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Abstract 

During the past several months, passenger air transport has been recovering from its significant 

retraction during the two years Covid pandemics. If the recent significant drop in air traffic due do the 

Covid pandemics acted as an external mitigating factor to airport traffic congestion in several major 

airports around the world, with the post-pandemics air traffic recovery it is likely that airport capacity 

will, once again, fall short of demand and not keep pace with the growth in air traffic. That is why close 

to two hundred major airports worldwide, most of them in Europe, face capacity constraints and are 

“coordinated”. Eurocontrol predicts Europe's capacity shortage in 2050 at 500,000 flights/year in the 

baseline scenario, which could rise to 2.7 million in an optimistic scenario. 

The allocation of airport slots in Europe and elsewhere is still ruled by administrative processes, 

based on the IATA (International Air Transport Association) Worldwide Airport Slot Guidelines 

(WASG), which follow historical precedence and time adjustments of historical slots. Market 

mechanisms in slot allocation, as an alternative to administrative processes, are still rarely used. 

Several authors have highlighted the inefficiency of the current airport slot administrative allocation 

system, based on the IATA’s Guidelines. Several authors have suggested improvements in this 

administrative system, such as congestion pricing mechanisms and other market mechanisms involving 

auction procedures. Among the various auction mechanisms, scoring auctions and the PAUSE 

methodology have been suggested in the literature. 

In this paper, and following our previous work, we explore and extend the application of the 

PAUSE auction mechanism with bidding based on a score function for the auctioneer, that includes 

another variable in addition to the total revenue, where this variable can represent e.g., quality of the 

service provided. We study the application of this auction mechanism, in a gradual fashion, p.e. to the 

year round three level 3 international airports operating in Portugal. The different airlines using these 

airports would still follow the current IATA slot allocation guidelines in their use of other airports, 

including the slot exchange protocols. We show that some of PAUSE auction mechanism’s desirable 

properties, such as computability, transparency, absence of envy, and the mitigation of the “price-jump 

problem”, “threshold problem”, “exposure problem”, and “winner’s curse problem”, still hold. 

 

Keywords: Scoring auctions, PAUSE, air travel, airport slot, IATA slot allocation guidelines, market-

based allocation mechanism, combinatorial auctions, score function, secondary market.  
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1. Introduction 

 

“Auctions are used when the seller does not know the bidders' willingness to 

pay for idiosyncratic items for which there is no well-functioning market.” 1 

 

“There is now a combinatorial auction procedure that can handle slot allocation 

problems of any size. We should no longer put off introducing auctions for 

airport slot allocation” 2 

 

During the past several months, passenger air transport has been recovering from its significant 

retraction during the two years Covid pandemics. From a total of 4,543M passengers worldwide in 

2019, the actual number in 2020 was 1,807M, i.e., around 40% of the number in 2019 and around 38% 

of the initial forecast of 4,723M for 2020. In 2021 the number increased to 2,277M, and is expected to 

have reached 3,432M by the end of the current year of 2022, i.e., around 73% of the pre-pandemics 

forecast for 2020 and around 76% of the actual total number in 2019. 

Despite the recent significant drop in air traffic due do the Covid pandemics has acted as an 

external mitigating factor to airport traffic congestion in several major airports around the world, with 

the post-pandemics air traffic recovery it is likely that airport capacity will, once again, fall short of 

demand and not keep pace with the growth in air traffic. In Europe, where more than 46% of level 3 

airports3 are located (but only 32% of all IATA international airports), Eurocontrol still foresees airport 

capacity constraints that will impact almost 0.5M flights/year by 2050 in the most likely scenario (up 

to 2.7M in the high scenario4), even though this level of demand unattendance had been forecasted for 

2035 before the pandemic crisis (Eurocontrol, 2022). 

