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The ABC Impacts project aims at providing Belgian decision makers and stakeholders with a detailed and 
integrated analysis of issues related to the inclusion of national and international air transport into European 
and international climate policy. Since the publication of the Intergovernmental Panel on Climate Change 
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 possibility of 
integrating this sector is more and more considered both at the European level and in the context of the 
United Nations Framework Convention on Climate Change. The European Union is planning on including 
aviation in its emission trading scheme starting in 2013, and it is very likely that part of the post-Kyoto 
international negotiations will be dedicated to accounting for emissions from international air transport. The 
analysis of these policy options is of particular interest for Belgium, given the importance of these sectors in 
its economy and the intensity of greenhouse gas emissions from air traffic over the Belgian territory. 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. This paper will give a first insight on the mentioned research questions 
and their implications. By using the same transport and emission model, TREMOVE, that is being used by 
the European Commission for assessing the possible implementation of aviation into the European emission 
trading scheme (EU-ETS) an idea of the size of the Belgian aviation market and of its development is 
provided until 2020. Further on this paper provides an overview of the two most important aviation related 
climate influencing gasses, CO2 and NOx, the emitted amounts from Belgian aviation, the emissions 
produced by detours of the aircrafts as well as a first estimation of the number of overflights passing 
through the Belgian airspace. These results will form the basis for further and more detailed research on the 
Belgian aviation market and its emissions within the ABC Impacts project.   
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1. Background information on the research questions 
 
Anthropogenic radiative forcing (or global warming caused by human activities) is 
mainly caused by CO2 emissions (IPCC, 2001). Therefore, although some integrated 
approach over the different greenhouse gases is necessary, it seems sensible to pay some 
special attention to this greenhouse gas. When looking at the different sectors it seems 
clear that a significant part of the worldwide CO2 emissions are currently due to transport. 
Moreover, the share of transport in an expanding total of CO2 emissions worldwide is 
even expected to grow in the future (Figure 1). This is one of the main reasons to perform 
an analysis of the transport sector and to think about ways on how to improve the 
efficiency and climate-friendliness of this sector. Moreover it needs to be remembered 
that at the moment there is no legislation at European Union level to regulate CO2 
emissions from aviation. However, the European Commission is planning to take action 
in the very near future by bringing the aviation sector within the scope of the European 
emission trading scheme, the EU-ETS (European Commission 2006b). 
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Figure 1: Prediction of the worldwide CO2 emissions per sector  

(adapted from Morcheoine, 2005) 
 
As it has been mentioned before, on a worldwide scale CO2 is, by far, the emission that 
impacts climate in the strongest way. Due to the very long residence time of CO2 in the 
atmosphere, aircraft CO2 emissions get well mixed with the CO2 emissions of other 
anthropogenic sources. Regarding other emissions, aviation presents some specific 
characteristics in that sense that a large fraction of them take place in the stratosphere. 
Due to the altitude where these emissions take place, they influence climate in a different 
way as compared to when they would occur on ground level. Subsonic aircraft (virtually 
all passenger aircraft) tend to decrease the lifetime of CH4 due to NOx emissions. On the 
other hand, ozone is a very short-lived greenhouse gas. Its production is increased by the 
emissions of NOx. Moreover aviation is also responsible for condensation trails (contrails) 
and possibly also for the formation of cirrus clouds. The total impact of aviation on the 
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climate is believed to be two- to five-fold that of CO2 alone (CAN Europe (2006); Sausen 
et al (2005)). 

 

 
Figure 2: Overview of the different ways air transport influences radiative forcing 

(Ferrone, 2006, adapted from Schumann, 2003) 
 

Radiative forcing from air traffic as estimated by the IPCC (1999) is shown in red, while 
recently revised estimates for the same fleet are shown in blue (TRADEOFF project1).  
 
2. Description of the used model 
 
Transport is a large concept including both passenger and goods movements. In this 
paper, the focus will be on passenger transport. To get an idea of the amount of passenger 
kilometers (pkm) and related emissions of the different modes of transport at the moment, 
as well as by 2020, the TREMOVE model, which is used by the Directorate General 
Environment of the European Commission and was developed by Transport and Mobility 
Leuven, has been applied. One of the reasons for this is TREMOVE’s public availability 
and the fact that it is specifically designed to study the effects of transport and 
environment policies on the emissions of the transport sector (Annema, J.A. et al (2006)). 
Next to this, TREMOVE has been selected because it was used by the European 
Commission within the preparation of the proposal for the inclusion of aviation within the 
EU-ETS2. For the calculations, the figures of the baseline scenario of the model which 
give an overview of the transport demand, the modal split, the vehicle fleets and the 
emission of air pollutants for the period 1995 up to 2020 have been used. All data used in 
this paper are derived from three freely downloadable data files. None of the policies 
within TREMOVE have been simulated in this paper, but calculations have been based on 

