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Brief summary

1 This study examines the feasibility of economic incentives to mitigate
greenhouse gas emissions from air transport in Europe, with a view to
encouraging airlines to integrate such emission reduction into their busi-
ness objectives.

2 The incentives considered are designed to add the external costs of
greenhouse gas emissions to the en route charges already collected by
Eurocontrol. The following two policy variants were developed:

a An environmental charge
Under this methodology an aircraft would incur a charge proportional
to the volume of greenhouse gas emissions it discharged in the air-
space of the European Union. Revenues would therefore be raised.

b A Performance Standard Incentive (PSI)

Under this methodology the better an aircraft performed relative to a
‘performance standard’, the more money it would receive, and the
worse it performed, the more it would pay. This variant is designed
to be revenue-neutral, with the sum of payments and revenues
equalling zero.

3 The incentive level adopted in this study for both policy variants is based
on the external costs of the climatic impacts of aviation. This suggests
mid-range working values of € 30 per tonne of CO, and € 3.6 per kg of
NOy emitted; in a sensitivity analysis, low (€ 10 and € 1.2, respectively)
and high (€ 50 and € 6) variants were also considered. It is to be
stressed that the ultimate choice of incentive level is a political issue.

4  The main impacts of the environmental charge would be:

a acutin forecast aviation CO, emissions in EU airspace of about 10
Megatonnes (9%) in 2010, the result of technical and operational
measures by airlines (4.4 percentage points) and reduced air trans-
port demand (4.5 points) .

b arise in average ticket prices of roughly € 3 to € 5 for short one way
flights (500 km) and € 10 to € 16 for long flights (6000 km).

5 The main impact of a revenue-neutral PSI would be a cut in forecast
aviation CO, emissions in EU airspace of almost 6 Mtonne (5%) in 2010.
This would accrue almost entirely from technical and operational meas-
ures by airlines. The impact on ticket prices depends very much on the
precise definition of the ‘performance standard’. The PSI does not place
a net financial burden on the industry as a whole. By its very nature,
though, introduction of the PSI may mean that some market segments
benefit and others suffer.

6 The study also shows that no significant economic distortions are likely
to arise among airline companies as a result of the policy options and in-
centive levels considered.

7 An environmental charge would generate annual revenues of € 1 bn -
€ 9 bn, depending on financial valuation of emissions. The revenues
generated could be allocated to individual EU Member States or to a su-
pranational fund for financing emission abatement measures. By defini-
tion, a revenue-neutral PSI will not generate any revenues.

8 From the point of view of international law and bilateral air service
agreements there are no legal obstacles to introduction of a charge or
Performance Standard Incentive in EU airspace. However, there are
several conditions that should be taken into due account.
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Executive summary

Feasibility study

Background and aim

Emissions of greenhouse gases from aircraft engines contribute to climate
change. The climatic impact of aviation is expected to grow in the coming
decades and a variety of mitigating actions have been proposed. ICAO’s
Committee on Aviation Environmental Protection (CAEP) has developed an
action plan which considers use of improved technologies, better operational
procedures and market-based measures.

In 1999 the Commission Communication “Air Transport and the Environ-
ment: towards meeting the challenges of sustainable development”
(COM(1999)640) noted that the European Commission would be carrying
out preparatory work with a view to possibly introducing proposals to estab-
lish economic incentives to mitigate the greenhouse gas emissions of air
transport in Europe. The European Commission has subsequently taken the
initiative of launching a study on the feasibility and effectiveness of alterna-
tive policies to mitigate the global environmental impact of aviation in
Europe, one such policy being a levy on greenhouse gas emissions. This
feasibility study is an essential part of that preparatory work and its aim is:

To design and assess practical options for economic incentives to mitigate
greenhouse gas emissions from air transport in Europe, and to formulate
proposals for actual implementation of such incentives.

Project organisation

The study was carried out by CE Delft and its partners to present facts and

professional estimates regarding the scientific and policy effects of such in-

centives. Selection of a particular policy line or variant is the sole prerogative
of the client, however.

Four preliminary studies were carried out, on the following topics:

* Design of the incentives®, including analysis of potential calculation
methods and physical units to provide a volumetric basis for the charge
and Performance Standard Incentive (PSI).

* Analysis of possible supply-side responses by airlines to reduce green-
house gas emissions®.

« Defining legal conditions, to ensure compatibility of the charge and PSI
with the international legal framework®.

¢ ldentification and evaluation of options for the collection and use of the
revenues of an environmental aviation charge®.

The assessments and analyses underlying this study benefited enormously
from contributions from EU Member States and key stakeholders, including
representatives of CAEP’s Working Group on market-based measures. The
authors therefore wish to extend special thanks to these contributors for their
constructive discussions and comments. Notwithstanding, the content of the
report is the sole responsibility of the authors.

See chapter 2 and Annex B of this report.

Summarised in chapter 3 and described in detail in Annex F of this report.
Summarised in chapter 5 and described in detail in Annex D of this report.
See chapter 6 of this report.
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Design of the incentives

In drawing up environmental policy for the aviation sector, economic incen-
tives such as levies and tradable allowances form an attractive option be-
cause they give the sector the flexibility to take steps to reduce greenhouse
gas emissions at least cost. Here, analysis of such incentives is restricted to:

1 An environmental charge.

In this variant a charge is levied proportional to the absolute emission (e.g.
kilograms CO,) of an aircraft in European Union airspace. This generates
revenues, and the challenge here is to design options for revenue use that
are broadly perceived as fair and economically efficient.

2 A performance standard incentive (PSI).

This variant is a revenue-neutral scheme that aims to reward aircraft (op-
erators) that are relatively environmentally efficient, i.e. better than a specific
performance standard, and penalise aircraft that perform worse. The main
challenge here is to define this standard such that the environmental effi-
ciency of air transport operations is quantified both fairly and in a manner
permitting ready comparison. Aircraft emissions must therefore be related to
an operational output parameter, i.e. tonnes of CO, and/or kg of NOyx per
unit of air transport performance.

This study discusses three possible options for the unit of air transport per-
formance to be used in the PSI:

1 CO, and/or NOx emissions per aircraft kilometre.

2 CO, and/or NOy emissions per actual payload-kilometre.

3 CO, and/or NOyx emissions per potential payload-kilometre (MZFW.km).

Aircraft emitting more greenhouse gases per unit of air transport production
than the industry-average performance standard must pay. The better an
aircraft performs relative to this standard, the more money it would receive.
Since payload kilometres (passengers and freight) are what aircraft produce,
the most accurate option would be to define the unit of air transport perform-
ance as the amount of payload kilometres actually performeds.

Besides these two main policy variants there are several other important
choices with respect to design of the two policy options:

Scope: EU airspace

In this study we focus on a charge or PSI on each tonne of CO, and/or kg of
NO, emitted in a predefined airspace of the EU Member States (hereafter
referred to as EU airspace). This implies that emissions on infra-EU routes
are subject to the charge or PSI on the whole flight, while emissions from
aircraft flying to and from the EU will be subject to the incentive scheme only
over the distance flown in EU airspace. The study concludes that it is legally
feasible to base the definition of EU airspace on the Flight Information Re-
gions (FIR) of EU Member States, as employed by Eurocontrol and officially
agreed within ICAO. Flight Information Regions not only include the national
territory of an EU Member State, but may also include particular parts of
seas and oceans outside the 12-mile zone. Figure 1 shows EU airspace as
defined for the purposes of this study.

® In the remainder of this study the results of the PSI are therefore presented for option 2:

emissions per actual payload.km.
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Figure 1

EU airspace
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Administrative agent: Eurocontrol

The administrative agent is the body that undertakes the tasks necessary to
make the emission charge or PSI work in practice. These tasks include: (i)
registration and calculation of emissions in EU airspace; (ii) operation of the
charging/rebate and invoicing procedure; and (iii) collection and disburse-
ment of revenues.

The present infrastructure of Eurocontrol appears to allow use of Eurocontrol
current Route Charge System for these administrative tasks. This implies
that an emission charge or PSI could be implemented in the same way as
the current route charges covering the cost of air traffic management (ATM)
and associated services.

Level of the incentive

Following a discussion of suitable levels for the charge and PSI, this study
opts, in both policy variants, to base the incentive level on the external costs
of the climatic impacts of aviation, leading to a mid-point assumption of € 30
per tonne CO, and € 3.6 per kg NOx. In a sensitivity analysis low (€ 10 and
€ 1.2, respectively) and high (€ 50 and € 6) variants were also considered.
An incentive of € 30 per tonne of CO, is equivalent to € 0.08 (8 Euro cents)
per litre of fuel.

Impacts on operating costs and ticket prices

Impacts of the environmental charge variant

Below, the various incentive levels are translated into estimated charges per
aircraft trip and hence charge or rebate per passenger, for both the charge
variant (Table 1) and the PSI (Table 2). Both tables show the initial changes
in operating costs for different aircraft types (passenger capacity) and illus-
trative load factors. Further, as only emissions in EU airspace are charge-
able, the tables also show the percentage fraction of the stage length taken
to be subject to the charge or PSI.