In such a capacity constraint scenario, and as argued in Cardadeiro & Gata (2021), an efficient 

allocation of scarce airport capacity becomes critical for air traffic growth, as well as for the overall air 

 

1  See McAfee, R. P. & McMillan, J. (1996), p. 173. 
2  See Steinberg, R. (2021), p. 77. See also https://cepr.org/voxeu/columns/it-time-auction-slots-congested-

airports 
3  Airports throughout the world are categorized as Level 1 (Non-Coordinated Airport), Level 2 (Schedules 

Facilitated Airport) or Level 3 (Coordinated Airport). Additionally, in some States or areas, such as in the 

European Union, legally binding regulations must be observed. Some airports are classified as level 3 for 

specific days of the week only, or for a particular season, and not for the whole year. For example, Faro airport 

is level 3 only during the summer season. But the airports of Lisbon, Oporto and Funchal are level 3 for the 

whole year. ‘Coordinated airports’ are airports subject to coordination as a means of managing airport capacity, 

where coordination involves the allocation of constrained or limited airport capacity to airlines and other aircraft 

operators to ensure a viable airport and air transport operation. It also pretends to be a process to maximize the 

efficient use of airport infrastructure. 
4  The flight forecast for Europe base scenario anticipates 16M flights in 2050, a 1.2% average annual growth from 

2019, a level of activity that was previously (pre-covid) anticipated to 2040. The high scenario foresees an 1.8% 

average annual growth. (Eurocontrol, 2022). 

https://cepr.org/voxeu/columns/it-time-auction-slots-congested-airports
https://cepr.org/voxeu/columns/it-time-auction-slots-congested-airports
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transport dynamic efficiency. Indeed, a more efficient management of existing capacity can alleviate 

pressure on airport capacity for around 80 level 3 airports in Europe. Furthermore, a more efficient 

allocation of airports capacity would improve aviation's impact on the economy and its contribution to 

reducing CO2 emissions and other types of emissions overall. 

However, and as is well known, the allocation of airport slots in Europe and elsewhere is still 

ruled by administrative processes, based on the IATA’s Worldwide Airport Slot Guidelines (WASG), 

which follow historical precedence (called “Grandfather Rights”) and time adjustments of historical 

slots. Market mechanisms in slot allocation, as an alternative to administrative processes, are still rarely 

used. In particular, the use of auctions for slot allocation has only been implemented in some local 

routes in China (Sheng et al., 2015), and apparently this underemployment of auction mechanisms has 

been due to the reluctance of coordination authorities to face the risks that have been pointed out 

regarding airlines’ long-term route planning, the usage costs related to excess slots, origin-destination 

pairing, air transport fares impact and competition distortions (Button, 2008; Sentance, 2003). 

Several authors have highlighted the inefficiency of the current airport slot administrative 

allocation system, based on the IATA’s WASG. Many have suggested improvements in this 

administrative system (Katsigiannis et al. 2021), as well as congestion pricing mechanisms (Noto, 2020) 

and other market mechanisms involving auction procedures (Ball et al., 2018). Among the various 

auction mechanisms, scoring auctions and the PAUSE methodology5 have been suggested in the 

literature Steinberg, 2021. 

In this paper we explore the application of a PAUSE auction mechanism with bidding based on 

a score function that includes other variables in addition to the auctioneer’s total revenue. We suggest 

a preliminary application of this mechanism to the three year-round level 3 international airports 

operating in Portugal6 namely Lisbon, Oporto and Funchal, focusing on a more efficient slot allocation 

only in these airports, be them departure or arrival slots. The different airlines using these airports would 

still follow the current IATA guidelines in their use of other airports, including the slot exchange 

protocols as they are provided. 

2. Slot Allocation Mechanisms 

2.1. The Current Administrative Slot Allocation 

As is well known, the allocation of “slots” in most airports in Europe, including in Portugal, 

and in other jurisdictions, such as the USA (with some exceptions), is governed by administrative 

 

5 The acronym PAUSE stands for Progressive Adaptive User Selection Environment. 
6  According to Portuguese Authorities, passenger traffic in Portugal plumbed 70% in 2020 compared to 2019, 

recovered slightly to 60% in 2021. During first semester 2022 it was still 13% behind the 2019 correspondent 

figures, the by the end of the year it almost reached the 2019 level (-3%). See https://www.nav.pt/espaco-

aereo/dados-de-trafego. 

https://www.nav.pt/espaco-aereo/dados-de-trafego
https://www.nav.pt/espaco-aereo/dados-de-trafego
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processes based on IATA’s WASG, which follow historical precedence and time adjustments of 

historical slots, and not by market mechanisms.  

