PEAK-LOAD PRICING IN AVIATION

The Case of Charter Air Fares
By Matthew Bishop and David Thompson*

1. INTRODUCTION

The provision of infrastructure capacity, and its utilisation, is currently a priority
concern in aviation policy on both sides of the Atlantic. In the US a recent report by
the Congressional Budget Office (1988) noted that “unless the government does a
better job of managing its provision of air traffic services a significant part of the
gains of deregulation may be lost”. In Europe, excess demand to use the two main
London airports has raised the costs of market entry (see Monopolies and Mergers
Commission, 1987), and it is now well known that service quality has suffered from
congested capacity in air traffic control (see CAA, 1989, or Muller, 1989, for detailed
evidence). The underlying economic issue here is the familiar peak-load problem,
and much of the current policy debate has focused upon whether, or to what degree,
peak-load pricing is an appropriate solution. The regulatory authorities have generally
remained sceptical, for a variety of reasons (for a further discussion, see CAA, 1989,
Rawlinson, 1989, or Congressional Budget Office, 1988). In consequence there has
so far been only limited practical application of peak-load pricing to aviation
infrastructure.

Our aim in this paper is to examine how decisions are made on pricing, and the
allocation of capital inputs, in a competitive aviation market — the market for charter
air travel between the UK and Europe. We then use the results of our analysis to
investigate the consequences of current policies for the pricing and allocation of
scarce airport and airspace capacity. The plan of the paper is as follows. In part 2 we
develop a basic model of peak-load pricing in the market for charter air travel. In part
3 we outline the estimation of this model. Our results show that a well defined pattern
of peak-load prices is sustained in this market. In part 4 we use our model to
investigate the implications of current regulatory rules for the pricing and allocation
of airport capacity. Charges for peak landing and take-off slots at the main London
airports are constrained below market clearing levels, and scarce capacity is
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allocated between airlines according to various regulatory rules. We do not,
however, expect that this regulatory constraint on the price of a scarce input will
result in lower final product prices. Rather, our expectation is that air fares will be
determined by the underlying supply and demand conditions, and that the constraint
on charges for airport slots will enable the airlines which are allocated peak slots to
earn rents. Our findings are consistent with this view, and provide a quantitative
measure of the size of these rents.

In part 5 we examine the implications of current regulatory rules for the pricing
and allocation of capacity in air space. Charges do not currently differ between peak
and off-peak periods, and there is significant excess demand at peak times; capacity
is allocated essentially by a system of queuing (see CAA, 1989). Our expectation is
that these arrangements will lead to an increase in airlines' costs in serving peak
periods, but also to a reduction in passenger demand, reflecting the deterioration in
service quality. This in turn will be reflected in changes to the ratio of peak to off-
peak charges compared with a situation in which air space is not congested. Our
findings confirm this. In the final part we discuss the implications of our findings for
regulatory policy in relation to aviation infrastructure.

2. AIRLINE COSTS AND PEAK-LOAD PRICING

The UK charter airline industry has a range of suppliers; barriers to entry are
relatively low, and there is significant turnover in entry (and exit). A recent
investigation by the competition authorities concluded that “these markets are at
present characterised by strong if variable growth, extensive competition, and
continued new entry by firms new to the industry” (see MMC, 1989, for details). Our
expectation is that the competitive, or at least contestable, market conditions in the
charter industry will constrain the structure and level of prices to be set in relation
to costs.

An extensive literature has examined the factors which determine airline costs.
Following Bailey, Graham and Kaplan (1985), we will distinguish three categories
of expenditure: overheads, flight costs and passenger costs. Overhead costs are those
which do not vary, in the short run, with changes in the amount of service provided.
Passenger costs are those which vary directly with the number of passengers carried,
and flight costs are those which vary directly with the number of flights operated. For
the UK charter airlines, passenger costs account for broadly 15 per cent of the total,
flight costs for 60 per cent and overheads for 25 per cent (CAA, 1988).

