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SUMMARY

To comply with the Airline Deregulation Act of 1978, equitable and efficient

means by which to allocate scarce slots among air carriers at congested airports

must be determined. There is a mounting pressure to make this policy decision

soon.

This report reviews the problem, outlines and evaluates the possible

approaches to its solution, makes specific recommendations, argues their merit and

indicates the further steps necessary to perfect them and to implement them.

The major findings are these:

1. Slots should be six-month options vesting in their holders the right to

schedule operations, with prices dependent only on time-of-day and airport.

2. Slots should be allocated in a Slot Exchange Auction.

Each air carrier prepares sealed bids--stating the number of slots it requires

and the prices it is willing to pay for each--for every "market," that is, for every

time period at each quota airport. The bids are aggregated into a total demand for

slots at every market. If a market has a quota of q slots, the q highest bidders are

tentatively awarded the slots at the price of the lowest of these q bids. (If there

are fewer than q bids, all bidders are tentatively awarded the slots at no cost.)

Every carrier is shown the aggregate demand in every market.

If the carriers are satisfied, the tentative allocations and prices become the

permanent allocations and prices. If not, a new round of bidding takes place.

Every round reveals to the participants a more complete picture of the total

market prices, and so a better understanding of the values of the slots to the

industry as a whole. In this ,manner the Slot Exchange Auction approaches an

oii



economic equilibrium and so the economically efficient allocation of slots to

carriers.

3. The Slot Exchange Auction has been subjected to two initial tests in the

environment of the Airline Management Game. Time limitations curtailed the

extent of experimentation, cutting short the number of auction rounds. Neverthe-

less, the convergence to a set of stable slot allocations was encouraging.

Further experimentation to refine and perfect the practical efficacy of the

approach should be done.

4. A continuous slot exchange should be maintained after the auction

establishes an initial allocation. It would permit the carriers to buy and sell slot

options during the entire six-month period to account for changes in the air

transport market, changes in general economic conditions and changes in airline

marketing strategies. It would also permit air carriers to adjust to any marginally

unbalanced allocations of slots resulting from the auction.
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ORGANIZATION OF REPORT

The Report is organized as three volumes. Volume I, Executive Summary,

presents the main ideas, recommendations and results. Volume II, The Airline

Management Game and Slot Auction Testing, presents the game scenario and

detailed results and analysis of the tests of the Slot Exchange Auction which were

conducted in the environment of Flight Transportation Associates' computerized

airline scheduling game. Some theoretical and historical aspects of auctions and

their use by the federal government are presented in Volume II1, Theory and

Technical Issues for Implementation. The busy reader need only be concerned with

Volume I; readers wishing a more thorough acquaintance with the testing and

theory of the auction should also read Volumes I1 and III.
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I. BACKGROUND

The Airline Deregulation Act became laA on October 24, 1978. its spirit is to open

the industry---albeit gradually--to the usal market forces by encoLraging price

competition and allowng both free entry ani e.it from the market: that is,

permitting carriers and commuters tc openi cr to close service on any route, The

Act specifically ceclares as po!icy:

* "the placernc,',t of rna.x.num r :ce or, cornpe'itive rarket priues...'

* "(reliance) on acrtual and 0;1,. co;pe.timn to provide eficiency,
innovation -nci low prices, and to determine the variety, quality and
price of air transportation servicCe;.,.'

• "the encouragement of ntr; n, ai- transiortation r.arkets by new air
carriers...(and) 2dditional... rarKets b, existing carriers..."

* "...the desirability of a va;iety of price and service options such as pe-ak
and off-pea< pricing or oth-,r pricing ,nechaniisms to improve economic
efficiency and provide low--cos- air ervlce..."

* "...the desirability of allowing an air carr':r .o determ,e prices in
response to particular competitive rnarkec co;idJions on the basis cl
such air carrier's individual cost.s..."

These goals are to be met in the face of the fixed and hrnited capacities of

existing airports. Airports are and cannct ! Ut DtC of iixed capacities over any

yearly period and four major ones among them are and hive been congested. To

control congestion and its attendant delays, rhe FAA imposed "quoctas"I in June

1969, formally restrictitg the number of scnedled air carrier operations, or

"slots," to stated maximum numbers. These are today: 40 at Washington National,

80 or 70 (dependent upon tswe of day) at New York JFK, 48 at New York

LaGuardia and 115 at Chicago O'Hare. These quotas are allocated twice yearl) by

scheduling committees administrated by the Air Transport Association and made up

of air carrier representatives, one day (or more) being devoted to each of the four



airports. FAA pro jection~s show a i.in as 40 atrports experifer~ing c:',:gestior! by

1985

The sc-heduling committees- uermitlf.d b~y a C11o sAnctioned arri.t ust

exemption- -have been critcizt-a for nuo bein~g ? co,-. <,titive mecha!iu:(; 01

allocation of air-r)ort operatioris v~i cconge-:,ed air-Lor,, wr,._h -.,e 5_bjec:, to F 'A

hourly cuotas. Accordingiy, i coiriptiti -e, t -o )rnic ,Jy el ' 3.s 3

procedure is being invest ieaiec' ot

Thi!s report presen~ts a:, apptuacb tc tne slut. al!-3c, t!(. probiei wrich ', b-

en a cornpeti -.ve procedUre--the wictio!). W preseoi_, 1 id_ rt .:ieo ol t'

their theory, riov they are ,ised by tl-w t,-Oeral govern; ~ierlt _-d i!; r :ngr

be used t,;r r .iiway slot allcation. We describe a pat~cia fo( m*, ti

Slot Excr-angt- Auction -- which wL cori~ider bes'. suited to ti~e a~rl.-ie scvnedlu .18

ernviroiimcwi. Wke gcan explanat ion why this form is preferabie Cle (e i . kpSc. j

miethods. Lxiperinents 'nave bec 1i conducted in the use of th 'ot ~ a;

Auction for Aot u,.ocariOnl if' COriJUr-ct~c- with simnulated airline ~L ~

flights subject to the quota -restricted U- lot allocation. WVe- describe thes'e- experi.-

ments and analyzc: the results. Finilly, wve make recom mendat ions for the iurthet

testing and development of the Slot Exchange Auction, and its associated conl-

tinuous market, the Slot Exchange.

Also known in recent reports and discussions conne..I.2, %vit thJ3 vcori a--
The Trading Post Auction.