                                                      
1 Further information on this project can be found on http://www.iac.ethz.ch/tradeoff/  
2 European Commission (2006a) p 7 
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the predictions of passenger kilometers and emissions of the baseline scenario. The 
transport volumes in the baseline scenario are mainly based on data retrieved from 
forecasts that were made within the ASSESS project (European Commission, DG Tren 
(2005)) by means of the European transport model SCENES and were then further 
extended by national statistics. For air transport and metro/tram transport TREMOVE 
does not take technological evolutions into account since the vehicle stock is not 
explicitly modelled within the model. For air transport the data are based on aircraft 
activity data per aircraft type and trip length from the AVIOPOLL database which was 
developed in the TRENDS project in collaboration with Eurocontrol and Eurostat. The 
passenger kilometres used in calculating the emissions from aviation are based on the 
assumption of great circle distances which will lead to an underestimation of the real 
flown distances as planes usually will take detours or have to circle before reaching their 
destination. To correct this, an exogenous parameter for the detours in aviation is 
introduced in the emission module of TREMOVE which assumes an increase of 25% of 
the flown distance for flights less than 500 km and an increase of 11,1% of the flown 
distance for flights of more than 500 km for the calculation of the air transport emissions. 
In the demand module of TREMOVE on the other hand, which was used for estimating 
the future flown passenger kilometres per distance class (long or short) and per trip 
purpose (business or non-working) for Belgium as for Europe as a whole, no detours are 
taken into consideration. Passenger kilometers are further calculated by means of an 
occupancy rate of 70% within TREMOVE3. Passenger kilometers in the following of this 
text are always expressed in millions per year and all emissions are expressed in tons per 
year. 
 
3. Overview of the findings 
 
The aim of this paper is to provide an initial description of the size of the Belgian aviation 
business per distance class as well as by the amount of emitted greenhouse gas emissions. 
Also, an overview on how the Belgian aviation market will evolve in the future will be 
given according to the distance flown and the trip purpose. In tables one to three all 
amounts are expressed as a percentage or as pkm in millions per year. The percentages 
are calculated for trips with a business and a non-working orientation in relation to the 
total of trips flow per distance class (all distances, short distance and long distance). For 
Belgium there is always a percentage calculated that represents the amount of travelled 
passenger kilometers by airplane from Belgium in relation to all flown passenger 
kilometres in Europe. The difference between short distance (< 500 km) and long distance 
(> 500 km) is set at the limit of 500 km by TREMOVE4. 
 
3.1 Demand for aviation in Europe and Belgium 
 
This first table provides an insight into the purpose of flying in the future over all distance 
classes in Belgium as compared to Europe whereby the passenger kilometres are 
calculated within the framework of the great circle distance between origin and 
destination without a correction for detours. This is perceived as a good approximation of 

                                                      
3 For a detailed overview of the air transport demand model: Transport & Mobility Leuven (2006a, p 13, 14, 
18, 149). A detailed insight in the way the different emissions are calculated within TREMOVE can be 
found in Transport & Mobility Leuven (2006b). Within this text the geographical scope is always the same 
and is the one used within TREMOVE. The figures relate to the EU15 region with addition of Switzerland, 
Norway, the Czech Republic, Hungary, Poland and Slovenia. 
4 Transport & Mobility Leuven (2006c) 
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the distances that will be flown in the future as Eurocontrol is working on a more efficient 
tool for air navigation5 as well as the fact that airspace is getting more and more crowded 
which will induce more direct routes in order to let the market grow further as well as 
making aviation more environmentally friendly by reducing the amounts of fuel used. 
Aviation in general grows much faster in Belgium than in Europe as a whole compared to 
1995 figures. For Europe an increase of 174,7% of the travelled pkm is expected while 
this amounts up to 261,8% for Belgium. By 2020, Belgium will be responsible for 2,29% 
of the total amount of pkm flown in Europe. Belgian flights with a business purpose will 
represent a little more than 1% of the total of European travelled pkm with business as 
travel reason by 2020. Belgium will be responsible for 2,86% of all the European non-
working flights in 2020. The aviation sector in Belgium was responsible for 1,74% of all 
flown pkm in Europe in 1995 while it is expected that this will grow to 2,29% by 2020. 
The total amount of travelled pkm by plane in Belgium made for business purposes will 
be about 15% by 2020 and almost 85% for non-working purposes. In relation to 1995 this 
means an augmentation of 2% for business travel in the Belgian market. The same 
evolution exists for Europe as a whole but the augmentation for business trips in relation 
to non-working trips is less pronounced. For non-working trips this proportion diminishes 
for Belgium as well as for Europe but the decrease is stronger for the Belgian aviation 
market than for the European market. Up to a certain point these findings are counter 
intuitive because one would expect that businesses would increasingly use new 
communication techniques instead of flying to meet business contacts in person. This 
certainly forms an interesting point for further investigation.       
 

