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Executive summary 
Introduction 

1. The extension of the European Emissions Trading Scheme (ETS) to cover the 
aviation sector will have a range of impacts on the sector. This report focuses on the 
extent to which airlines are likely to pass the costs of emissions allowances through 
to ticket prices. It uses an economic model, calibrated with market data, to predict 
the magnitude of this increase. The results from other published studies are 
reviewed briefly. 

2. The economic model used is founded on sound economic theory of firm 
behaviour. It is a simple generic and conceptual model and therefore is not able to 
represent the complexities of the aviation industry or its specific characteristics in 
detail. However, by inputting several aviation specific parameters, it can be used to 
provide an indication of the likely orders of magnitude of impact likely to be seen in 
the aviation industry. 

3. This study explores a wide range of assumptions on passenger demand and 
airline financial strategies in order to reflect the variety seen in the EU aviation 
market. It has not been explored in detail in other studies, which limits the 
applicability of those studies. 

4. The amount by which a ticket price rises is related to the cost of the allowances 
necessary to cover the emissions from that journey, valued at the price of allowances. 
We define the rate of cost pass-through as the proportion of the full cost of emissions 
(valued at the price of allowances) being passed through into ticket prices.  

5. The ability of an airline to pass through the cost of allowances to passengers is 
determined by a number of factors including the number of airlines competing in a 
market, the commercial strategies of those airlines, how customer demand responds 
to price changes and how broadly the market is defined. 

Key drivers of cost pass-through 

6. If allowances were allocated for free, firms would pass on a proportion of the 
cost of allowances to customers. The rate of cost pass-through would be the same 
whether or not the firms purchase their allowances at auction or receive them for 
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free. This is because firms could sell their allowances to other firms in the trading 
scheme at the going price even though, where allowances are allocated for free, the 
firm’s costs have not increased. If the firm were to hold on to the allowances (to 
match their emissions) instead of selling them, it would forego the revenue of selling 
the allowances to other firms. This ‘opportunity cost’, the revenue foregone, would 
be passed on to consumers in the same way that the actual cost of purchasing an 
allowance would have been passed on. 

7. In the estimates prepared in this report, it is assumed that the allocation of free 
allowances is not updated from time to time to reflect a firm’s recent level of output 
or emissions. This is in line with an emission trading scheme designed to offer the 
strongest incentives to abate greenhouse gas emissions. 

8. If, instead, the free allocation of allowances is updated periodically, the level of 
cost pass-through may differ from the results presented here. The difference will 
depend on the frequency and mechanism of updating and the level of free allocation. 

9. In summary, the key drivers of cost pass-through are: 

⎯ the nature of demand facing the firm; 
⎯ whether the firm aims to maximise profits, gain market share or maximise 

sales; 
⎯ the number of rival airlines competing in the same market; 
⎯ the level of free allocations, if there is updating to reflect changing activity 

or emissions levels. 

10. The analysis above should be applied at the level of ‘a market’. Aviation 
markets are defined by passengers, where some are time-sensitive (business) and 
some are non-time-sensitive (leisure) passengers, and by point-to-point routes 
between individual cities. In individual cases, and particularly for long-haul routes, 
competing airports and indirect flights are often included in the definition of a single 
market. There are typically between two and four rivals in a market. It is unclear 
whether there is a separate market for low-fare services and non time-sensitive 
freight is exceptional in having a large number of competing firms offering a wide 
range of routes. 

General findings 

11. In the majority of cases, the increase in ticket price is almost equal to the cost 
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of the allowances necessary to cover emissions from that journey i.e. around 100% 
cost pass through. This result holds across a wide range of scenarios. 

12. This can be explained from a theoretical perspective by considering a case where 
there are a large number of firms, so the market is perfectly competitive. The high 
level of competition facing each firm means that prices are set equal to the costs they 
face. If they were higher, another firm could undercut them; if they were lower then 
they would go out of business. Hence when costs rise, the whole cost is passed 
through into prices. There is 100% cost pass through. 

13. In the aviation sector as a whole there are many players and many types of 
services offered. However, at the level of individual markets, which centre on routes 
between cities, the markets are typically supplied by only a handful of firms, 
although almost always more than one firm. Both these factors cause a divergence 
away from the result of 100% cost pass-through. In these circumstances, the increase 
in ticket price could be greater or less than the cost of allowances necessary to 
cover emissions from that journey. When modelled, the theoretical range of cost 
pass-through is found to be 80–150%, with few exceptions. The interaction between 
the number of firms and the nature of demand is key to explaining this variation. 

14. The estimates presented in Table A are taken from a sample of routes illustrating 
four market segments. These exhibit cost pass-through rates ranging from 80% to 
100% for leisure and 110% to 150% for mixed business and leisure, encompassing 
uncertainties over firm strategies and the relationship between ticket prices and 
consumer demand. 

15. At an industry level most passengers are leisure passengers and most passenger 
volume travels internationally. The majority of the market will be mixed business 
and leisure and served by three or more airlines. Hence, the rate of cost pass-
through is likely to be close to 100% and lie in the range 90% to 120% for most 
aviation services. 

16. These estimates make use of Defra and DfT’s suggested sensitivities of demand 
to price changes, the price elasticities for each market segment, which take the 
following ranges; leisure (0.7–1.3), business (0.3–0.7) and freight (0.5–1.5). The ranges 
used for each price elasticity is quite wide, allowing sensitivity testing of the results 
to a wide range of demand shapes. 
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17. The theoretical model has to be simple to make it tractable and transparent. The 
aviation sector is more complex, in particular having interactions between routes 
within a network, and using price discrimination and yield management techniques 
in price setting. Nevertheless, the model provides sufficient evidence to conclude 
that rates of cost pass-through will be around 100%. 

Table A Illustrative typical cost pass-through rates 

North West England to 

Nice (leisure) 

London to New York 

(mixed business and 

leisure) 

Freight (not time 

sensitive) 

Freight (time sensitive) 

90–100% 110–150% 95–110% 80–150% 

Source: Vivid Economics 

18. The rate of cost pass-through is driven by the firms’ strategies and business 
models. Evidence from several sectors shows that the managers of firms often seek to 
pursue sales or market share-maximisation strategies in place of or alongside profit 
maximisation strategies. Firms which employ these other strategies will adopt cost 
pass-through rates closer to 100% than those whose strategy is pure profit-
maximisation. They behave as if they face a larger number of rivals. 

Explanation 

19. To understand this variation between 80% and 150%, imagine the simple case 
where there is only one firm. In this case, the firm may prefer to raise prices by less 
than the cost of an allowance when consumer demand has certain characteristics: 
namely, if a £1 change in the ticket price changes passenger demand by a constant 
amount, regardless of price (linear demand). The firm’s decision to raise prices by 
less than 100% protects its revenues from the erosion of volume of sales that is 
caused by price rises. 

20. In contrast, if consumer demand is less sensitive to price increases, so that a 1% 
change in price results in a constant percentage reduction in volume whatever the 
price (constant elasticity of demand), higher prices can be sustained with less loss of 
volume. In these circumstances the firm will prefer to raise prices by more than the 
cost of an allowance. The monopolist in this example has market power and is 
serving price insensitive customers. It raises prices by more than in the competitive 
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example, which means more than 100%. 

21. The case in which price rises are likely to exceed the cost of an allowance is more 
likely to be seen where the types of passengers on a route are diverse. This is because 
price changes affect a wider cross-section of incomes and preferences, so the 
response to price changes will be more gradual and is more likely to remain 
proportionate across a wide range of price levels; at high prices there will still be 
passengers willing to pay for flights. 

22. The theoretical result that cost pass-through can exceed 100% is supported by 
empirical evidence in other sectors, but not yet in aviation. Published studies have 
found cost pass-through of more than 100% of sales taxes for many products 
including alcohol, cigarettes, milk, shampoo, underwear, bread and new cars. This 
shows that rates of greater than 100% cost pass-through are possible, and might 
emerge in the aviation sector. 

23. The case in which prices rise by less than the cost of an allowance is more likely 
to be seen where the type of passengers on a flight are similar, for example, only 
leisure passengers, such as on a charter flight to a holiday resort, and price sensitive. 
In examples such as this, the rate of demand will drop off rapidly when prices rise; 
and at very high prices demand will fall to zero. 

24. It is not possible to say for certain precisely what the rates of cost pass-through 
will be in aviation without more information on customer demand, but it seems 
likely that, on average across services, the level of cost pass-through will be close to 
100%. 

25. Given more information on customer demand, further precision may become 
possible, although this will be complicated by the sophisticated tariffs and level of 
service differentiation already offered to customers. 

26. One can go further and anticipate that the outcome for passengers flying on low-
cost, all-leisure services are that ticket prices may rise by less than the cost of 
allowances necessary to cover emissions for that journey. This is true insofar as the 
service targets passengers with similar socio-economic characteristics. 

27. One can also anticipate that on high volume routes, ticket prices are likely to rise 
on average by around 100% of the cost of allowances. On low volume routes, where 
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there are particularly few airlines flying the route, the ticket price changes may be 
larger or smaller and on these routes they may be largest of all for business 
passengers. 

Conclusions 

28. The results presented here have been subject to a fairly wide range of sensitivity 
tests on the input parameters. Consequently the results presented span a wide range 
of assumptions. They have been applied to a sample of illustrative aviation markets 
(routes) that illustrates the range of effects that might be expected. This is sufficient 
to indicate how the rate of cost pass-though may change across routes and with 
varying circumstances of airline strategy and customer characteristics. 

