
WORKING 
PAPERS 

MARKETABLE LANDING RIGHTS AND ECONOMIC EFFICIENCY 

Donald W. Koran 





Marketable Landing Rights and Economic Efficiency 

by 

Donald W. Koran and Jonathan D. Ogur

April 1985 





.L. Introduction 

For the past 15 years, the Federal Aviation Administration 

(FAA) has regulated operating rights (slots) at some of the 

busiest U.S. airports. 11 In broad outline, this regulation has 

three main goals: 1) restricting the number of slots during 

certain hours of the day, 2) allocating slots to the individual 

airlines, and 3) preventing the carriers receiving slots from 

selling them to other airlines (except during a brief 

.:.experimentN). This general form of regulation began on a 

relatively small scale in the late 1960's, but expanded greatly 

in response to the 1981 Professional Air Traffic Controllers 

(PATCO) strike. 1I 

In this paper we focus on the second and third goals of FAA 

slot regulation during the time period immediately following the 

PATCO strike. Taking as given the FAA's reduction in the number 

of slots at peak hours (to match the decrease in air traffic 

control capacity caused by the strike), we estim





markets would be able to outbid flights in thin markets if slot 

sales were allowed. 

In section five we examine the misallocation loss resulting 

from the prohibition of slot sales. Using our estimated demand 

for slots at st. Louis, we obtain the value of the slots 

eliminated by the FAA after the PATeo strike from the value of 

the flights actually cancelled when the FAA allocated the 

remaining slots administratively to carriers. We then obtain the 

value of the flights that we predict would have been dropped if 

slots had been freely transferable. The difference between these 

two values provides an estimate of the misallocation loss. 

In the sixth section we attempt to quantify the deadweight 

loss that results because the absence of a slot market increases 

the cost of entry into air transportation markets. Using 

different assumptions as to the ability of incumbent carriers to 





5.1 It is written as follows: 

(1) Q = A exp(bP2) N9l L92 

where: Q == number of passengess in the market 
A= exp(aO) Oal Xa2 ya 

exp (a4 Z) 
P == the fare 
N = the number of flights in the market 
L -= the market load factor 
o == market distance 
X • the product of the populations of the two cities 
y • the simple average of the per capita populations 

of the two cities 
Z = a vector of dummy variables (see Table 1) 
gl, g2, aO, aI, a2, a3, and a4 are constants. 

To convert this city-pair market demand function into a 

flight demand function, we assume that phatg4dnIr5931 0 0 56.ume 



Table 1. 

Coefficient Estimates for the Demand lor 
Air Travel in a City-pair Market 

variable Coefficient 
------------------- --------------

constant (aO) -26.04 
N (gl) • 



Airline Costs 

In choosing a specification for a flight cost function, the 

question of economies of scale arises. Prior studies of airline 

costs (e.g. Douglas and Miller (1974), Eads, Nerlove and Raduchel 

(1969), pulsifer n �~� (1975), and White (1979» found no 

economies of scale with respect to airline size. However, we 

know of no studies of economies of scale at the city-pair level. 

�~� Thus we do not know to what extent dense markets are served 

at a lower average cost than thin markets. 

Bailey and Panzar (1981) suggest economies of scale in 

aircraft size as an argument to support economies of scale at the 

ciey-pair level. lQ/ Thus, if larger aircraft are used in dense 

markets and costs per passenger are lower for larger aircraft, 

dense markets may have lower costs. Comparisons of costs per 

seat-mile of different sizes of aircraft reveal lower costs for 

larger planes (e.g. Douglas and Miller (1974, p. 11». While 

these cost comparisons exaggerate the cost advantage of larger 

aircraft by ignoring other factors �t�h�a�~� affect costs, 1lI the 

advantage clearly exists. l2/ The real issue, however, is not 

whether economies of scale with respect to aircraft size (and 

hence city-pair market size) exist, but whether they are 

important in the relevant range. 

Such economies appear not to be important in our sample, 

because all the aircraft used are relatively large (more than 76 

seats), and most are similar in size. 1lI Accordingly, we assume 

that long run cost lJ/ is independent of density in the relevant 

range. This simplifies our analysis by allowing us to treat 

7 



average cost as exogenous. We note the effect of this assumption 

when our results are sensitive to it. 