Two factors have been found to be particularly important in explaining variations
in aircraft operating costs between different routes — route length and passenger
density. Costs can be expected to increase with route length, but analysis by Bailey,
Graham and Kaplan (1985) shows that the average cost per seat mile of operating a
particular type of aircraft declines as average route length is increased. This effect
is particularly marked for distances of up to 500 miles; it reflects both the greater
scope for achieving optimum speed and flight path on longer routes, and the costs
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associated with take-off and landing. This analysis also shows that there are
economies of aircraft size. In general, costs per seat-mile are lower for larger than for
smaller aircraft. However, on routes up to 500 miles in length these economies
appear to be largely exploited when the aircraft in use have reached a medium size
(100-150 seats). The consequences of these economies of aircraft size is that densely
trafficked routes can be served at lower cost than lightly trafficked routes.

Economies of density might also be expected, over the medium term, for some
itemns of overhead expenditure (though some will be joint between routes); but the
most significant characteristic of overheads is that they are joint between time
periods. We now turn to the implications of this for the setting of charter air fares.

The costs incurred by a charter airline in serving a particular market over a
sequence of periods to which some items of expenditure are jointcan be characterised
as follows:

1
Cc=Y DC;q+JC

i=1

where

C = total costs;

n = the number of periods over which the relevant factor input is jointly
supplied:

DC; = the direct operating costs per aircraft incurred in each period (as noted
above, these vary with both route distance and route density);

g; = the numbers of aircraft operated in each period;

JC = joint costs: these will be determined, in particular, by the total number of

aircraft deployed in serving the market over the n periods.

We expect that prices in each period will be set in the following way. In off-peak
periods the incremental cost which each firm faces in supplying an extra aircraft
flight is DC;. In a many-player market we would expect prices to be set on the basis
of very low margins above marginal cost, and so:

P,=DC, (1/AL)

where:
P, = off-peak price;
DC, = direct operating costs in off-peak periods;
AL = expected aircraft load (that is, seats per aircraft multiplied by expected

load factor).

In general we might expect that aircraft loads would vary between routes
according to both the quality of service offered and the composition of demand. That
is, on routes with a high proportion of time-sensitive passengers we might expect
higher frequencies and lower aircraft loads. Similarly, on routes with high option
demand (that is, passengers who wish to be able to switch their reservations) we
would again expect lower aircraft loads (see Bailey, Graham and Kaplan, 1985, or
Levine, 1987, for further discussion). Butin the particular aviation market which we
are considering here — that s, charter operations —the fare productis homogeneous
(and changes to reservations are prohibited); and most passengers are holiday
travellers, who are less time-sensitive. This suggests that little variation in loads is
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to be expected between routes, and in practice charter services are generally operated
at high load factors (see, for example, CAA, 1989).

In periods of peak demand we expect that prices will be marked up above direct
operating costs. Each firm faces an absolute output constraint given by q,0*, where
g;1s the total number of aircraft deployed by firm j over the sequence of 1 periods and
Q* is the number of seats per aircraft. Borenstein (1988) has shown that, provided
each firm's capacity is a small enough proportion of total output, there exists a unique
Cournot equilibrium in which each firm produces out to capacity. This result is
efficient, and mimics the perfectly competitive result in which each firm acts in the
belief that its output has no effect on price. Prices in periods of peak demand are thus
obtained by solving the demand curve for each period at the point at which each firm
is producing out to capacity (that is, the rationing price):

Q;=Xgq i o*
where Q; is passenger demand in period i. Q; is a function of the quality and price
attributes of the holiday products.

Q;=P, T, W, D, M, H)

where
W;=the attractiveness of weather conditions in the destination country
relative to the UK in each period;
T; measures preferences on the timing of travel;
D; reflects differences in perceived service quality between periods;
M and H reflect the underlying macro variables determining the overall demand
for leisure travel and the relative prices of holiday accommodation at particular
destinations. These are assumed to be constant over the sequence of periods
considered in our analysis.

In summary, then, our expectation is that prices in off-peak periods will be
determined by direct aircraft operating costs, and we expect these to vary with route
length and traffic density. Prices in peak periods will reflect amark-up on these direct
operating costs, the size of the mark-up being determined by the strength of demand
in each period. In equilibrium we expect that the sum of mark-ups over all periods
of peak demand will be just sufficient to remunerate jointly incurred costs. Where it
is not, we expect exit to take place — with a corresponding tightening of peak
capacity and an increase in mark-ups. Excess profits can be expected to attract entry,
with an increase in peak capacity and a reduction in mark-ups.