29. The general conclusion is that the rate of cost pass through is likely to be 
around 100% for aviation as a whole, with variation by sub-market. This is 
supported by a substantial body of empirical evidence in other markets. Although 
the aviation market is unusual in its characteristics in some important ways from 
other sectors, including other sectors covered by the ETS, this empirical evidence 
supports the theoretical result that the rate of cost pass-through will be around 100%. 

30. The periodic updating of free allocations of allowances, as currently proposed, 
would diminish the level of cost pass-through (and also weaken the incentive to 
abate) relative to the levels quoted above. Nevertheless, the consequence of the 
results set out here is that a high level of free allocation will generate windfall profits. 
A substantial level of auctioning will be needed if this outcome is to be avoided. 
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Defra and DfT  Emissions Trading and Aviation 

1 Introduction 
1.1 Introduction 
The purpose of this report is to provide economic foundations for policy 
development on the admission of aviation to the EU Emissions Trading Scheme (EU 
ETS). Among the impacts of the EU ETS, one of the key issues of interest is the 
impact of the cost of allowances on ticket prices. 

A number of recent reports claim to show the impact on ticket prices. These reports 
are reviewed and are shown to make limiting assumptions about the behaviour of 
firms and customers. Some of these reports also state that the rate of cost pass-
through will depend on whether an airport is operating to its licensed capacity or 
not. This claim is not explored here. 

Recent advances in theoretical economics provide the approach that is presented 
here. The economic model used is founded on sound economic theory of firm 
behaviour. It is a simple generic and conceptual model and therefore is not able to 
represent the complexities of the aviation industry or its specific characteristics in 
detail. However, by inputting several aviation specific parameters, it can be used to 
provide an indication of the likely scale of impact likely to be seen in the aviation 
industry. 

This report discusses the nature of aviation markets and estimates the extent to 
which ticket prices will rise in response to the need to hold allowances to cover 
emissions. These have a market value and can be bought and sold by the airlines. 
These discussions are supported by reference material, including: 

⎯ a literature review which highlights key aspects of previous studies; 
⎯ a sample of the market definitions for aviation adopted by competition 

authorities; 
⎯ a description of recent theory and empirics explaining and justifying the 

economic approach taken in this report. 

The appendices provide details of mathematical modelling and an introduction to 
the role of demand curves, with signposts to useful references, all of which should 
meet the needs of technical experts. The main report is intended to be accessible to a 
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policy audience from a variety of fields of expertise.     

1.2 Structure of the report 
The main sections are as follows. 

Section 2 outlines the methodology applied and contains comments on its 
advantages and drawbacks. 

Section 3 sets out data on the structure of market segments including the number of 
airlines and their market shares. 

Section 4 presents estimates of cost pass-through and examines their sensitivity to 
alternative assumptions. 

Section 5 summarises the main findings of the report. 

The rest of the sections are labelled as appendices and provide further technical 
details and highlights from previous studies. 

Section A1 contains a review of previous papers relevant to cost pass-through of EU 
ETS allowances in the aviation sector. 

Section A2 compiles a selection of views of UK and European competition authorities 
on the definition of markets within the aviation industry. 

Section A3 discusses the objectives that may be pursued by a firm’s managers. 

Section A4 lists empirical evidence on cost pass-through rates. 

Section A5 sets out models of the behaviour of firms. 

Section A6 reviews the relationship between ticket prices and consumer demand. 
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2 Methodology 
2.1 Overview 
This section explains how to estimate the rise in ticket prices in response to emissions 
trading. The approach uses a standard theoretical model, not set out here, to show 
the relationship between changes in ticket prices and market parameters. This model 
describes the way in which the interests of firms and customers interact with each 
other in a market-place, and predicts the relationship between costs and prices. 

The foundations of the model are in the micro-economic theory of the interactions 
between firms in a market. These foundations are conceptual and they are applied 
through a standard mathematical treatment. Like all models, this model is a 
simplification of the real life complexity of the aviation industry. The model 
estimates the level of price changes from two pieces of information: the number of 
firms and the sensitivity of consumer demand to price changes. The results from this 
model can be used as a guide or indication of the real life outcome, but should not be 
interpreted as forecasts. The reality will be more complex and nuanced. 

2.2 The cost effects of the ETS 
Emissions trading has two effects on a firm’s costs. 

― Firstly, when the firm is required to hold an allowance for every unit of pollution 
it emits, additional units of output will cost more to produce than they did 
before. This is true whether or not the firm purchases these allowances or 
receives them for free. In the latter case there will be an opportunity cost: namely, 
no longer being able to sell unused allowances. 

― Secondly, where the firm receives emissions allowances free of charge and 
without obligation, it receives a valuable asset. 

The impact of these two cost structure effects on firm profits is usually that the first 
effect pushes firm profits down while the second effect pushes them up. 

2.3 The modelling approach  
This paper takes advantage of the approach set out in Hepburn, Quah and Ritz 
(2006). The advantages of the approach are that it covers constant-curvature 
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relationships between ticket prices and consumer demand, of which one example is a 
straight line. In contrast, other approaches assume that the shape of the curve is a 
straight line. 

Another advantage of the approach is that it spans differing firm strategies. Three 
strategies are of interest: profit-maximisation, sales-maximisation and market share-
maximisation. The formulae for cost pass-through are similar under each strategy 
(see Appendix A5), although it is necessary to impose the assumption that all firms 
are identical under the sales-maximisation and market-share maximisation 
strategies. 

2.3.1 Assumptions and parameters 
The key assumptions of the model are as follows: 

― The cost to an individual firm of producing an additional unit of output is 
independent of the number of units of output that the firm produces, although 
the costs may vary across firms. Fixed costs may also vary freely across firms. 
These appear to be reasonable assumptions to make. 

― Firms are profit-maximising, pursue sales targets or pursue market share targets. 

― Firms do not undertake pollution abatement. 

― Firms do not face competition from other firms outside the ETS. This is realistic 
for all but exceptional circumstances where air services can be routed indirectly 
via non-EU airports. 

Using industry data, the model identifies the optimal rate of cost pass-through the 
firms would choose. The algebra of the model is contained in Appendix A5. 

The model is generic to any industry but has been applied to the context of aviation 
by inputting aviation-specific parameters which are: 

⎯ the number of firms in the market; 

⎯ the shape of the curve relating ticket prices to quantity of journeys, 
reflecting the way in which customers respond to price changes. 

 
These are in turn sensitive to the definition of the market. Some illustrative market 
definitions are considered later. 
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2.3.2 Implementation 
As noted above, the rate of cost pass-through depends on the number of firms in the 
industry and the shape of the demand curve. It is easy to obtain estimates of the first, 
but the second is problematic, as will be seen. It can be derived, approximately, from 
the sensitivity of quantity of journeys undertaken to ticket prices, known as the ‘price 
elasticity of demand’. This requires the assumption of a particular shape of curve 
relating ticket prices to consumer demand. This is described in Appendix A6. 
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3 Evidence and data 
3.1 Market definition 
The starting point for any analysis of this type is the definition of the market. Two 
aspects are relevant: the nature of the product and the area in which it is being sold. 

The European Commission has considerable expertise in market definition. A 
selection of its own and similar judgements on aviation markets are set out in 
Appendix A2. They draw a distinction between time-sensitive and non-time-
sensitive passengers (European Commission, 1999) and between time-sensitive and 
non-time-sensitive freight (European Commission, 1999b). Time sensitive passengers 
are those who place a high value on their time. A proxy for time-sensitivity is the 
purpose of travel, which can be divided into business and leisure (CAA, 2007, and 
European Commission, 2004). The European Commission has consistently taken the 
line that the relevant geographical scope for both business and leisure is city pairs, 
and that for time-sensitive travellers, an airport-to-airport definition may be 
appropriate (European Commission, 2002). Thus, for example, the business market 
from London Heathrow to Madrid is distinct from the business market from London 
Luton to Madrid whereas both routes form part of the same leisure market 
(European Commission, 2003). Much of this discussion can be found in CAA (2007). 

There is no evidence for a separate market for low fare services and there are 
contrasting views on the existence of a separate long-haul market. 

3.2 Number of firms and market concentration 
A selection of UK routes was chosen to illustrate the geographical markets favoured 
by competition authorities. To these were added some intermediate groups of routes, 
for the sake of comparison. It is not possible to subdivide these data by purpose of 
visit or type of ticket so there is no separation of business, leisure and low fare 
products in the data presented below. 

Table 1 shows, for illustration, the number of airlines operating routes between UK 
cities and France. One airline operates services from Manchester to Nice. When the 
origin is expanded to Manchester, Liverpool and Birmingham, the number of airlines 
increases to four. In the UK as a whole, 6 airlines operate services to Nice, and in the 
UK 13 airlines operate routes to destinations in France. In each case, only those 
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airlines with market shares greater than 1% have been counted. As the table shows, 
the number of rivals (competitors) is highly dependent on the market definition 
chosen. It follows that the predicted level of cost pass-through will also vary with the 
chosen market definition. 

Table 1  The effect of the geographical scope of the market on the number of 
airlines, 2006 

From Manchester Manchester, 

Liverpool and 

Birmingham 

All UK All UK 

To Nice Nice Nice France 

Number of 

airlines  

1 4 6 13 

Note: airlines with market shares less than 1% have been excluded. Source: Vivid Economics 

calculations based on CAA data 

The number of airlines operating a sample of other point-to-point routes is between 
two and four, as shown in Table 2. Popular routes, such as Heathrow to New York 
and London to Washington carry four airlines, but lower volume routes, such as 
London to Glasgow and South East England to Jersey, support only two or three 
airlines. This shows that between city pairs, in other words the narrowest 
geographical scope of market definition, the number of rival airlines is small and 
typically between two and four. 

