THE STRUCTURE OF LANDING FEES AT
UNCONGESTED AIRPORTS

An Application of Ramsey Pricing

By Steven A. Morrison*

I. INTRODUCTION

In recent years much attention has been given to the problems of pricing congested
runway facilities: two examples are Levine (1969) and Carlin and Park (1970). If a
facility has the optimal level of capacity and capacity can be added under constant
returns to scale, then marginal-cost pricing will result in revenues which just cover
costs (Mohring and Harwitz, 1962). However, the problem of uncongested airports
has received very little attention.! If a facility is overbuilt and thus uncongested (as a
result of indivisibilities or of inefficient investment) marginal-cost pricing will result in
deficits. These deficits may be covered either by a subsidy or by setting landing fees in
“excess of marginal cost. If fees are set above marginal cost, there will be a loss in
efficiency, which is effectively the cost of the revenue constraint.?

Throughout the world, the general basis for assessment of landing fees is aircraft
weight. In the United States the basis generally used to calculate fees is maximum
landing weight, but in Canada maximum takeoff weight is used.? Although marginal
airport costs do tend to vary with aircraft weight, the use of weight-based fees is
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! An exception is Littlechild and Thompson (1977). They use linear programming and game theory
techniques to determine optimal runway size and fair and efficient landing fees. Their analysis is
sophisticated, but it is probably too cumbersome for widespread use.

2In Canada and in many other countries (but not in the U.S.), there is a federally run system of
airports. Where a system includes airports which generate surpluses as well as deficits when optimally
priced, the surpluses from the congested airports may be used.to meet the deficits of the uncongested
ones. This will eliminate (or reduce) the welfare loss from underpricing congested airports (to avoid a
surplus) or overpricing uncongested ones. Since U.S. airports are generally municipally owned, such a
scheme would not be practical there.

3 Maximum takeoff and landing weights are the maximum weights at which the aircraft may (legally,
not physically) take off or land, respectively. Thus they are upper bounds; actual takeoff or landing
weight depends upon actual payload and fuel, and may be less than the maximum weight. The
difference between takeoff and landing weight is fuel. Since fuel requirements increase with flight
distance, long-range aircraft have a higher ratio of takeoff weight to landing weight than short-range
aircraft.
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basically a form of value-of-service pricing (Walters, 1978). In both countries (and at
most airports throughout the world) the fees charged to air carriers are uniform
throughout the day, even at congested airports.

Currently, landing fees are viewed by airport authorities as a revenue source of last
resort (Levine, 1969). This stems from a historical desire to promote aviation and a
bifurcated view of pricing in the landing area and in the terminal area. The landing
fees charged are therefore calculated so that, given all other sources of revenue
(especially parking lots and terminal concessions), the airport meets its revenue
requirement.

This paper develops a Ramsey-type pricing model for uncongested airports, in
which net benefits are maximised subject to a revenue constraint. Then the structure
of the Ramsey-type prices is compared with the current structure of prices, in order to
judge the efficiency of the current pricing scheme. The results indicate two
shortcomings of the current structure of weight-based landing fees. First, current fees
rise too rapidly with weight. Second (for a given aircraft type) current fees do not vary
with the length of the flight.

The remainder of the paper is organised as follows. Section II contains the
development of the Ramsey-type pricing model. The results of the estimation of the
model are given in Section IIL. Section IV deals with policy implications. Section V
presents a summary.

II. THE MODEL

Faced with a situation in which marginal-cost pricing results in unacceptable deficits,
the airport authority’s problem (taking the size of the airport as given?) is to maximise
the difference between social benefits and costs, given a revenue constraint.

Forming the Lagrangean, we have

() On
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where P, =the landing fee charged to aircraft in category i (a category
is given by an aircraft type and length of flight)
0, = the number of landings by category i°

4 The size of the airport is taken as given because we are only concerned with uncongested airports.
Before any new investment is required the airport will have become congested, and at that time
congestion (not Ramsey) pricing should be used. However, even at uncongested airports, runway
investment may be necessary to accommodate a new aircraft type. For a treatment of this problem, see
Littlechild and Thompson (1977). v

3 For simplicity, the inverse demand function P/(Q;) assumes that the number of landings by
category i is not influenced by the landing fees charged to other categories. Thus the possible
substitution of aircraft types is ignored.

152



LANDING FEES AT UNCONGESTED AIRPORTS S. A. Morrison

C(Q,, ..., Q,) = the total variable cost to the airport authority of the landings
F = the fixed costs which must be covered.