A&
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2. STATEMENT OF THE PROBLEM

The problem of the allocation of slots is fundamentally rooted in the

3equitable and efficient operation of an airport. An early paper concluded, "...the

existing price system for airport services fails to allocate the existing capacity so

as to maximize its value. It fails also to guide investment in airports so as to

achieve tne appropriate mix and level of output with a minimum investment of

resources." The need for a comprehensive airport pricing system 4 that

adequately reflects the multi-attributes of airport capacities including runways

and their type, pollution, access, terminals and the like, and also reflects user

characteristics such as type of plane, weight, time of day or other, is clear.

However, the development of a universal system needs careful analysis and time.

As a practical matter, a substitute for the scheduling committee is needed soon. In

any case, no static system would do; the allocation of slots must respond to

changing market demands and economic efficiencies. A landing fee partly

dependent upon time of day could make economic sense, but how should such fees

be determined? If set too low, congestion results; if set too high, underutilization

results.

Therefore, whatever pricing system is ultimately adopted, the price for the

reservation of a scheduled operation, a slot, at a particular time of day should be

unbundled from the remaining costs of an operation. Landing fees independent of

time but dependent on type of aircraft can continue to be imposed for the recovery

of certain operations costs by airports while time dependent slot prices are

imposed when necessary for slot allocation under the quota system.
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Theoretically, this may not be perfect. The oiumbe. of ilo.' der iour

consistent with safety aid th of-.n:r, o ge~t .,. surely a fujt:Von c. t!,e n..,

^4 type of aircraft which operate in the given hour. h. ,eed. he timc- sequence c),
,perations affects actual usage dte . .everth s . riciqg ,i:mualiv

necessitates that a siot in aiy given hour si,,u.11J te considt-ed a homogeIous ,ood.

This is consistent with currn: practice ,O imrnerative ,i ie absei -c ,. a

de.inition of slots difierentiatec by type of ust-r. In (:., i ra.., the lanmIng f.,,

while not necessarily equal -e the variable airport cost.s detendert ucn 1'.e

different user types, should nevertheless reflect th.,c cst:..

In aurnmary, the cost o. % s .heduled opera .r. snol.,c Le coiguxised of tA.-

componens- one ba ,ed or T:r, variile cGjts f tme a&tua; physi-v.a: C,,at .),

alone, the ether based on the slot as a function of tinme aji'.;.e. i :.- actual pl:,si-ca!

operation cost could be deter-mined via an accounting imputation, margir - c.7.t

principles 6u other means for deerminins published r.,;t t. The c,:st o, a slot

needs to be determined by an economically efficieit market mechanism.

To devise a market mechanism, the "good" w.i n is to be sc Id anat )r traded

must be defined, Current usage has it that twice a year the Airii-,e Scht.dlir,

Committees meet to distribute slots for the cori'ejtei dir)orts. Slots are

committed to at: carriers for a stated period of six months. F s ,t becoms, in

effect, an opioLn giving the holder the right to scliedu', er opeiation -it a gi.e ,

hour and airport for the six month period. The comlex environment of airline

bcimeouang requires that these rights should be vested "or su'ficie-itly long perwis

of time. Slots are used to schedule flights, flights represent the mark, s ill whch

air carriers sell their services, these services require irve. .r,erts in sup!ort

facilities, advertisemert and the !.kc .,J,,ch ,,inot t altered :r, -,e very short ru-.

We therefore consider a slot Lo be an option vest ng its owner with the rignt to
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schedule an operation at a given time and place for a period of six months. An

efficient market mechanism is necessary to allot these in anticipation of each six

month period. In addition, since the demand for air travel, the financial positions

of individual carriers, the general state of the industry and the condition of the

economy as a whole may change, the holders of slot options should be allowed to

trade--to buy and/or sell--their options. A carrier having used some options to

schedule a particular flight might decide, after two months of service, to drop that

service and sell the four months options which remain to other parties.

Restrictions on the prices charged may be necessary to prevent speculation in slots

by air carriers.

The problem at hand is the design of these two linked competitive mech-

anisms to first allot then facilitate the trade of slots.

This problem is treated for the slots intended for use by air carriers.

Excluded from direct discussion are commuters and general aviation. The same

procedures could be applied directly to the allocation of slots to commuters since

the quotas for commuters are set separately from those for carriers and could

continue to be so set. The information produced by the procedures should shed

important light and help to guide the decision as to how quotas should be

distributed between carriers and commuters.

Vnn~ml~,wumu mm.mmm mm nmm nmmw mn w -



3. REVIEW OF APPROACHES

Va,-i s approachts to the initial allocation u! slots to carriers hae beez;

proposed, if only ,n embry, ;,c foi m.'

Broadly conceived, the: rhay be cias.:,fid i': two -ategories. The first dre

the administered or noncofpet~it;vel' determined allocaz!or, acherne. The secon.

are nonadministered or com:)et:itiv&,.v - .ternired.

The first include.,: t:ie curre-nt scled!tAl-ik cornitt-es: firs--_ome

first-served; proportional allotmients by priority guidclhne, kdepending upoi soch

factors as historic shares o- c ,eratjow,, potential public serv'cc provlded); lottere

(with win probabilities a function of historic shar.s, estimated future enpiaved anc;

deplaned [ ss:Jngers or on tihe oasis of purchased lots); solutions of mathematicai

programmin5 problems purporting tc maximize the total "value" of all schefuie1

flights and tune- d:fferentiated landing fees. Some of these schemes are in

conflict with the staterJ aims of ine Airline Deregulation Act.

The scheduling committees have been the object oi a recent study 8 whicfh

convincingly shovs the economic inefficiency ot t'eir outcome.,. The comni t-

tees, in effect, arrive at unanimous decisions, givi;'g every participant

(notably the least viable economically) the power of veto; ; ,, s, the threat of

throwing the decision to the airport or FAA on e first-come first-served basis.

The observed consequence is that noneconomic factors determiv.c outcomes.

A mathematical program which maximizes the total "value" of all scheduled

flights has been suggested in the past. The difficulty with th. approach i! Lhe

appropriate determination of value. An airline itself is hard-pit to come forth

with a number which represents the "value" to the airline of a flight. In fact, the
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basic planning units of airlines are not flights but cycles of equipment over many

days. Even if precise values could be determined, no airline would or should agree

to divulge this essential information. Were "values" demanded, they would be

inexact at best, strategically manipulated and the "optimal" solutions could indeed

be found unacceptable and abhorent to the carriers. In a word, this approach is

contrary to the goals of the Deregulation Act, makes unrealistic informational

demands and would involve the government in a detailed regulatory activity

potentially leading to inefficient solutions.

Time-differentiated landing fees are an attractive economic alternative.