 In millions of pkm 1995 2000 2005 2010 2015 2020 
All distances, all purpose, Europe 221.645 300.802 367.997 451.912 520.322 608.939 
Relative increase   35,71% 22,34% 22,80% 15,14% 17,03% 
Increase 1995   35,71% 66,03% 103,89% 134,75% 174,74% 
All distances, all purpose, Belgium 3.862 6.500 8.038 9.947 11.788 13.975 
% Europe 1,74% 2,16% 2,18% 2,20% 2,27% 2,29% 
Relative increase   68,29% 23,66% 23,75% 18,51% 18,56% 
Increase 1995   68,29% 108,10% 157,52% 205,18% 261,82% 
              
All distances, business, Europe 67.474 90.664 112.463 140.481 165.162 194.592 
% all purposes 30,44% 30,14% 30,56% 31,09% 31,74% 31,96% 
Relative increase   34,37% 24,04% 24,91% 17,57% 17,82% 
Increase 1995   34,37% 66,68% 108,20% 144,78% 188,40% 
All distances, business, Belgium 499,32 840,30 1.083,84 1.400,74 1.725,63 2.127,36 
% all purposes 12,93% 12,93% 13,48% 14,08% 14,64% 15,22% 
% Europe 0,74% 0,93% 0,96% 1,00% 1,04% 1,09% 
Relative increase   68,29% 28,98% 29,24% 23,19% 23,28% 
Increase 1995   68,29% 117,06% 180,53% 245,59% 326,05% 
              
All distances, non-working, Europe 154.171 210.138 255.534 311.430 355.160 414.347 
% all purposes 69,56% 69,86% 69,44% 68,91% 68,26% 68,04% 
Relative increase   36,30% 21,60% 21,87% 14,04% 16,66% 
Increase 1995   36,30% 65,75% 102,00% 130,37% 168,76% 
All distances, non-working, Belgium 3.363 5.660 6.954 8.546 10.062 11.848 
% all purpose 87,07% 87,07% 86,52% 85,92% 85,36% 84,78% 

                                                      
5 SESAR: Single European Sky ATM Research Programme (more information can be found on this 
programme on http://www.eurocontrol.int/sesar/public/subsite_homepage/homepage.html)   
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% Europe 2,18% 2,69% 2,72% 2,74% 2,83% 2,86% 
Relative increase   68,3% 22,9% 22,9% 17,7% 17,7% 
Increase 1995   68,3% 106,8% 154,1% 199,2% 252,3% 
       

Table 1: Demand for aviation in Europe and Belgium, all distances 
 
(Source: own setup on the basis of the TREMOVE model) 
  
3.2 Demand for aviation in Europe and Belgium, short distance 
 
The second table gives an insight into the expected amounts of travel demanded by 
airplane over short distance for business as well as for non-working purposes. Short 
distance flights represent 3,5% of all flown pkm in Europe in 1995 while it is expected 
that their proportion will decline to 2,3% by 2020. Short distance flights in Belgium are 
only responsible for 0,2% of all travelled pkm in 1995 while their proportion is expected 
to grow to 0,24% by 2020. The Belgian short distance flights represent only 0,1% of all 
European short distance pkm in 1995 and this percentage is expected to grow to 0,24% by 
2020. Measured in percentages as a proportion to the total of pkm flown this represents 
more than a doubling but in absolute amounts this means a fourfold augmentation. For 
Europe as a whole a decline of almost 8% in the relative proportion for travelled business 
related pkm is expected, whereas for Belgium an augmentation of around 2,5% is 
expected. An adverse trend can also be noticed between Belgium and Europe for non-
working trips. For Europe as a whole an increase of the relative proportion of almost 8% 
of the pkm is predicted, while for Belgium it would be a decline of 2,5% between 1995 
and 2020. In 2020, Belgium will account for only 0,05% of the total amount of flown 
short distance pkm with a business purpose; while Belgian short distance, non-working 
flights will account for 0,35% of the total European pkm travelled by airplane.  
 