It will be noted that we have followed the familiar presentation of the peak-load
problem, in which marginal costs are assumed constant out to an absolute capacity
constraint (see, for example, Willliamson, 1966, or Millward, 1971). Reformulation
in a neo-classical framework would produce essentially similar results but would
show prices varying with the utilisation of capacity. These prices would make some
contribution to jointly incurred costs in all periods, but capacity would never be fully
utilised (see Panzar, 1976).

Before we outline the estimation of our model we need to consider two particular
respects in which it reflects a simplification of the operation of charter air services.
First, our model describes a process for the setting of “posted” prices — that is, prices
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advertised in companies' brochures — on the basis of expectations about demand and
costs. In practice, if these expectations prove incorrect, short-term discounting
sometimes takes place during the course of a season. We have not attempted to
capture this process of secondary price setting in our analysis, but there are no
grounds for believing that the omission will cause our results to be biased. The
second consideration is that charter services provide a joint product. Capacity is sold
by tour operating companies who purchase the capacity from charter airlines (in
practice, there is significant vertical integration between these two functions). Part
of the capacity on each aircraftis sold to individual consumers — that is, as specified
in our model — but part is sold for the transport of package holidaymakers to and
from their destination. This has two possible implications. First, prices in different
markets may reflect variation between markets in the opportunity to exploit econo-
mies of scope between the two products; to capture this, our analysis includes
measures of demand for both products. Second, the regulatory rules place a limit on
the proportion of capacity which canbe sold direct to the consumer. In markets where
this constraint binds we would expect charter air fares to be higher than they would
otherwise be; this would enable charges to tour operators to be set correspondingly
lower. Modelling this directly is, unfortunately, infeasible because the regulatory
rules are not explicitly defined (see Abbott and Thompson, 1991). However, our
results will be biased only to the extent that the omitted variable — the “tightness”
of the regulatory constraint — varies between markets in a way which is systemati-
cally correlated with one of our included variables.

3. ESTIMATING THE PEAK-LOAD PRICE SCHEDULE

We have estimated the relationship outlined in the preceding section from data on
“summer season” charter air fares. The equation which we have estimated is as
follows:

log P =a, +a210gKM+a3logD+a4WK+a5MAY+a6JULY+a7AUG+

ag SEPT + ag OCT + a,y GAT + a;; MAN + E

This is the familiar Cobb Douglas formulation after taking logs. The dependent
variable P — the price of charter air travel — is measured from the listed prices
advertised by two of the leading companies, Thomson and Intasun. Unlike scheduled
air services, charter airlines offer a single type of fare product, and the familiar
problem of aggregating together prices for many different fare products — differ-
entiated by conditions placed upon their use — does not arise. We have, however,
aggregated the data to estimate an average price for each calendar month associated
with each time of day and day of week. We have also deducted from the listed prices
an allowance for the airport charges levied at different UK airports; the charter
airlines normally pass on the passenger-related component of these charges to the
seat purchaser at cost.

The first two independent variables — KM and D — measure route distance in
kilometres and traffic density on each route. Inclusion of these variables reflects our
expectation that they are important determinants of the variation in direct operating
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TABLE 1

Charter Air Fares: 1987

White estimate

Variable Coefficient t-statistic
Constant —-0.446 -2.61
log KM 0.655 34.80
log D -0.023 -5.74
MAY -0.005 —0.65
JULY 0.191 25.88
AUG 0.325 44.06
SEPT 0.167 22.60
OCT 0.054 7.37
WK 0.070 15.69
GAT 0.053 6.00
MAN 0.026 3.38
R?=0.81

Number of Observations: 1158
The White estimates of the #-statistics make adjustment for the presence of heteroskedasticity.

costs between routes. Our density variable includes both passengers travelling on
package holidays and passengers who have purchased their air travel directly; thus
we are able to capture the effect of any scope economies between these two products.