Slot allocation is used in the most congested (or level 3) airports to allocate and manage a 

limited airport capacity, with the aim of maximizing the "efficiency of an airport". In Council 

Regulation (EEC) No. 95/93, from January 18, on the common rules applicable to the allocation of slots 

in airports within the European Community (today’s European Union/EU), a “slot” is defined as “the 

estimated time of arrival or departure available or assigned to an aircraft movement on a specific date 

at a coordinated airport” (see its Art. 2(a))7. A coordinator is appointed to facilitate the operations of air 

carriers operating or intending to operate at that airport.  

The airport coordinator assigned to a level 3 airport manages scarce airport capacity. It is 

functionally and financially independent of any interested parties, including governments, airlines and 

airports, applying the rules set out in the WASG. It is responsible for affecting airport slots and 

supervising their use in a neutral, transparent and non-discriminatory manner. The temporal duration of 

each “slot” is based on the times of block placement (arrival) and block removal (departure). Actual 

landing and take-off times may vary due to operational factors. 

These rules are closely followed by law in the US, the EU, and many other jurisdictions, and 

are supported by two principles: the principle of “grandfather rights” (which establishes 'historical 

precedence'), and the “use-it-or-lose-it” principle. The first establishes that “slots” are assigned to flight 

operators that have already had these same “slots” assigned in the corresponding previous “IATA 

season”, following the historical schedule at that airport. The second introduces a restriction to the 

'grandfather rights' rule, as it states that this rule only applies to “slots” (or a series of “slots”) that have 

been effectively used by the flight operator in at least 80% of those affected time intervals8. It is for this 

reason that the “use-it-or-lose-it” rule is also known as the “80/20 rule”. 

The WASG are a set of standards and best practices developed by IATA member airlines 

together with the community of airport coordinators and facilitators. These Guidelines are a 

comprehensive set of procedures for the allocation and management of airport capacity at various 

airports worldwide. The main users of these guidelines are airlines and airport coordinators and 

facilitators. IATA maintains the WASG under the supervision of the Joint Slot Advisory Group (JSAG). 

All changes are agreed by the JSAG before being presented to the IATA Slot Conference Heads of 

 

7  In the US, the term “slot” means “a reservation for an instrument flight take-off or landing by an air carrier of 

an aircraft in air transport”. In the EU, the definition of a “slot” is more demanding: it includes not only an 

authorization to access a “slot” for take-off or landing on specific dates and times, but also the associated airport 

infrastructure, which is left out of the definition used. in the US, where such resources must be obtained by 

airlines through other means. 
8 Due to the Covid pandemics, and recently to the invasion of Ukraine by the Russian Federation, this rule has 

been temporary relief, in the EU by the Regulation (UE) No. 2020/459, from March 30, the Regulation (UE) 

No. 2021/250, from February 16, the Regulation (UE) No. 2021/1889, from July 23, the Regulation (UE) No. 

2022/255, of 15 December 2021, and the Regulation (UE) No. 2022/2038, of 19 October 2022. 
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Delegation for majority approval. This ensures that no new or amended standards or best practices can 

be introduced into the WASG unilaterally by any airline, coordinator or even IATA. 

The WASG are recognized by the global air transport community as the industry standard 

methodology for allocating slots at level 3 airports and managing planned operations at level 2 airports. 

If a State or a government intends to develop and implement its own rules or procedures, the principles 

of these Guidelines should be adopted. IATA encourages the use of these guidelines as a basis for these 

regulations.  

IATA claims the WASG provide a consistent, transparent, and fair method for allocating and 

managing airport capacity, given that air transport is global in nature and requires harmonized slot 

allocation rules, both at the origin and destination airports of each route, to maximize an efficient use 

of resources by an airline. 

The IATA Slots Conference (SC) is the forum for the coordination of planned operations at 

level 2 and level 3 airports, held twice a year in the summer and winter seasons (of the northern 

hemisphere). The June SC covers the following winter season, and the November SC covers the 

following summer season. The IATA SC is only convened to allocate and manage slots at level 3 

airports and discuss schedule adjustments at level 2 airports. from a competitive standpoint and beyond 

the scope of the SC, are not permitted. SC dates are communicated to industry by IATA Management 

using the Calendar of Coordination. Other essential dates in the coordination process can also be 

consulted in this Calendar. Delegates attending the SC must be accredited representatives of their airline 

or coordinating organization. SC is essential to help ensure the success of airlines in commercial 

operation and the successful management of each airport's capacity by coordinators and facilitators. 