  In millions of pkm 1995 2000 2005 2010 2015 2020 
Short distance, all purpose, Europe 7.840 10.449 11.153 12.014 12.955 14.014 
% all purpose, all distance 3,54% 3,47% 3,03% 2,66% 2,49% 2,30% 
Relative increase   33,28% 6,73% 7,72% 7,84% 8,17% 
Increase 1995   33,28% 42,26% 53,24% 65,25% 78,76% 
Short distance, all purpose, Belgium 7,828 13,173 17,459 23,159 27,799 33,388 
% all purpose, all distance 0,20% 0,20% 0,22% 0,23% 0,24% 0,24% 
% Europe 0,10% 0,13% 0,16% 0,19% 0,21% 0,24% 
Relative increase   68,28% 32,54% 32,65% 20,04% 20,11% 
Increase 1995   68,28% 123,03% 195,85% 255,12% 326,52% 
              
Short distance, business, Europe 3.507 4.612 4.596 4.622 4.890 5.192 
% all purpose, short distance 44,73% 44,14% 41,21% 38,47% 37,74% 37,05% 
Relative increase   31,51% -0,35% 0,58% 5,79% 6,18% 
Increase 1995   31,51% 31,06% 31,82% 39,45% 48,06% 
Short distance, business, Belgium 0,418 0,704 1,045 1,553 2,021 2,632 
% all purpose, short distance 5,34% 5,34% 5,99% 6,71% 7,27% 7,88% 
% Europe 0,01% 0,02% 0,02% 0,03% 0,04% 0,05% 
Relative increase   68,4% 48,4% 48,6% 30,1% 30,2% 
Increase 1995   68,4% 150,0% 271,5% 383,5% 529,7% 
              
Short distance, non-working, 
Europe 4.333 5.837 6.557 7.392 8.066 8.822 
% all purpose, short distance 55,27% 55,86% 58,79% 61,53% 62,26% 62,95% 
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Relative increase   34,71% 12,33% 12,73% 9,12% 9,38% 
Increase 1995   34,71% 51,32% 70,58% 86,14% 103,61% 
Short distance, non-working, 
Belgium 7,410 12,469 16,414 21,606 25,778 30,756 
% all purpose, short distance 94,66% 94,66% 94,01% 93,29% 92,73% 92,12% 
% Europe 0,17% 0,21% 0,25% 0,29% 0,32% 0,35% 
Relative increase   68,27% 31,64% 31,63% 19,31% 19,31% 
Increase 1995   68,27% 121,51% 191,58% 247,88% 315,06% 
       

Table 2: Demand for aviation in Europe and Belgium, short distance 
 
(Source: own setup on the basis of the TREMOVE model) 
  
3.3 Demand for aviation in Europe and Belgium, long distance 
 
In the table below the same overview is provided as in table 2 but for long distance trips. 
Long distance trips account for 99,8% of all travelled pkm by airplane from Belgium in 
1995 and this percentage remains stable over time and declines to 99,76% by 2020. For 
Europe as a whole comparable figures are obtained where 96,46% of all flown pkm are 
long distance flights in 1995 whereas a slight increase is expected up to 97,7% by 2020. 
The amount of flown long distance pkm for business purposes in Europe is expected to 
grow slowly from 29,9% in 1995 to 31,8% in 2020; for Belgium a stronger increase is 
expected from 12,94% in 1995 to 15,24% in 2020. For airplane trips with a non-working 
character a surprising slight drop is perceived for Europe as a whole from 70% to 68% 
and for Belgium from 87% to 84,76%. In 2020 Belgium will account for 1,12% of all 
European pkm with a business purpose; while for the pkm travelled with a non-working 
purpose Belgium will be responsible for 2,9% of all European pkm. 
 

In millions of pkm 1995 2000 2005 2010 2015 2020 
Long distance, all purpose, Europe 213.805 290.353 356.845 439.898 507.367 594.925 
% all purpose, all distance 96,46% 96,53% 96,97% 97,34% 97,51% 97,70% 
Relative increase   35,80% 22,90% 23,27% 15,34% 17,26% 
Increase 1995   35,80% 66,90% 105,75% 137,30% 178,26% 
Long distance, all purpose, Belgium 3.855 6.487 8.020 9.923 11.760 13.942 
% all purpose, all distance 99,80% 99,80% 99,78% 99,77% 99,76% 99,76% 
% Europe 1,80% 2,23% 2,25% 2,26% 2,32% 2,34% 
Relative increase   68,29% 23,64% 23,73% 18,50% 18,55% 
Increase 1995   68,29% 108,07% 157,44% 205,08% 261,69% 
              
Long distance, business, Europe 63.967 86.053 107.867 135.859 160.272 189.400 
% all purpose, long distance 29,92% 29,64% 30,23% 30,88% 31,59% 31,84% 
Relative increase   34,53% 25,35% 25,95% 17,97% 18,17% 
Increase 1995   34,53% 68,63% 112,39% 150,55% 196,09% 
Long distance, business, Belgium 498,91 839,60 1.082,80 1.399,19 1.723,61 2.124,73 
% all purpose, long distance 12,94% 12,94% 13,50% 14,10% 14,66% 15,24% 
% Europe 0,78% 0,98% 1,00% 1,03% 1,08% 1,12% 
Relative increase   68,29% 28,97% 29,22% 23,19% 23,27% 
Increase 1995   68,29% 117,03% 180,45% 245,48% 325,88% 
              