4.733.1/Economic incentives to mitigate greenhouse gas emissions 5
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Table 1 Emission charge level for different aircraft types, flight distances and load
factors, for the middle working variant: € 30 per tonne CO, + € 3.6 per kg

NOX
Aircraft pax Load Distance | EU air- | € per aircraft per flight € per pax per one
capacity factor (km) space (change operating way flight
(%) (%) costs) (initial ticket price
change)
146 40% 500 95% 300 5
40% 1500 70% 443 8
80% 500 95% 315 3
80% 1500 70% 476 4
224 45% 1000 80% 769 10
45% 3000 55% 1228 17
85% 1000 80% 832 6
85% 3000 55% 1366 10
269 50% 2000 60% 1094 14
50% 6000 25% 1218 16
90% 2000 60% 1213 9
90% 6000 25% 1407 10
416 50% 4000 35% 2185 15
50% 10000 16% 2499 17
90% 4000 35% 2316 9
90% 10000 16% 2700 10

At a charge level of € 30 per tonne CO, + € 3.6 kg NO,, the total emission
charge per flight ranges from € 300 for a short-haul flight to € 2700 for a
long-haul flight. The emission charge per passenger for a one way trip would
be between € 3 per passenger on short flights (e.g. by B-737) and up to € 17
on long flights (e.g. by B-747). It is important to note that long-haul flights
only fly up to about 25% in EU airspace.

6 4.733.1/Economic incentives to mitigate greenhouse emissions
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Table 2

Impacts of the PSI variant

Performance Standard Incentive (PSI) level for different aircraft types, flight
distances and load factors, for the middle working variant: € 30 per tonne
CO, + € 3.6 per kg NOy

Aircraft pax Load Distance | EU air- | € per aircraft per flight | € per pax per one way
capacity factor (km) space (change operating flight
(%) (%) costs) (initial ticket price
change)

146 40% 500 95% 152 3

40% 1500 70% 117 2

80% 500 95% 20 0

80% 1500 70% -177 -2

224 45% 1000 80% 247 3

45% 3000 55% 151 2

85% 1000 80% -154 -1

85% 3000 55% -668 -5

269 50% 2000 60% -81 -1

50% 6000 25% -250 -3

90% 2000 60% -901 -6

90% 6000 25% -1235 -9

416 50% 4000 35% 243 2

50% 10000 16% 279 2

90% 4000 35% -1180 -5

90% 10000 16% -1295 -5

The main characteristic of the PSI is that the total financial burden on airlines
is zero. This is due to the fact that under this scheme, the better an airline
performs relative to the average environmental performance of the fleet in
EU airspace (performance standard), the more money it receives, and the
worse it performs, the more it pays. In the table above, amounts below zero
('negative charge’) imply a rebate.

As Table 2 shows, for the assumed aircraft types and load factors and at a
charge level of € 30 per tonne CO, + € 3.6 per kg NOy, the total PSI level
per flight varies from a rebate of € 1295 to a charge of € 279. With respect to
initial ticket price changes, table 2 shows furthermore that this change is
between -€ 9 (i.e. reduced ticket price due to a rebate) and +€ 3.

Environmental effectiveness

Both the emission charge and the Performance Standard Incentive (PSI) are
expected to substantially reduce greenhouse gas emissions in EU airspace.
Table 3 shows the total reductions in CO, emissions resulting from the emis-
sion charge and PSI as a percentage of total emissions in EU airspace in
2010. The table also shows the estimated contribution to these emission
reductions by supply-side responses (operational and technical measures)
and demand effects (fewer passengers and less freight).

4.733.1/Economic incentives to mitigate greenhouse gas emissions 7
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Table 3

Estimated CO, emission reductions resulting from emission charge and PSI,
as a percentage of total emissions in EU airspace in 2010. The shares of
supply-side and demand-side responses in emission reduction are also indi-
cated

Valuation of Emission charge variant Performance Standard Incentive (PSI)
CO2/NOx, | supply | demand total supply | demand total
€ tonne/kg | side, % | side, % % Mtonne | side, % | side, % % Mtonne
10/0 -0.9% -1.0% | -1.9% -2.2 -0.9% -0.1% -0.9% -1.1
30/0 -2.9% -3.1% | -5.9% -6.9 -2.9% -0.4% -3.3% -3.9
50/0 -4.6% -4.9% | -9.3% -10.9 -4.6% -0.4% -5.0% -5.9
10/1.2 -1.5% -1.7% | -3.1% -3.6 -1.5% -0.2% -1.7% -2.0
30/3.6 -4.4% -4.5% | -8.7% -10.2 -4.4% -0.4% -4.8% -5.6
50/6.0 -6.6% 7.2% | -13% -15.6 -6.6% -0.6% -7.2% -8.4
Conclusions:

¢« The emission charge reduces forecast CO, emissions from aviation in
EU airspace in 2010 by almost 2% (2.2 Mtonne CO,) at the lowest
charge level, up to approximately 13% (15.6 Mtonne CO,) at the highest
charge of € 50 per tonne CO, and € 6 per kg NOy. These reductions are
roughly equally attributable to supply-side responses by airlines (techni-
cal and operational measures) and to reduced demand for air transport.

* A revenue-neutral PSI cuts forecast CO, emissions from aviation in EU
airspace in 2010 by about 1% (1.1 Mtonne) at the lowest PSI rate to
about 7% (8.4 Mtonne) at the highest. These reductions are almost en-
tirely attributable to supply-side effects.

e By far the most important supply-side measure will probably be acceler-
ated fleet renewal. The reduction of average fleet age is not easy to es-
timate, but will probably be 0.3 to 2 years. This would lead to an emis-
sion reduction of approximately 0.5% to 3% across the fleet. Other sup-
ply-side measures together add at most 3 percentage points to this fig-
ure.

*  Supply-side measures are similar whether an emission charge or PSl is
introduced. The only fundamental difference is the load factor / flight fre-
guency response, which will probably differ significantly with a PSI in
place that uses emissions per unit of actual payload as a basis for cal-
culation.

* This study indicates no trade-off between CO, and NOyx emissions, and
reduction of CO, emissions could indeed even lead to slightly greater
reductions in NOyx emissions because of reduced engine loads. Even a
charge or PSI based solely on CO, would reduce both CO, and NOy
emissions.

Environmental effectiveness: emission charge vs. fuel tax

An emission-based en route charge in EU airspace would not encourage
‘fuel tankering’. This contrasts with the case of an EU-wide fuel tax, which
might encourage airlines to avoid taxation by taking additional fuel on board
at airports outside the EU, i.e. over and above requirements for the current
flight. The fuel taxation study carried out for the European Commission in
1999 showed that tankering might well reduce the environmental benefits of
a fuel tax by 70%.

Economic and distributional effects

If these incentives led to economic distortions, the feasibility of a charge or
Performance Standard Incentive (PSI) would be reduced. This study there-
fore investigated potential economic distortions and distributional effects. Of

8 4.733.1/Economic incentives to mitigate greenhouse emissions
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particular concern would be the effects on competition between EU and non-
EU carriers.

It is important to note that a change in the competitive position of relatively
clean airline companies compared to high polluters is not an economic dis-
tortion, but rather an efficiency improvement. In the short term, however,
considerable distributional effects may occur.

Change in the competitive position of EU vs. non-EU carriers

EU and non-EU carriers are both assumed to be subject to exactly the same
charge or PSI. Hence, both EU and non-EU carriers with the same emissions
level would face the same cost increase on the same flight stage within EU
airspace. However, as some airline companies achieve a greater share of
their production in the EU than others, it is important to know whether carriers
will respond in the form of price increases or reduced profit margins. This
study did not identify any convincing arguments for higher air fares not being
passed on to the customers. As a first-order effect, therefore, no distortion in
competition among airline companies is expected. Calculations with the AERO
model showed that for both the charge and the PSI, the profit margins of EU
and non-EU carriers remain constant after introduction of the incentives.

Besides the profit margin, the competitive position of carriers might also be
affected by changes in the size of their home market. Obviously, one second-
order effect of the charge might be a slow-down in the growth of the European
air transport market due to increased air fares. A smaller home market for
European compared with non-European carriers might reduce economies of
scale and may therefore weaken the competitive position of European airlines.
This study shows that a charge level of € 50 per tonne CO, would decrease air
transport volume by 2.1% for EU carriers and by 0.4% for non-EU carriers.
This implies a differential reduction of 1.7% for EU compared with non-EU car-
riers. Based on this relatively small impact on market size, we conclude that
introduction of a charge would not affect the operating efficiency of EU carri-
ers significantly compared with non-EU carriers.

The Performance Standard Incentive (PSI) hardly affects the size of the
home market, because ticket prices would not change significantly. How-
ever, impacts on ticket prices depend very much on the exact definition of
the ‘performance standard’. The nature of the PSI is such that some market
segments may benefit while others, operating less environmentally effi-
ciently, may suffer until and unless they improve their environmental per-
formance. However, the study concludes that the PSI would not lead to re-
duced economies of scale for EU carriers.