They have been used by the British Airports Authority (BAA). They were applied,

in limited form, by the Port Authority of New York beginning in 1968 to relieve

congestion at the New York airports, caused by aircraft having fewer than 25

seats. Such fees make good economic sense. Regretably, it is impossible in

practice to set such fees correctly; that is, to determine equilibrium prices which

will result in a balance between supply and demand. If prices are too low, excess

demand results and the allocation problem remains. If prices are too high, excess

supply results and the airport becomes underutilized, contrary to the public

welfare. If some prices are too high and some too low, both conditions obtain.

Information to determine equilibrium prices does not exist, and cannot, so any

attempt would depend upon sheer conjecture at best. The only safe course would

be to incorporate modest time-differentiated fees for landing which would be sure

to avoio causing underutilization, and then to rely on another, competitive

mechanism for resolving the allocation problem; but this would unduly complicate

the entire landing fee and slot allocation process and is not recommended.

As BAA has discovered.



The second broad category i the nonadriinLbtered or competitively deter-

mined allocatior scheres. This connotes auct, .- d/or m.rket mechanisms 11

auctions, what type? 11 markets., how are traded eLfe,:cie. There are a hust o!

specialized auc:tion rules, each: apparently tailored to th .. eds and institutionaj

environment of the industry wriere they are used. 9 The EnJlish auction begins with

low bids to buy and goes up, the last (highest) bidder winninF . The r)utch :)a-,tion

begins with high offers to sell and goes ciown, the first bidder winning. Should b'i(s

be open (e.g., oral) or sealed? Hjw should many homogenous goods (36 siots per

hour at Washingon National) be auctioned as versus or specified item (e.g., a

painting)? Fcc example, it !.--s been suggested tha-i fi- te prob± ,m oi a flight

overbooked with passengers, each passenger should :ndicate on a sealed "bid" "Ohat

amount of money he or she would be willing to accept for not flying; the passengers

making the highest bids would be given seats, the remainder would receive

compensation set at the price stated by the first rejc .tcd bid. ThIs is a

competitive sealec; ud auction in that all bids are filled at one price. Should the

auction be discriminative sealed-bio, with bids filled at the different full-bid

prices? In an exchange market, should offers to buy and offers to seil be

anonymous in the market place? Should direct negctiation be allowed between

participants?

There are many choices to be made. Essentially, all of these will satisfy the

demands of the Airline Deregulation Act. A choice of one method is needed. Or

tne one nanc, varying proposals will have varying properties which are independent

of the type of "good" whch is to be allocated and traded. These are the "abstract"

properties. On the other hand, it is evident that an allocation method and

exchange market is needed which is tailored to the particular institutional

environment and needs of the airline industry.

AkI
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4. INTERDEPENDENCY IN THE VALUE OF SLOTS TO AIR CARRIERS

Each airline is periodically confronted with an extremely complex scheduling

process. In response to its perceived market opportunities- -which in the era of

regulation effectively allowed only marginal changes--an air carrier schedules

each aircraft in its fleet in set cycles through airports to provide transportation

and assure periodic maintenance. For example, each of United Airlines' DC- 10s

has its own 37 day cycle of about 410 hours of flying, which includes San Francisco

at least once for an overnight stay to perform maintenance. Crew routing is fitted

to this basic schedule. The slots which air carriers seek are determined by this

basic schedule. Of course, the current scheduling committee allocation system

encourages strategic posturing, with airlines exaggerating their initial requests in

order to give way during the committee negotiations to end up with their true

goals. This planning environment explains the role and importance of "sliding,"

whereby air carriers give up slots in one hourly period to gain slots in nearby

periods, thus not upsetting the essential integrity of their basic schedules.

The planning process makes evident the fact that slots perse are not the

objects of interest: flights, indeed cycles of aircraft, are the objects of central

interest. An 0800 slot at Washington National is of no interest whatsoever if it is

destined for a flight due to take off from Washington and land at New York

LaGuardia in the 0900 period, if no corresponding slot can be obtained at 0900 at

LaGuardia. Another aspect of the interdependency problem is that a particular

slot has no identifiable (monetary) value to an air carrier; rather, an air carrier

values flights--since these are what they offer the public--and if it is ready to

purchase the slots necessary to accomodate a flight for $1000, it does not care

iI .



whether the first necessary slot costs $800, the second $100 and the last two $50,

as versus the first two $25, the third nothing and the last $950. This inter

dependency in the values of slots is one of the essential characteristics which must

be accour-ed for in the design of an adequate mechanis.

ECON's initial approach at overcoming this pr%...Aem was to suggest a

completely new type of auction, the "first -choice" auction. In barest tern s, this

mechanism proceeds as follows: at any stage an ordinary auction (say, of the

English variety) is held with the winner having the right to .:hoose a:iy s'ot at any

airport which is still available. Thus, the first win:er chooses any slot option; tre

second, any;...; the 500th winner, any slot at any airport for which the time period's

quota has not been reached. The interdependency difficulty appears to be at least

in part accommodated: the bidders can acquire in sequence the slots necessary to

complete flights or indeed cycles. The solution is freely competitive. It is not,

however, efficient. The 36 slot option holders at 1700-Washington National may

well have paid widcly varying prices for the same "good." There is no set of

equilibrium prices in the face of which the industry would purchase slots, each

carrier maximizing its perceived goaJ., with each slot narket or exchange in

supply-demand balance. For these reasons the apptoach has been discarded.
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5. A "ONE-TIME" AUCTION AND AFTERMARKET

A recent report 11 proposes a "one-time" auction similar to that suggested by

Vickrey 12 for resolving overbooking problems. The basic mechanism has each

airline interested in acquiring slots in some particular "market," viz., the 1700

period Washington National market, making sealed bids for each of the slots it

desires. Thus, if it wishes three slots in this market, it names three bids, say, $250,

$100 and $100. The sealed bids are collected and the 36 highest bids are awarded

the 36 available slots at the price of the lowest of those 36 bids. In general, in a

market with a quota q (q = 36 for Washington National), the q highest bids win at

the price of the lowest of the q bids. If the total number of bids is lower than q,

then all are awarded at no cost (there is excess supply in the market).

This is, in many ways, a reasonable approach. However, it fails to take into

account the institutional background faced by the industry.

Assume, for the purposes of concrete discussion, that a situation approxi-

mating that of today obtains: four congested airports have hourly quotas and each

only permits scheduled operations in certain hourly periods. This means there are

roughly 42 slot-markets. Either the 42 auctions operate simultaneously or they

operate sequentially (no specific recommendation appears to have been made).