Long dist, non-working, Europe 149.838 204.301 248.978 304.039 347.095 405.525 
% all purpose, long distance 70,08% 70,36% 69,77% 69,12% 68,41% 68,16% 
Relative increase   36,35% 21,87% 22,11% 14,16% 16,83% 
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Increase 1995   36,35% 66,16% 102,91% 131,65% 170,64% 
Long distance, non-working, 
Belgium 3.356 5.647 6.937 8.524 10.036 11.817 
% all purpose, long distance 87,06% 87,06% 86,50% 85,90% 85,34% 84,76% 
% Europe 2,24% 2,76% 2,79% 2,80% 2,89% 2,91% 
Relative increase   68,29% 22,85% 22,88% 17,74% 17,74% 
Increase 1995   68,29% 106,73% 154,02% 199,08% 252,14% 
       

Table 3: Demand for aviation in Europe and Belgium, long distance 
 
(Source: own setup on the basis of the TREMOVE model) 
  
3.4 Overview of CO2 emissions from aviation in Belgium  
 
Table 4 provides an overview of the CO2 emissions from Belgian aviation per distance 
class as well as a comparison with the emissions from European aviation. For Europe as 
whole, CO2 emissions are expected to increase by 163% in 2020 in comparison to 1995 
figures. For Belgium this increase over the same time frame is expected to be much 
stronger with an increase of 252,48%. Nevertheless the Belgian aviation business will still 
only be responsible for 2,23% of European CO2 emissions by aviation. Trips with a 
distance of more than 2000 km are responsible for almost 42% of the CO2 emissions 
followed by trips between 1000 and 1500 km which are responsible for 26,47% of CO2 
emissions. Trips between 1500 and 2000 km represent a slightly less percentage of CO2 
emissions of 24,18% followed by trips between 500 and 1000 km with 7% and trips of 
less than 500 km with just less than half a percent of the Belgian CO2 emissions. There is 
very little variation between the relative percentages of CO2 emissions of 1995 and 2020. 
Even at the distance of more than 2000 km Belgian aviation will only be responsible for 
less than 1 percent of the emitted CO2 emissions at the European level.  
 

All distances Europe 1995 2000 2005 2010 2015 2020 
Sum of pkm 247.337 335.643 410.395 496.188 568.281 661.518 

Sum of CO2 exhaust 3.365.311 4.436.898 5.285.749 6.244.748 7.133.501 8.215.119 

Sum of CO2 high altitude 32.782.945 44.346.996 54.089.947 65.263.029 74.667.369 86.859.989 

Sum of CO2 36.148.256 48.783.894 59.375.696 71.507.777 81.800.870 95.075.108 
Relative increase   34,96% 21,71% 20,43% 14,39% 16,23% 
Increase 1995   34,96% 64,26% 97,82% 126,29% 163,01% 
              
All distances Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 4.292 7.223 8.932 10.888 12.838 15.143 

Sum of CO2 exhaust 52.041 87.578 107.859 130.935 153.730 180.537 

Sum of CO2 high altitude 550.275 926.032 1.144.911 1.395.370 1.646.048 1.942.528 

Sum of CO2 602.316 1.013.611 1.252.769 1.526.305 1.799.779 2.123.065 

% CO2 Europe 1,67% 2,08% 2,11% 2,13% 2,20% 2,23% 
Relative increase   68,29% 23,59% 21,83% 17,92% 17,96% 
Increase 1995   68,29% 107,99% 153,41% 198,81% 252,48% 
              
< 500 km Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 10 16 22 29 34 41 

Sum of CO2 exhaust 588 989 1.311 1.713 2.046 2.444 

Sum of CO2 high altitude 1.821 3.065 4.062 5.307 6.338 7.574 
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Sum of CO2 2.409 4.054 5.373 7.020 8.384 10.018 

% CO2 Belgium 0,40% 0,40% 0,43% 0,46% 0,47% 0,47% 

% CO2 Europe 0,01% 0,01% 0,01% 0,01% 0,01% 0,01% 
              
500 - 1000 Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 243 409 495 589 694 817 

Sum of CO2 exhaust 7.440 12.521 15.140 18.033 21.234 25.004 

Sum of CO2 high altitude 37.380 62.904 76.065 90.600 106.684 125.621 

Sum of CO2 44.820 75.425 91.206 108.633 127.918 150.624 

% CO2 Belgium 7,44% 7,44% 7,28% 7,12% 7,11% 7,09% 

% CO2 Europe 0,12% 0,15% 0,15% 0,15% 0,16% 0,16% 
              
1000 - 1500 km Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 1.221 2.055 2.487 2.965 3.464 4.047 