Tourism, remote regions and cohesion states

Consideration was given to the economic effects of these incentive schemes
for countries strongly dependent on air transport. A Performance Standard
Incentive (PSI) would not affect tourism or cohesion states, because the total
financial burden and overall impact on demand would be almost zero. A
charge variant would affect demand, however. A charge of € 30/tonne CO,
would lead to a round-trip ticket price increase of some € 10 to € 20 for typical
European charter flight stages of 1000-2500 km. If charter airlines opted to
pass this on to their passengers, it would lead to an increase of 2 to 6% in the
€ 300 to € 600 price of a holiday package.

Any aviation charge, European or worldwide, would tend to favour nearby over
long-distance tourism and could slow the current trend of long-distance travel.

4.733.1/Economic incentives to mitigate greenhouse gas emissions 9
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A charge of € 30/tonne CO, would reduce the total tourist receipts of the
Southern EU countries by about 0.01% to 0.1% per annum.

Legal issues

The legal analysis of the study addresses the legal position on implementa-
tion of an emission charge or PSI in EU airspace. Relevant international pro-
visions include the Chicago Convention, the Bilateral Air Services Agree-
ments, the legal framework of the European Union and the regulatory regime
of Eurocontrol.

International aviation law and bilateral air service agreements pose no specific

obstacles to introduction of a non-discriminative emission-based charge or PSI

in EU airspace. However, the incentives will need to take due account of the

following:

— the aim of the incentive should be to reduce greenhouse gas emissions;

- the principle of cost-relatedness, laid down in many bilateral
agreements, should be respected, with a charge rate proportional to the
(external) costs of greenhouse gas emissions;

— the terms of the proposed scheme should be clearly communicated to all
parties;

— the principles of transparency and non-discrimination should be
respected;

- any revenues collected should be used primarily for mitigating the
climatic impact of aircraft engine emissions.

In legal terms it will be necessary to make clear that:

- the incentives in question are designed to mitigate greenhouse gas
emissions and are certainly not taxes on fuel and have no fiscal aim
whatsoever;

— the Polluters Pays Principle laid down in Article 16 of the Rio Declaration
and Article 174 of the EC Treaty forms the legal basis for imposition of a
charge or PSI on the greenhouse gas emissions of air transport in the
EU;

- the emission calculation methodology underlying the charge or PSI is
not based on a “direct and inseverable link” between fuel consumption
and polluting substances such as carbon dioxide and nitric oxide. This
condition is important, as an emission charge dependent essentially on
actual fuel consumption is liable to be challenged under the same inter-
national regulations as fuel, which is exempted from charges and taxes
in many bilateral agreements between EU Member States and third
countries.

Eurocontrol

Use of Eurocontrol infrastructure for administering an emission-based en
route levy would be feasible, subject to agreement among Member States to
impose such an incentive.

Legal basis of EU airspace

The environmental effectiveness of an emission-based en route charge or

PSI in EU airspace is co-determined by the size of the airspace, because:

— alarge airspace means that a larger proportion of flights to and from the
EU would be subject to the incentive;

— alarge airspace would prevent changes in routes to avoid the en route
emission charge.

For this reason the study investigated whether it was legally feasible to es-
tablish an EU airspace covering not only the national territory of the 15 EU
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Table 4

Member States, but also parts of the adjacent seas, the so-called high seas.
The Flight Information Regions (FIRs) of Eurocontrol include parts of these
high seas. The study concluded that there was no obstacle to use the Euro-
control airspace (Including parts of the high seas) once the Community has
adopted a measure designed to introduce an environmental charge, in co-
operation with Eurocontrol and while taking into account the framework of
ICAO for that purpose. Such a charge could be imposed on flights passing
through the airspace covered by Eurocontrol/ CRCO agreements and princi-
ples.

Use of the revenues

The primary aim of the policy instruments considered is to provide economic
incentives to mitigate greenhouse gas emissions from air transport in
Europe. Although not designed to raise revenues, an environmental
charge would generate 1 bn - 9 bn each year. By definition, a revenue-
neutral PSI will not generate any revenues (see Table 4).

Revenues of the charge and PSI for different incentive levels

CO, valuation, NOy valuation, Emission charge Performance Standard
€ /tonne € /kg (€ _billion) Incentive (€ billion)
10 0 1.1 0
30 0 3.3 0
50 0 5.4 0
10 1.2 1.8 0
30 3.6 5.3 0
50 6.0 8.6 0

Only in the case of a charge does the question of optimum use of revenues
therefore arise. This study analysed the pros and cons of two options for
disbursement of charge revenues (as well as studying the revenue-neutral
PSI).

Allocation to Member States

Allocation directly to the general treasuries of the EU Member States ac-
cording to prior politically agreed criteria could give rise to distributional
complications. For example, allocation proportional to emissions in the air-
space of each Member State — analogous to the disbursement rule of Euro-
control for recovering the costs of air traffic control — would not be equitable,
as they would be dictated by the country's size and position. There is no di-
rect relationship between the damage costs of climate change for a particu-
lar country and the emissions occurring in its airspace.

Allocation to a supranational fund

Another option is for the revenues to be allocated to a supra-State body
such as the European Bank for Reconstruction and Development (EBRD),
European Investment Bank (EIB) or Global Environment Facility (GEF). Al-
though these institutions cannot yet operate autonomously at the EU or
global level with revenues from sectoral charges, they can certainly do so
with funds raised independently of the Community budget and earmarked for
specific policy objectives.
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Revenue-neutral option (Performance Standard Incentive)

The revenue-neutral option avoids the problems of revenue redistribution
among countries and does not affect sectoral competitiveness as a whole
(although individual firms may be affected). However, this is not entirely
compatible with the Polluter Pays Principle, as the PSI recycles revenues to
the aviation sector, thus only partly 'internalising’ external costs.
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1.2

Introduction

Background

Emissions of greenhouse gases from aircraft engines contribute to climate
change. The climatic impact of aviation is expected to grow in the coming
decades and a variety of actions have been proposed to mitigate this impact.
ICAO’s Committee on Aviation Environmental Protection (CAEP) has devel-
oped an action plan which considers the use of improved technology, better
operational procedures and market based measures.

Recent studies appear to show that introduction of a tax on aviation fuel at
the European level would give rise to legal problems and considerable dis-
tortions in competition among airlines. The European Commission has
therefore taken the initiative of launching a study on the feasibility and effec-
tiveness of alternative policies to mitigate greenhouse gas emissions from
air transport in Europe, one such policy being a levy on emissions. The 1999
Communication “Air Transport and the Environment: towards meeting the
challenges of sustainable development” (COM(1999)640) notes that the
European Commission will be carrying out this preparatory work with a view
to possibly introducing proposals to establish economic incentives to miti-
gate the greenhouse gas emissions of air transport in Europe. This feasibility
study is an essential part of that preparatory work.

Objective of the study

The objective of this feasibility study can be formulated as follows:

To design and assess practical options for economic incentives to mitigate
greenhouse gas emissions from air transport in Europe, and to formulate
proposals for actual implementation of such incentives.

In drawing up environmental policy for the aviation sector, economic incen-
tives such as levies and tradable permits form an attractive option because
they give the sector the flexibility to take steps to reduce greenhouse gas
emissions at least cost. In this study, analysis of such economic incentives is
limited to the following two main policy variants:

1 An environmental charge
In this variant a charge is levied proportional to the absolute emission
(e.g. kilograms CO,) of an aircraft in the airspace of the European Un-
ion. This generates revenues, and the challenge here is to design op-
tions for revenue use that are broadly perceived as fair and economically
efficient.

2 A Performance Standard Incentive (PSl)
Under this methodology the better an aircraft performed in comparison
with a precalculated ‘performance standard’, the more it would be finan-
cially rewarded, and the worse it performed, the more it would pay. This
variant is designed to be revenue-neutral, with the sum of payments and
revenues equalling zero.

This study does not consider a hybrid system, for the disadvantages of both
options are then expected to prevail. The following two issues will clarify this.
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First, a major advantage of the Performance Standard Incentive (PSI) is that
no revenues would be raised and the difficult task of finding a formula for
distributing the revenues would therefore be avoided. Second, one of the
main challenges of the PSl is to find a performance parameter that provides
an optimum incentive but can also be implemented without imposing signifi-
cant extra administrative burden on airlines. Combining the two options
would simply stack the two difficulties atop one another. By assessing them
separately their individual pros and cons can be identified with maximum
clarity.

Demarcation of scope

The scope of the present study is demarcated in a number of significant
respects, most of which are discussed in greater detail in Chapter 2. The
following are the most important:

1 The principal aim of the economic incentives considered in this study is to
mitigate greenhouse gas emissions from air transport in Europe, taking as
the point of departure the scientific knowledge on the climatic effects and
related emissions of aviation presented in the Special IPCC report
“Aviation and the Global Atmosphere”, published in 1999.

2 The study focuses solely on economic incentives in the form of levies on
each kilogram of pollutant (e.g. CO, and NO,) emitted by aircraft flying in
the airspace of the European Union.

3 This study does NOT consider charges or taxes on fuel.

4 This study considers only those emissions which, in the view of the
IPCC (1999), contribute to climate change. No consideration is given to
other emissions occurring during the Landing and Take-Off cycle (LTO),
nor to emissions affecting local air quality in the vicinity of airports. It is
assumed that these emissions are covered by airport-related
instruments, such as those discussed by the ANCAT Sub-Group on
Emissions Related Landing Charges Investigation (ERLIG).