Table 2 The number of airlines serving city pairs is small, 2006 

From London London H’throw London London South 

East 

England 

UK 

To Prague Frankf’t New York Wash’n 

DC 

Glasgow Jersey Beijing 

Number 

of airlines  

3 4 4 4 2 3 2 

Note: airlines with market shares less than 1% have been excluded. Source: Vivid Economics 

calculations based on CAA data 
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A factor not reflected in this analysis is the nature of the service offered by the 
airline. It is not only the number of operators on a route that affects the level of 
competition but also the frequency and time of day of the service. This is unlike 
many other products and services. This is one of several industry-specific 
characteristics which this model does not attempt to represent. 

3.3 Price elasticities of demand 
There is no data available on the shape of the curve relating ticket prices to quantity 
of journeys made, therefore the results from a range of possible constant-curvature 
shapes are included. Within this range, the price elasticity of demand can be used to 
set the shape of the curve if one assumes that the curve has constant price elasticity. 
This section explains the origin of these price elasticity estimates. They have been 
chosen to illustrate the sensitivity of the results to a wide range of assumptions and 
to capture the variation between long-haul and short-haul flights. 

A price elasticity of 1.0 means that a 1% increase in price leads to a 1% fall in quantity 
demanded. Similarly, an elasticity of 0.5 means that a 1% increase in price produces a 
0.5% fall in quantity demanded. 

3.3.1 Leisure 
The review studies of price elasticities suggest a value of 1.4–1.5 for short-haul 
leisure, see Tables 3 and 4. This is higher than the estimates collected together by CE 
Delft (2005), thus an illustrative range of 0.7–1.3 has been chosen by Defra and DfT. 
Further support for a lower value comes from Brons et al (2001), who find that 
travellers are, on average, becoming 0.01 less price sensitive every year, hence it is 
appropriate to select a range which is lower than historic estimates. 

3.3.2 Business 
Brons et al (2001) suggest that the business elasticity should be 0.55 lower than the 
leisure elasticity. The rationale for this is that the commercial value of the journey for 
a business person is much higher than the leisure value for a tourist. The business 
person will therefore reduce his or her frequency of flying much less than a tourist in 
response to a price increase. The business traveller also has fewer alternative flight 
times and destinations; they are constrained to particular airports and times of day. 

An illustrative range of 0.3–0.7 has been chosen by Defra and DfT, which is 
consistent with estimates from Gillen et al (2002) for short-haul and long-haul 
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international flights, with the CAA (2005), with Jorge-Calderon (1997) for EU flights 
and with Dargay-Hanley (2001). 

3.3.3 Low-fare airlines 
There is limited evidence for the price elasticity of demand for low-fare journeys as 
distinct from leisure fares. Battersby and Oczkowski (2001) report estimates for four 
Australian domestic routes with the no-frills elasticities being below both those for 
economy and business. Two of the four reported estimates, of 0.59 and 0.46 
compared to 1.68 and 1.63 for economy and 0.58 and 1.11 for business. The CAA 
(2005) stated preference study also found a lower elasticity for lower priced flights. 

In contrast, in a report for the European Low-fares Airlines Association, Frontier 
Economics argue that the demand may be above 1 for low fares airlines. 
PricewaterhouseCoopers (2005) also argue for a higher elasticity for no-frills flights. 

The empirical evidence does not support different elasticities for leisure and low fare 
services. 

3.3.4 Freight 
The only published evidence on freight appears to be Oum et al. (1990) in which 
three studies are reported with a range of 0.8–1.6. Defra and DfT have chosen an 
illustrative range of 0.5–1.5 for this study. 

3.3.5 Long versus short haul 
The evidence on the distinction between distances flown is mixed. Long-haul flights 
may be more price elastic as they form a larger part of travellers’ budgets. Jorge-
Calderon (1997) finds that flights to non-EU destinations display slightly higher price 
elasticity than flights to EU destinations. 

However, long-haul routes exhibit fewer substitutes from other transport modes, and 
Gillan et al.’s results indicate that long-haul passengers are generally less price 
elastic. The CAA study finds no difference between price elasticities for flights within 
or external to the EU from the UK. However, the CAA study does not distinguish 
between leisure and business and, as a result, may be concealing opposing effects. 
Brons et al (2001) also finds no relationship between distance and elasticity. 

In conclusion, there is no evidence that long and short haul flights have different 
price elasticities.  

  17 



Defra and DfT  Emissions Trading and Aviation 

Table 3 Review studies of price elasticities of demand 

  Gillen et al. (2002) Brons et al. 

(2001) 

Oum et al. 

(1990) 

  long-haul 

international 

long-haul 

domestic 

short-haul 

domestic all routes all routes 

Leisure mode/median 1.0 1.1 1.5 1.4  

 range 0.56–1.7 0.79–1.23 1.29–1.74  1.10–2.70 

Business mode/median 0.27 1.15 0.7 0.8  

 range 0.2–0.48 0.84–1.43 0.6–0.78  0.40–1.20 

Freight range     0.80–1.60 

Source: Vivid Economics 

Table 4 Further studies reporting price elasticities of demand  

 Business Leisure 

 EU non-EU EU non-EU 

Fridstrom and 

Thune-Larsen 

(1989) 0.69 (SR), 1.63 (LR)  0.69 (SR), 1.63 (LR)  

Dargay-Hanlay 

(2001) 0.31, 0.32 0.31, 0.32 0.33, 0.58 0.33, 0.58 

Abrahams (2000)   0.6  

AEA (1989) 0.58 (0.19–1.21)  0.58 (0.19–1.21)  

DETR (2000) 0.5 0.5 1.3 1.3 

Jorge-Calderon 

(1997) 0.72 0.96 0.72 0.96 

CAA (2005) 0.7 0.7 0.7 0.7 

Source: Defra and DfT. Note: SR = short run, LR = long run 

Table 5 lists the estimates of price elasticities chosen for this study. 

  18 



Defra and DfT  Emissions Trading and Aviation 

Table 5 Illustrative ranges of price elasticities of demand chosen by Defra and 
DfT 

Segment Range 

leisure 0.7–1.3 

business 0.3–0.7 

freight 0.5–1.5 

Source: Defra and DfT 

3.3.6 Use of chosen price elasticities in the model 
Under the derivation of the model, the price elasticity may not exceed the market 
share of the largest firm, otherwise unreliable results may be generated. Hence the 
market share of the largest firm effectively sets the limit on the lowest value of the 
price elasticity that it is feasible to use. 

3.4 Cost pass-through and consumer demand  
3.4.1 Technical discussion 
The shape of the demand function is critical to the level of cost pass-through. A 
demand function in which quantity consumed falls by the same amount for each unit 
increase in price (linear demand), leads to lower levels of cost pass-through than a 
demand function in which the quantity consumed falls in proportion to the 
percentage change in price (a constant elasticity of demand function). 

A linear demand function that has a small slope suggests that all the customers and 
potential customers in the market have very similar willingness to pay for the 
product. They are a homogenous group of consumers. 

A linear demand function that has a moderately steep slope suggests that there is an 
even mix of customers, with willingness to pay for the product varying from low to 
high levels of willingness to pay. 

A constant elasticity demand function suggests that there is a mix of customers with 
a few with high willingness to pay for the product and increasing numbers of 
customers with low willingness to pay. 
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3.4.2 Practical discussion 
The technical discussion presented in Section 3.4.1 is now put into use. 

Some airlines design their services to attract mixed or uniform groups of passengers. 
Charter leisure services, for example, aim to serve only budget tourists. The 
passengers are likely to have similar low willingness to pay for flights. Thus the 
demand facing charter leisure airlines is likely to be linear and quite flat. In other 
words, a small increase in prices leads to a large reduction in quantity demanded, 
and the quantity will fall to zero if prices rise too far. In these circumstances, the 
airlines’ most profitable strategy is to pass through less than 100% of the cost of 
allowances. 

Other airlines may attract a mix of business and leisure passengers with a range of 
income levels, purpose of travel and willingness to pay. The airline will still have 
customers wishing to fly even if it imposes very large price increases. Similarly, if it 
lowers prices it might attract significantly more customers. In this case, the most 
profitable course of action is for the airline to pass through more than 100% of costs. 
This situation is likely to occur in some but not all circumstances. 

It is common practice in standard service airlines, and particularly in long-haul 
services, to offer a range of service levels, prices and travel flexibility. In this way, the 
airline is able to address customers’ preferences for different service level and prices. 
As a result, the levels of cost pass-through may be lower for economy passengers 
than for business passengers. 
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4 Results 
This section begins with calculations of cost pass-through for some simple examples, 
changing the number of firms and the shape of demand. These examples show how 
cost pass-through varies with key assumptions. The rest of the section sets out 
estimates for a selection of real routes using real market data. All the calculations and 
results in this section use the model described in Section 2. 

4.1 General results 
The discussion which follows is intended to highlight generic issues that would 
apply to a wide range of sectors, of which aviation is but one example. The 
illustrations which follow apply directly to markets of homogenous products, where 
the products being sold are identical in price and quality attributes, and less directly 
to markets where the product mix is more complex, such as aviation. 