The next set of variables consists of dummies which are included to capture the
effect of variation in underlying demand conditions between different time periods:
we do not have the data necessary to estimate these demand conditions directly.
However, we expect to find a preference to travel at weekends — reflected in the WK
variable. Similarly we expect demand to be higher in August — at the centre of
school and college holidays — than in July and September, which are only partially
covered by holiday periods; and we expect demand in May and October to be lower
still, although — because they contain school half-terms — we expect demand to be
higher than in June, which is used as the reference point for the analysis.

Data on air traffic control charges are not directly available; but, because charges
are related to route length and aircraft weight (see MMC, 1983) we expect that
variation between routes will be picked up in KM and, to a lesser extent, D. Finally,
we have included dummies to identify services from capacity-constrained UK
airports. We discuss the interpretation of these in the following part of the paper.

We have estimated the relationship for a sample of 30 routes linking six UK
airports (Gatwick, Luton, Bristol, East Midlands, Manchester and Glasgow) and five
overseas destinations (Corfu, Faro, Malaga, Malta, Naples). The OLS results for
1987 are shown in Table 1. The results show a good fit to the data (adjusted R2=0.81),
and the independent variables are of the expected sign and, in all but one case,
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significant. The coefficients on distance and density are similar to estimates derived
elsewhere (see, for example, Bailey, Graham and Kaplan, 1985, and McGowan,
Trengove and Thompson, 1986).

The coefficient on the weekend dummy is of the expected sign, and suggests that
prices for weekend travel are broadly 7 per cent higher than prices for mid-week
travel. The coefficient on the May dummy is not significant, but otherwise the
monthly dummies show the expected pattern. Prices in August are broadly 35 per
cent higher than the off-peak (that is, June) level, prices in July and September are
broadly 20 per cent higher, and prices in October are 5 per cent higher. The results
show a pattern of prices which suggests that expenditures incurred jointly between
months represent just under 13 per cent of total expenditures incurred over the Six-
month summer season. If these inputs are joint also across the winter season— when
demand is lower — then they are estimated to account for just under 10 per cent of
annual expenditures. This figure can be compared with the analysis of expenditure
by functional type in part 2, which suggested that 15 per cent of expenditure is
overheads.

4. AIRPORT CAPACITY CONSTRAINTS AND THE PRICE STRUCTURE

Demand to use the two main London airports — Gatwick and Heathrow — at
existing levels of airport charges exceeds the available capacity at peak periods (see,
for example, MMC, 1987, or CAA, 1989). However, the regulatory rules governing
these charges prevent them from being raised to market clearing levels. The overall
level of charges at each airport is subject to a ceiling set by an (RPI-X) formula, and
charges are also subject to an agreement between the UK and US governments.
While the charging structure shows a differential between peak and off-peak periods,
peak charges are nevertheless set below the level required to clear the market (this
arises for a variety of reasons discussed in CAA, 1989). In the absence of rationing
by price, scarce capacity is allocated by a series of regulatory rules. At Heathrow
various types of traffic are excluded (including whole plane charter services). Atboth
airports slots are allocated by a scheduling committee — comprising the airlines
currently operating at the airport — on the basis of guidelines established by the
International Air Transport Association. The most important of these guidelines —
the so-called “grandfather right” — establishes that an airline which operated a
particular slot in a preceding year should have first right of refusal on utilising that
slot in the current year.

Our expectation is that these constraints on airport capacity will be reflected in
prices in the final product market for charter air travel. Airlines will be constrained
in exploiting profitable opportunities to expand capacity on services operated from
these airports by the absence of additional slots; in terms of the model outlined in part
2, each airline still faces constant marginal costs out to a capacity constraint, but this
constraint is now set below the level at which — in equilibrium — no more than
normal profits would be earned. In consequence our expectation is that prices on
services from capacity-constrained airports will be set higher than they would
otherwise be, and that airlines holding “grandfather rights” to slots at these airports
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will be able to earn rents. The potential size of those rents clearly depends on the
relevant cross-elasticities — that is, consumers' willingness to substitute other UK
airports of departure, or other types of travel, or other types of expenditure (see
Starkie and Thompson, 1985).

