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ABSTRACT 

Starting on January 1
st
, 2012, the international aviation sector will be included into the already 

existing EU ETS. All air crafts departing and arriving within the European Union will be 

obliged to hold permits corresponding to their total emissions of CO2 for those routes. Since 

emissions from the international aviation sector are not included under the Kyoto Protocol, 

the European Commission has decided to introduce a trading barrier between the sectors in 

order not to jeopardize the Kyoto targets. The purpose of this paper is to analyse the potential 

loss in cost-effectiveness of introducing such a trading barrier between two sectors taking into 

account that damage from emissions is not necessarily uniform. A theoretical model is 

developed to address the question and it is found that, at least for the case with linking the 

international aviation sector to the stationary sources within the EU ETS, the trading barrier 

might be unwarranted as it might lead to higher damage from emissions as compared to 

alternative ways to link the trading sectors. However, it should be stressed that this finding is 

not general and caution should be taken in the future when linking emission trading schemes 

as, depending on the heterogeneity of emission damage, a trading barrier might very well be 

justified.  

 

JEL Classifications: F13, F18, L51, P48, Q53, Q54, Q56 
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1. Introduction 

In January 2005 phase I of the EU emissions trading scheme (ETS) was initiated, covering 

roughly 45% of total CO2 emissions from the European Union. In order to further reduce 

emissions from the European Union, the European Commission has decided to link emissions 

from international aviation to the stationary sources within EU ETS. Starting on January 1
st
 

2012, actors in the international aviation sector with routes either landing or departing within 

the EU are obliged to hold emission permits corresponding to how much they emit. During 

the first year, agents from the international aviation sector will be allocated 97% of historical 

emissions.
1
 Allocation is to be conducted using both grandfathering and auctioning,
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essentially the same way as in EU ETS to date. Starting January 1
st 

2013, with the start of 

phase III of the EU ETS, agents from the international aviation sector will be allocated 95% 

of their historical emissions. Emissions from international aviation (departing and arriving in 

EU member states) amounts to a small proportion of the EU ETS cap. It is therefore unlikely 

that the linking of the international aviation sector will have a noticeable impact on permit 

prices.
 3

 

 

The purpose of this paper is to analyse the effects of introducing a trading barrier (called the 

gateway) between the two trading sub-markets, the stationary sources already within the EU 

ETS and international aviation, taking into account that damage from emissions can be 

heterogeneous between the sub-markets. In section 2, the problem will be discussed and 

explained in detail. In section 3, a theoretical model will be developed. In section 4, a 

discussion of the possible values of the interesting control variables will be given. Lastly, 

                                                 
1
 Historical emissions for the relevant routes and agents are calculated using an average of emissions during 

2004 to 2006.  
2
 The share of emission permits allocated through auctioning is meant to increase over time in the EU ETS. For a 

discussion of allocation methods, see for example Wit et. al. (2005) and Hepburn et. al. (2006).  
3
 For a more in depth discussion about the effects on permit prices from linking the international aviation sector 

see Wit et al. 2005. 
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policy recommendations for unilateral linking of different emitting sources will be provided 

in section 5.    

 

   2. The Problem 

Linking international aviation to the stationary sources within the EU ETS arises some 

questions about policy design. In particular, should emissions be considered the same for all 

sub-markets? And should all sub-markets be allowed to trade freely with each other? Since 

emissions stemming from international aviations are not a part of the Kyoto Protocol the 

European Commission has decided to only allow a net flow of emission permits from the 

stationary sources  to international aviation as this will prevent jeopardizing the goals set 

under the Kyoto Protocol and at the same time allow the international aviation market to 

grow.
4
 This barrier to trade is usually referred to as the gateway. The gateway is graphically 

illustrated in figure 1. The initial allocations (qE and qA), given the total cap (Q), to the two 

submarkets will establish the gateway. Any solution of emitted quantities (eE* and eA*) from 

the two sub-markets that lies on the right hand side of the gateway will be impossible to reach 

through trade after the initial allocations are decided upon. Hence, if the permit price is higher 

for the stationary sources than in the market for international aviation, PE>PA, the markets 

will not clear. This will result in a loss in cost-effectiveness, illustrated by the shaded triangle 

in figure 1. If the permit price is higher for the stationary sources within the EU ETS than for 

the international aviation sector, the stationary sources would, given no gateway, purchase 

emission permits from the international aviation sector.  