The first-order conditions are:
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Solving (2) results in
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where ¢; is the (absolute value) elasticity of demand for landings with respect to the
landing fee. This is the standard Ramsey pricing result, which indicates that the
percentage markup of price over marginal cost should be inversely proportional to the
elasticity of demand (Baumol and Bradford, 1970).

Because the proportions are fixed (one airplane plus one landing equals one flight)
the elasticity of demand for landings is equal to the product of the elasticity of demand
for passenger trips with respect to ticket price times the fraction which landing fees are
of the costs of the flight® (Layard and Walters, 1978, p. 262). Thus,

P,
&= i—l— =1,.., 4
”(P,.+TC,.) i=1...n “)

where 7, = the (absolute value) elasticity of demand for passenger trips of the ith
' category
TC; = the cost of the flight for the ith category exclusive of landing fee.

The expression in (4) can be substituted into (3) and the result solved for price. The
result is

oCc  k
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where k = A/(1 + A).

Equation (5) indicates that the landing fee should be a function of the marginal cost

6 This assumes that both the elasticity of number of flights with respect to number of passengers and
the elasticity of ticket price with respect to airline costs are equal to one. This is the case only if flights
are operated at a constant load factor (percent of seats filled) and firms earn a constant rate of profit.
More realistically, adjustments in load factor would cause the elasticity of demand for landings to be
greater (in absolute value) than reported above. For a detailed discussion of the effect of airline costs
and number of passengers on load factors, see Douglas and Miller (1974, Chapter 6). The effect of load
factor adjustments on the results of this study is equivalent to a decrease in k discussed in footnote 13
below.
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of a landing to the airport authority,’ the elasticity of passenger demand, and the cost
of the flight.

The cost of a flight depends on the size of the aircraft as well as on the length of the
flight. Studies of the elasticity of passengers’ demand indicate that the elasticity varies
with the length of the trip,® increasing (in absolute value) with distance (DeVany,
1974; Tppolito, 1981). Thus the key to true “value-of-service” pricing lies in aircraft
size and distance.

III. ESTIMATION

Given estimates of the parameters, equation (5) can be solved for the landing fees for
different aircraft types and distances for a hypothetical “representative” airport. The
values used for # are taken from DeVany (1974). The formula for elasticity (implicit)®
in DeVany’s work is

_ 12.19 + 0.0825M,
= 1719 + 0.0683M,

where M; = the length of the trip. The formula yields the elasticities shown in Table 1
for a variety of distances.

The operating costs for a given aircraft type and distance can be estimated by
multiplying the operating cost per block hour!® for that aircraft type by the number of
block hours of the flight. The result can be multiplied by two to obtain total flight
costs (TC), which in general are approximately twice aircraft operating costs (Wycoff
and Maister, 1977). Douglas and Miller (1974) reported block hours as a function of
distance for five aircraft types which will be used in this study. The functions are given
in Table 2.

Operating cost per block hour in 1979 for these five aircraft types was obtained
from U.S. Civil Aeronautics Board (1980). They are presented in Table 3, with other
information to be used subsequently.

(6

" Since this paper is concerned with uncongested airports, the marginal costs are borne only by the
airport authority; that is, there are no congestion externalities. However, the pricing rule in (5) can be
applied equally well to congested airports, which, because of excess capacity (or increasing returns),
would incur deficits with marginal-cost (including congestion) pricing. The only change is that the term
0C/0Q should be interpreted as including marginal congestion costs.

8 This formulation assumes that passenger trip length is identical to aircraft trip length. Because there
are intermediate stops, some passengers will be on longer journeys than the distance covered by the
aircraft in its last hop. This can be accounted for by considering # to be a weighted average of the
demand elasticities of the passengers (with different trip lengths) aboard the aircraft.

® DeVany’s formulation assumes a constant full-price (time cost plus ticket price) elasticity. In such
a formulation the ticket price elasticity is equal to the full-price elasticity times the fraction which ticket
price is of full price. Equation (6) is obtained by incorporating DeVany’s estimates for the full-price
elasticity, the value of travel time, and the functions relating price and travel time to distance.

10 A block hour is the most common measure of aircraft utilisation. Block time begins when the
aircraft first moves under its own power at the beginning of a flight, and ends when the aircraft ceases
to move under its own power at the end of a flight. Block time includes taxi time, both before takeoff
and after landing, and takeoff and landing time, as well as airborne time.
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TABLE 1 TABLE 2
Elasticity of Passengers’ Demand Block Hours as a Function of Distance (M)
Distance (M) Elasticity (1) Aircraft Block Hours
500 1.04 DC9-30

1,000 1.11 B727-200 0.3693 + 0.0020M

1,500 1.14 DC8-61

2,000 L15 DC10-10 0.6833 + 0.00181M

2,500 1.16 B747
Source: Calculated from DeVany (1974). Source: Douglas and Miller (1974).