At an industry level most passengers are leisure passengers and most passenger 
volume travels short or long-haul rather than domestically. This combination of 
factors mean that the majority of the market will be relatively price sensitive and 
served by three or more airlines, and so the rate of cost pass-through for the industry 
as a whole is likely to be around 100%. 

Cost pass-through is often close to 100%. Wherever a large number of firms are 
involved, prices equal marginal cost. When emissions trading is introduced, the 
marginal cost is raised by the cost of allowances and the product price increases by 
the same amount. This is shown in Figure 1 for a linear relationship between prices 
and consumer demand (demand function). The result holds for all shapes of demand 
function. 
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Figure 1 Cost pass-through of 100% for a large number of firms 
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Source: Vivid Economics 

Compare this situation with the case when there is only one firm—a monopolist. In 
this case, the rate of cost pass-through can be greater or less than or equal to 100%. 
This is because the monopolist maximises profits by setting the quantity so that 
marginal revenue equals marginal cost. The monopolist’s behaviour is shown in 
Figure 2 for a constant elasticity demand function. Here, the monopolist finds it most 
profitable to raise prices by more than the marginal cost increase and in the example 
below, where the parameters have been chosen to make the result clear, cost pass-
through is 200%. One might ask why the monopolist had not increased prices before 
the marginal cost increase took place. The answer is that it was not profitable to do 
so. Area A shows the profit the monopolist would have made if it had raised prices 
before the emissions trading scheme had been introduced. Area B is the profit the 
monopolist would have been making before prices were changed. Area A is less than 
Area B. If the monopolist had raised prices before emissions trading had been 
introduced, its profits would have been reduced. 
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Figure 2 Cost pass-through of greater than 100%, for a monopolist 
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The monopolist’s behaviour is shown in Figure 3 for a linear demand function. 
Again, the monopolist sets quantity so that marginal revenue equals marginal cost. 
In this case, the monopolist finds it most profitable to raise prices by less than the 
marginal cost increase and cost pass-through is less than 100%. 
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Figure 3 Cost pass-through of less than 100%, for a monopolist  
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Source: Vivid Economics 

The general result is that the smaller the number of firms, the greater the divergence 
of cost pass-through from 100%. 

The increase in ticket prices is higher if customers are insensitive to price changes. 
If demand falls little in response to price increases, firms will increase by more than 
they would otherwise. Thus some customers, such as business customers, may 
experience higher price increases than other customers, such as leisure customers. 
Table 6 summarises these effects. 

The predicted increase in ticket prices is affected by firms’ strategies. For firms 
with a sales- or market share-maximisation objective, who do not maximise profits, 
the increase in ticket prices is closer to 100% of the cost of buying allowances than for 
profit-maximising firms. These firms will set lower prices, as if they faced more 
rivals than they actually do, thus pushing cost pass-through towards 100%. This 
pricing strategy helps the firms to deter new entrants and indicates to rivals that they 
will defend their market share. It may benefit firms to behave in this way if their 
long-term success depends on scale, for example, to maintain an expansive network 
or a high density of services. 
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4.2 Illustrative estimates 
In this sub-section, the cost pass-through rates are shown using the number of 
airlines found on typical routes and price elasticities indicative of customer demand 
on those routes. This generic model is using input data specific to the aviation sector 
to show the range of outcomes that might be expected. No attempt is made here to 
interpret these results for specific geographic markets and customer groups. Neither 
do we explore how competition between airlines is likely to evolve over time, how 
consumers’ preferences are changing over time, nor the changing business practices 
of the airlines. Using the underlying theory and generic results set out in this paper, 
it left for others to add this colour and interpretation. 

The rate of cost pass-through is lowest for linear demand, giving a range of 80–100%, 
within which it is lowest under a profit-maximising strategy and on routes with a 
small number of airlines. This is expected to be more characteristic of leisure 
passenger services than business passenger services. Leisure passengers account for 
the majority of traffic. These results are shown in Table 6 for four illustrative routes. 

The rates of cost pass-through are highest for constant elasticity demand, giving a 
range from 110% to 200%. This is expected to be more characteristic of business 
passenger services than leisure passenger services. The highest figures are obtained 
under a profit-maximising strategy and on routes with a small number of operators. 
The results are shown in Table 7 for three illustrative routes. 

In each case, a sales-maximising firm generates a cost pass-through rate closest to 
100%, and the profit-maximising firm produces the cost pass-through rate furthest 
from 100% (either higher or lower), with the market share-maximising firm giving 
results in between. A more highly curved demand function, being a constant 
elasticity demand function with low consumer sensitivity to price changes, leads to 
higher cost pass-through. 

The results are also shown graphically in Figure 4. This figure presents combinations 
of illustrative ranges of price elasticities (corresponding with business, leisure and 
freight) with appropriate choices of geographic market definition. In this figure, the 
results shown include linear and constant elasticity shapes of demand curve for all 
market segments. This shows how important the choice of demand curve is for the 
result obtained. The estimates of cost pass-through shown in Figure 5 have the 
smallest range where the number of firms is largest. 
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Table 6 Cost pass-through under illustrative leisure routes and linear 
demand, under different market definitions and firm strategies 

From  North West 
England 

London South East 
England 

UK 

Number of airlines 4 3 3 2 

To 

 

Nice Prague Jersey Beijing 

Profit-max. 90% 88% 75% 67% 

Sales-max. 99% 96% 90% 80% 

Li
ne

ar
 d

em
an

d 

Market 
share-max. 

98% 95% 88% 77% 

Price 
elasticity 1.2–1.3 0.7–1.3 0.7–1.3 

1.1–1.3 

Profit-max. 109–110% 118–140% 134–191% 163–183% 

Sales-max. 101% 104–110% 116–153% 153–177% 

C
on

st
an

t e
la

st
ic

ity
 d

em
an

d 

Market 
share-max. 

102% 106–113% 118–153% 153–177% 

Note: shaded cells indicate results for the type of demand curve that is less likely for leisure passengers. 

Source: Vivid Economics 
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Table 7 Cost pass-through under illustrative business routes and constant 
elasticity demand, under different market definitions and firm strategies 

From  London Heathrow London 

To 

 

Frankfurt New York Washington DC 

Number of airlines 4 4 4 

Price elasticity 0.6–0.7 0.6–0.7 0.7 

Profit-max. 191–225% 140–150% 156% 

Sales-max. 153–183% 110–113% 120% 

C
on

st
an

t e
la

st
ic

ity
 d

em
an

d 

Market share-
max. 

153–181% 113–116% 122% 

Profit-max. 75% 83% 80% 

Sales-max. 90% 96% 94% 

Li
ne

ar
 d

em
an

d 

Market share-
max. 

88% 95% 92% 

Note: no range is stated for London to Washington DC as the model’s conditions are not satisfied for 

elasticities less than 0.7. This is also the reason for the short ranges, 0.6–0.7, for the other routes. 

Shaded cells indicate results for the type of demand curve that is less likely for business passengers. 

Source: Vivid Economics 

In Figure 4, the route North-West of England to Nice is selected as a typical leisure 
market. In the business market segment, the point-to-point Heathrow-New York 
route is used as an example. In the freight market, time-sensitive freight is 
represented by Heathrow to New York and non-time-sensitive freight by a Europe-
wide market definition. Although most passenger aircraft carry a mix of business 
and leisure, they are separated out here to explore the impact on different passenger 
types. 
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Figure 4 Rates of cost pass-through for a sample of markets 
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In Figure 4, the range of rate of cost pass-through is largest for the business segment 
example because, at the high end of the range, the demand curvature associated with 
a constant elasticity of demand of 0.3 is extreme. 

The examples above do not form a representative sample of European flights. They 
are simply illustrative of a number of routes. At an industry level most passengers 
are leisure passengers and most passenger volume travels short or long-haul rather 
than domestically. This means that there will be a minority of passengers flying for 
business purposes where demand is inelastic, and in some cases they will be served 
by only one or two airlines serving the market. However, the majority of the market 
will be leisure and served by three or more airlines, and so the rate of cost pass-
through for the industry as a whole is likely to be around 100%. 

The results above show what would happen if the number of airlines does not 
change as a result of the introduction of emissions trading. This is the outcome where 
the change in ticket prices is not a large fraction of the original ticket prices (or 
revenue per customer). This is likely to be true for all except for a few market 
segments where ticket prices (or revenue per customer) are especially low. Even in 
these exceptional cases, a market environment of rapid growth in demand means 
that reductions in demand could be partly or wholly absorbed by that growth. 
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5 Conclusions 
 
The results presented here have been subject to a fairly wide range of sensitivity tests 
on the input parameters. Consequently the results presented span a wide range of 
assumptions. They have been applied to a sample of illustrative aviation markets 
(routes) that illustrates the range of effects that might be expected. This is sufficient 
to indicate how the rate of cost pass-though may change across routes and with 
varying circumstances of airline strategy and customer characteristics. 

The general conclusion is that the rate of cost pass through is likely to be around 
100% for aviation as a whole, with variation by sub-market. This is supported by a 
substantial body of empirical evidence in other markets. Although the aviation 
market is unusual in its characteristics in some important ways from other sectors, 
including other sectors covered by the ETS, this empirical evidence supports the 
theoretical result that the rate of cost pass-through will be around 100%. 

The periodic updating of free allocations of allowances, as currently proposed, 
would diminish the level of cost pass-through (and also weaken the incentive to 
abate) relative to the levels quoted above. Nevertheless, the consequence of the 
results set out here is that a high level of free allocation will generate windfall profits. 
A substantial level of auctioning will be needed if this outcome is to be avoided. 
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Appendices 
The appendices are as follows. 