Sum of CO2 exhaust 21.535 36.241 43.855 52.273 61.073 71.361 

Sum of CO2 high altitude 148.033 249.118 301.458 359.324 419.820 490.535 

Sum of CO2 169.569 285.359 345.313 411.597 480.894 561.895 

% CO2 Belgium 28,15% 28,15% 27,56% 26,97% 26,72% 26,47% 

% CO2 Europe 0,47% 0,58% 0,58% 0,58% 0,59% 0,59% 
              
1500 - 2000 km Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 1.055 1.775 2.252 2.815 3.287 3.840 

Sum of CO2 exhaust 13.675 23.013 29.197 36.494 42.622 49.786 

Sum of CO2 high altitude 127.303 214.232 271.805 339.736 396.781 463.472 

Sum of CO2 140.978 237.245 301.002 376.231 439.403 513.258 

% CO2 Belgium 23,41% 23,41% 24,03% 24,65% 24,41% 24,18% 

% CO2 Europe 0,39% 0,49% 0,51% 0,53% 0,54% 0,54% 
              
> 2000 km Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 1.763 2.968 3.677 4.491 5.359 6.398 

Sum of CO2 exhaust 8.803 14.815 18.356 22.422 26.754 31.942 

Sum of CO2 high altitude 235.738 396.713 491.520 600.404 716.426 855.327 

Sum of CO2 244.542 411.528 509.876 622.825 743.180 887.268 

% CO2 Belgium 40,60% 40,60% 40,70% 40,81% 41,29% 41,79% 

% CO2 Europe 0,68% 0,84% 0,86% 0,87% 0,91% 0,93% 
       

Table 4: Overview of CO2 emissions from aviation in Belgium per distance class 
 
(Source: own setup on the basis of the TREMOVE model) 
  
3.5 Overview of NOx emissions from aviation in Belgium per distance class 
 
Table 5 provides the same overview as table 4 but for the NOx emissions. For Europe as a 
whole, an increase of 159,23% is expected from 1995 to 2020, but similarly to the CO2 
emission, the increase for Belgium over the same period of time is much more 
pronounced with an increase of 251,9%. For Belgium, this represents a comparable 
percentage of emissions of NOx as of CO2, approximately 2,2% of the total of European 

 9



emissions by 2020. For the different distance classes, NOx shows the same ranking as for 
CO2. Most NOx emissions occur in the distance class of more than 2000 km, followed by 
the distance class of 1000 to 1500 km and closely followed by the distance class of 1500 
to 2000 km. At fourth place we see the distance class of 500 to 1000 km followed at the 
last place with a marginal percentage by the distance class of less than 500 km. 
 

All distances Europe 1995 2000 2005 2010 2015 2020 
Sum of pkm 247.337 335.643 410.395 496.188 568.281 661.518 
Sum of NOx exhaust 15.179 20.136 24.131 28.660 32.773 37.836 
Sum of NOx high altitude 95.480 128.638 156.164 187.660 214.452 249.026 
Sum of NOx  110.659 148.774 180.294 216.320 247.225 286.862 
Relative increase   34,44% 21,19% 19,98% 14,29% 16,03% 
Increase 1995   34,44% 62,93% 95,48% 123,41% 159,23% 
              
All distances Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 4.292 7.223 8.932 10.888 12.838 15.143 
Sum of NOx exhaust 244 410 506 614 722 848 
Sum of NOx high altitude 1.550 2.608 3.223 3.926 4.631 5.464 
Sum of NOx  1.794 3.018 3.729 4.540 5.353 6.312 
% NOx Europe 1,62% 2,03% 2,07% 2,10% 2,17% 2,20% 
Relative increase   68,29% 23,53% 21,77% 17,89% 17,93% 
Increase 1995   68,29% 107,88% 153,14% 198,41% 251,91% 
              
< 500 km Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 10 16 22 29 34 41 
Sum of NOx exhaust 2 4 5 6 8 9 
Sum of NOx high altitude 8 14 18 23 28 33 
Sum of NOx  10 17 23 30 36 42 
% NOx Belgium 0,57% 0,57% 0,61% 0,66% 0,66% 0,67% 
% NOx Europe 0,01% 0,01% 0,01% 0,01% 0,01% 0,01% 
              
500 - 1000 Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 243 409 495 589 694 817 
Sum of NOx exhaust 30 50 60 72 84 99 
Sum of NOx high altitude 124 209 252 301 354 417 
Sum of NOx  154 259 313 372 438 516 
% NOx Belgium 8,56% 8,56% 8,38% 8,20% 8,19% 8,18% 
% NOx Europe 0,14% 0,17% 0,17% 0,17% 0,18% 0,18% 
              