TABLE 3

Aircraft Characteristics

Maximum Maximum

Aircraft $/Block Hour Landing Weight  Takeoff Weight

Type (1979) Seats (1000 Ibs.) (1000 Ibs.)
DC9-30 1,060 115 110 121
B727-200 1,500 145 154.5 191.5
DC8-61 2,189 259 240 325
DC10-10 2,943 315 363.5 455
B747 3,707 452 564 785

Sources: U.S. Civil Aeronautics Board (1980), Aviation Week and Space Technology (1981).

Using 1975 and 1976 operating cost data obtained from a survey of U.S. airports,
Morrison (1979) estimated that the marginal cost to the airport authority of an air
carrier landing (and subsequent takeoff) was approximately $25. To take account of
inflation between 1976 and 1979 (the year of the cost data), the value of $30 will be
used.!

The value of k depends on the extent to which the revenue constraint is binding. If
the constraint is not binding, 4 = 0 and k = 0. In this case equation (3) reduces to
P = MC, the familiar first-best pricing rule. At the other extreme, if the revenue
requirement is at the maximum attainable level, the value of A will approach infinity,
resulting in k tending to 1. In the limiting case where k = 1, equation (3) reduces to
MR = MC, with the airport operating as a price-discriminating monovoolist. The
analysis which follows uses a value for k of 0.025,!? because the tees generated with

1 The analysis was also carried out for different values of marginal cost, with no significant change
in the pattern of results. Also, according to Walters (1978), marginal airport costs do vary with landing
weight, but not proportionally, as current fees do. To test for the possible effect on the results of
marginal costs that increase with weight, the analysis was also carried out assuming that marginal cost
was proportional to aircraft weight (a worst case). While the absolute values of the results change, the
general pattern does not.

12 A variety of values of k were used, and the general pattern of results remains the same.
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that value for k are of the same order of magnitude as current fees. Airports are
currently meeting their revenue requirements with existing fees; so, while the structure
of optimal fees and current fees may differ, their level will be approximately the same.

Using the values and functions stated above, the Ramsey prices were calculated;
they are presented in Table 4. Two basic patterns can be seen. First, landing fees for
each aircraft type increase with distance, because the derived demand for landings for
longer flights is more inelastic than for shorter ones. In terms of equation (5), the
reason is that flight costs rise faster with distance than the elasticity of passenger
demand. Second, landing fees increase as aircraft size increases. This is due entirely to
the flight-cost effect. The next section discusses the implications of the structure of the
Ramsey prices.

IV. ANALYSIS AND IMPLICATIONS

In general, landing fees actually charged at airports throughout the world are
proportional to aircraft weight (either takeoff weight or lahding weight). The ratio of
Ramsey prices in Table 4 to current weight-based fees will be used to analyse the
(relative) structure of the Ramsey prices. It is thus necessary to choose a level of
weight-based fees (i.e., a normalisation criterion) as the basis for comparison. The
normalisation criterion was chosen so that the ratio of fees for the DC9-30 at 500
miles equals one. (Given the weights of the DC9-30, this implies a level of
weight-based fees of $0.927 per 1,000 pounds landing weight, or $0.843 per 1,000
pounds takeoff weight.) These ratios, for both landing weight and takeoff weight, are
shown in Tables 5 and 6.

Two consistent trends are apparent in the tables. First, for any given aircraft type,
the ratios increase with distance. This indicates that the Ramsey prices increase with
distance faster than the weight-based fees. (Indeed, the weight-based fees do not
increase with distance.) Second, for any given distance, the ratios decrease as aircraft
size increases. This indicates that current fees rise too rapidly with size (weight).!?
Thus, if the revenue requirement is being met by the current pricing system,
imposition of Ramsey pricing would result in increased fees for “small” planes on
“long” flights and decreased fees for “large” planes on “short” flights. However, on
average, small planes do not make long flights and large planes do not make short
flights. At the average, then, the current structure of fees is not as distorted as the
whole table suggests. But, of course, any flight which deviates from the average will be
mispriced under the current scheme.'*

If, for some reason, airports were obliged to continue to use weight-based prices,
takeoff weight is, on average, better. Landing weight is a function of the size of the

13 The effect of an increase in the marginal cost of a landing (k constant) is to increase the level of
Ramsey prices. The mispricing due to aircraft size increases, while the distortions due to distance
decrease. The effect of increasing k (MC constant) also increases the level of fees. The distortions
due to size decrease, while the distortions due to distance increase.