A1 A critical review of previous analyses of cost pass-through in the aviation 
sector; 

A2 Evidence from precedent on market definition; 

A3 Theoretical and empirical evidence on the relevance of the three variations of 
firm strategy considered in this paper.  

A4 Empirical evidence on rates of cost pass-through. 

A5 Discussion of the Cournot model. 

A6 Discussion of demand curves. 
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A1 Previous studies on 
cost pass-through in 
aviation  
Ernst & Young and York Aviation 
Background 
Ernst & Young (2007) criticize the European Commission’s impact assessment on 
three main grounds, namely its assessments on: 

⎯ cost pass-through; 
⎯ windfall profits to firms. 

These are discussed below. 

Cost pass-through 
The European Commission’s impact assessment assumes that airlines would be able 
to pass on a large part of, or the full carbon costs of, the journey to their customers. 
Ernst & Young criticizes this assessment by claiming that it is unlikely that airlines 
will be able to pass through the allowance price, while noting that cost pass-through 
depends on airline business models and the level of competition in a market. The 
report presents some economic theory on oligopoly competition under the 
assumption of a linear demand curve and suggests that the rate of cost pass-through 
lies between 50% and 100% at uncongested airports. It claims that there will be zero 
cost pass-through at congested airports. 

Ernst & Young states, that ‘in the aviation sector, competition is closer to an 
oligopoly (in some cases, to a monopoly), rather than pure and perfect competition.’  

The report presents a weighted average cost pass-through across all congested and 
uncongested airports of 29% to 35%. At uncongested airports, a simple model is used 
to determine cost pass-through rates for particular market structures (monopolistic = 
50%, ‘small oligopoly’ = 75% or ‘large oligopoly’ = 90%). The relative weighting of 
these market structures on operational routes is then used to derive separate 
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estimates of cost pass-through at uncongested airports for network and low-fares 
airlines. 

Ernst & Young adopts the terminology ‘central cost pass-through rate’ to refer to the 
rate of cost pass-through associated with a linear demand curve. However, economic 
theory does not suggest that the special case of linear demand is ‘central’. 

Ernst & Young’s assessment that ‘in reality, a 100% cost pass-though is only 
conceivable in a situation of perfect competition...’ is incorrect. If the demand curve 
is sufficiently convex, for example, with a constant elasticity of demand, then the cost 
pass-through exceeds 100% regardless of the number of firms. The report’s 
assumption that the rate of cost pass-through at congested airports is always exactly 
zero is extreme, and no empirical evidence is given to support this assumption. 

Price elasticity of demand 
According to Ernst & Young, the European Commission’s impact assessment 
assumes that ‘demand would not be significantly reduced due to limited price 
elasticity’. The report criticizes this assessment by noting that in practice the demand 
for air services is in fact highly price sensitive. The report refers to previous empirical 
studies of the price elasticity of demand in the aviation sector and employs rates 
ranging from 0.8 (for business passengers on network airlines) to 1.6 (for standard 
freight on cargo airlines) in its own empirical calculations. 

CE Delft 
CE Delft (2005) claims that expenditures on allowances will not be passed through in 
full at congested airports ‘from a theoretical perspective’ but that ‘the empirical data 
available however point in the direction that also at congested airports additional 
expenditures are passed through fully’. This is in direct contradiction to the claim of 
zero cost pass-through made by Ernst & Young. CE Delft also claims that ‘under one 
off benchmarking and auctioning ... opportunity costs are fully passed through’. CE 
Delft emphasises the importance of the allocation regime in determining the level of 
cost pass-through and omits market structure and demand characteristics, which 
have a compelling role. Consequently, CE Delft goes on to assert that windfall profits 
will be unlikely with benchmarking. CE Delft uses two alternative assumptions that 
0% or 100% of costs are passed through. 
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Frontier Economics 
Frontier suggests that the ETS would create competitive distortions. ‘Current ETS 
allowance prices could add 5% to 8% to an LFA’s [low fare airline’s] average ticket 
price which would in turn reduce demand for LFA services by between 7.5% and 
12%. In response to such price movements, it is likely that there would be a reduction 
in services on many routes, which would reduce the intensity of aviation 
competition. By contrast the impact of ETS on FSAs would be much more limited, 
reducing demand by only 2% to 3%. As LFAs tend to operate newer and cleaner 
aircraft than the FSAs (on average) other things being equal the distortion of 
competition between LFAs and FSAs may have the effect of reducing the drive 
towards introducing cleaner more energy efficient operations in the sector as a 
whole.’ 

Frontier is correct in stating that uniform free allocation rules would have differential 
effects on: leisure and business airlines, airlines facing more or fewer competitors, 
and on larger and smaller firms. It has not presented evidence supporting their 
description as distortions. 

Oxera 
Oxera assumes 100% cost pass through for flights between uncongested airports and 
zero pass through at congested airports. Oxera’s justification for this assumption is 
that congested airports do not suffer a loss of volume and hence no loss in revenue. 
Therefore they argue that the cost of allowances is absorbed in company profits. 

Oxera assumes marginal cost pricing, which effectively implies perfect competition. 
This is not borne out by actual market structure.  Nevertheless, Oxera recognises that 
the impact on profits depends on the proportion of costs that are fixed. 

‘If all costs are variable, the airlines can reduce costs in proportion to the fall 
in demand, keeping their profit margin constant, but losing some absolute 
level of profit due to the reduction in the scale of the operation’. 
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A2 Aviation market 
definition 
The purpose of market definition 
The purpose of market definition is to describe the competitive constraints operating 
on firms. By establishing the boundaries of the market, one can identify the number 
of firms and their market shares in order to undertake the necessary modelling.  

Exercises that involve drawing boundaries between markets can involve a degree of 
judgement. This judgement can be informed with reference to practical principles 
established by competition authorities, who have needed to arrive at an objective and 
workable methodology. 

Like power generation, but unlike many other sectors, EU-based airlines will not 
suffer from loss of market share to non-EU rivals as a result of the ETS. The ETS will 
cover all flights into and out of the EU, therefore non-EU rivals will not be able to 
avoid the cost of allowances if they wish to terminate flights within the EU.  

Doubtless, some operators might try to re-route aircraft so that their aircraft make 
short hops into and out of the EU to non-EU hubs where their long haul flights 
terminate. This may be viable on a small number of routes, but for the vast majority, 
it would not be an attractive substitute for direct flights, because there is a penalty in 
terms of passengers’ time, fuel consumption and aircraft idle time. 

Approaches to market definition 
Approaches to market definition all draw a distinction between product and 
geographic markets, and base their definitions on the rule that a market is something 
‘worth monopolising’. An example of the approach taken by competition authorities 
is the EC Guidelines (1997) on market definition. 

Articles 85 and 86 of the Treaty of Rome define the relevant market in the following 
way: 

‘A relevant product market comprises all those products and/or services 
which are regarded as interchangeable or substitutable by the consumer, by 
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reason of the products' characteristics, their prices and their intended use. ... 
The relevant geographic market comprises the area in which the 
undertakings concerned are involved in the supply and demand of products 
or services, in which the conditions of competition are sufficiently 
homogeneous and which can be distinguished from neighbouring areas 
because the conditions of competition are appreciably different in those 
areas’. 

This definition is applied in three tests. Firstly, the SSNIP (small significant non-
transitory increase in prices) test is applied to identify the potential for demand-side 
substitution. The test was developed by the US Department of Justice (see DoJ, 1997) 
and asks whether a hypothetical monopolist with control over a product would be 
able to impose a SSNIP profitably. If it could not, then the scope of the market has to 
be widened until the test is passed. The price increase chosen in the test is usually 
5%. 

Secondly, the potential for supply side substitution is tested in an assessment of the 
costs of shifting production. Finally, potential competition can be considered, 
although, because it is difficult to assess, it may only be considered once the first two 
tests have been applied. 

Indications of the geographic scope of markets are visible in customer patterns, 
product differentiation, regulatory barriers, the costs of setting up distribution 
networks, and technical standards. There may be evidence of inter-regional price 
differences and customer opinions. Indications of the product scope of markets are 
visible in the variation of product characteristics and intended use. In addition, 
analysts may look at past price changes for evidence of co-variance, and also 
consider customers’ views, the costs of switching and evidence of similar price 
elasticities. 

Competition authorities’ perspectives 
Several cases considered by competition authorities and courts in the aviation sector 
have addressed the question of market definition. A selection of these are described 
below. 

ECJ decision (1989), Ahmed Saeed Flugreisen
An early reference to a point-to-point definition of a market is the European Court of 
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Justice decision in the case of Ahmed Saeed Flugreisen (1989). 

‘The test to be employed is whether the scheduled flight on a particular route 
can be distinguished from the possible alternatives by virtue of specific 
characteristics as a result of which it is not interchangeable with those 
alternatives and is affected only to an insignificant degree by competition 
from them’. 

European Court of First Instance (1994) 
In this case, there is a discussion of the role of substitute airports when applying a 
market definition of city pairs. 

‘In the Commission' s view, a certain degree of substitutability exists between 
Heathrow and Gatwick, but the fact that both those airports are congested 
means that substitutability does not necessarily operate.’ 

European Commission (1999) 
The European Commission offered the following comments on market definition in 
the British Airways and Virgin case. 