5 Choosing to focus on emission reduction implies that the aim of the
economic incentives is not to raise general government revenue, nor to
reduce the volume of air transport. This is important to stress. Although
unintended, emission-based incentives may still generate revenues or
reduce the transport volume, however. The possible use to which these
revenues can be put is therefore considered in this study.

6 To assess the feasibility of emission levies or incentives it is essential to
be explicit about the countries participating. In this project it is assumed
that the economic incentives will be levied in the 15 Member States of the
European Union. However, because other countries such as Switzerland,
Norway and EU-accession countries are members of Eurocontrol, the
additional participation of these countries would be fairly easy.

7 This study considers, for obvious reasons, only so-called non-
discriminative incentives. This implies that European and non-European
airline companies with the same level of emissions are assumed to be
subject to exactly the same emission levy. In other words, all airlines
operating intra-EU flights and flights to and from the EU must pay the
same charge or PSI.

Project organisation

The study was carried out by CE Delft and its partners in response to a
European Commission request for technical guidance as a basis for policy
development. It therefore presents facts and professional estimates regard-
ing the scientific and policy effects of emission abatement incentives. Selec-
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tion of a particular policy line or variant is the sole prerogative of the client,
however. Besides CE, the following consortium partners have also made
important contributions: the Institute of Air Transport (ITA) in France, the In-
ternational Institute of Air and Space Law and Peeters Advies, both from the
Netherlands, and Mr. Dan Greenwood and Professor Rigas Doganis, both
from the United Kingdom. Furthermore, the kind cooperation of Eurocontrol,
Brussels is gratefully acknowledged. Finally, the authors wish to extend their
special thanks to the Dutch Civil Aviation Administration for making the
AERO model available for this study.

Involvement of stakeholders

The draft results of the study were presented and discussed at several
meetings with stakeholders. At the outset of the project, in April 2001, the
project structure and main research questions were discussed at IATA in
Geneva with several European and non-European airlines. Later, in January
2002, the draft results of the study were presented and discussed in detalil
with the 15 EU Member States as well as with stakeholders such as airlines,
manufacturers and environmental NGOs. Finally, in February 2002, the draft
final results were presented and discussed with the Market Based Options
Group of the Committee on Aviation Environmental Protection (CAEP) of the
International Civil Aviation Organisation (ICAO).

The assessments and analyses underlying this study benefited greatly from
the contributions made during these discussions. The authors therefore wish
to extend special thanks to these contributors for their constructive discus-
sions and comments. Notwithstanding all the help received, the content of
the report is the sole responsibility of the authors.

Report structure

The structure of this report is as follows:

Chapter 2 discusses choices regarding the design of the two policy instru-
ments: an emission charge and a Performance Standard Incentive (PSI),
with respect to:

— Basic design choices (2.2);

— Aim of the incentives (2.3);

- Incentive base (2.4);

— Incentive level (2.5);

— Levy point: EU airspace (2.6);

- Administrative agent: Eurocontrol (2.7).

Chapter 3 presents an evaluation of the environmental effectiveness of the

charge and the PSI and covers the following issues:

— Brief overview of models and data used,;

— Analytical framework and impacts on direct operating costs (DOC);

— Supply-side responses (operational and technical measures) by airlines
to reduce greenhouse gas emissions®;

- Demand-side and substitution effects.

Summarised in chapter 3 and described in detail in Annex E of this report.
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Figure 2

Structure of the report
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Chapter 4 presents an evaluation of the economic and distributional effects
of the two policy variants. The following aspects are discussed:

— impacts on transport volume;

- impacts on competitive position between EU and non-EU carriers;

— impacts on tourism and cohesion states.

Chapter 5 addresses legal conditions, in order to ensure compatibility of the
charge and PSI with the international legal framework”.

Described in detail in Annex D of this report.
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Chapter 6 presents an evaluation of the advantages and drawbacks of two
options for allocation and use of the revenues of an emission-based charge.
In addition, the pros and cons of a revenue-neutral PSI are discussed.

This report is supplemented by eight annexes (A to H) providing more de-
tailed information on several key issues and descriptions of the models and
databases used.
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2.2

Design of the incentives

Introduction

There are many different ways to shape economic incentives such as the
environmental aviation charge and Performance Standard Incentive (PSI)
considered in this study. Choices with respect to design go a long way to
determine the environmental impact, potential economic distortions, legal
and institutional implications and distributional consequences of such incen-
tives. A well-balanced design should therefore seek to improve the environ-
mental performance of aviation in Europe in an efficient manner, while at the
same time giving ample consideration to practical feasibility of implementa-
tion.

This chapter discusses the following important choices with respect to de-

sign:

— Basic design choices (2.2);

— Aim of the incentives (2.3);

- Incentive base, including an analysis of possible calculation methods
and physical units providing a volumetric basis for the charge and PSI
(2.4);

— Incentive level and impacts on operating costs and ticket prices (2.5);

— Levy point: EU airspace (2.6);

- Collecting agent: Eurocontrol (2.7).

The aim of this chapter is not to produce 'the best-designed economic incen-
tive’. It merely presents alternative options and discusses their main advan-
tages and disadvantages. In addition, consideration is given to aspects of
practical implementation, clarifying what is feasible in the short and in the
long term.

Before the principal choices with respect to design of the economic incen-
tives are discussed in detail, a general overview is presented in section 2.2
of all the choices that can, in principle, be made with regard to the design of
the policy options considered.

Basic design choices

There are many conceivable forms of economic incentives under the head-
ing of levies and revenue-neutral incentives that might serve to reduce the
main emissions contributing to the global environmental impact of aviation.
In the design of such economic incentives there are many degrees of free-
dom with respect to incentive base, incentive level, overall scope and op-
tions for revenue collection, allocation and use. Within this broad ‘playing
field’ the challenge is to identify a limited number of effective and feasible
policy options for further assessment. Table 5 reviews the basic choices to
be made with respect to design of an incentive scheme.
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Table 5

Identification of basic design choices of an incentive scheme

Design characteristic

Degrees of freedom

Type of incentive

Charge
- Performance standard incentive (revenue-neutral)

Incentive base

Which emissions?

. CO;

- CO, and NOy

- Basket (CO,, NOy and other emissions)

What emission calculation method?
- ex ante (before the specific flight)
- ex post (after the specific flight)

What productivity parameter? (relevant for performance standard incen-
tive only)

- distance (kilometres)

- MTOW*km

- Actual payload*km

- Maximum payload*km

- Maximum Zero Fuel Weight (MZFW)*km

Scope

Which flights and carriers are to be subject to the incentive and over what
geographical area?

- intra-EU + inter-EU flights

- all carriers (non-discriminative)

- Eurocontrol airspace (national territory or Flight Information Region)

Incentive level

What approach is to be followed to establish the level of the incentive?
- Internalisation of external costs

- Environmental target

- Equal to taxation levels in other sectors

Collecting agent and levy
point

Which authority will levy and when?

- Eurocontrol / en route in EU airspace
- Airport authority / landing of aircraft

- Airline company / sale of ticket

Allocation of revenues

To which institutional scale are revenues to be allocated?
- EU budget or EU fund

- EU Member States

- Aviation sector

Use of revenues

How are revenues to be used?

General treasury - recycling to citizens
- reductions of other taxes
- earmarking for environmental in-

vestments
Recycling to aviation sector | - R&D support to industry
(indirect, through EU body, | - Financial mechanisms (e.g. subsidies
new facility or Member for ‘scrapping programmes’)
States) - Support for improvement of Air Traffic

Management (ATM)
- Financing emission reduction in other
sectors

Revenue-neutral - Performance Standard Incentive

Based on the results of the four preliminary studies carried out in the frame-
work of this study, two main options were selected. Note, however, that none
of these is necessarily the ‘optimum’. The results of the assessment phase
may show, for example, that one of the options is less attractive because of
less effective use of revenues, say, or legal barriers. In that event policy

20

4.733.1/Economic incentives to mitigate greenhouse emissions
July 2002




23

2.31

makers will be able to choose another variant and thus optimise the design
of the economic incentive considered.

Aim of the incentives: to mitigate greenhouse gas emissions

A crucial choice in the design of any policy instrument is the precise objective
to be pursued. The starting point of the present study is that the incentives are
aimed at mitigating greenhouse gas emissions from air transport in the EU
throughout the entire flight. The Special IPCC report “Aviation and the Global
Atmosphere", published in 1999, provides the scientific basis for the study.
This Special Report distinguishes two global environmental impacts of
aviation: (i) climate change and (ii) changes in incoming UV radiation. This
study focuses solely on the former, i.e. on designing incentives to mitigate the
climatic impact of aviation. Impacts on incoming UV radiation have not been
considered, because IPCC (1999) concludes that the operations of the current
subsonic civil aviation fleet may even reduce the UV burden somewhat.
However, supersonic aircraft will lead to an increase incoming UV radiation,
although development of a supersonic fleet is very uncertain and will probably
not take place in the coming decades.