4 This paper is concerned entirely with landing fees for air carriers. However, fees for general
aviation aircraft can also be considered. Because of their relatively low operating costs and relatively
high elasticity of demand, low fees are implied at uncongested airports.
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TABLE 4
Ramsey Prices (in Dollars)

Aircraft Type
Distance (M) DC9-30 B727-200 DC8-61 DC10-10 B747
500 102 132 202 261 321
1,000 147 195 283 370 458
1,500 191 258 365 481 597
2,000 236 321 449 592 738
2,500 281 385 532 705 879

TABLE 5
Normalised Ratio of Ramsey Prices to Prices Based on Landing Weight

Aircraft Type
Distance (M) DC9-30 B727-200 DC8-61 DCI0-10 B747
500 1.00 0.92 0.91 0.77 0.61
1,000 1.44 1.36 1.27 1.09 0.87
1,500 1.87 1.80 1.64 1.42 1.14
2,000 2.31 2.24 2.01 1.75 141
2,500 2.75 2.68 2.39 2.09 1.68
TABLE 6

Normalised Ratio of Ramsey Prices to Prices Based on Takeoff Weight

Aircraft Type

Distance (M) DC9-30 B727-200 DC8-61 DCI10-10 B747
500 1.00 0.82 0.74 0.68 0.48
1,000 1.44 1.20 1.03 0.96 0.69
1,500 1.87 1.60 1.33 1.25 0.90
2,000 2.31 1.99 1.63 1.54 1.11
2,500 2.75 2.38 1.94 1.83 1.33
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aircraft. Since the difference between takeoff weight and landing weight is fuel, takeoff
weight is a function of both size and range. It thus incorporates the relevant
dimensions of Ramsey prices. Again, however, this is only true on average.

Before Ramsey prices could be put into use at airports, it might be necessary to
develop a pricing base, even simpler than aircraft type and distance, which could give
an approximately similar structure of prices. The system should incorporate the
aircraft size and distance variables. A well-known measure which combines these two
dimensions is available seat miles (4.SM). ASM is the product of seats available and
flight distance.

Using ordinary least squares,® the fees given in Table 4 were regressed on available
seat miles. The results are shown below (¢-statistics are in parentheses).

Fee = 100.24 + 0.72 ASM (in thousands) R2=0.976
(9.05) (30.89) n=25

This two-part pricing scheme, with a fixed amount per landing plus a fee per available
seat mile, is relatively simple and yet approximates the Ramsey prices reasonably well,
as is evidenced by the high R%

The welfare gain from the imposition of Ramsey prices will be due to the quantity
adjustments of the flights which are mispriced under the weight-based system. Since
the “average” flight is not mispriced, the gains will be based on the quantity
adjustments of small planes on long trips (less flights) and large planes on short trips
(more flights). Because of this and because of the low elasticity of demand for
landings, the welfare gains from the imposition of Ramsey pricing may be small.!6
However, the costs of implementing the simple scheme are negligible. Since weight-
based pricing and collection mechanisms are already in place, little effort would be
required to charge the fixed fee plus ASM charge which approximates the Ramsey
prices.

V. SUMMARY

Hitherto the problem of pricing of uncongested airports has received little attention.
For uncongested airports marginal-cost pricing will result in deficits which are often
unacceptable. The pricing problem is thus one of covering the deficit with as small a
deviation as possible from the optimal pattern of use. In this paper a Ramsey-type
pricing rule has been developed for uncongested airports, based on maximising net
social benefits subject to a revenue constraint. The results indicate that the current
structure of weight-based fees has two shortcomings. First, landing fees should, but
currently do not, increase with the distance flown by the aircraft. Second, current fees

15 Ordinary least squares, while not appropriate, was used for simplicity. Rather than minimising the
sum of squared residuals, the proper estimation procedure is to minimise a loss function where the loss
is equal to the welfare loss due to the deviation from the Ramsey prices.

16 In many cases, excess profits in the terminal area and/or government grants are used to cover part
of the fixed cost of the runway and thus reduce the revenue requirement in the landing area (Levine,
1969). If this were not the case (e.g., less government willingness to cover airport costs) the level of
landing fees would be higher, and with it, the welfare gains from an imposition of Ramsey prices.

158



LANDING FEES AT UNCONGESTED AIRPORTS S. A. Morrison

increase too rapidly with aircraft size. A simple two-part pricing rule is developed
which approximates the Ramsey prices. Aircraft would be assessed a fixed fee per
landing plus a charge per available seat mile. Unlike current weight-based fees, these
fees vary with both size and distance, thus capturing the relevant dimensions of the
Ramsey prices.
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