Suppose the auctions are conducted simultaneously. Then each of the

participating airlines must place values on each of the slots it desires over the

entire network and at all times. What strategy should an airline follow? Assume

an airline knows what slots it wishes and knows the values it attaches to flights.

How should the airline allocate the values it has on flig hts to the rices it bids for

slots desired to realize those flights? The report answers: "This particular market

... .... ... ... . ... .. ... .. .. .. ..... ... ..... . .. ..... ... ..... .4 1I
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organization has the feature that the optimum bidding strategy is for each buyer to

bid the maximum that h05s!he is viling tc. p. ,', t, pAI -3). For a flilt

needing only one slot, this is quite true. But for a flight needing two slots (or

more) there are many ways in whic, he/she c.)Lld distrib,:Te 1he maximum amITICLIrt

over the two (or more) slots Where it should bid more or less depenris entirely

upon the total demand pressure in each of the hour-airport markets, The -~arket

organization provides no information concerning this pressure: the airtnes are

obliged to bid in ignorance, in the dark. The intertemporal and nctwork

dependencies so crucial to the industry's environment are unaccou.nteJ foi.

Nothiing remotely resemb!ing an efficient economic tquilibriun, is l:.uly to be

produced: the bids cannot but be pure guesses.

Suppose, then, that the auctions are conducted sequentially. fhen the first

auction, sa. 07G.C Washington National, is carried out "in the dark;" the second, say

0800 Washington National, is carried out with the outcome of the first known;...the

42nd, say 1900 at Cnicago O'Hare, is carried out with the outcomes of ai: 4! prior

auctions known. The strategy of each participant may be increasirgly clarified;

but early mistake- cannot be recouped and the later bids, and :o outcomles, must.

depend upon the earlier results. As is well known to auctioneers and to readers of

the auction literature, "...both the allocations determined by au: .ons and th! final

vector of prices associated with these allocations are v': y sensitive to the

13.sequence in which the goods are brought up for sale." Thus, beginning with

Washington National and going on to Chicago O'Hare may yield very different

results than vice versa, and beginning with the morning hours and going on to the

afternoon hours may give different prices and allocations thai beginning wi~zh

afternoon periods and proceeding to earlier and earlier hours of the day. This fact
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hints that economically efficient allocations cannot result from these sequential

auctions either.

Indeed, sequential auctions open the play to contingent statements wherein

the bidders issue threats about their future bids. If irrational threats come from

several sides, it is quite possible for each of the bidders to be "locked into" highly

inefficient strategies which lead to uneconomic outcomes. Examples can be given

which show this possibility (see Volume IlII). Each player is "locked into" a course

of action because no player can deviate to more rational behavior alone: doing so

would only worsen his situation. This is the well-known "prisoner's dilemma"

wherein Nash equilibria are inefficient. Of course, declared threats can simply be

outlawed as a rule of procedure; but the fact that such a possibility is admitted by

the sequential approach points to an additional theoretical weakness.

In either case--simultaneous or sequential--abhorrent allocations can result.

The proposed remedy is that, "The sealed-bid auctions can be applied to only one

airport at a time. In order to facilitate coordination between airports, an

aftermarket is proposed. In this market carriers will be able to acquire or sell slots

in order to optimize their operations among airports" (Ref. 8, VI-4, 8). "Mistakes

by carriers are inevitable but, by participating in an aftermarket, they can be

corrected" (Ref. 8, VI-12). In fact, even within one airport, coordination is

necessary: an airline acquiring a slot for a planned landing of flight No. 104 must

acquire one in a following period for a planned takeoff for the same aircraft,

otherwise it would be immobilized and useless. In any case, the potential

unbalanced endowments of slots resulting from the initial "one-time" auctions are

to be corrected in an aftermarket of the NASDAQ "open-book" type. These

markets do indeed converge to competitive equilibrium prices: but the competitive

prices and trades which occur are directly dependent upon the initial endowments

V a
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which the traders bring witn them...and theze iiitial endok:nents are the result of

the previous rounds of auctioni.

To summarizetwo mecnanis:,s ha,_. been re.-;m, nded: 1) "orie-tine'

auctions which have the lunction of p;.d.icin., i- in:i.,il -. Jowment of "goods,"

which are numbers of slots at ce:rtain 'ot. and airzorts not -lrpassirg in total the

quota restrictions; and 2')an afierriirket which has the function ol produc.ng

feasible allocations of slots for tte a&ries which take inio account the institu-

tional interdependencies. The auctioning mechanism, in which airlines bic "in the

dark," totally Ltiaware of the demand pressures in one or an ,-tier oarkct, can lead

to almost any outcome. [ndt-ed there is nc guarantee that the bidders revea! their

"true" demands in the auction procedure: strategic misrepresentation nay well be

engaged ir -,,) achieve an advantageous initial endowment for the second market

mechanism, Even with no attempt at strategic post,ring in the second round,

airlines may achier" severely unbalanced outcomnes in which one wvkns perchance a

virtual strangle hold on one airport, another an unhoped for abundance of slots in

excess of need, still another an alarming dearth of slots v.'hich puts it at a great

competitive disadvantage for trading in the aftermarkets. Strategic behavior may

enhance this possibility. It would therefore do as well, if not better, to impose a

lottery on the first round instead of 4uctions to obtain initw endowments .:.

airlines to subsequently exchange in the aftermarkets.

The question to be posed is this: does the two-stge nechaiism produce

competitive equilibria? The first alone produces nothing of the kind. The secoid

alone produces a competitive equilibrium based upon the imt al slot allocation.

What of the joint outcome? It will not, in general, be an Ofi:-.e-t competitive

equilibrium. The essential random outcomes of th- auctions ma so distort initial

distributions that the aftermark ts are unablc o achieve competitive equitibria

-
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efficient for the final allocation of slots. Examples suggest that this may indeed

occur (see Volume 1ll). The phenomenon which occurs in that example, and which

would be likely to occur in practice, may be qualitatively described. In the auction

process each airline bids prices on slots whose totals equal or approximate the

values of the corresponding flights it wishes to schedule. But, being ignorant of the

remaining airlines' demands and prices, it receives only some of the necessary

slots. It--and the other airlines--enter the aftermarket to both acquire needed

slots and dispose of slots for which the prices of the mates they would need to

complete a flight are too high (the total value of the flight would be surpassed).

Economic self-interest results in some trades, but not in sufficient trades to drive

certain flights out which should not belong to a competitive, efficient solution.