‘The products in question are flights to and from United Kingdom airports. 
This group contains several different product markets defined by the origins 
and destinations of passengers' journey and the extent to which the 
passengers are time-sensitive or price-sensitive. For example non-stop, fully 
flexible business tickets from Heathrow to a major business centre like New 
York will constitute a separate product market as the business people who 
purchase such tickets would only consider substituting a similar London-
New York ticket for their journey. At the other end of the scale, restricted, 
advance booked economy tickets from London to Paris could be part of a 
wider product market. Non-time-sensitive and price-sensitive leisure 
travellers will consider alternative means of travelling to Paris, and many of 
the tickets might be sold to non-time-sensitive travellers making a lengthy but 
economical journey to a point beyond Paris who would also consider another 
stopping-off point.’ 

British Airways argued that the European Commission was departing from its own 
guidance by not applying the SSNIP test and appealed to the European Court of 
Justice. The Court ruled against British Airways in 2007. 
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European Commission (1999b) 
The airlines argued that there is a global market for scheduled passengers and cargo 
and that there is network-based competition following liberalisation. The 
Commission maintained that networks are a supply-side feature and point-to-point 
is a demand-side feature. In general, freight is point-to-point, but the market is wider 
than for passengers as indirect routing may take place. Also, freight transport is often 
multi-modal, making catchment areas larger. The Commission concluded that for 
freight, the geographic market is continental. 

The Commission also concluded that, since the percentage of indirect travellers is 
below 5%, indirect routes apply no real competitive constraint on most point-to-
point routes. 

European Commission (2002) 
In 2002, the European Commission considered a partnership that would eliminate 
competition on 33 routes between Germany and Austria. The Commission required 
Austrian Airlines and Lufthansa to give up slots and reduce ticket prices where the 
routes offered no alternative competition. In reaching this decision, it identified high 
barriers to entry including slot shortage and the pooling of frequent-flyer 
programmes. 

The parties argued that they compete on the basis of hubs and networks, not 
individual routes. The Commission rejected this argument, stating that the 
consumers considered the product to be a service between two points. Although 
charter flights might be a substitute for some leisure passengers, business passengers 
would not accept them.  

The Commission made a distinction between point-to-point and transfer passengers, 
with the latter having more choice on where to make connections. 

The parties argued that all European airlines were potential competitors. However, 
the Commission disagreed explaining that airlines often focus on their own hubs, not 
competing for other cities, and that there are barriers to entry in setting up new 
routes. 

European Commission (2003) 
In 2003, the European Commission investigated collusion between British Airways 
and Iberia. It carried out market testing which showed that all London airports, 
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including Luton, are substitutes for non-time-sensitive travellers, but not for time-
sensitive travellers. It concluded that low-cost carriers are substitutable for non-time-
sensitive travellers and ‘a not unsubstantial percentage’ of time-sensitive travellers. It 
argued that charter flights are not substitutes due to their different characteristics, at 
least for time-sensitive travellers. 

European Commission (2004), Air France and Alitalia alliance 
The European Commission did not apply the SSNIP test, but based on a variety of 
market evidence concluded that: 

‘every combination of point-of-origin and point-of-destination should be 
considered to be a separate market from the customer’s point of view’ 

It concluded that the merger would reduce competition on city-pairings between 
France and Italy. It confirmed, through market research, that some customers are 
time-sensitive and some are non-time-sensitive. Airlines discriminate between these 
customers primarily on the basis of schedule flexibility. The two groups do not 
entirely coincide with business and leisure, for example, as weekend travellers can be 
quite time sensitive. 

It also concluded that indirect flights are no substitute for short-haul flights, and that 
journeys should be compared on the basis of time, not distance. Finally, the 
Commission noted that congested airports restrict entry and thus reduce 
competition: 

‘The Commission’s experience in this field shows that the main barrier to 
market entry lies in the scarcity of take-off and landing rights and the highly 
congested European airports’. 

CAA (2007) 
A recent review of long-haul markets by the UK CAA summarised the evidence on 
competition authorities’ approach to defining long-haul markets. The paper stresses 
that authorities have generally agreed on the need to distinguish between time-
sensitive and non-time-sensitive passengers, although these have been variously 
defined as business vs. leisure, economy vs. premium class, or based on ticket 
flexibility. However, the definition of the breadth of the long-haul market has varied 
to reflect market circumstances. For example, in its 1998 decision on the BA-
American alliance the European Commission defined the transatlantic market for 
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non-time-sensitive passengers as all those travelling between Western Europe and 
the US, reflecting BA’s base at Heathrow that allowed a large volume of feed services 
from Western Europe. By contrast, in its 2001 decision on the United-US Airways 
alliance the market was defined as individual city pairs on each side of the Atlantic 
because neither airline had major hub operations in Western Europe, although 
indirect flights appearing in reservation systems were still included. 

In 2004, the CAA argued that indirect flights between London and Chennai were 
likely to be in the same market as direct flights because of the infrequency of direct 
flights. The EC has generally applied the rule that indirect flights are in the same 
market if they appear on reservation systems and have a connection within 150 
minutes. 

Passengers connecting through UK airports, rather than originating or terminating in 
the UK may also form a separate market because the route is only a segment of their 
journey and they may have a wider choice of routing options than direct passengers. 

The airports to be included in the relevant market at a city node should also be 
assessed on a case-by-case basis. For example, the Competition Commission defined 
Heathrow as a separate market to other London airports in 2000 for time-sensitive 
passengers because of the frequency of routes and connections at Heathrow. 

Other empirical evidence 
A central element of the SSNIP test is whether an entrant can enter rapidly to make 
profits and exit without incurring significant fixed costs. Bailey and Panzar (1981) 
expressed optimism that this mechanism would exert a major effect on airlines 
following deregulation. However, Bernstein cites evidence that fare prices on routes 
with fewer competitors are on average higher, suggesting that there are barriers to 
this kind of uncommitted entry: ‘Advertising and the short-run losses associated 
with inauguration of service on a new route seem to be sufficient sunk costs to 
inhibit contestability in the airline industry’. 

Additional industry features which tend to reinforce a narrow definition of the 
market are the use of loyalty programmes and travel agent commission override 
programmes (TACOs), which raise the costs of switching. 

An important market definition issue identified by the European Commission, 
among others, is price discrimination between, for example time-sensitive and non-
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time-sensitive consumers. Evidence for price discrimination is extensive; Salop 
(1978), Frank (1983), Borenstein and Rose (1991). Borenstein and Rose (1994) 
conclude that the expected difference in fares between any two customers is high, at 
36% of the airline’s average ticket price. The degree of price discrimination is higher 
in more competitive markets. 

Summary of market definition 
⎯ For passengers, individual markets exist between each pair of points of 

origin and departure. 

⎯ The market may be expanded where empirical evidence suggests that any of 
the following offer reasonable substitutes: alternative airports at each end of 
the journey, particularly in large cities; indirect routes; and, alternative 
modes of transport such as road and rail. 

⎯ This could lead to a very narrow (between two airports) or a broader area 
definition of the market depending on the individual features of the route 
and its utilisation. Consideration of a range of market definitions is therefore 
appropriate. 

⎯ Each of these markets should typically be sub-divided between time-
sensitive and non-time-sensitive customers. While there is a general 
correlation between these categories and business and leisure travellers, the 
match is not perfect. 

⎯ There is a separate market for freight, which can be considered as 
continental in scope where the freight is time-sensitive and similar to 
business where it is not. 

⎯ There is no clear evidence that a separate market for low-cost carriers is 
required, but there is evidence that the sector exhibits its own dynamics and 
that such evidence may emerge in the future. 

⎯ Long-haul routes may have particular characteristics, for example a greater 
incidence of transfer passengers and a differing composition of time-
sensitive and non-time-sensitive passengers. It is possible that this may 
create different markets for short-haul and long-haul flights, which in this 
paper are separated on the basis of whether flights have an EU or non-EU 
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destination. 
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A3 Evidence on firm 
strategies 
Introduction 
This section discusses the strategies that firms adopt in the product market; that is, 
the objectives that a firm pursues. Firm strategies are central to any analysis of firm 
behaviour, as they will generally be a determinant of market outcomes. Accordingly 
this section deals with the economic theory of firm strategies and also discusses the 
empirical evidence on the issue. 

The treatment of economic theory is divided into three parts: firstly, the standard 
objective of profit maximization; secondly, non-profit-maximizing objectives due to 
strategic delegation, and thirdly, potential limitations of the theories. 

Economic theory 
In classical economic theory, it is generally assumed that a firm’s objective is to 
maximize its profits. This assumption remains the standard working practice in large 
parts of modern economic theory too. Early contributions, for instance, by Friedman 
(1953) argued that the hypothesis of profit maximization is appropriate for reasons of 
‘natural selection’, i.e.: 

‘under a wide range of circumstances individual firms behave as if they were 
seeking rationally to maximize their expected returns and had full knowledge 
of the data needed to succeed in this attempt; as if, that is, they knew the 
relevant cost and demand functions, calculated marginal cost and marginal 
revenue from all the actions open to them, and pushed each line of action to 
the point at which the relevant marginal cost and marginal revenue were 
equated…’ 

He postulates that ‘Whenever this determinant happens to lead to behaviour 
consistent with rational and informed maximization of returns, the business will 
prosper and acquire resources with which to expand; whenever it does not, the 
business will tend to lose resources and can be kept in existence only by the addition 
of resources from outside. The process of ‘natural selection’ thus helps to validate the 
hypothesis…’ 
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However, there is another literature on strategic delegation, which emphasizes that 
there could be strategic reasons why a profit-maximizing firm may wish to delegate 
decision-making to managers who do not solely maximize profits.  This delegation 
strategy, however, is still consistent with shareholder value maximisation, which is 
the basic assumption adopted in this report. 