                                                 
4
 In a sense, the gateway problem can be viewed as a safety valve for the international aviation sub-market, 

placing a cap on the permit price for the international aviation market, PA, equalling the permit price faced by the 

stationary sources, PE.  
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Figure 1. A graphical illustration of the gateway problem. 

 

Emitted at higher altitudes, some greenhouse gases have a larger negative impact on climate 

change. How much more damage is however unknown. This introduces an additional problem 

where the damage potentially differs between the two sub-markets.  

 

Mendelsohn (1986) show that when emissions are truly heterogeneous it might be better to 

separate the markets, if not, the total damage from emissions might be greater than if the 

markets would be treated as separate trading schemes. This depends on the potential benefit of 

separation that in turn depends on the dispersion of damage from the different emissions (or 

emitting sources). The heterogeneity can stem from either emitting sources in population 

dense areas or from different damage from different pollutants.  

 

Wit et al. (2005) mentions the gateway as a possible part of the policy design when linking 

the international aviation sector to the stationary sector in the EU ETS. It is recognized that 

the effects of such a gateway are likely to be small since abatement is assumed to be more 

costly for the faster growing international aviation sector than for stationary sources. It is 
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acknowledged that a gateway might lead to inefficiencies but also that they probably will be 

small.  

 

Scheelhaase and Grimme (2007) recognize a potential problem with including emission 

permits meant for the international aviation sector in the EU ETS. As permits within the EU 

ETS (EAUs) are compatible with permits under the Kyoto Protocol (AAUs) additional 

permits allocated due to the inclusion of the international aviation sector would have to be 

exclusively ear market for the EU ETS. They suggest that a solution to this would be to 

include emissions from the international aviation sector through an amendment in a future 

climate policy negotiation, thus counting emissions from international aviation as any other 

emissions.   

 

So far, there has been no formal evaluation of restricting the trade possibilities between the 

sub-markets. It is, however, important to analyse the potential problems (and of course 

potential benefits) of the introduction of a gateway between trading sectors in the same 

emissions trading scheme, even if it will turn out to be negligible for the case of linking the 

international aviation sector to the stationary sources of the EU ETS it might be important for 

future linking of emissions trading schemes or trading sectors.    

 

3. The Model 

The model presented here intends to capture the effects of introducing a gateway between two 

emissions trading schemes. In the following, it is assumed that the markets within the 

emissions trading schemes are perfectly competitive, that all agents on the markets strive to 

maximize their profits and that both transaction costs and income effects are negligible.  
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It is assumed that the regulator is not perfectly informed regarding the marginal costs of 

abatement when setting the levels of the control variables. A simplified setting is used for 

illustration purposes, where only the marginal abatement cost of one sector is uncertain. This 

uncertainty follows from the fact that the regulator has to reveal the decisions regarding the 

control variables (such as allocations) prior to the initiation of the scheme. Following 

Weitzman (1974, 1978) the marginal abatement costs are assumed to be linear and the 

stochastic uncertainty is additive, the marginal abatement costs for the two emissions trading 

schemes are represented as 

ε+−= EE gefMAC     (1) 

and  

AA lekMAC −=     (2) 

where eE denotes emissions from the stationary sources within the EU ETS and eA denotes 

emissions from international aviation. ε is a stochastic variable assumed to be uniformly 

distributed over the range (-a, a). The marginal abatement cost functions should be thought of 

as strictly non-negative and decreasing in emissions, hence, the parameters f, g, k and l are all 

non-negative.  

 

For simplicity the total number of emissions permits, Q=qE+qA, is assumed to be exogenously 

given. This is not a crucial assumption but one that can be made as Q does not affect the 

primary focus of this analysis. Furthermore, the following substitution will be made 

throughout the analysis 

 EA qQq −=      (3) 

That is, allocated quantity to aviation is a residual. The regulator weighs the expected benefits 

to the expected costs of reducing emissions. That is, when deciding upon the optimal 

quantities of emission permits to be allocated to the two sub-markets the regulator has to 
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account for a total damage function. Following Weitzman (1974), the total damage function is 

assumed to be quadratic and described by  

  
2

)( 2

AE
Tot

ees
TD

α+
=     (4) 

where α captures the additional damage from one unit of emissions stemming from aviation. 

Since total damage is expected to increase in emissions s is a non-negative parameter. 