The prices and allocations of the initial auction inhibit the aftermarket from

producing a competitive equilibrium. This outcome makes no assumptions concern-

ing potential strategic behavior; it depends only on the ignorance of total demands

which exists in the "one-time" auction procedure and on the facts of the two-stage

procedure.

In summary, the two-stage "one-time" auctions and aftermarkets are not

appropriate to the allocation of slots for three major reasons.

" First, the carriers can have no natural strategies to follow in bidding
for slots in the primary auctions--they are condemned to "bid in the
dark."

* Second, the outcome of the primary auctions can be seriously distorted,
yet the outcome determines each airline's initial endowment of slots
and, hence, the solution reached in the aftermarkets.

* Third, the final allocation of slots determined by the two-stage process
will typically not be an efficient economic allocation or competitive
equilibrium for the problem.



16

b. SLOT EXChANG Au.A:I]NS: A P-, APPR.-,CH

The "one-time" auction suffers from seve.a! dret.'cks. The procedurc we

recommend repr- .eiv.;s :,,,: t4. overcr'e these d'- We aerw-,al .ze ind

improve upon the Polinomics )lan by introducing a "repeated" auction to create the

carriers' initial endowments of slot options. Our "repeated" auction replaces their

"one-time" auction. This is done to pem-:t airlines t,., Ji:rati,'eiy iecrn f the

demand pressures which ex:st ;- ezch slot market a!,j -,o to enable 'm,,er to a.iocate

their bids fv, slots intelligentiv: to enahiNe the.--' :o oevelcp inornred anc ratio a

sti 6tegies in view oi the dema', t'rJ the interaeperdencie(si e.,.' to obia, i auctior.

allocations wi: ii are at least close :o effic;ent C:omDetitive equliblia. The

approach rests upon a theoretical model whose equilibrium soiutions are

particularly robust. We also recommend an aftermarket, "the slot exchange," riot

only designed to permit trade in slots throughout the real time peric of 6 month,.

iii which the optiou= are valid, but also to permit the minor marginal adjustments

which may be necessary Io adjust the initial allocation reac,-ed b,, tue repeated

auction.

We call out approach a "slot exchange": It consists of a "slot exchange

auction" followed by a continuously operating "slot exchang ." The name is

intended to invoke the ccntinuous and repeated nature of the offers '.Ych are

typically found in stock and commodity exchanges and which serve to generate the

information which collectively determines competitive equihbria there. In what

follows we first explain the procedures in conceptual terms; second, we descrioe its

theoretical underpinnings and argue it6 merits; third, we remar.. upon operational

and other details that make the procedure practical.
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Each airline comes to the initial round of the slot exchange auction with its

desired schedules in hand and some appreciation for the total expenditure (the

ftvalue") it is prepared to make to realize a flight or cycle. Each airline is

requested to prepare sealed bids for the slots that it requires. This means that for

each hour at each congested airport--at each what we will call "trading post"--it

prepares bids for those slots it desires. Assuming, as we did earlier, 4 congested

airports each permitting scheduled operations in 16 hourly periods, there are 64

trading posts which make up the slot exchange. These first bids are made "in the

dark," just as is the case in the "one-time" auction. The airlines should bid any

prices for slots realizing a flight whose totals do not surpass the value it attaches

to the flight. One can imagine that an airline makes its bids at the 42 trading posts

by filing prices on forms, one page containing the trading posts of each congested

airport, as in Figure 6.1. An airline wishing to make 6 bids at trading post

Washington National 0700-0759, 3 at $150, I at $100, I at $50, and I at $0 would

complete the corresponding line as ir Figure 6.2. A bid of $0 expresses the desire

to acquire a slot at $0; a blank expresses no additional demand. So, each airline

expresses its individual demand for slots--the quantity it desires and the prices it is

willing to pay--at each of the 42 trading posts. The individual demand curve of the

airline of Figure 6.2 is given on the left of Figure 6.3. Accumulating the individual

demands at each of the 42 trading posts then yields the aggregate demand of the

carriers at each post. A typical aggregate demand curve is given on the right of

Figure 6.3.

The slot exchange commissioner determines the aggregate demands at each

trading post. Either--as on the left of Figure 6.4--the total demand is less than

the quota of that trading post, or--as on the right of Figure 6.4--the total demand

is at least as great as the quota. The dotted line in effect expresses the supply



WASN1 ,I-N N" IcM4AL 1 1G POSTS

I - '. NO.

TRADING POST PERT')D I 3 5 16

W. NATL. 1 0600-0659

W. NATL. 2 070C-0759 I I'I

W. NATL. 16 2i00-2159 I
FIGURE 6.1 POSSIBLE FORM FOR AIRLINES' BIDS

SLOT NO.

TRADING POST PERIOD 1 2 3 4 6 7

W. NATL. 0700-0759 150 150 150 100 50 0

FIGURE 6.2 AIRLINES' BID AT ONE TRADING POST

Aft. .. ... .. . .. .. . ..
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INDIVIDUAL DEMAND CURVE AGGREGATE DEMAND CURVE

150 150

500

100
0. 0 .

50 50

NO. OF SLOTS NO. OF SLOTS

FIGURE 6.3 INDIVIDUAL AND AGGREGATE DEMAND AT ONE TRADING POST

IP

I
I I -

q = QUOTA q QUOTA

NO. OF SLOTS NO. OF SLOTS

FIGURE 6.4 AGGREGATE DEMAND AT ONE TRADING POST AND PRICE FORMATION

I:m
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curve, so the trading pos.t price -.hculd oe determineo by where demand a-d supply

intersect. irt the case o1 exces supply ileft F-6 ' ' the prict sh)uld be $0;

the case of excess demand (rig;ht Figure 6.4) the price should lie in the interval

comprisea between the price of the q n hi-h.-st bi i ano ne 4+)st highest bid. It

may be that an aggregate demand curve is as in Figuire 6.5, showing that there are

several bids at the trading post price.

At this point the s,t exchange commissioner reveals to all airlines the

aggregate demand at each of tne trading posts. Aoreover, if these aggregate

demands truly expressed the dtmands of the airlines then each of those airlines

having made bids at or above trhe trading post price p (determined to m;. e supply

equal to demand) would receive slots fc those bids, e-ch of those havir.g nade b-ds

lower than p would nut. In the case of Figure 6.5, where more than one bid is made

at the trad&ior p.ost price p but the quota is such that not all bids at that price or

higher can 2C awarded, then some random allocation among those bidding p would

q = QUOTA
NO. OF SLOTS

FIGURE 6.5 AGGREGATE DEMAND AT ONE TRADING POST: NEED FOR RANDOM
ALLOCATION
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be made. The commissioner would announce these conditional allocations and the

trading post prices. Were this to be the final slot exchange auction, then each

airline winning a slot at a trading post would pay $p, the price at that post.