Below we provide a brief, general review of the current status of climate sci-
ence in general and the relationship with aviation in particular. Based on this
review, we conclude at the end of this section which emissions contributing
to climate change are to be included in the incentive base of the policy vari-
ants considered.

IPCC Third Assessment Report and Special Report on Aviation

In recent years scientific knowledge on the potential impacts of greenhouse
gas emissions in general and aviation emissions in particular has improved
substantially. This is reflected in the IPCC's 1999 'Special Report on Aviation
and the Global Atmosphere' and its 'Third Assessment Report', published in
2001.

As reported in the latter, "There is new and stronger evidence that most of
the warming observed over the last 50 years is attributable to human activi-
ties. (...) Most of the observed warming over the last 50 years is likely to
have been due to the increase in greenhouse gas concentrations. (...) Emis-
sions of CO, from fossil fuel burning are virtually certain to be the dominant
influence on the trends in atmospheric CO, concentration during the 21°%
century. (...) The globally averaged surface temperature is projected to in-
crease by 1.4 to 5.8°C over the period 1990 to 2100." (Report from Working
Group 1, Summary for policymakers)

In a report requested by the American White House to help the Administra-
tion’s ongoing review of U.S. climate change policy, the U.S. National Acad-
emy of Sciences confirms the major findings of the IPCC:

“The committee generally agrees with the assessment of human-caused
climate change presented in the IPCC Working Group | (WGI) scientific re-
port, but seeks here to articulate more clearly the level of confidence that
can be ascribed to those assessments and the caveats that need to be at-
tached to them. (...) The IPCC’s conclusion that most of the observed
warming of the last years is likely to have been due to the increase in
greenhouse gas concentrations accurately reflects the current thinking of
the scientific community on this issue.”
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Figure 3

The IPCC'’s 'Special Report on Aviation and the Global Atmosphere’, issued
in May 1999, describes the likely climatic impact of aviation in the base year
1992 and in the future. The report estimates that aviation’s contribution to
anthropogenic radiative forcing amounted to about 3.5% in 1992 and would,
in a reference scenario, amount to 5% in 2050. In absolute terms, forcing in
2050 would be 3.8 times as high as in 1992. The band width is rather broad:
the lower and upper scenarios considered give a factor of 1.5 less to 3 times
greater than in the reference scenario, ranging from 2.6 to 11 times the
value in 1992.

One of the key graphs from this report is reprinted below.

Impact of aviation emissions on the earth’s radiative balance and hence on
the forced greenhouse effect, in 1992 (IPCC 1999).

Radiative Forcing from Aircraft in 1992
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Radiative forcing (RF) is defined here as the degree to which emissions change the radiative balance
of the atmosphere. Global mean RF is approximately linear to change in equilibrium mean surface
temperature and is therefore a good proxy for the global warming potential of emissions.

The bars indicate the best estimate of forcing, while the line associated with each bar indicates a con-
fidence interval: based on current scientific understanding, there is a 67% probability that the true
value lies within this range. The confidence intervals are largely independent of the level of scientific
understanding (‘poor’, ‘fair’, etc.)

Ozone (Og) is not a direct emission but is formed by atmospheric reaction, triggered by NOx. The
lifetime of the potent greenhouse gas CH4, on the other hand, is shortened as a result of NOx emis-
sions.

Table 6 presents the figures numerically, for calculations, and adds the fig-
ures for 2050.
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Table 6

Perturbation of the radiative balance due to aviation emissions, in Watts per
square metre (W/mz), for the 1992 situation and a 2050 reference scenario,
according to IPCC (1999)

Perturbation due to 1992, 2050 reference scenario, Level of scientific
middle estimate middle estimate understanding

CO; +0.018 +0.074 good
O3 (from NOx) +0.023 +0.060 fair
CH, (from NOy) -0.014 -0.045 poor
stratospheric H,O +0.002 +0.004 poor
contrails +0.02 +0.10 fair
cirrus p.m. (0-0.04) p.m. (0-0.16) very poor
sulphate aerosols -0.003 -0.009 fair
soot aerosols +0.003 +0.009 fair
Total +0.049 + p.m. +0.193 + p.m.

p.m.: pro memoria, 'item pending’

As the graph and table show:

- in the middle estimate of the reference scenario, total radiative forcing
due to aviation will increase by a factor 3.8 between 1992 and 2050;

— emissions of NOy lead to changes in tropospheric ozone (O3) and meth-
ane (CH,4). On a globally averaged basis, these two effects have oppo-
site signs: the net globally averaged impact on radiative forcing of Os is
about half that of CO,. IPCC (1999) states that "Changes in tropospheric
ozone mainly occur in the Northern Hemisphere, while those of methane
are global in extent so that, even though the global average radiative
forcings are of similar magnitude and opposite in sign, the latitudinal
structure of the forcing is different so that the net regional radiative ef-
fects do not cancel.”

- the globally averaged impact of stratospheric H,O emissions is about
11% that of CO, and its share in environmental impact is likely to de-
crease somewhat;

- the globally averaged impact of persistent contrails is much more un-
certain but, according to best estimates of IPCC (1999), comparable to
that of CO,. Contrail formation can be accurately predicted for given at-
mospheric temperature and humidity conditions;

— the impact of the cirrus clouds that sometimes result from persistent
contrails is known with even less certainty, but might be substantial, as
upper estimates give twice the impact of CO, alone;

- the effects of sulphate aerosols and soot aerosols cancel; sulphate
aerosols cool the earth and soot aerosols warm it, both at a rate of about
15% of that of CO, emissions;

- the total radiative forcing due to aviation, according to the middle esti-
mate and excluding cirrus clouds, is about 2.7 times (2 to 4 times) as
high as that due to CO, alone. In the 2050 scenario this factor is likely to
remain fairly stable (2.6).

Conclusion

According to current understanding, as summarised above, the prime con-
cerns with respect to the climate impact of aviation are: emissions of CO,,
contrail formation and emissions of NOyx. The contribution of sulphur and
soot aerosol emissions is relatively small; there is also wide variation in
emission factors, while the chemistry is complex. The impact of cirrus clouds
is very uncertain.

4.733.1/Economic incentives to mitigate greenhouse gas emissions 23
July 2002



24

241

Although the formation of contrails could be of prime concern with respect to
climate change, here we focus solely on policy options aimed at reducing
emissions of CO, and/or NOy. Contrail formation has not been included in
the incentive base for two reasons. First, because there is still too much sci-
entific uncertainty on this point. Second, because we do not consider a
charge or PSI a suitable or efficient incentive for reducing aviation contrail
formation, for contrails are not caused by all flights and arise only during a
limited portion of flight time.

In the following sections, which discuss the base of the incentives (section
2.4) and their level (section 2.5), we consequently focus primarily on CO,
and NOyx emissions.

Incentive base

Once the aim of the economic incentives has been established (see section
2.3), another important choice with regard to design relates to the incentive
base or charge base. The incentive base determines the volume on which
the charge is to be levied.

As mentioned earlier, this study considered two options for economic incen-

tives:

— an environmental charge for each kg of emission produced. This system
generates revenues;

- a Performance Standard Incentive (PSl) that ‘rewards the best and pun-
ishes the worst’. The average amount to be paid is zero, so the system
generates no net revenues.

In designing both variants the following key main choices must be made with

regard to charge base:

1 Which emissions are to be included (CO,, NOy, other)? (section 2.4.1)

2 What (certified) information is available for calculating emissions over
the entire flight? (section 2.4.2)

3 What calculation methods are most suitable? (section 2.4.3)

4 What productivity parameters can be used to define the average envi-
ronmental performance of all aircraft flying in EU airspace (‘performance
standard’)? Obviously, this is only relevant for the Performance Standard
Incentive (2.4.4).

These key choices are now discussed.

Type of emissions

Based on the scientific knowledge published in IPCC (1999) we concluded
at the end of section 2.2 (aim of the incentive) that our focus would be on the
climatic impacts caused directly by CO, and indirectly by NOyx emissions.

An incentive based solely on CO, appears to be the most practical and fea-
sible option. However, in order to demonstrate the technical scope for in-
cluding NOx and indicate the pros and cons of including NOyx compared with
CO, alone we have also included combined CO, and NOy variants.

Including NOy variants in the incentive base may also be attractive for sev-

eral technical and legal reasons:

— for a given level of engine technology there may be a trade-off between
CO, and NOyx emissions, as CO, generally decreases and NOy in-
creases with increasing engine pressure and temperature. Restricting
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the incentive base to CO, alone may therefore bring with it the risk of
sub-optimal shifts towards high-NOy engines;

— if NOy is included, the relationship between the incentive and fuel con-
sumption becomes non-linear, possibly avoiding potential legal obsta-
cles (see chapter 5).

We have consequently taken both CO, and NOy emissions, separately and
together, as a possible levy base for the incentives considered.

Available data

The data used for establishing flight emissions must be such as to ensure
calculations in closest possible agreement with real emissions. In general
terms, flight emissions of CO, and NOyx depend on:

- engine;

- airframe;

— flight path (including speed and altitude);

— flight distance;

- load.

Some of these factors may not necessarily have to be included in calcula-
tions, but might be approximated using average values. Obviously, an at-
tractive option is to calculate CO, emissions from the actual fuel consumed
during the flight in question. Below, we discuss data that are publicly avail-
able as well as data available within the aviation industry (airlines or manu-
facturers) that can be used for emission calculation.