The key idea underlying this is the notion that in settings with only relatively few 
interdependent firms, committing to non-profit-maximizing behaviour in the 
product market can induce a favourable strategic reaction from other firms in the 
industry, thus tending to increases in a firm’s own long-run profits. 

The most intuitive instance of this occurs when firms commit themselves to an 
‘aggressive’ product market strategy, such as sales revenue or market share 
objectives, in an attempt to induce other firms to back down and thus lose market 
share. This is equivalent to the notion that each firm wants to exploit a first-mover 
advantage in the market; that is, it prefers to be a leader rather than a follower. 

Fershtman and Judd (1987), Skilvas (1987) and Vickers (1985) introduced strategic 
delegation in Cournot oligopoly settings where a firm’s shareholders can delegate 
decision-making to managers whose compensation is based on a combination of firm 
profits and sales revenue. Intuitively, placing some weight on sales revenue leads to 
a manager acting ‘as if his/her firm’s (marginal) costs are lower than they actually 
are’ and thus favouring a relatively higher output level. In acting as if marginal costs 
are lower, they are setting lower prices, selling higher volumes and achieving a 
higher market share. 

These papers showed that strategic delegation leads to a classic prisoners’ dilemma 
situation. Each firm in the industry recognizes that delegation to aggressive 
managers is in its own interest, and thus all firms end up producing higher output 
than under profit maximization. Therefore, both the market price and firm profits 
under strategic delegation are lower than under profit maximization while, 
conversely, consumer surplus and overall welfare are higher. 

More recently, Ritz (2006) analyzed the case of compensation contracts based on a 
combination of firm profits and market share. Strategic incentives for market share 
have the effect of dominating the contracts based on sales revenue analyzed in the 
earlier literature. Perhaps surprisingly, market share objectives also lead to less 
competitive outcomes, as they result in managers being less susceptible to strategic 
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manipulation by rivals. 

In short, firms remain in a prisoners’ dilemma, albeit a less severe one; market price 
and firm profits are lower than under profit maximization, to a lesser degree. See 
Ritz (2006) for further analysis of market share objectives, and strategic delegation 
equilibria more generally. 

There are two main potential limitations of the above hypotheses underlying the 
economic theory of firm strategies. Firstly, it is possible that although managers are 
capable of pursuing maximizing behaviour, it is in their interest to pursue other 
objectives such as empire building or diverting resources into suboptimal projects 
more generally. Secondly, it is possible that, although managers try to act according 
to the appropriate incentives, constraints necessitate that their behaviour in practice 
is guided by rules of thumb that lead to imperfect maximization. 

Empirical evidence 
There is ample anecdotal evidence from press reports, mission statements and 
interviews with corporate executives to suggest that many firms pursue non-profit-
maximizing strategies. Such evidence often takes the form of a manager announcing 
that his/her firm has a particular performance goal or target, such as sales revenue 
or market share, that may appear to be not (fully) aligned with profit maximization. 

For example, in the automobile industry, General Motors’s 2004 Priorities/Targets 
included the management objective of ‘increasing automotive market share in all 
regions’. Similarly, the Japanese manufacturer, Toyota, has a stated ambition of 
capturing 15% of the global automotive market by the early 2010s. 

A problematic feature of such statements is that talk is cheap and does not 
necessarily imply that a firm, or its managers, are credibly committed to a particular 
non-profit-maximizing strategy. However, there is empirical evidence that executive 
compensation contracts in some industries are based on performance measures other 
than profits. 

Ritz (2006) presents evidence that managers in the automotive and investment 
banking industries are directly compensated based on their firm’s market share, thus 
giving them a credible incentive to pursue non-profit-maximizing objectives. 

This goes some way towards explaining why managers in these industries pay a 
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great deal of attention to league tables which provide rankings of firms based on 
market shares, not profits. 

In the aviation industry, market share is a widely used measure of performance, for 
example in the rankings undertaken by Airline Business magazine. A complication is 
likely to be the scope for airlines to differentiate their strategy between routes, 
maximising profit in some routes, while maximising market share on others, for 
example on new routes where the use of introductory offers is a widely recognized 
practice.  

Since firms in these industries generally do pursue the maximization of shareholder 
value, this evidence accords well with the themes of the strategic delegation 
literature discussed above. See Ritz (2006) for further examples and discussion of 
executive compensation based on market share. 
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A4 Evidence on cost pass-
through rates 
There are many empirical studies of cost pass-through that cover a wide variety of 
different markets and products. Frequently, these examine the way in which a 
change in a unit tax on a particular good affects the market price of the good, see, for 
example, Fullerton and Metcalf (2002) for an overview. Perhaps unsurprisingly, these 
empirical studies find evidence for a wide range of rates of cost pass-through. 

The empirical evidence on rates of cost pass-through mirrors the theoretical 
prediction, that is, there is evidence for rates that are insignificantly different from 
100%, as well as for rates that are above and below 100%. The majority of the 
evidence for rates of cost pass-through comes from studies of the impact of changes 
in sales tax rates on final product prices. Besley and Rosen (1996) provide a 
particularly robust quantitative investigation of this issue. Using very narrow 
product definitions (sometimes down to the level of a particular brand) they estimate 
cost pass-through rates for 12 commodities over 155 US cities using quarterly data 
from 1982–1990 with an average of 4,200 observations per commodity. Full cost pass-
through cannot be rejected for 5 of these commodities, while there is significant 
overshifting for the remaining 7 commodities. Commodities showing overshifting 
include low demand elasticity products such as bread, milk, shampoo and 
underwear. These results demonstrate that, even when products are being sold by 
the same retailers, cost pass-through need not be the same across products.  

Delipalla and O’Donnell consider another low demand elasticity product, cigarettes, 
within the context of the EU. Ad valorem taxes on cigarettes cause undershifting in 
Denmark, the Netherlands and Portugal; overshifting in Italy; and full cost pass-
through in the other 8 countries considered. Changes in specific (per-unit) taxes on 
cigarettes also show heterogeneous effects: undershifting in the Netherlands, full cost 
pass-through in 5 countries and overshifting in 6 countries. Again, these results 
demonstrate that rates of cost pass-through will vary with market structure. Doyle 
(1997) investigates the effects of interest rates and taxes on new car prices in the US 
and finds evidence of overshifting. In fact, rates of cost pass-through are found to be 
between 219% and 297%. Kenkel (2005) uses a large increase in alcohol taxes in 
Alaska to investigate cost pass-through and, again, finds significant overshifting. 
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The main study providing empirical evidence of undershifting is Poterba (1996). This 
study compares the change in city-level clothing price indexes with sales tax 
changes. For 14 cities over 1925–1939 the rate is approximately 67%, while for a 
sample of 8 cities over 1947–1977 the rate is approximately 100%. He also cites 7 
earlier studies, dating back to 1934, of which 1 reports undershifting, 3 report full 
pass-through, and 3 report overshifting.  

Sijm et al. (2006) obtain estimates of CO2 pass-through for electricity in Germany and 
the Netherlands ranging from 60% to 117%. However, rates of cost pass-through are 
often found to be clustered fairly closely around 100%, which is also the level of cost 
pass-through under perfect competition.  

Economic theory suggests that it is possible to observe a wide range of rates of cost 
pass-through depending upon industry structure, and this expectation is supported 
by the available empirical evidence. Overshifting seems to be a more common 
phenomenon than undershifting, and there is scant empirical evidence for very low 
rates of cost pass-through. 
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A5 Cournot model 
This appendix provides a technical explanation of some of the features of the model 
used in this paper. 

Market model 
The Cournot model of quantity-setting firms is the most widely employed model in 
economics used to analyze imperfectly competitive markets. This is because it 
generally yields plausible results and is also very tractable to work with. The 
Cournot model also lends itself very naturally to modelling non-profit-maximizing 
firm objectives, such as sales revenue or market share objectives, because firms care 
about their strategic interactions with other firms and may well wish to adopt an 
‘aggressive’ product market strategy that induces other firms to back down and lose 
market share. Technically, this is to say that competition is in ‘strategic substitutes’, 
which represents the intuitive notion that a firm will try to exploit a first-mover 
advantage in the market; that is, it prefers to be a leader rather than a follower. 

The logic of the Cournot model has been criticised for relying on the assumption that 
firms compete in terms of the quantity of output when competition on price is so 
commonly observed in practice, particularly in the aviation industry. Therefore, an 
additional important justification for adopting the Cournot model is that its 
predictions remain valid where firms choose production capacities followed by price 
competition (Kreps and Scheinkman, 1983). This is likely to be a reasonable 
characteristic of the aviation market where the establishment of new routes and the 
purchase or leasing of new aircraft are medium-term decisions taken by the firm, 
with prices adjusting to short-term influences. 

A key feature of Cournot market outcomes with asymmetric firms is that larger firms 
have higher profit margins from operations. Put differently, a more efficient firm with 
lower unit production costs will have a higher market share. It is important to note 
that this relationship is an equilibrium result of the Cournot model, rather than an a 
priori assumption of the analysis. Additionally, a firm with higher profit margins 
may still have lower overall profitability if it has disproportionately large fixed costs. 

In the modelling, we assume that firms have linear costs; that is, each firm has 
constant (but possibly different) marginal costs. It should be noted that the result that 
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larger firms have larger profit margins does not depend on this assumption, but 
follows solely from the Cournot model itself. 