If the conditional allocations and trading post prices are agreeable to all

airlines then an efficient, competitive equilibrium allocation has been found.

Typically--and certainly after the first round of bidding--many airlines will be

dissatisfied with the conditional solution. The results of the first round are

precisely equivalent to what is produced by the "one-time" auction and so its

defects are known.

This is why the commissioner announces conditional allocations and trading

post prices, and the current expression of total demand at each trading post. The

first round gives each bidder information concerning the demand pressures which

exist at each trading post. On the basis of these, and of each airline's individual

needs, each airline prepares new bids in a second round of the slot exchange

auction. The commissioner accumulates the sealed, secret individual bids, and by

the same procedure, announces new conditional allocations, trading prices and total

demands. The process is iterated so that instead of a one-time auction there are

repeated auctions. Each step increases the information available to the airline,

each adds to the airlines' insight into the demand pressure over all trading posts.

If, at any step, no airline announces the wish to change its bid, then the process

terminates at an equilibrium solution. The temporal and network interdepen-

dencies are accounted for directly in the process of the simultaneously repeated

auctions.

One of the paramount outcomes of the repeated auctions would be the

trading post prices. These would reflect the marginal values of slots at each hour

and each congested airport. Comparison between airports would reveal where the



je:. .,nd pressure is freatest, where measures to al!eviate congestion aie the most

s., .- ._ng. Demand for slots is, in fact, driven b. : c -nand of passanger to fv .:,

and from certain airports at certain times of day. Therefbre, airliries ,houid

,ltimattly .,css on :he extra costs of purchasing slotc, tc ps3engers. ir..'reas- ... t*,;

pfice of flights which land or t..ke-off at congested hours. The trading post pr'.-es

would b.th guide and provide the rationale for determnining passenger ticket prices

dfeitrentated cver time. U:.timate!y, the expression o: passer.ger dtmard f.)r

'.,ghts using cornested hours--as estimated by the airlines--will determine the" bids

uf the airlines and so the final tadirg post prices. It may be quite true 'hat toda'

the airlines ,/ill be !oathe -o engage in rhis estimatio- exerc: -- , for detailecd

i .,,nat! )v toncerning the demand for peak-hour travel is not kno.Vn; but, ir V"

new era of deregilation, the airlines will have to require the necessary knowedge.

The cost% ot slots will not, and should not, be borne by the airlines and taken from

their profit. they must be absorbed by the traveling public which puts priority Nn

oeak-hour arrivals arid departures.

A by-product of the trading post prices, were the same procedure used to

a!locate slots between commuters, would be an economic evaluation of the worth

of an extra slot to commuters as versus carriers. For example, if the air carriers'

slot price at same market were $500 and the commuters' were $100 this would

indicate that the commuters were being subsidized through the setiing of the

respective systems. In this situation, economic efficiency wotid require far more

siots tor trie carriers, fewer for the commuters.

In summary, the slot exchange auction is this: (1) Airlines prepare their bids

privately and submit them sealed. (2) Airlines bid for as many 31cts as they wish at

all trading posts simultaneously. (3) The slot exchange commissioner announces,

after every round of bidding, the conditional allocations, trading post prices and
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total demands. (4) When the commissioner closes the slot exchange auction--when

the conditional solution is announced to be the final solution--the airlines must

accept the slots awarded them and the obligations of payment at the final trading

post prices. (5) If more than one bid is made at the trading post price p and not all

can be awarded without exceeding the quota, then the commissioner uses a random

device to determine the winners among those bidding p. (6) The commissioner

may, at any stage, declare a conditional solution to be final on the basis of a pre-

established convention or stopping rule.

The outcome of the slot exchange auction is that each airline is endowed with

the ownership of a collection of slot options. Typically, the auction procedure will

not result in a perfect equilibrium: some airlines will wish to acquire several slots,

some to dispose of several. And, as the six-month period of vested rights elapses,

the desire to acquire more slots or to dispose of more, may develop. Therefore, a

NASDAQ "open book" slot exchange (of precisely the same type as recommended in

the Polinomics report) is maintained continuously until the expiration of the six

month period. An airline is free at any time to express its willingness to offer slots

for sale at stated prices or to bid to purchase slots at stated prices at each of the

42 trading posts. The global slot exchange is operated by the commissioner who

announces every two weeks--to maintain the periodicity of schedule changes--the

accumulated supply and demand curves of each trading post, the trading post prices

determined by the intersection of supply and demand and the trades which take

place. The bids are prepared in precisely the same form as the auctions, except

that offers to sell are made in addition to offers to buy. The identities of the

bidders are not revealed until the exchanges and prices are determirned. Each

trading post will have a total demand curve and total supply curve S which may be

in any one of four essentially different qualitative forms pictured in Figure 6.6. In
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D D
DD

S - S

IC SLOTS W SLOTS

FIGURE 6.6(a) FIGURF 6.6kbi

D ba __. -,

S. * I

°D

NO. SLOTS

i SO

FTGURE 6.6(c) FIGURE 6.6(d)

FIGURE 6.6 FOUR QUALITATIVE FORMS

case (d) the offers to sell are all at prices above the offers to uy, so no exchanges

take place. Otherwise, in cases (a), (b) and (c), q slots are bought and sold at some

trading post price p* which lies between pD and p, PS P p,, (e.g., half way

between). In these cases all sellers who announce a price h~gher than p* seil

nothing. All buyers who quote a lower price buy nothing. Ii thert- is excess demand

at p (case (a) with say p PD = PS) or excess supply at p (case (b) with say p

PS= P) then those who bid p are rationed by lottery.

It must be noted that the slot exchangc auction and continuo.;,s slot exchange

which operates afterwards, embody precisely the same economic mechanism: the

law of supply and demand determines the equilibrium solutions in both cases with

the price and riutrh.-r of slots accor,.ed or exchanged2 determined simultaneously.

Ah
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Thus, the same arguments sustain the relevance of both mechanisms. In fact, there

is little controversy over the open-bok NASDAQ type slot exchanges this is a well

practiced form of market.

.. ... ... .A
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7. IUNITiAL TESTS OF THE SLOT EXCHANGE AUCTION

The experimental testing of the Slot Exchange tuctior poses a number ot

difficuli p, .,blem,. Foretnost .mong these .s :he rwec t,) ,ve bidding which is

related to airline network scheduling in a meaningfi'l way. J the structure of set

interdeperndence, w'hich we have repeatedly emphasized in this zeport, is not

present in the experiment, the prices attached to s.t wll have n(, relationshp t,-

the airlines' valuation of ,. Since- tht real airline scheduling problern is

immense and complex, there is a need for a sirnpl tied structure in the experirnert.