Publicly available data

Eurocontrol

Eurocontrol currently has the following data on each flight handled:

great circle distance flown in Eurocontrol airspace;

aircraft type (and thus MTOW-average per user and aircraft type);
airport of departure/airport of destination;

aircraft call sign (aircraft registration, flight number or military call sign).

Eurocontrol is currently working on making actual MTOW and registration
numbers available for each flight within its airspace. The availability of regis-
tration numbers is very important as this enables aircraft-specific emission
data to be attached to each flight. Besides, if registration data are available,
the engine characteristics of the aircraft will also generally be known.

Emission models and databases

Currently, numerous organisations like FAA, ANCAT, DLR, DERA, Dutch
CAA, and Inrets all operate different models for estimating aircraft and avia-
tion emissions. They all aim to estimate aviation emissions for the purpose
of environmental impact studies and in doing so can be of great value in
gaining first insights into the emission characteristics of most types of air-
craft.

None of these models include more than a few dozen different aircraft con-
figurations, however, while the actual number of configurations may be well
over 1,000. In addition, none of the models have undergone a legal certifica-
tion process.

A further key point is that the models are all limited by the data from the
ICAO Engine Exhaust Emissions database. This database, available on the
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internet, has LTO emission data on some 300 engine types certified as of
the early 70s. However, it contains no data on turboprops or piston engines,
nor on engines with a power output below 26.7 kN. For aircraft equipped
with these kind of engines, data accuracy is generally quite poor.

As a result, the available models could be used only for establishing first-
pass estimates for the emission characteristics of certain aircraft types for
which data like MTOW, airframe type or engine type are available.

However, none of the models seems suitable for the purpose of the present
study: to establish a definitive base for economic incentives, which requires
much more specific data on different aircraft types, and requires these data
to be certified.

Data available in the industry

Aircraft performance manuals

Every aircraft delivered to airlines has its own individual performance man-
ual. The most relevant information in these manuals in our present context
are the fuel consumption tables for the specific aircraft under different op-
erational circumstances, such as climb angle and cruise speed. These data
have been certified, mainly for safety reasons (reserve fuel), and are the
property of the airlines. Airlines use these data to construct their own predic-
tive models for fuel consumption.

The fuel tables are based on the manufacturer’s in-house prediction codes,
which are the property of the manufacturers and are not generally passed on
to airlines (Lister, 2001).

Besides fuel consumption data, the manuals contain payload/range dia-
grams showing the capacity of an aircraft to carry certain loads over certain
distances. In principle, such information would be useful for defining a pro-
ductivity parameter, relevant for designing the second main variant consid-
ered in this study: the Performance Standard Incentive (PSl)

Unfortunately, the payload given is highly dependent on aircraft configura-
tion: an aircraft type configured for passengers has a lower payload than the
same type configured for freight. As configurations can be switched fairly
easily, and some airlines do this frequently, this definition of payload is not
very useful. There is as yet no payload definition available independent of
configuration. Work on this is underway in CAEP Working Group 3.

Flight documentation

Finally, airlines have an obligation to prepare flight documentation on each
flight and keep it filed for a certain period, generally 3 months. Trip fuel is
probably the most important category of data registered.

What emission calculation method?

A crucial aspect of the design process is to find an emission calculation
method providing an incentive for all possible optimisation mechanisms (new
technology, operational measures, optimisation of load factor, etc.) for re-
ducing emissions. In addition, the emission calculation method should pref-
erably also be transparent, based on officially accepted documents (e.g. air-
craft manuals, ICAO database, etc.) and implementation should not lead to
too high an administrative burden for the stakeholders concerned.
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Annex B sets out the pros and cons of several options for calculating emis-
sions. An important distinction is thereby made between methods for calcu-
lating emissions ex ante and ex post. By ex ante calculation we mean that
the emission level of a given flight is determined before the flight has taken
place, based on parameters like calculated distance and aircraft characteris-
tics. By ex post calculation we mean that the emission level is determined
after the flight has taken place, based on flight parameters like actual fuel
use, or measured settings.

From the viewpoint of environmental effectiveness, ex post calculation of
emissions is preferable to ex ante calculation, for it leaves operators a wider
range of options to reduce emissions. For example, if the emissions of a
certain flight are calculated ex post, there will be due incentive to optimise
cruise speed for minimum fuel consumption during that specific flight,
whereas this incentive will be absent if emissions are calculated ex ante.

In this study we considered, for both the environmental charge and the Per-
formance Standard Incentive variants, the following four options for an in-
centive base:

- incentive based on ex ante CO, emission; CO, emission for the specific
aircraft type on the specific flight is calculated ex ante, based on a cer-
tain standardised flight path and load factor;

- incentive based on ex post CO, emission; CO, emission for the specific
aircraft on the specific flight is calculated ex post, based on actual flight
data;

— incentive based on ex ante CO, and NOyx emissions;

- incentive based on ex post CO, and NOy emissions.

Conclusions

We here present the main conclusions on the possibilities of ex ante and ex
post methods of calculating CO, emissions and NOyx emissions for use as a
basis for the incentives considered.

On the basis of the findings in Annex B the following conclusions can be

drawn with regard to ex ante calculation methods:

— there is currently no official cycle similar to the official LTO cycle for cal-
culating CO, and NO, emissions from aircraft in the cruise phase;

— existing emission models are of limited use for the purpose of this study,
as the available data are too limited to form a definitive base for the in-
centive. Models might be used, however, to establish a first-pass esti-
mate of emissions, based for example on MTOW and great circle dis-
tance of the specific trip;

— the only option for arriving at accepted and specific ex ante emission
figures for individual aircraft would be to use the fuel calculation meth-
odology described in aircraft performance manuals, which are currently
confidential.

Ex post calculation would have the following consequences:

- the environmental effectiveness of the incentives would certainly benefit
if ex post methods were used, as would their economic efficiency, for
operational measures to reduce emissions would be duly rewarded
(lower speeds, less steep climb angles, higher load factors, etc.);

— emission classification of aircraft is of hardly any use for ex post calcula-
tion; some sort of continuous system is required;

— the number of checks to be performed by the relevant authority would
increase substantially;
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- the most attractive option for arriving at accepted and specific ex post
calculated emission figures for individual aircraft would be to base the
CO, emission on the carbon content of the trip fuel, which airlines are
currently obliged to register in the weight and balance documentation;

- if emissions are calculated ex post airlines run the risk of paying emis-
sion penalties for delays resulting from ATM problems. This could be
avoided by using an ex ante emission figure as a basis, to reward air-
lines if they do better, but not to punish them if they do worse (owing to
congestion, for example);

— responsibility for making and acquiring detailed emission calculations for
each individual aircraft type (probably over 1000) should not lie with the
administrative body. This would lead to an excessive burden, and would
require very considerable specific expertise that is currently readily
available at aircraft manufacturers and operators. Additional ex post data
should therefore be provided by airlines, on a voluntary basis, with the
relevant authority merely performing checks on this industry data;

— actual trip data should be supplied by airlines, who will only do so if this
is either obligatory or beneficial to them. The higher the ex ante emission
estimate, the greater will be this incentive.

Three-step approach

Based on the potentials of the ex ante and ex post calculation methodolo-

gies presented above, we consider the following three-step approach to be

the most feasible:

1 As afirst step, the authority could define maximum emissions for a given
MTOW and great circle distance for a flight in EU airspace.

2 If operators think their aircraft will emit less than the figure assumed by
the authority, airlines would have the opportunity (voluntary approach) to
provide ex ante calculated emission figures from their performance
manuals for their specific aircraft on different distances along a standard
flight cycle.

3 If they manage to operate their aircraft such that actual emissions are
lower than the standard profile of step 2, operators could supply actual
flight data on e.g. fuel consumption from which to calculate emissions on
an ex post basis. This opportunity gives airlines an incentive to operate
their aircraft as efficiently as possible. The more the ex ante emission
calculated in step 2 approximates a 'worst case’ figure, the greater the
incentive for an airline to do better in step 3.

This three-step system has the following advantages:

— maximum incentive to airlines to reduce emissions;

— an upper limit of charges to be paid, according to step 2. This is relevant
in cases where an aircraft causes excessive emissions owing to circum-
stances beyond its control, when it is forced to 'hold’ near an airport, for
example;

— a workable distribution of responsibilities: airlines supply methodologies
and figures and authorities perform checks on fraud and consistency.

Performance Standard Incentive (PSI): productivity

This variant is a revenue-neutral scheme that aims to financially reward op-
erations flown in a relatively environmentally efficient manner (i.e. more effi-
cient than a certain performance standard) and financially penalise opera-
tions that are relatively inefficient in environmental terms (i.e. less efficient
than the performance standard). Thus, the opportunity to reduce the charge
burden or increase the level of rebate by improving efficiency provides both
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environmentally inefficient and efficient operators financial an incentive to
improve their performance. These responses will therefore tend to push the
standard (or industry average) toward best practice levels, and indeed im-
prove current best practice.

