having a direct link with climate change 
	2.3.1.1. Raising public awareness 
	A. Description 
	B. Tools 
	C. Action / competency levels 
	D. Environmental efficiency 
	E. Example in the transport sectors 

	2.3.1.2. Voluntary/negotiated agreements or actions 
	A. Description 
	B. Tools 
	C. Action / competency levels 
	D. Environmental efficiency 
	E. Examples in the transport sectors 
	a. Negotiated agreement between the EU and the automotive sector 
	b. Voluntary compensation programmes for air passengers 


	2.3.1.3. Financial / economic tools 
	A. Description 
	a. Tax / fee on GHG emissions / the use of GHG substances, carbon tax 
	b. Fuel tax 
	c. Subsidies and other financial incentives 
	d. Market mechanisms 


	2.3.1.4. Research and Development 
	A. Description 
	B. Tools 
	C. Action / competency levels 
	D. Environmental efficiency 

	2.3.1.5. Command-and-control regulation 
	A. Description 
	B. Tools 
	C. Action / competency levels 
	D. Environmental efficiency 
	E. Example in the transport sectors 


	2.3.2. Policy tools related to transport and having an indirect impact on climate 
	2.3.2.1. Planning  
	2.3.2.2. Financial / economic tools  
	A. VAT on air service 
	B. Suppression of duty free sales 

	2.3.2.3. Infrastructure  
	2.3.2.4. Environmental legislation (other than climate policy) 
	2.3.2.5. Research and Development 

	2.3.3. Summarizing remarks 

	2.4. International climate policy agreements 
	2.4.1. Montreal Protocol, UNFCCC and Kyoto Protocol 
	2.4.1.1. Brief history 
	2.4.1.2. Treatment of international transport modes 

	2.4.2. The EU-ETS  
	2.4.2.1. Description  
	2.4.2.2. Inclusion of the aviation sector in the EU-ETS 
	A. Commission Proposal  
	a. Main points of the proposal 
	b. The proposed benchmark system 
	c. Main discussion points concerning the proposal 

	B. European Parliament and European Council first reading  
	C. Next steps 




	3. EMISSIONS FROM AIRCRAFT 
	3.1. Description of aircraft emissions and energy efficiency 
	3.1.1. Energy efficiency 
	3.1.2. Emissions 

	3.2. Activity database and emission calculations: evolution of the different kinds of emissions in the Belgian airspace 
	3.2.1. Evolution of the fuel consumption and of its intrinsically associated emissions  (CO2 and H2O) 
	3.2.1.1.   Local activities 
	3.2.1.2.   Overflights 

	3.2.2. Evolution of the NOx emissions 
	3.2.2.1. Local activities 
	3.2.2.2.  Overflights 

	3.2.3. Evolution of the CO and HC emissions 

	3.3. Relative evolution of the emissions 
	3.3.1.  Evolution of the emissions due to LTO Flights 
	3.3.2. Evolution overflights 
	3.3.3.  Relative evolution of the LTO flights and overflights 

	3.4. Potential climate-impacting emission reductions in the aviation sector 
	3.4.1. The individual aircraft 
	3.4.1.1. Principal technological factors influencing the nature and extent of the emissions of aircraft: 
	3.4.1.2. Specific adaptations with a potential to reduce the climate impact of aviation 

	3.4.2. The sector as a whole 
	3.4.2.1. Alternative fuels 
	A. Biofuels 
	B. Synthetic fuels (or Synfuels) 
	C. Hydrogen 

	3.4.2.2. Improvement of the ATM system 
	A. To reduce fuel consumption and emissions 
	B. To reduce contrail formation 

	3.4.2.3. Other specific emissions 
	A. Refuelling system 
	B. Auxiliary Power Unit (APU) 




	4.  AVIATION SECTOR PROSPECT AND BELGIAN CHARACTERISTICS 
	4.1. General trends and characteristics in the aviation sector 
	4.1.1. Past trends in air traffic market 
	4.1.1.1. Global trends 
	4.1.1.2. European trends 
	4.1.1.3. Belgian trends 

	4.1.2. Air traffic forecasts 
	4.1.2.1. Global forecasts 
	A. Passenger traffic 
	B. Cargo traffic 
	C. Growth region 

	4.1.2.2. European forecasts 
	A. Medium term forecasts 
	B. Long term forecasts 

	4.1.2.3. Belgian forecasts 
	A. Medium-term forecasts 
	B. Long-term forecasts 



	4.2. The Belgian aviation sector and its characteristics 
	4.2.1. Introduction 
	4.2.2. Number of licensed operators 
	4.2.3. Flight movements  
	4.2.3.1. General overview 
	4.2.3.2. Detailed analysis for passengers, cargo and overflights 
	A. Passengers 
	B. Cargo 
	C. Types of flights  
	D. Overflights 


	4.2.4. Financial statistics 

	4.3. General trends in transport and particularly in the maritime transport sector 
	4.3.1. General trends in transport 
	4.3.2. Evolution in the maritime transport 


	5. INTERACTIONS BETWEEN THE CLIMATE AND THE AVIATION SECTOR 
	5.1. Climate impacts from aircraft 
	5.1.1. Altitude and climate impact 
	5.1.2. Local/regional versus global climate impacts 
	5.1.3. Total climate impacts from aircraft 
	5.1.4. Aviation and climate impacts: consequences for Belgium 

	5.2. Climate modelling and the aviation sector (JCM5) 
	5.2.1. Modules 
	5.2.2. Availability 
	5.2.3. Model interface for stakeholder interaction 

	5.3. Introduction to the Regional Climate Modelling  
	5.3.1. First runs with CCLM 


	6. THE MAMCA ANALYSIS 
	6.1. Evaluation methods used in transport projects 
	6.2.  The multi stakeholders multi criteria analysis evaluation framework 
	6.2.1. Define alternatives 
	6.2.2. Stakeholder analysis 
	6.2.3. Define criteria and weights 
	6.2.4. Criteria, indicators and measurement methods 
	6.2.5. Overall analysis and ranking 
	6.2.6. Results 
	6.2.7. Implementation 


	7. INTERMEDIARY RESULTS, PRELIMINARY CONCLUSIONS AND RECOMMENDATIONS 
	REFERENCES 