The Airline tvi nagernent Gane (AMG), developei and tested by Antonic Elias of

M.i. r. and Flight Transportation Associates, is a vehi'Ae for providing a simplified

structure of the air trawsportation network. It is a combination "game" and

computer *.mulation ir. which the "pJayers" make realistic airline management

de(-isios. ,',.:..e de, isions are fed nto a computer along with C.AB Jir traffic daT.,

airline operations <-ost parameters, and air transportation block times and

distances. The computer sImulation all.cates the passenger demand among the

,.ompeting air carrier services off-re~i oy the competing "players," whic, in

practice are tearns rather than individuals. It also prints profit and loss, balance

sheets, OAG-type schedules, and network and operating s.atist ,s for the garre.

The "players" have a chance to read the computer output, evaluate their

performance in the competitive transportation scenario and c--vise their decisions.

After some number of iterations, the results can be regarded as final.

Two experimental tests were conducted using the Airline Management Game,

one in December 1979 at the Flight Transportation Labora-.. of M.I.T., the
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second at FAA headquarters in Washington in February 1980. An air transportation

scenario for simulating airline decisions was created by FTA.

There were five airlines competing in this network: Blue (BL), Gold (GL),

Green (GR), Red (RD) and White (WT). Each of these airlines had, during the past,

a traditional pattern of service, which is reflected in the given initial schedule.

Under deregulation they were free to serve any market, subject to the limitations

of their available equipment. For purposes of this exercise, fares for all airlines

were limited to a simple tariff of $23.40 plus 10 cents per nautical mile (8.68 cents

per statute mile).

The participants' fleets included three types of aircraft: DC9, 727 and 707.

The technical and economic characteristics of each of these aircraft are summar-

ized in Volume II. The composition of each participant's fleet was fixed as

follows:

Blue: ten 727s and six 707s

Gold: eight 727s and six DC9s

Green: nine 727s and six DC9s

Red: four 727s and three DC9s

White: six DC9s.

A system route map (Figure 7.1) and an initial marketing plan was provided to the

participants before the game commenced. The players were told to maximize

short-term profits subject to hourly quotas at three of the 17 airports of the

scenario. They were given a wide range of choice for marketing strategies within

the limitations of their fixed fleets.

At the first test, which was conducted by ECON and FTA, the results were

only of technical interest, on account of the game development requirements. The

second test enjoyed the participation of several airlines as players on the five

. ....... fh
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teams. While time limitations curtailed the testing of several key features of the

Slot Exchange Auction interesting results were obtained. Three rounds of bidding

in a Slot Exchange Auction were held for two separate simulated periods of six

months each. The prices and slot allocations were more stable in the second than

in the first period, indicating learning of the part of the players. Price

convergence was not obtained within the three rounds of bidding--more would have

been required.

There was remarkable convergence in slot awards. Figures 7.2 and 7.3 show

it. Figure 7.2A plots, by each airline and each trading post, the number of slots

awarded in round 1 (horizontal axis) as against the number awarded in round 2

(vertical axis) in Auction 1; Figure 7.2B, the number of slots awarded in round 2 as

against round 3 in Auction 1. Perfect convergence in the awards would yield the

45 degree line. It almost does. Figures 7.3A and 7.3B give the corresponding data

for Auction 2. The convergence is even better. Comparing figures 7.2A and 7.3A

shows the extent to which "learning" in Auction I has influenced the behavior of

the participants and so the outcomes in Auction 2. These strong positive findings

may be termpered by the fact that the participants must have realized that (due to

time constraints) the third rounds of bidding would be the last; however, in a real

slot exchange auction there would have to be a final round as well.

The results of the Washington test, which are detailed in Volume II, are

summarized in Tables 7.1 through 7.3. in spite of high slot payments, all five

airline teams were profitable with the exception of the Blue team in Period 1.

Surprisingly, the airline "industry" (all five teams) did slightly better after paying

$7,303,000 for slots in Period 2 than they had done with no slot payments in the

Base Period. This effect is attributed to the increasing degree of optimization of
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TA6,f 7, 4E EARN7NGS BEFORE T-kfS 01 kL0l PAYI4EWTS
Vli NLL v N OF X~. S . P 4ALF -YEAP
SEASCJn

kIRL!N BA., E 2

LUE I t
SOLD s. i ..

7.66

Rtb 2. 'F

ALL Z9 Zt~ ~ 2 6

TEEWERV N SLOT RESTRiCTIONS IN4 THIS INIT!I.I ITER tr I06!.

TABLE 7.2 °OENTI SLOT PAYMENTS AFIER EAH BIDDING ROUND

(MILL iONS OF OOLLARS PER $k C-IAi)

PERIOD AhD RG*, t.

AIRLIN .1 1.2 .3 2.1 2.2 2.3

BLUE .843 3.576 5.971 0.921 0.64i 1.773

GOLO 0.158 2071) 3.047 0.843 0.959 2.410

GREEN 1.2,3 2.135 3.617 0.395 0.725 2.034

RED 0.034 0,889 1.019 0.311 0.31A 0.185

WHITE 0.703 1.37 2..04 0.436 0.397 0.886

ALL 4 '61 10.049 15 7S8 2,966 3.04U 7.303

TALE 7.3 MET EARNINGS AFTER SLU0 PAY;'4TS, AFTER

(MILLIONS OF DOLLARS PER HALF-YEAR)

PER100

AIRLINE BASE I 2

SLUE -0.220 -7.967 1.349

GOLD 3.817 3.098 3.254

GREEN 3.845 !.614

RED 1.109 0.485 1.4,'6

WHITE 4.018 3.182 3.691

ALL 12.563 0.432 13.165
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market strategies and schedules during the test, since the scenario was not changed

from one period to the next.

A continuous slot exchange was available after each auction and some slots

were traded but overall the level of activity was not very large. The slot

exchange, while a necessary adjunct to the Slot Exchange Auction in implementa-

tion, did not seem to serve a vital role in the simulation.

A notable feature of the results was the decline in air service to small

communities. Table 7.4 indicates this for six minor airports in the scenario; in the

case of 000 and PPP, service was discontinued altogether.