To test whether price premiums do exist at congested airports, we included in our
equation dummy variables to reflect the UK departure airport. The results show a
significant coefficient on the dummy for Gatwick; this suggests a premium on
Gatwick fares of broadly 5 per cent in 1987, although a part of this premium may
reflect the incidence of some congestion costs at the regulatory ceiling of 40
movements per hour (see MMC, 1983). Less expected is the significant coefficient
on Manchester, suggesting a premium of 2.5 per cent. Though Manchester has
recently experienced constraints on terminal capacity — partially relaxed by the
opening of a new domestic terminal in 1989, with a second international terminal
proposed — it seems unlikely that these constraints were a relevant factor in 1987
(see MMC, 1988). A more likely explanation is that this reflects Thomson's strong
presence in the Manchester catchment area; disaggregation of our analysis did not
reveal a Manchester premium in the case of our Intasun data, and it seems likely that
Thomson are recouping a relatively higher share of marketing costs, and other fixed
expenditures, in a catchment area where their brand presence is particularly strong.

5. AIRSPACE CAPACITY CONSTRAINTS AND THE PRICE STRUCTURE

Congestion in the use of airspace capacity — that is the capacity of air traffic control
(ATC) systems — has increased rapidly in Europe in recent years. For example, data
assembled by Muller (1989) show that delays increased by over a quarter between
1987 and 1988 with more substantial increases in particular congested corridors. As
in the case of congested airport infrastructure, the regulatory rules which govern the
setting of charges for ATC services prevent these charges from being raised to
market clearing levels (see MMC, 1983, for a discussion of these rules). Excess
demand at peak periods is thus an expected outcome.

The methods used to ration capacity differ from those used for airports. For
airspace, no regulatory capacity limits are specified and allocated between airlines.
Instead, rationing takes place by queuing; if there is excess demand to use a particular
airspace corridor, some aircraft are delayed (either on the ground or in the air) until
a flight path is available for the relevant part of the journey. Allocation of places in
the queue is implemented by short-term (that is, day-by-day or hour-by-hour)
regulatory action (see CAA, 1989, or Muller, 1989, for a more detailed account).

Airspace congestion can be expected to have an impact upon the price of charter
air travel through both demand and supply effects. On the demand side, the incidence
of delays (and congestion in the use of terminal facilities at some airports) means that
the quality of service offered during periods of peak demand will fall in comparison
with off-peak periods. The relative level of demand can be expected to fall in
consequence. On the supply side, the incidence of delay can be expected to increase
costs. Increases will arise both for inputs which are joint between peak and off-peak
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TABLE 2

Charter Air Fares: 1989

White estimate

Variable Coefficient t-statistic
Constant —1.427 -71.54
log KM 0.799 38.49
log D -0.039 -8.52
MAY 0.002 0.39
JULY 0.211 27.24
AUG 0.262 33.87
SEPT 0.171 22.11
oCcT 0.121 15.66
WK 0.073 1541
GAT 0.072 6.86
MAN 0.037 4.28
R>=0.82

Number of observations: 942
The White estimates of the z-statistics make adjustment for the presence of heteroskedasticity.

periods — aircraft and possibly crew — and for some variable inputs during peak
periods (for example, fuel).

Thus, in off-peak periods demand will be increased but the level of direct
operating costs will remain unchanged. We would expect no change in prices in
comparison with a situation with no congestion. In the shoulder peak period, demand
will be increased and prices can also be expected to be increased. In the peak-of-peak
period, demand will be reduced but costs will be increased. The outcome for prices
is ambiguous, depending on the relative strength of the two effects. However, the
sum of the mark-ups (above direct operating costs) which are earned over both
shoulder and peak-of-peak periods can be expected to be increased, in order to
remunerate the higher incremental cost of the jointly supplied inputs which are used
less efficiently as a consequence of delays.