While we assume that long run average cost is (locally) 

independent of traffic, we allow cost to vary with distance. We 

estimate the relationship between these two variables by 

regressing average per-passenger cost, c, against the natural 

logarithm of distance, InD, for our sample of the 59 city-pair 

markets involving st. Louis. l2/ 

Average per-passenger cost was computed for each city-pair 

market as follows. The average seat-mile cost for each flight in 

the sample was multiplied by the distance of the market to give 

the average seat cost for the flight. li/ The average seat cost 

for each city pair was then computed as the weighted average of 

the average seat costs for the flights the pair 



of CAB-type restrictions), the airline providing the flight would 

earn profits from it equal to 

(4) n z (F - c) q. 

Absent the threat of entry, the airline would set the fare 

at the level that maximizes profit function (4). This level is 

found by differentiating (4) with respect to the decision 

variable of each flight, fare, which gives the first order 

condition of profit maximization as 

(5) F(F - c) = -
1 

2b 
• 

Solving this quadratic equation for its positive root, the 

profit maximizing fare is 

c + (c2 - 2/b)l/2 
(6) F' = ------------------

2 

Equation (6) is substituted into the flight demand function, 

equation (2), in order to find the profit maximizing quantity, 

q', for each flight. The profit maximizing fare and quantity are 

substituted into equation (4) to find the profit that each flnd 

f

s

 

f

e

s

s

e

n

t

i

a

l

 

0

 

T

c

 

.

0

0

5

6

 

0

 

0

 

1

3

.

2

 

2

0

6

.

2

6

0

4

2

.

2

8

 

T

m

 

(

f

h

 

)

T

j

 

1

5

4

5

7

8

4

 

0

 

0

 

1

3

.

2

 

3

2

8

.

2

 

 

0

4

2

.

2

8

 

T

m

 

(

f

c

o

n

d

u

t

i

o

g

 

)

T

j

 

1

 

T

c

 

1

3

.

2

 

0

 

0

 

1

3

.

2

 

2

3

0

9

2

2

 

4

4

2

.

2

8

 

T

m

 

(

f

a

)

T

j

 

0

.

0

5

 

T

c

 

1

7

.

6

4

7

1

 

0

 

0

 

1

3

.

2

 

1

3

2

3

4

 

2

6

2

.

2

8

 

T

m

 

(

f

f

�

.

5

5

,

)

T

j

 

1

4

.

4

2

7

0

 

0

 

0

 

1

3

.

2

 

3

8

0

.

1

9

 

0

4

2

.

2

8

 

T

m

 

(

f

a

n

)

T

j

 

1

7

.

7

5

4

1

 

0

 

0

 

1

3

.

2

 

4

2

0

.

2

 

6

0

4

2

.

2

8

 

T

m

 

(

f

a

i

r

l

i

n

 

)

T

j

 

1

3

.

9

7

1

6

 

0

 

0

 

1

3

.

2

 

4

6

3

2

2

2

 

4

4

2

.

2

8

 

T

m

 

(

f

w

o

u

l

 

)

T

j

 

1

5

.

4

7

2

9

 

0

 

0

 

1

3

.

2

 

1

5

8

.

1

9

 

4

4

2

.

2

8

 

T

m

 

(

f

b

 

)

T

j

 

1

7

.

8

3

5

5

 

0

 

0

 

1

3

.

2

 

7

3

5

3

3

 

3

6

9

.

7

 

2

9

1

.

8

r

w

i

l

l

n

g

 

p

r

o

f

i

t

 

p

u

n

c

t

i

o

n

,

pgive 

phe pwillng ness ph 

ppay

por 

pach 



the long run is generally unrealistic. Since deregulation, 

barriers to entry are minimal, and pricing at the monopoly level 

will in most instances encourage entry and rapidly eliminate 

profits. Most markets are closer to the oPPOsite end of the 

pricing spectrum, the perfectly contestable market in which entry 

is free and exit is costless. 221 In this section we ion .13 4.98 45 



flight. The airline's willingness to pay would be the difference 

between the flight's revenues and costs, excluding the price of 

the slot, when the fare is set so as to maximize this difference. 

This fare level is given by the tangency of the average cost 

function (including the slot price, P) and the demand function. 

22/ At this point of tangency, fare equals average cost, 

p 
(8) F = + c = AC, 

q 

and the partial derivative of the inverse demand function with 

respect to quantity equals the partial derivative of average 

costs with respect to quantity 

aF 1 Po fare 

=
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equation (7). 2lI In sum, regardless of which of the two extreme 

assumptions is used--absolute barriers to entry or no barriers to 

entry--an airline's maximum willingness to pay for a slot can be 

expressed as the same function of variables and coefficients from 

the flight demand and cost functions. 