In summary, the test provided confidence that the Slot Exchange Auction is a

workable idea and that the competition for slots at quota airports will not destroy

industry profits. The following points can be made regarding the analysis of the

test results:

" The bidding would probably converge quite rapidly, but requires more
than three rounds. A stopping rule for the Slot Exchange Auction is
required to avoid excessively long auctions. This rule must be chosen
carefully to preserve the fairness of the market mechanism.

* Slot prices appear to be quite high at peak hours at the quota airports.
This raises an important question: What will be the disposition of the
slot revenues? Clearly, the acceptability of the Slot Exchange Auction
to the air transportation community hinges on the answer to this
question.

" While we cannot find indications that the Slot Exchange Auction
favored either large or small airlines, the smaller ones amongst the five
simulated airlines (Red and White) seemed to fare better in the
evaluation than did the larger ones (Blue and Green).

" On the basis of the test evaluation, service to small communities might
suffer unless such service were to be subsidized or exempted from slot
payments.



34

TABIE 7.4 SMALL .''!ITIES AVERAGE

PERIOD BASE AA

AIRPORT 
-2

KKK 500.2 469.6 4,.1 2 536.2

ILL 2 55.2 78.8 6.8 98.2

MMM 2'11 .8 69.8 219 9 219.8

NNN 273. 156 7 279.8 278.4

000 94.5 .--..

PPP 112.6 .....

TOTAL 1528,1 ;','4-9 1066.7 1132.6
REL. CHANIGE

COMPARED -49.3% -30.2% -25.9%

WITH BASE

.. ... .... .... . .. . .. . . ... . . . . . .. .. . . .. .. A . ....- - -
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8. FURTHER TESTING AND IMPLEMENTATION

This approach is new. There is no mathematical guarantee that the

tatonnement process will converge. The circumstantial evidence is very positive,

but not completely convincing. The 42 interdependent trading posts of today may

well become 142 trading posts tomorrow. Can the airlines cope with this

complexity? What are the effects of this complex dependency on the convergence

behavior of the repeated slot exchange auction?

These are difficult questions which demand careful study and meticulous

experimentation.

When should the auctioning process be stopped? It seems highly unlikely that

the procedure will of itself reach a point where no party wishes to change a bid--

the sheer dimension of the number of trading posts would seem to admit the wish

of at least one airline to change its bid at at least one trading post. A sine qua non

is that the conditional outcome of any round of auction be a potential final

outcome: this to ensure that each airline reveal its true demands (to the extent it

knows them). The threat must exist that, at any time, the hammer may fall.

8.1 Further Testing

The initial tests did not allow enough time for "convergence" of the Slot

Exchange Auction to be adequately explored. Recent experiments by Vernon

Smith 1 9 and his colleagues have shown that auctions with repeated bidding

converge extremely fast to an equilibrium, but all these experiments have involved

much simpler objects than the Slot Exchange. We believe that the competitive

equilibrium can be attained in the Slot Exchange Auction in a reasonable'number of

bidding rounds. It is likely that a stopping rule will be required to prevent prices

f rom "cycling."
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In further testing, the experimental rontrcs snould be tightened. The

compa!ison between the resul.- of "he dse perioc .; the to subsequent period'

',itl, sict aucz;ons was icirgelv iL-validatej by the signif;i , t eariiin that wxas n

evidence on the -,art of the players. This could have been adoidco by conducting

parallel experiments using ciffercnt plavers, ,ne gt.oT ha 'i , qc't-s, th- oier no

quotds. To complete the design, we woud ,a':e Doti, g, up'.- play bct-i :ase,, tal-. g

car( that they di; not commanicate - th e(rh other during -,. experir-.erizz.

Before the financial resuits are taken as conclusive it wou;d be wise tr,

conduct further testing witn different scenarios to cis o lie .e extent to which ,+he

test results depend on the syste,n network, leCt'%, r'Lfmbtr of competing airlines,

etc. Additional tests with corn raints o'i each airline's access to capitall, interest

charges and so on would also be desirable. Further testing should consider fare

flexibility; the cioilitv, of airlines to pass on slot payment costs to passengers is

likely to have significant economic impacts, even if time-oi-day pricing is avoided.

8.2 Some Thoughts on Impieimentation

The convergence and economic efficiency of the Slot Exchange AuCtion can

be satisfactorily established by further testing if this is lone with adequate

resources and controls. Before it can he implemented, however, there is another

problem to be solved: the distribution of the slot revenues. T.., problem is both,

politically and economically sensitive, since the amount 04 slc' revenues, even at

one quota airport, could be quite substantial. It is not tfe pwos: of this report to

solve this pioblem, but some comments on the alternatives tu the Slot Exr-hanpe

Auction are in order.

A recurrently expressed concern is that any allocation mnechanism be "fair"

towards "small" as versus "large" carriers. What is meant by "fair" is never made

precise. It seems there exists the feeling that the small carriers could not stand up
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to the big in bidding, for lack of capital funds. This has no bearing on the auctions

if the slots that are acquired are paid for during the period of their use and not at

the time of auctions. We recommend monthly payments over the months that the

slot options are held. In this way only economic efficiency should determine the

prices that are charged in the slot exchange auction.
S20

The FAA Administrative Allocation method has been tested recently in the

same exercise used for testing the Slot Exchange Auction. This alternative has one

significant deficiency: it is not economically efficient. The difficulty becomes

more serious in the face of dynamic change in air service over a number of seasons.

Air carriers enter new markets, expand service in existing profitable markets or

contract service in less profitable markets. How is tne Administrative Allocation

to encompass change? It seems to offer an inadequate mechanism for allocating

slots so as to allow for air service expansion and contraction because it is too slow

in response to change. On the other hand, the Slot Exchange Auction is definitely

efficient, since it is an open market, and so far as we know also fair, with the

already noted exception of the problem of service to small communities.

Are there fair and efficient alternatives for slot allocation which do not

involve the transfer of money? The Slot Exchange might be conducted without

money if the air carriers were instead given points for slot entitlement--like casino

chips--for the purpose of acquiring slots in an auction. The idea is for some form

of Administrative Allocation (such as that proposed by the FAA) to be applied to

determine each air carrier's total number of slot entitlement points, without

specifying the time distributions of the slots. Then, a modified Slot Exchange

Auction would be conducted using these points as fixed bidding budgets; air carriers

would be free to allocate their points across hours of the day and different quota

airports in any way they chose. The modified slot auction with point bidding would



be analagous to an ordinary auction in which each bidder had a fixed money budget

which he intended to exhaust but could not exced. This idea neatly solves the

problem of avoiding the transfer of funds, but raises seri,'us difficulties regarding

economic efficiency.
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