The present analysis also takes the number of firms in a market segment (and hence 
the industry) as fixed, based on the actual number of firms from aviation market data. 
It therefore does not take into account potential effects due to entry and exit 
considerations. 

Cost pass-through 
Here we derive the cost pass-through formulae under three different firm strategies. 

Profit maximization 
The key to understanding cost pass-through is to recall that for a profit-maximizing 
firm, marginal revenue equals marginal cost, in equilibrium. Therefore, a profit-
maximizing firm will respond to a unit increase in its marginal cost in such a way 
that its new marginal revenue equals its new, higher, marginal cost. 

The rate of cost pass-through (dP/dc) in a Cournot oligopoly, with linear costs of 
production, generally satisfies: 
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Cost pass-through (dP/dc) thus depends on the number of firms (N) and a demand 
curvature parameter E, where E = –P’’(Q)/P’(Q)Q, and where P(Q) is the inverse 
demand curve. The crucial role of the shape of the demand curve was first pointed 
out by Bulow and Pfleiderer (1983), who examined the monopoly case. 

This formula for cost pass-through does not depend on the distribution of the firms’ 
market shares; in other words, it holds equally for cases where firms are all the same 
size (symmetric) as well as for cases where firms are different sizes (asymmetric). A 
number of implications can be drawn from this equation: 

⎯ the rate of cost pass-through is increasing in demand curvature (decreasing 
in demand elasticity); 

⎯ in the special case where the demand curve is log-linear (E = 1), then cost 
pass-through equals 100% regardless of the number of firms in the industry; 

⎯ if the demand curve is sufficiently convex, E > 1, for example, with a 
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constant elasticity of demand, then cost pass-through exceeds 100% 
regardless of the number of firms; 

⎯ conversely, if the demand curve satisfies E < 1, for example, linear demand 
where E = 0, then cost pass-through is less than 100% regardless of the 
number of firms; 

⎯ when the number of firms becomes large, thus approaching the case of 
perfect competition, the rate of cost pass-through tends towards 100%. 

Cost pass-through may exceed 100% 
The intuition behind the possibility of cost pass-through exceeding 100% is best 
demonstrated in the monopoly case. The formula for cost pass-through then (with 
N=1) becomes: 
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This is equivalent to saying that cost pass-through equals the slope of the inverse 
demand curve divided by the slope of the marginal revenue curve. So whenever the 
slope of the inverse demand curve exceeds the slope of the marginal revenue curve, 
cost pass-through exceeds 100%. This occurs where the slope of the marginal revenue 
curve is flatter than the inverse demand curve, which is satisfied wherever E>1, 
which in turn is satisfied by all constant elasticity demand curves. 

Such a result corresponds to the situation where a relatively large adjustment in 
output is required to restore the equality between marginal revenue and cost which 
is optimal for the monopolist, due to the flat marginal revenue curve. This in turn 
induces a large price adjustment, which will exceed the marginal cost increase 
(producing greater than 100% cost pass-through) whenever the marginal revenue 
curve is flatter than the inverse demand curve. 

Two features are worth noting. Firstly, cost pass-through above 100% does not imply 
increasing profitability. Secondly, that the firm passes through more than 100% of 
costs does not imply that the firm should have optimally raised prices before the cost 
increase. This can be proved by contradiction: 

1. Let P* denote the price chosen by the monopolist before the increase in 
marginal cost and P** the price after the marginal cost increase. If cost pass-
through exceeds 100%, why does the monopolist not choose P** before the 
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increase in marginal cost? 

2. Suppose P** would have been a more profitable choice than P*. This implies 
that the corresponding choice of output must have been lower (since the 
demand curve is downward-sloping). 

3. This in turn implies that marginal revenue must be higher at the supposed 
higher price P** than at P* (since the marginal revenue curve is downward-
sloping).  

4. But then it is clear that the condition for profit-maximization that marginal 
revenue equals marginal cost cannot be satisfied at the higher price P** before 
the increase in marginal cost.  

5. Put differently, if the higher price P** is indeed optimal after the increase in 
marginal cost, it could not have also been optimal before the increase in 
marginal cost (since the marginal revenue at P** exceeds the “original” 
marginal cost).  

The fact that cost pass-through exceeds 100% thus in no way implies that the 
monopolist was not acting optimally beforehand. 

Sales revenue objectives 
Ritz (2007) was the first paper to analyze cost pass-through under strategic 
delegation with sales revenue objectives. Here, the rate of cost pass-through (dP/dc) 
satisfies: 
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Cost pass-through again depends on N and E. This formula for cost pass-through 
under strategic delegation assumes a symmetric industry structure; that is, all firms 
are assumed to have identical market shares of 1/N. 

As under profit maximization, the rate of cost pass-through is larger than (smaller 
than, equal to) 100% whenever E>1 (E<1, E=1), independent of the number of firms 
in the industry. Again, when the number of firms becomes large, thus approaching 
the case of perfect competition, the rate of cost pass-through tends towards 100%. 

  51 



Defra and DfT  Emissions Trading and Aviation 

The most distinguishing feature of cost pass-through under strategic delegation is 
that it has a lower bound. In particular, with sales revenue objectives, cost pass-
through always exceeds 50%, regardless of the shape of the demand curve. More 
generally, for any given shape of the demand curve, that is, value of the demand 
curvature parameter, E, cost pass-through under delegation is closer to 100% than it 
is under profit maximization. 

The intuition for these results is that firms under strategic delegation act as if they 
faced more rivals than they actually do, thus pushing cost pass-through towards 
100%, the level under perfect competition. It is worth noting that the difference is not 
due to managers’ treatment of opportunity costs under free allocation (rather than 
actual costs from purchasing permits). While it is possible that firms under strategy 
delegation are more likely to treat opportunity costs as ‘soft costs’ that they absorb to 
undercut their competitors, we are aware of no evidence that this is the case and 
retain the assumption that all firms exhibit maximising behaviour regardless of 
whether costs are actual or opportunity costs. 

Market share objectives 
The case of strategic delegation with market share objectives is similar to the 
previous one with sales revenue objectives although it is slightly more complicated. 
Here, the rate of cost pass-through satisfies: 
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where R∈(-1,0) solves the quadratic defined by: 
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This formula for cost pass-through under strategic delegation again assumes a 
symmetric industry structure; that is, all firms are assumed to have identical market 
shares of 1/N. 

As under profit maximization, the rate of cost pass-through is larger than (smaller 
than, equal to) 100% whenever E>1 (E<1, E=1), regardless of the number of firms in 
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the industry. Again, when the number of firms becomes large, thus approaching the 
case of perfect competition, the rate of cost pass-through tends towards 100%. 

With regard to market share objectives, the lower bound on cost pass-through is 
approximately 33%, which holds regardless of the shape of the demand curve. The 
other characteristics and the underlying intuition is the same for market share 
objectives as for sales revenue objectives, see above. 
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A6 Demand curves 
A complication to the model presented here is that the appropriate parameter 
representing market demand is the demand curvature. This is not widely used in 
empirical work, where the elasticity of demand is preferred, because demand 
curvature cannot be unobserved by the analyst. Here we provide a non-technical 
explanation of these terms and the transformation used to reconcile the two 
approaches.  

An appropriate starting point is a linear demand curve, where a change in price 
leads to the same change in quantity demanded, regardless of the price level. The 
slope of the demand curve is given by b. 

bPaQ −=  

The slope of this demand curve is not the same as its elasticity. The slope is the ratio 
between absolute changes in quantity and price. The elasticity, by contrast, is the 
ratio of percentage changes in quantity and price.  

Slope: 
P
Q

Δ
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 Elasticity: 
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Quantity is normally decreasing in price, i.e. downward sloping, as in the above 
equation. Therefore, for a linear demand curve, at the high price-low quantity end, 
changes take place on a high price base and a low quantity base, leading to very 
large percentage change in quantity relative to price and a highly negative elasticity. 
As the chart below shows, elasticity (ε) therefore changes from 0 to –infinity along a 
linear demand curve. 

A demand curve with constant elasticity is non-linear, and is also shown in Figure 5.  
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Figure 5 Demand curves 
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Source: Vivid Economics 

The parameter of relevance to the model presented here is labeled the ‘demand 
curvature’. It represents not the elasticity of demand, but the elasticity of the slope of 
demand. The parameter thus measures the percentage change in the slope of the 
(inverse) demand curve for a small percentage change in total output. Demand 
curvature is constant for most well-known demand curves, including linear demand, 
log-linear demand and constant elasticity demand. 

Demand curvature (E in the Figure 6 below) is always 0 for linear demand curves. 
For concave demand curves, demand curvature is negative and for convex demand 
curves, demand curvature is positive. 

Figure 6 Demand curves and the parameter E 
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Source: Vivid Economics 
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Hepburn, Quah and Ritz (2006) show that demand curvature at a particular point on 
the demand curve has the following relationship with elasticity. Excluding the final 
term provides a first degree of approximation and a very simple relationship 
between the two terms. Since the final term represents the change in elasticity at 
different output levels, dropping this term is equivalent to the assumption of a 
constant elasticity of demand. 

Q
E

Δ
Δ

++=
ε

ε
11 , where Δε = dε/ε and ΔQ = dQ/Q is estimated as  

ε
11 +≈E  

The empirical literature in the aviation industry estimates single elasticity values for 
each market, implying that a constant elasticity demand curve is appropriate.  
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