 

The regulator decides how much to allocate to the two emissions trading schemes. The two 

schemes then have the possibility to trade in order to cover their emissions with permits, trade 

has to fulfil two conditions, the first one is given by 

 AEAE qqee +≤+     (5) 

where qE is the initial permit allocation to the stationary sources within the EU ETS and qA is 

the initial permit allocation to the international aviation sector. In addition to (4) the following 

condition must be fulfilled 

EE qe ≤      (6) 

Condition (5) is assumed to be binding, that is, the sum of emissions will equal the total 

allocated quantity of permits. This is justified by assuming that it is always costly to reduce 

emissions and that the cap is binding. Implicitly, this assumption also prohibits both banking 

and borrowing in the scheme. The second condition (6) is where the problem subject to this 

analysis lies. This condition states that emissions from the stationary sources can never be 

larger than their allocated quantity of emission permits, essentially, this means that there 

cannot be a net flow of permits from the international aviation sector to the stationary sectors 

of EU ETS. Condition (6) also implies that the gateway is decided by the initial allocations to 

each sector.  
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Due to the gateway, trade between the two sectors will never take place as long as the permit 

price is higher for the stationary sources within the EU ETS. This means that for certain 

realizations of ε, the permit price will be higher for the stationary sources than for 

international aviation which will result in a situation where profitable trade, that would occur 

in absence of the gateway, is not allowed. This establishes a threshold value for ε, εT. The 

threshold value is such that for realizations of ε ≤ εT the permit price will be lower (or equal) 

for the stationary sources than for the international aviation sector, thus making it attractive 

for the international aviation sector to purchase such permits. On the other hand, for 

realizations of ε > εT, the permit price will be higher for the stationary sources than for the 

international aviation sector.  

 

Given that the gateway is decided by the initial allocations, the threshold value, εT, is given by 

equal marginal abatement costs between the sectors 

 )( EET qQlgqfk −−+−=ε    (7) 

The total emitted quantities for each sector can differ depending on whether trade is allowed 

or not. If trade is not allowed and a cost effective solution cannot be reached, the emissions 

from each sector will simply equal the initial allocation to respective sub-market, i.e., ei=qi
5
. 

On the other hand, if trade is allowed, the cost-effective level of abatements from each sector 

is given by equal marginal costs across the sub-markets, i.e., prices are equal in both sectors. 

Setting (1) equal to (2) and substituting eA = Q – eE yields  

lg

lQkf
eE +

++−
=

ε*     (8) 

As can easily be seen from (7) optimal emissions from the stationary sources depend on the 

realization of ε. If ε was known with certainty the regulator could simply allocate emission 

permits covering e
*

E to the stationary sources. The cost-effective level of emissions from each 

                                                 
5
 The assumption given in (5) still holds. 
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sector can only be achieved if the allocations of emission permits are exactly equal to these 

cost-effective levels, or, through trade.  

 

It lies in the regulator’s interest to minimize the expected sum of damage of emissions and 

total costs to achieve the emission targets. The total cost of abatement is given by the 

difference of emitting at some business as usual scenario and the decided quota in the trading 

scheme. The business as usual emissions are given by a marginal cost of abatement equal to 

zero. This yields the following (for the stationary sources and aviation respectively) 

g

f
eBAU

E

ε+
=     (9) 

and  

 
l

k
eBAU

A =      (10) 

Now, all necessary elements have been presented to specify the regulator’s objective function, 

i.e. the expected sum of the loss in cost-effectiveness and the total damage as 
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 (11) 

where the first row express the sum of the expected efficiency loss and the total damage for 

scenarios where trade is allowed, i.e., when ε ≤ εT. Correspondingly, the second row concerns 

scenarios where an optimal solution cannot be reached, i.e., when ε > εT. 
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4. Optimal allocations 

In this section, the optimal level of the control variables will be discussed. The regulator is 

interested in reaching an allocation of permits between the trading entities that will minimize 

(11). Thus the interesting control variables are qE and qA.  

 

Substituting (1) through (4) and (7) through (10) into (11) and solving the integrals gives an 

expression for E{DWL+TD}. Minimizing this expression with respect to qE yields 

)21(2

22
ˆ

2

2

αα
αα

+−++

+−+−+
=

slg

QsQslQkfa
qE    (12) 

Expression (12) is the optimal allocation, q̂ , to the stationary sources taking both the 

expected efficiency loss of the gateway and the total damage from different emitting sources 

into account. From expression (12) several observations can be made, these are divided into 3 

cases, for different values of α.
 6

 

 

1. When α = 1 (i.e. the damage from one unit of emissions is independent of source) the 

optimal initial allocation of permits is such that the gateway never enters into force. 