Results 

Using Ippolito's estimated demand function (s,ee equation (1) 

and Table (1», our estimated cost function (see equation (3», 

and our derived willingness-to-pay expression (see either 

equation (7) or equation (10», we estimated airline willingness 

to pay for a slot as a function of the city-pair characteristics 

of the flight to be a equat6.4j 0.16.5889 0 0 13.8 s95 462 1170Tm ((3», gne9_1 1 Tf 11.6798 0 0ated10, 08 154.685t )1j 16.5889 0 0st1t3462pr18496 Tm (the )Tj pro439s the 

(s,e152 14.439s charTj 199.439s 

the ae (7)Tj 5, Tost 3 0 0 Assum5 0 0 13.8 1.03 5 56068 T.009no0 13.7 541.74 663368 Tm (equat26.568 Tost 3 0 0 threat72.82 462.49 Tm (of )T3pr168 Tost 3 0 0 8 95 46287.65, 08 154.68 585368Tost 3 0 0 .8 ry5 0 0 13.8 301.66 511.68 Tm (we )T5 Tc8 Tost 3 0 0  0 0 13.8 325.5187.49 Tm (of )T4 )T788Tost 3 0 0 . 0 13.8401.09 53354 Tm (of )T47 487 Tost 3 0 0 that95 462.49 Tm (the )Tj 5 5608 Tost 3 0 0 th 148.12ci6349 Tm (of )Tj38 323(7� Tc 3city-p8 0ro3will3ics39.3
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Table 2. 

Means of City-pair Market Characteristics 
for Flights into SL Louis 

Variable Mean Value 

Flight Frequency (N) 
Load Factor (L) 
Distance (D) 
population (X)· 
Per Capita Income (Y) • 
Dummy Variables: 

0-100 miles 
100-200 miles 
Las Vegas 
Florida 
California 

8 
54 

561 
2,318,886 

7,847 

.107 

.053 

.014 

.047 

.047 

• This figure is the population of the origin city. The 
figure used in the estimation is the product of the 
origin city population and the population of the st. 
Louis SMS_T0 0 1n 3.0T03(7,847 )ion 



Of course these are not necessarily the equilibrium values 

of fare, quantity of passengers, and slot price. If there is any 

threat of entry (which there surely is for airline markets), 

fares will be much closer to costs (including both operating 

costs, c, and the per passenger scarcity value of slots, P/q), 

and consequently flights will have more passengers and lower 

profits. For a flight in a perfectly contestable market, the 

fare would equal average cost including the scarcity value of 

slots, although (as we have shown) airline willingness to pay for 

slots would be the same as in the monopoly case. In addition, the 

equilibrium slot price would not be $1,275, which is the 

estimated willingness to pay of the average flight in our sample. 

III. �~� Equilibrium price ot A �~� 

The actual slot price during each hour of the day will 

depend on the demand for slots and the supply of slots during 

that hour. The demand for slots at st. Louis, during any hour of 

the day, can be obtained by ranking airlines' willingness to pay 

for each flight in descending order. The supply of slots during 

each hour is determined by the FAA. Given those two functions, 

the price will lie between the value of the lowest-valued flight 

that buys a slot and the value of the highest-valued flight that 

does not buy a slot. 

Estimated slot prices for restricted hours at st. Louis are 

presented in Table 3. Each estimate i p the value of the most 

valuable flight that would have been dropped at the indicated 

hour, if a slot market had been allowed. This value is a lower 

bound of the market price for slots (on a daily basis). As can be 

seen in Table 3, estimated restricted-hour slot prices range from 

14 



$389 per day, for the 12 noon hour, to $1,621 per day, for the 5 

pm. hour. Because slot availability for hours not shown exceeds 

slot demand, the equilibrium price is zero. 

using our st. Louis slot price estimates, the dollar volume 

of transactions in the slot market can also be estimated on a 

daily basis. Multiplying the slot price during each hour by the 

number of slots bought during that hour, we find that the total 

volume would be $89,304 per day. Since, under our contestablility 

assumption, there is an average of 6,978 passengers during 

restricted hours at st. Louis, these payments for slots would 

represent an average 

o t , r i u m  s l o a sl Tm (the )120 0 13.8764.26 5629 m (the )Tj 14.25005 0 0 13.8 3 13.8 2444.15m (slFa)Tscted slreflecslice slnoslice 



Table 3. 