1000 - 1500 km Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 1.221 2.055 2.487 2.965 3.464 4.047 
Sum of NOx exhaust 97 163 197 235 274 321 
Sum of NOx high altitude 428 721 872 1.040 1.215 1.419 
Sum of NOx  525 884 1.069 1.275 1.489 1.740 
% NOx Belgium 29,27% 29,27% 28,68% 28,07% 27,82% 27,56% 
% NOx Europe 0,47% 0,59% 0,59% 0,59% 0,60% 0,61% 
              
1500 - 2000 km Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 1.055 1.775 2.252 2.815 3.287 3.840 
Sum of NOx exhaust 64 107 136 170 199 232 
Sum of NOx high altitude 348 585 742 928 1.083 1.266 
Sum of NOx  411 692 878 1.098 1.282 1.498 
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% NOx Belgium 22,93% 22,93% 23,55% 24,18% 23,95% 23,72% 
% NOx Europe 0,37% 0,47% 0,49% 0,51% 0,52% 0,52% 
              
> 2000 km Belgium 1995 2000 2005 2010 2015 2020 
Sum of pkm 1.763 2.968 3.677 4.491 5.359 6.398 
Sum of NOx exhaust 52 87 108 131 157 187 
Sum of NOx high altitude 642 1.080 1.338 1.635 1.951 2.329 
Sum of NOx  693 1.167 1.446 1.766 2.107 2.516 
% NOx Belgium 38,66% 38,66% 38,78% 38,90% 39,37% 39,86% 
% NOx Europe 0,63% 0,78% 0,80% 0,82% 0,85% 0,88% 
       

Table 5: Overview of NOx emissions from aviation in Belgium per distance class 
 
(Source: own setup on the basis of the TREMOVE model) 
  
3.6 Overview of detours and related CO2 emissions  
 
By comparing the demand module and the emission module of the TREMOVE model we 
can get an idea of the detours in aviation for Europe as a whole as well as for Belgium. In 
the case of Europe and of Belgium it appears that in absolute figures the amount of pkm 
increases from 1995 to 2020 but that relatively to the increase in overall flown pkm, the 
amount of detours diminishes. For Belgium as well as for Europe as a whole, comparable 
percentages are observed for the period 1995 to 2020. In 2020 it appears that almost 8% 
of the amounts of CO2 emissions can be avoided if detours are avoided.  
 

Data demand module for all distance classes and all purposes (no detours) 
  In millions of pkm 1995 2000 2005 2010 2015 2020 
Europe 221.645 300.802 367.997 451.912 520.322 608.939 
Belgium 3.862 6.500 8.038 9.947 11.788 13.975 
              

Data emission module for all distance classes and all purposes (with detours) 
  1995 2000 2005 2010 2015 2020 
Europe             
Sum of pkm 247.337 335.643 410.395 496.188 568.281 661.518 

Sum of CO2 emissions 36.148.256 48.783.894 59.375.696 71.507.777 81.800.870 95.075.108 
              
Belgium             
Sum of pkm 4.292 7.223 8.932 10.888 12.838 15.143 

Sum of CO2 emissions 602.316 1.013.611 1.252.769 1.526.305 1.799.779 2.123.065 
              

Calculated average detours for all distance classes and all purposes 
  1995 2000 2005 2010 2015 2020 
Europe             
Sum of pkm 25.692 34.841 42.398 44.276 47.959 52.578 

Sum of CO2 emissions 32.393.335 43.719.902 53.241.599 65.126.977 74.897.448 87.518.415 

Difference CO2 3.754.921 5.063.992 6.134.097 6.380.800 6.903.422 7.556.693 

% difference CO2 10,39% 10,38% 10,33% 8,92% 8,44% 7,95% 
              
Belgium             
Sum of pkm 430 723 895 941 1.050 1.168 

Sum of CO2 emissions 542.002 912.121 1.127.303 1.394.331 1.652.538 1.959.361 
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Difference CO2 60.315 101.490 125.466 131.974 147.241 163.703 

% difference CO2 10,01% 10,01% 10,02% 8,65% 8,18% 7,71% 
       

Table 6: Overview of detours and related CO2 emissions from aviation in Belgium and Europe 
 
(Source: own setup on the basis of the TREMOVE model) 
 
3.7 Overflights in Belgian airspace 
 
As has been mentioned above, aviation induces global climate change not only through 
CO2 and NOX emissions, but also regional climate change through the formation of 
contrails and/or cirrus clouds. In this context, it appears that the location of Belgium in 
the so-called FLAP zone (Frankfurt-London-Amsterdam-Paris) area is critical. This zone 
includes the four busiest airports in Europe both in terms of passengers, as in terms of 
movements (ACI, 2007). Moreover, the surrounding area includes other airports in the 
direct vicinity of Belgium (Luxembourg, Lille, Dusseldorf, Köln etc.). These facts make 
it relevant to compare the climate change induced by the aviation sector in Belgium with 
the climate change effects of the overflights of the Belgian air space. 
 