To test these propositions we have re-estimated our equation for the most recent
year — 1989 — and compared the results with our earlier findings for 1987, a year
in which ATC capacity constraints were still comparatively unimportant. The results
of the re-estimation using 1989 data are set out in Table 2. The results show that the
coefficients on the dummies for Gatwick and Manchester have both increased; this
is an expected outcome of the increased demand on limited capacity at Gatwick and
the emergence of terminal capacity constraints at Manchester. Examination of our
peaking dummies shows that, in comparison with 1987, the coefficients on the
dummies for July, September and October have increased, while that for August has
fallen. These findings are consistent with our expectations on the change in the
relative levels of off-peak, shoulder-peak and peak-of-peak prices. The summation
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of these coefficients across all periods also increased, again consistent with our
expectations. However, a Wald test (Wald, 1943) showed that we could not reject the
null hypothesis — that the summation of the coefficients had not increased — unless
we were prepared to lower our criterion for significance to 15 per cent.

6. CONCLUSIONS

Our objective in this paper has been to analyse how a competitive aviation market
— the market for charter air travel between the UK and Europe — resolves the peak-
load problem which arises because demand is peaky between periods over which
significant input costs — associated in particular with aircraft— are jointly supplied.
This question is of interest both because the more familiar exposition of the peak-
load problem is in the context of a monopoly utility (as, for example, in Williamson,
1966, or Milward, 1971), while comparatively little attention has been given to peak
pricing in competitive markets, and because the appropriateness of peak-load pricing
for aviation infrastructure is currently a central policy concern in both Europe and
the US.

Our findings show that charter air fares reflect the underlying cost characteristics
of different routes — as we would expect in a competitive market — and show a well
defined peak-load structure. Prices are significantly higher at weekends, when a
higher preference for travel arises from constraints on the timing of travel, and during
months when higher level of demands are caused both by timing constraints arising
from school holidays and by climatic advantages.

Our model of charter air fares can be used to examine the implications of current
policies which use non-price methods of rationing to allocate scarce airport and
airspace infrastructure. In the case of airports, the UK regulatory authorities pre-
specify the maximum capacity (in terms of the maximum permitted number of slots
for take-off or landing) and then allocate this between airlines according to various
administrative rules. Our analysis confirms the expectation that product prices —
that is, air fares — are determined by the underlying supply and demand conditions.
Prices at the capacity-constrained Gatwick airport are significantly higher than at
other UK airports, by a factor of broadly 5 per cent. There is no evidence to suggest
that prices are being set beneath market clearing levels. The implication of this is that
the effect of the current policy of allocating scarce slots by administrative methods
— at charges below market clearing levels — is to enable the airlines to which they
are allocated to earn rents (although a part of the premium may reflect increased costs
of operating at capacity-constrained airports). Unless the administrative methods
used to allocate slots can replicate underlying preferences, there is the likelihood of
a static efficiency loss; and the opportunities for incumbent, but not entrant, airlines
to earn rents clearly has implications for airline competition (see McGowan and
Seabright, 1989).

The methods used to regulate access to airspace infrastructure are different; here
excess demand is effectively rationed by queuing. In general this outcome can be
expected to be less efficient than rationing by price, because of the divergence which
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exists between the private and social costs (social costs include the cost of delays
imposed on others) for airlines determining whether or not to join the queue (see
Morrison and Winston, 1989, for an empirical evaluation in relation to the US). Our
findings show that charter air fares have adjusted to the changes in both cost and
demand which have resulted from the adoption of this method of rationing capacity.
Specifically, the use of queuing will increase the cost of providing additional flights
in peak periods (because delays mean that aircraft and aircrew are utilised less
intensively), while the fall in service quality, which results from delay, will reduce
demand. Our findings show that the increase which has taken place in air space
congestion has been associated with a change in the structure of prices in different
periods, which conforms to this pattern.

Overall, therefore, our findings show that charter air fares exhibit a well defined
peak-load structure, and one which has responded flexibly to the constraints which
have recently arisen in airport and airspace capacity. This suggests that the price
mechanism is an effective instrument for resolving the allocation of peak capacity
in aviation markets, and thus a promising policy tool for resolving the problems
arising from congested infrastructure. The application of peak pricing to aviation
infrastructure would, however, require consideration of a wider range of issues (for
a discussion see CAA, 1989, and Rawlinson, 1989).
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