Estimated Equilibrium Slot Prices 
for Restricted Sours at st. Louis 

(in dollars per day) 

------------------------------------------------------------------
Time Slot price 
(CDT) 

8:00 am. 412 

11:00 am. 918 

12:00 noon 389 

1:00 pm. 854 

3:00 pm. 997 

5:00 pm. 1,621 

6:00 pm. 816 

16 





Flight Frequency 

Larger cities usually have more flights than smaller cities. 

In fact, flight frequency is an endogenous variable for a city

pair market and is therefore determined by, inter AliA, city 

size. By holding frequency constant when we examine the effect of 

city size on willingness to pay, we ignore the fact that larger 

cities have more flights and thus the marginal flight in a city

pair market with a large ci ty is not the same as the marginal 

flight in a market with a smaller city. we now consider that 

effect. To see how flight frequency affects willingness to pay, 

assuming all else is constant, we differentiate equation (7) by 

the number of flights in the city-pair market to find 

a1T' aq' 
(12) ----- = (F' - c) ----- • 

aN a N 

Since the demand for each flight decreases with the total number 

of flights in the City-pair market, 211 the presence of more 

flights implies that f l i g h t s  



3IT' 3F' 3c 3ql 3pI 3c 3ql 
(13) = (--- - 1)--- ql + (FI-c) (--- --- -- + ---) • 

3D 3c 3D 3F' 3c 3D aD 

The first term of equation (13) represents the change in 

profits caused by the change in per passenger profits (fare minus 

costs) due to the cost increase resulting from an increase in 

distance. The second term represents the change in profits that 

results from a change in the number of passengers due both to the 

change in fare and the change in distance. 

Since a monopolist cannot pass on all of an increase in 

variable costs to consumers, the first term is negative. This is 

true, A fortiori when we consider that a monopolist's ability to 

pass on any increase in variable costs depends inversely on the 

(absolute value of) the elasticity of demand which itself 

increases with increace. 
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Results 



could use it most efficiently. Such a sale would benefit both the 

buyer and seller of the slot and is therefore welfare enhancing. 

Such benefits are lost because a slot market is prohibited. ll/ 

We can estimate this misallocation loss by comparing our 

estimates of the actual loss that occurred when slots become 

scarce at St. Louis in 1981 to our estimates of the loss that 

would have occurred if a slot market had been allowed. The third 

and fourth columns of Table losller e5et the 



Table 4. 

The Welfare Loss Arising from Slot Misallocation 



Table 

5 TW 19 12 
pn NW 1 0 

DL 3 2 
OZ 3 2 
AA 6 4 
EA 1 0 
TI 1 0 

-----
total 34 20 

6 'lW 10 5 
pm RC 2 1 

FL 1 0 
EA 1 0 
AL 2 1 
DL 1 0 
OZ 6 2 

-----
total 23 9 

city total 

Airlines: 

4 (continued) 

18,000 

1,823 
1,257 
3,959 

25,039 20,120 

4,942 
599 

144 

426 

6,111 3,733 
----- -----

61,187 4(2T69473----)Tj 72 i0 0.02(426 )Tj 0.463.5 113.68 Tm (A: )Tj 0 16.4148 0 0 13.113.68 Tm (A:394 613.68 T7135 Tm (-----)621 13.56 )TAmerican-









York, washington, and Chicago). The results of estimating the 

model are presented in Table 5. ill 

The coefficients of the Berfindahl index are of particular 

interest; they are positive and significant at the 95 percent 

level for all five quarters. Of additional interest is the small 

magnitude of these coefficients for the samples covering the 

third quarter of 1980 through the second quarter of 1981. If the 

air transportation markets in the samples were perfectly 

contestable, concentration would have no effect on fares, because 

the threat of potential competition would always keep them at the 

level of costs.!Q/ The small but significant coefficients 

during the pre-strike period indicate that, while the markets are 

not perfectly contestable, an increase in concentration leads 

to only a small increase in fare. By contrast, the results for 

the second quarter of 1982, after the PATOO strike, show a' 

coefficient for the Berfindahl index that is 1.8 to 2.5 times 

higher than for the pre-PATCO samples. 
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From the post-strike increase in the strength of the 

concentration-price relationship, we can draw inferences about 

the entry barrier created by a slot-market ban. The second 

quarter 1981 (pre-strike) Berfindahl coefficient implies that a 

city-pair market with a single airline would have fares 8.6 

percent higher than a market with four equal-sized carriers. By 

contrast in the same quarter in 1982 (after the strike), the 

single airline market would have fares 19.8 percent higher than 

the market with four carriers. This increase is consistent with 

the hypothesis that the FAA's slot-market ban creates an entry 

barrier which reduced the contestability of airline markets after 

the PATCO strike and increased incumbent carriers' ability to 

exert monopoly power over fares. 