In this case expression (12) becomes 

lg

lQkfa
qE +

+−+
==1

ˆ α     (13) 

which can be recognized as the allocation where the two MAC curves intercept given the 

highest possible realization of ε. From (13) it can easily be seen that qE should be set such that 

the gateway never enters into force, even though the highest possible value of ε is realized. 

This means that the permit price for the stationary sources is never higher than the permit 

price for international aviation, independent of the realization of ε. This result can easily be 

                                                 
6
 There is a vast literature assessing α, see for example IPCC (1999). In the specific case of emissions from the 

aviation sector α is thought to be greater than 1 meaning that emissions from aviation have greater damage than 

other, stationary, land based emission sources.  
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seen in figure 1 as the solution where ε=a. If the allocation to the two sectors would be set 

such that the highest realization of the marginal cost of abatement for the stationary sources 

intercepts the marginal abatement costs for international aviation there are no scenarios where 

the stationary sources would demand more permits that they were initially allocated. From 

this, it can be concluded that there is a potential loss associated with a binding gateway.  

2. When α > 1 (i.e. when the damage is larger for emissions stemming from aviation) the 

regulator should increase qE. 

Intuitively, if the damage from emissions is greater when they stem from international 

aviation it would lie in the regulator’s interest to minimize emissions from that sub-market. 

Therefore, when α > 1, qE should be set even higher than in the case where α = 1. This result 

is somewhat puzzling as nothing prevents agents on the international aviation market from 

emitting as much as they want by simply purchasing permits from stationary sources. In order 

to maintain such an initial allocation, the regulator would instead want to either reverse the 

gateway or alternatively introduce an exchange rate for permits. However, given that the 

gateway prohibits exports of permits from international aviation to the stationary sources, the 

best the regulator can do is to allocate more to the stationary sources. 

3. When α < 1 (i.e. when the damage is less from emissions stemming from aviation) the 

regulator faces a trade-off. 

In this case the expected efficiency loss from the gateway will still be minimized if qE is set 

such that the gateway never enters into force. However, (12) now suggests setting qE at a 

lower point due to the relatively high damage from emissions stemming from the stationary 

sources in the EU ETS. This means that the regulator faces a trade-off between the expected 

efficiency loss of the gateway and the expected total damage of emissions. In this case, 

depending on how large the additional damage is from the stationary sources, the gateway 

would work in an appropriate way. 
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5. Policy implications 

Based on the results presented above, given that α is larger than 1, it can be concluded that the 

proposed gateway between the stationary sources in the EU ETS and international aviation 

may not be justified from an efficiency point of view. The model clearly states that the larger 

is α, the more should be allocated to the stationary sources. A one-way gateway allowing 

international aviation to purchase emission permits from the stationary sources combined with 

higher damage from their emissions will potentially result in a scenario where total damage is 

higher than if the sub-markets were completely separated. In order to prevent that high 

damage emissions from international aviation replace low damage emissions from stationary 

sources, a reversed gateway, alternatively, an exchange rate could be used. The possibility to 

simply separate the sectors into two exclusive trading schemes could also be an alternative. 

However, considering that allocating all permits to the stationary sources within the EU ETS 

might jeopardize the Kyoto targets the gateway is functional.  

 

However, for future unilateral linking of emissions trading schemes or inclusion of additional 

sectors into already existing schemes it should be noted that the results regarding linking of 

the international aviation sector and the stationary sources within the EU ETS cannot be 

generalized. If evidence would have pointed towards an α significantly smaller than 1 

(contrary to existing evidence) a similar gateway to the one analysed in this paper could very 

well be justified.     

 

Caution should be taken when unilaterally combining several emissions sources with 

heterogeneous emissions, or unequal damage. Depending on how emission reductions are 

measured a unilateral linking may, instead of decreasing total emissions (or at least the 

damage from total emissions), increase them. Jaffe et al. (2009) discuss this point as one of 
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the large concerns with linking emission trading schemes. This is particularly interesting in 

the case of aviation where it is assumed that several greenhouse gas emissions have a larger 

impact when emitted at high altitudes.  

 

In conclusion, the gateway between the stationary sources within the EU ETS and the 

international aviation sector cannot be justified if the regulator’s goal is to achieve cost-

effectiveness. It has however been pointed out that the international aviation sector is more 

likely to be a net buyer of emission permits thus rendering the gateway ineffective (Wit et al. 

2005; Scheelhaase and Grimme, 2007). 

 

Further research is called for regarding what policy measures can be used when linking 

several sub-markets or emissions trading schemes to each other when damage from emissions 

may be heterogeneous between markets.    
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