To preserve the principle of revenue neutrality, the performance standard
must reflect the average environmental efficiency of air transport operations
for a given accounting period (normally one year). The challenge with this
incentive variant is to define the performance standard such as to quantify
the environmental efficiency of air transport operations both equitably and in
a manner permitting accurate comparison. Emission levels must therefore
be related to an operational output parameter: tonnes of CO, and/or kilo-
grams of NO, per unit of air transport performance.

PSI: three possible definitions

Below we discuss three possible options for defining a performance stan-
dard reflecting industry-average environmental performance in EU airspace.
We focus here on the denominator because calculation of the numerator, the
volume of emissions from different airframe/engine combinations, has al-
ready been discussed in sections 2.4.2 and 2.4.3.

Three possible performance standard indicators are:

1 CO, and/or NO, emissions per aircraft kilometre.

2 CO, and/or NO, emissions per actual payload.km.

3 CO, and/or NO, emissions per potential payload.km or Maximum Zero
Fuel Weight.km.

The advantages and drawbacks of these options are described below.
1 Ex ante calculation using aircraft kilometres

PSI Definition: Emissions of all aircraft flying in EU airspace over one
year divided by total kilometres flown by all aircraft in EU airspace; thus,
average emissions per aircraft kilometre.

This definition of PSI seems logical and straightforward; it is familiar from
the EU’s energy and CO, labelling initiative for passenger cars, which
uses an identical parameter (CO, emission per vehicle kilometre) to dis-
tinguish fuel-efficient from less efficient cars. However, this definition
could be counterproductive when applied to public air transport, because
distance, without reference to what is carried over that distance, is not a
good proxy for air transport performance. Consequently, a PSI defined in
this way does not provide an optimum incentive for improving the envi-
ronmental efficiency of air transport. For example, it would put small air-
craft at a relative advantage to large aircraft, owing to their lower emis-
sions per aircraft kilometre, although smaller aircraft generally produce
higher emissions per passenger or tonne kilometre than larger ones.

Splitting aircraft into classes, each with a different PSI level, does not
seem to be the definitive solution to overcoming such anomalies. The
economic efficiency of the measure would then be reduced, as it would
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leave little incentive for reducing emissions by shifting to other aircraft
and/or optimising the network”®.

Ex post calculation using actual payload-kilometres

PSI Definition: Emissions of all aircraft flying in EU airspace over one
year divided by total actual payload transported multiplied by total kilo-
metres flown by all aircraft in EU airspace; thus, average emission per
actual payload kilometre.

Since payload kilometres (passengers and freight) are the product air-
craft produce, the most accurate performance standard for air transport
would be the actual payload kilometres performed. In this way, there
would be incentives both to reduce absolute aircraft emissions and to
improve load factors, as both responses reduce the emissions level per
unit of air transport performance.

An important issue related to this variant is development of a
methodology to add passengers and freight to produce a single payload
indicator. The usual definition of Revenue Tonne Kilometres
(RTKs),hereby passengers including luggage are taken as 100 kg, is
unsatisfactory. This is because it takes less energy, and thus produces
less emissions, to carry one tonne of freight than ten passengers over a
given distance, so that this kind of definition would give freight opera-
tions an advantage over passenger transport. Passenger transport re-
quires seats, galleys, toilets and service items such as in-flight meals
and newspapers, whereas freight does not. Some airlines, including
Lufthansa and Air France, have developed methodologies to correct for
this in their environmental reporting. Lufthansa concluded that on short-
haul flights one passenger accounts for about 140 kg on average, on
medium hauls 155 kg and on long hauls 173 kg. Air France arrived at
figures of between 140 and 200 kg, depending on type of aircraft and
load factor. For the purpose of this study we have used a consensual
160 kg per pax as a base estimate. In the present study we shall use the
expression ARTK (Adjusted Revenue Tonne Kilometres) to refer to
payloads calculated in this way’.

Using actual (ex post) payload to calculate performance would mean
operators having to report full details of the payload transported on every
flight. This is not an unusual practice; for example, in the UK and the US
(Form 41) airlines already face such obligations. Alternatively, reporting
actual payload after each flight could be based on a voluntary approach:
for flights that have actually performed better than a ‘predefined’ ex ante
minimum ARTK estimate, airlines would have an opportunity to report
their actual ARTK and thus reap the financial benefits (see above).

Ex ante calculation using potential payload-kilometres (MZFWkm)

PSI Definition: Emissions of all aircraft flying in EU airspace over one
year divided by potential payload capability multiplied by total kilometres

30

Broad classes (e.g. a class size of 50 seats) do not really solve the original problem of this
option: the smaller aircraft within this broad class are still at a relative advantage. Narrow
classes (e.g. a class size of 10 seats) have the disadvantage that there are hardly any al-
ternative aircraft to choose from within each class, which seriously reduces the environ-
mental effectiveness of the system.

Although this is not a common international term, it has been used in this study for practical
reasons.
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flown by all aircraft in EU airspace; thus, average emissions per potential
payload kilometre.

If the previous ex post option using actual payload kilometres is not
deemed feasible, an alternative option that is an optimum proxy for po-
tential payload comes into play.

The best ex ante definition of potential payload would be MZFW - MEW
(Maximum Zero Fuel Weight minus Manufacturer's Empty Weight).
However, MEW is not an officially certified value.

MZFW is a better metric than MTOW, as the trade-off between payload
and range is better reflected in MZFW than in MTOW. Fuel capacity can
be highly variable across different aircraft types, depending on the de-
sign range of the aircraft. Including MZFW in the definition gives incen-
tives to use ‘normal’ versions (with normal fuel capacity and high pay-
load) for short flights, and to use ER (extended range, with high fuel ca-
pacity and lower payload) versions of aircraft for extended ranges only.
On the other hand, use of MTOW as a proxy for potential payload has
the practical advantage that this value is already incorporated in the
Eurocontrol charging and billing system.

The main disadvantage compared with the previous option is that no ac-
count is taken of improvements to productivity (and thus to environ-
mental efficiency) achieved by increasing the load factor. Another disad-
vantage of using MZFW as the unit for air transport production in the PSI
is that it gives a theoretical incentive to use larger aircraft than neces-
sary for a flight, although in practice existing commercial pressures
probably militate against this. If it were felt necessary, a solution could
again be to introduce aircraft classes for each of which a separate PSI
would be defined, but as already discussed under option 1, that has its
own drawbacks.

All three PSI definitions work identically in encouraging cleaner engines,
lower drag and changes in operating speeds and altitudes. These measures
only affect the PSI numerator (which is equal in all three options), not the
denominator. However, each of the options 1, 2 or 3 provides different in-
centives with regard to aircraft size, load factor and flight frequency. They
thus have different environmental and economic impacts.

Practical administrative aspects: treasury, charge and rebate
Eurocontrol is an appropriate vehicle for the administration of a revenue-
neutral performance standard incentive scheme within European airspace.
This organisation already has, or has the capability to develop and maintain,
the requisite databases. Eurocontrol is also already experienced in the im-
plementation of mechanisms for flight-by-flight en-route charges based on
unit rates (of navigation service charge) applied to aircraft characteristics
(MTOW) and distance flown.

Thus for each flight, including overflights, Eurocontrol would either:

— apply a rate of charge to each unit of emissions per unit of production
(e.g. tonnes per payload-km) above the average or performance stan-
dard, since an aircraft producing above-average emissions per payload-
km is operating at less than average efficiency; or

— apply a rate of rebate (negative charge) to each unit of emissions per
unit of production below the average, indicating better than average effi-
ciency.

Whether a charge is incurred or a rebate earned, as well as the level of
charge or rebate, can vary for a flight over a given distance according to the
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aircraft used, and, with ex post calculation, the payload carried. Thus over
an accounting period of (say) one year, each airline will have a net debit or
credit balance in Eurocontrol’s total PSI account according to the sum of the
debits/credits resulting from each of its flights in the year. Eurocontrol will
keep PSI accounts separate from navigation service charge accounts.

It is fundamental that the performance standard and the associated rates of
incremental charge or rebate are flight-specific, not airline-specific. It is
equally fundamental, however, if the scheme is to be an effective incentive
for improving environmental efficiency, that real money charges/rebates are
collected/paid, so that there are real impacts on airline costs/revenues. The
scheme is designed to be revenue-neutral across the airline sector operating
in European airspace, but within that sector there will be winners and losers.

Overall, if start-of-year forecasts of emissions and flights (and in the ex post
case, payloads) are reasonably accurate, the balance for all air transport
operations in European airspace will be zero. In that situation the perform-
ance standard will be so defined and the incremental unit rates of charge
and rebate so calculated as to achieve perfect revenue neutrality after
meeting administration costs. In practice such perfection is of course un-
likely, and the rates set for the following accounting period will have to be
adjusted to eliminate any accumulated positive or negative balances in the
overall account.

Relationship between PSI and stage length

In our view the simplest and most transparent approach is to adopt a linear
relationship between the performance standard and the distance flown, with
actual payload-kilometre or potential payload-kilometre (MZFW.km) as the
denominator. We recognise that this may put short-haul flights at a relative
disadvantage over long haul, owing to the higher proportion of the flight pro-
file comprising take-off and climb, and the generally lower altitudes
achieved. Thus they inevitably tend to be less efficient than long-haul flights
in terms of specific fuel consumption (and, consequently, in terms of emis-
sions per actual payload or MZFW.km).