The potential welfare loss arising from creating entry 

barriers in City-pair markets can be obtained by comparing the 

monopolist's long run price, as given by equation (6), and the 

price that would be Charged in a perfectly contestable market, 

which equals average cost including the slot scarcity value (see 

equation (8». The linear approximation of this dead-weight 

welfare loss, W, is ill 

linear linear W, linear i s  W ,  linear linear04 0Tc 16.5686 0 0 133 24133238.585 Tno (is )Tj 23.087.30489 0 0 13.68848893238.585 Tty a



its market price (see Table 3). In the second column of Table 6, 

we present, for each of the seven restricted hours, the welfare 

loss that would result from insurmountable entry barriers. The 

total estimated welfare loss for all restricted-hour flights 



Table 6. 

The Potential Welfare Loss Arising from Entry Barriers 
(in dollars per day) 

Time 
CDT 

8 am. 

11 am. 

12 noon 

1 pm. 

3 pm. 





FOOTNOTES 

• The authors are, respectively, Foreign Service Officer, 
Department of State, and Deputy Assistant Director for Regulatory 
Analysis, Federal Trade Commission. The views expressed in this 
paper are their own and do not necessarily represent the views of 
the Department of State, the 



5/ Among the features of Ippolito's specification that we believe 
are important for obtaining good estimates of a demand function 
are: (1) the possibility for fare elasticity to vary with 
distance (the relationship between fare elasticity and distance 
is discussed in Section IV); (2) the inclusion of load factor and 
flight 



with distance (see below), part of the apparent economies of 
scale is due to the longer average stage length of larger 
aircraft. In addition, CAB regulations resulted in the use of jet 
aircraft in markets for which they were not really suited. 
Deregulation and rising fuel prices (which increased the relative 
efficiency of turboprop aircraft for short-haul markets) have 
resulted in the replacement of jet aircraft with more appropriate 
turboprop aircraft in many markets. For a thorough discussion of 
this shift, see Meyer n AL. (1982). 

1l/ If there were no advantage to larger aircraft, airline 
passengers could be served individually with frequent, convenient 
service and airline markets could be, absent barriers to entry, 
competitive and not merely contestable. 

1lI Aircraft in our sample range from the 76 seat BAC-1-11-200 to 
the 272 seat Lockheed L-lOll with 268 of the 309 planes in the 
sample being either B-727s, B-737s or DC-9s. Interestingly, the 
two flights by a certificated carrier in the thinnest market in 
our sample (Cape Girardeau, Mo.) used DC-9s as did 16 of the 21 
flights in the densest market (Chicago). Of course, the smaller 
aircraft operated by commuter airlines may suffer a cost 
disadvantage although this disadvantage is presumably small since 
the commuters appear to be able to compete with the larger 
aircraft used by certificated carrers •. 

W By long run we mean the period in which airlines can alter 
both their schedules and aircraft tleets in response to changes 
in market conditions. 

ill The specification of costs as a function of the logarithm of 
distance is used to allow costs per mile to decline with 
distance. Such a concave cost function with respect to distance 
was implicit in the regulated fares that had fare per mile 
declining with distance. The economic evidence (e.g. Douglas and 
Miller (1974), Bailey and Panzar (1981), and Meyer, Oster, Morgan, 
Berman aTj 0.0357 08,lines a8 390.66 270.49Tm 71h22an, 
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is arbitrary but not unreasonable. Graham and Kaplan (1982) 
estimated that, for the year ending in June, 1981, flight 
specific costs were slightly less than 60 percent 



flights the number of passengers per flight declines. DeVaney 
(1975) found that for markets with three or more airlines the 
number of passengers per flight would increase with more flights 
while it would decrease with more flights in markets with one or 
two airlines. More recent studies of monopoly markets by Olson 
and Trapani (1981) and Ippolito (198l) found evidence consistent 
with the notion of fewer passengers per flight in markets with 
more flights. Since we are concerned with the monopolr portion of 
the demand curve (recall that the willingness to pay s 
determined by either assuming monopoly pricing behavior or that 
the slot price is at the level where the monopoly price is 
charged by an airline in a contestable market) and 