 
 

Figure 3: Location of the Belgian territory in the FLAP area 
(adapted from Rosenberg, 2007) 

 
In order to be able to analyse these different contributions it is required to evaluate the 
overflying traffic. On the basis of data of Belgian Air Traffic Safety Management 
Organisation (Belgocontrol) an evaluation of the number of flights over the country (not 
only originating from the FLAP airports) can be executed. As Belgocontrol is responsible 
for the Luxembourg air traffic management as well, some insight on the number of 
landing and take off (LTO) cycles in Belgium’s and Luxembourg’s airspace are available. 
 
Figure 4 gives the division of the Belgium’s and Luxembourg’s air space into inzones and 
outzones. Respectively, these are the zones where aircraft enter or exit the air space. 
While originally these main zones are subdivided in several parts, for more clarity they 
have been grouped in North, East, South and West zones and are shown in respectively 
blue, yellow, green and red in figure 4. 
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Figure 4: Definition of the different inzones and outzones for the Belgian airspace  
(adapted from CIA, 2007 and based on Belgocontrol data) 

 
The use of these grouped inzones and outzones allows to aggregate the overflights in 
main zones. The traffic entering the different inzones and exiting the different outzones is 
shown and grouped by main flight directions (combinations of the different points of the 
compass) in table 7. Noteworthy is the fact that an overflight can present different 
characteristics as far as the length of the overflight is concerned. Depending on the 
precise place where the aircraft enters and exits a given inzone or outzone strongly 
influences the length of its trip in the airspace. In other words, two aircraft entering the 
airspace through the Southern inzone and exiting it through the Northern one do not 
necessarily cover the same distance in the assessed airspace. The data provided in table 7 
includes the flights originating or heading to the Luxembourg airport.  
 
Inzone Outzone Number of flights in one direction Number of flights in both directions 
North South 86.687 
South North 78.408 165.095 

North East 30.109 
East North 123.788 153.897 

North West 121.663 
West North 1.172 112.835 

East West 0 
West East 163.717 163.717 

East South 77.887 
South East 82.086 159.973 

South West 0 
West South 146 146 

Total number of movements 755.663 

Table 7: Overview of the overflights over Belgium and Luxembourg in 2006 
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The data shown in table 7 have to be compared to the 204.730 LTO (Landing and Take-
off) cycles which took place in Belgium in 2006. The comparison of this number of LTO 
cycles with the total number of overflights of the territory of Belgium and Luxembourg 
shows that the local climate is influenced by air traffic transiting through its air space in a 
considerable manner. Except for the West-South routes, the overflying traffic above 
Belgium appears to be important in all directions. This confirms the predicted intense 
overflying activities, considering the location of Belgium in the FLAP area. 
Consequently, the next step in the ABC Impacts project will be to calculate in a more 
precise way what the relative contributions of both categories of flights are. The 
calculations will be based on the type of aircraft that cross the Belgian air space. 
 
4. Conclusions 
 
Although it’s obvious that short-haul flying is the type of flight for which most 
alternatives exist, it represents only a small proportion of the total fuel use and CO2 
emissions of the aviation sector. Long distance trips (>500 km) account for 99,8% of all 
travelled pkm by airplane from Belgium in 1995 and this percentage is expected to 
remain stable over time reaching 99,76% by 2020. For Europe as a whole comparable 
figures are obtained where 96,46% of all flown pkm are long distance flights in 1995 
whereas a slight increase is expected up to 97,7% by 2020. Regarding the emissions of 
CO2 for Europe as whole, these emissions are expected to increase by 163% in 2020 in 
comparison to 1995 figures. Whereas for Belgium this increase over the same time frame 
is expected to be even stronger with an increase of 252,48%. In Belgium trips with a 
distance of more than 2000 km are responsible for almost 42% of the CO2 emissions 
followed by trips between 1000 and 1500 km who are responsible for 26,47% of CO2 
emissions. As far as NOx emissions are concerned, it appears these emissions follow the 
same trends as the CO2 emissions. This could be expected as both gaseous emissions are 
proportional to the amount of fuel burnt. For the specific case of Belgium, it appears that 
as the country is located in one of the world’s most busy aviation areas, local climate 
could be significantly influenced by flights not operating from or to any Belgian airport. 
Therefore, a more developed analysis of the emissions of the overflights will be 
performed in the context of the ABC impacts project to compare them more thoroughly 
with the emissions due to aviation operating from the Belgian airports. 
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