However, a negative impact on specific fuel consumption (and thus envi-
ronmental efficiency as defined here) can also begin to appear on long-haul
flights at stage lengths exceeding an optimum 4000 to 5000 km, owing to the
emergence of trade-offs between fuel and payload.

Despite these apparent inherent inequities between short-haul, long-haul
and ultra-long-haul flights, it should be recognised that these types of opera-
tions are not generally competitive with one another. Furthermore, airlines
can reap benefits from the scheme by flying in a relatively environmentally
efficient manner over any length of haul, compared with their competitors on
that distance.

We have therefore based the economic and environmental assessments in
this study on a straightforward linear relationship between PSI and stage
length. A measure of the complexity of the distance correction factors that
might be considered by policy makers is indicated in Annex D.

Level of the incentives

An important choice in designing an emission charge or PSI is the level or
rate of the economic incentive. Determining the optimum level at which the
incentive is to be set depends largely on the aim, which in this study is to
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encourage measures to mitigate the climatic impacts of air transport. The
principles adopted in specifying this aim will have a decisive impact on the
levy level. In this respect several principles may be distinguished:

1 Principle 1: economic efficiency.
A level aimed at internalising external costs.
2 Principle 2: effectiveness.
A level aimed at achieving a predefined emission target for aviation, cor-
responding with a political decision.
3 Principle 3: Fairness or equity.
A level aimed at equalising tax rates relative to other, allied sectors.

In this study the level of the incentives is based on the first approach: inter-
nalisation of external costs. This means setting a charge level corresponding
with the costs associated with the climate change impact of aviation.

The reason the second approach was not adopted is because no emission
reduction targets are available for international aviation at the EU level. An
alternative approach would be to set the incentive level equal to the marginal
abatement costs of CO, that would result in achievement of the EU target
agreed under the Kyoto Protocol. This alternative approach is linked to the
principle of economic efficiency.

Neither was the third approach taken in this study. Under this methodology,
levies would be introduced at levels more or less equivalent to levies in
other, allied areas. The incentives might, for example, be linked to current
levels of excise duty on road transport fuels or to current vehicle taxes. They
might also embody a correction for the fact that no VAT is currently levied on
aviation. The primary aim of incentives designed using this third approach is
to achieve greater fairness or equity of treatment among transport modes.
This is not in line with the aim of the incentives considered in this study,
however, and was therefore not used for establishing incentive levels.

It is stressed that this section does not aim to draw any firm conclusions re-
garding the desired incentive level. There are many different considerations
pertaining to this issue and the final choice of charge level is of a political na-
ture. This section merely presents working levels that will be used for assess-
ing the effects of the various policy variants.

Internalisation of (external) costs of climate change

The starting point of the external costs approach is the assumption of perfect
markets and full competition. In that case, if prices correspond with the mar-
ginal costs, economic processes will lead to maximum welfare. Market prices
in this case correspond with marginal costs and are thus generally accepted
as the 'right’ prices.

Air pollution, however, is not incorporated in the market mechanism. The main
reason is that there are no established property rights and the atmosphere is
therefore a so-called free good in the economic sense. As a consequence,
pollution does not have a price and economic processes generate more pollu-
tion than the social optimum. This in turn calls for the development of envi-
ronmental policy to reduce pollution levels. An economic approach to envi-
ronmental policy is internalisation: bring pollution into market processes. This
aim can be pursued through a variety of instruments, such as government
regulation, allocation of property rights, tradable emission permits and envi-
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ronmental charges. The study at hand focuses on this last option. The crucial
question is then what the proper price is for pollution. Because there are no
established market prices for pollution, so-called shadow prices must be cal-
culated.

Can external costs be estimated?

The challenge is to predict the probable prices ('shadow prices’) that would
occur if markets existed for clean air. Two developments facilitate this proc-
ess.

First, in certain areas like climate change markets are beginning to emerge.
Studies on probable shadow prices in this market are now abundant.

Second, there has been considerable progress in the science of establishing
shadow prices on the 'imaginary’ markets for clean air and peace and quiet.
Knowledge of dose-response relationships has greatly improved and there is
a growing consensus on methodologies for valuing these responses, espe-
cially health effects. As a result it has become increasingly feasible, after a
careful study of the body of literature, to explain the differences found be-
tween individual studies, so that narrow-range estimates can now be pro-
vided for specific situations.

In the past few years a number of studies (ECMT 1998, CE 1999, In-
fras/IWW 2000) have been published in which the external costs of various
modes of transport are calculated. Today there is widespread use of the re-
sults presented in those studies among policy makers. None of these reports
focuses specifically at aviation, however. An important reason for this is that
the environmental effects of aviation emissions are substantially different
from those of land transport. A more specific approach for aviation is conse-
qguently needed. In March 2002 CE published such a study, entitled ‘External
costs of aviation’. This study aims at estimating shadow prices, with particu-
lar focus on the specific situation for aviation. This section is based on some
of the results of that study. For a detailed discussion of the methodologies
and findings we refer to that report.

However, as long as real markets do not exist, 'real' prices will never be
known. The aim of the CE study was not to give definitive answers as to the
level of external costs, but rather to present plausible ranges and explain
them.

At the same time, though, policy development does not require a precise
knowledge of external costs. The primary aim of 'internalisation’ policies is to
generate efficient market incentives to reduce negative impacts to optimum
levels. This implies that, in the short term certainly, the structure of the in-
centive provided is at least as important as its level. In the longer term, it is
easier to adapt incentive levels to the optimum than it is to change the in-
centive structure.
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Table 7

Estimating the costs of the climate impacts of aviation

Estimating a shadow price for CO, emissions

As a first step towards economic valuation of the climatic impact of aviation,
a cost estimate of one tonne of CO, emission was established by preparing
a compilation of both damage and prevention cost assessments™®.

With respect to the damage cost approach, it was found that the social dis-
count rate employed is one of the main factors governing the calculated CO,

shadow price (Table 7).

Middle estimates of marginal cost of CO, emissions in often cited
international literature as a function of social discount rate (extreme values
omitted); values in € 1999 per tonne CO, emitted between 2000 and 2010

Discount rate: 0% 1-2% 3% 5-6%
CO, shadow price 47-104 17-56 7-20 2-8

With respect to the prevention cost approach, the only international reduc-
tion target on which political agreement has been reached is the Kyoto Pro-
tocol. Although separate emission ceilings for the aviation sector have also
been considered, these have not (yet) been agreed upon; prevention cost
estimates following from such ceilings are substantially higher than those
following from the Kyoto Protocol. Figure 4 reviews the results of prevention
cost studies completed prior to the COP meetings in Bonn and Marrakech.

Y There are two fundamentally different approaches to estimating marginal costs or, in other

words, assigning a shadow price to a certain amount of environmental impact. The first is to
assess the costs of damage/nuisance plus avoidance/adaptation resulting from one extra
unit of impact. Direct damage costs can be estimated via direct dose-response relation-
ships, questionnaires (stated preference) or changes in market prices (revealed prefer-
ence). Avoidance or adaptation costs are the costs of avoiding exposure to environmental
impacts without reducing the actual impacts themselves. A second - fundamentally different
- approach, is the so-called prevention or abatement cost approach, use of which may be
considered when across-the-board emission reduction targets are in place that have been
politically agreed and are duly respected. In this case, one extra unit of emission does not
lead to extra damage or avoidance costs, but rather to additional abatement measures -
somewhere in the economy - to reduce emissions to the agreed target level. In such cases,
the costs of emissions can therefore be represented by the marginal costs of reducing
emissions to the agreed target. Given their different nature, the damage and prevention cost
approaches do not necessarily lead to the same shadow prices. Only if the politically agreed
target is at a theoretical optimum will shadow prices based on the two approaches be the
same.
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Figure 4

Overview of marginal prevention costs of one tonne of CO,-equivalent under
the Kyoto Protocol, under several assumptions with respect to scale of trade,
mechanisms and timeframe
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Ranges indicated by lines represent the extremes found in the literature, ranges in boxes the range

disregarding the most extreme values found.

. regional trade: only trade within EU, US and Japan is permitted,;

. Annex 1 trade: JI (Joint Implementation) permitted (trade between all Annex | countries);

. global trade: JI + CDM (Clean Development Mechanism) permitted, to be considered a variant
with maximum use of Clean Development Mechanism;

. (1/2%)sinks: (half of) sinks may be used in addition to JI;

. CO; only: infinite prevention costs of non-CO; greenhouse gases;

. ‘double bubble’: trade permitted in two bubbles: one US/Japan/Australia, the other all other An-
nex 1 countries. Lower value represents costs for first bubble, higher for the second;

. 2020: Kyoto targets apply to 2020 as well.

As can be seen, the shadow price estimates yielded by the damage and
prevention cost approaches are of a similar order of magnitude, ranging from
around € 5 to over € 100 per tonne of CO,. The Bonn and Marrakech
agreements on sinks will certainly push down the shadow prices from the
prevention cost approach to the lower end of the range. On the other hand, it
is cle