IATA strives to ensure that the information necessary to participate in the SC is available to all airlines, 

coordinators, and facilitators. IATA maintains a directory of companies participating in the SC and the 

individuals designated by their companies as Heads of Delegation. This directory lists the names and 

contact details of coordinators and facilitators, and those who are authorized to transfer, exchange, 

change and delete or request new slots on behalf of an airline participating in the SC. 

Different airlines may still transfer or exchange slots with each other and may use them as part 

of a shared operation, subject to these Guidelines and other existing regulations. This possibility creates 

a semblance of a “secondary market”: exchanges and transfers are not monetized. At level 3 airports, 

airline-allocated slots may be exchanged between airlines, but on a one-for-one basis. 

Finally, all “slots” that are not affected by the application of these rules, newly created “slots” 

that for some reason became available, join a “pool” of “slots” and are allocated to airlines by the 

coordinator based on a set of hierarchical rules that include 50% of “slots” for new entrants, 

consideration of year-round operations and various other factors such as the type of customer or market 

served, connectivity, competitive forum, etc. These multi-purpose (potentially conflicting) factors 

provide additional degrees of freedom to consider public interest aspects related to the allocation of 
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slots, other than the reservation of certain slots for regional services or services with public service 

obligations. 

However, and as referred by NERA back in 20049: 

«Despite this excess demand [in level 3 airports], the effect of the current EU slot regulation 

(95/93) is that existing users of these airports enjoy grandfather rights in relation to their current slot 

holdings. While the regulation provides for 50 per cent of any slots not subject to grandfather rights to 

be allocated to new entrants, and the remainder allocated according to administrative criteria, there 

are usually very few slots available from this “pool”. It is therefore difficult for airlines to obtain slots 

in order to introduce new or more frequent services. The fact that existing airport charges fail to reflect 

the scarcity value of slots means that they may be allocated to services that are barely profitable at the 

current level of airport charges. Airlines that might be able to use these slots more efficiently (for 

example, because their services would carry more passengers or generate more profits) and would 

therefore be willing to pay considerably more than the current level of charges, may nevertheless be 

unable to get hold of any slots. In addition, the fact that airlines only pay charges based on their actual 

use of slots means that they have poor incentives to use slots efficiently. Some slots therefore remain 

unused, even at congested airports - either because they are returned late to airport coordinators (and 

cannot be reallocated) or because airlines simply fail to use their full allocation of slots»10 

And more recently, A. Ockenfels et al. (CEPR, Jan. 2021) state that because airport time slots 

are currently awarded by historic use, with only small number reserved for new entrants, competition 

is being hampered, together with an inefficient slot utilization, contributing to congestion at airports. 

2.2. Airport Congestion Pricing 

Congestion Pricing requires that slot prices be defined a priori, as many prices as necessary 

(peak load prices, off peak load prices, super-peak load prices, etc.). This definition might be quite 

challenging. While in the case of slot auctions, it is the number of slots to be auctioned that need to be 

specified a priori, which is a simpler task.  

As reported in Cardadeiro & Gata (2022), several authors have suggested the use of congestion 

pricing, but its merits compared to other slot allocation approaches are not consensual as they depend 

on the assumption regarding the demand for slots, airline pricing policy, airline market 

structure/concentration/differentiation, airport integration in the airport’s network, information 

available for slot price setting and other modeling and market details. Setting appropriate congestion 

prices in a dynamic setting is a highly complex problem, even if this allocation mechanism has the 

 

9  See NERA (2004). 
10 And on the role of market mechanisms: Market mechanisms have the potential to address these inefficiencies 

by confronting airlines with the cost of occupying scarce capacity. If market mechanisms were introduced at 

congested EU airports, we [NERA] believe that higher passenger volumes would use existing airport facilities». 

https://www.nera.com/publications/archive/2004/study-to-assess-the-effects-of-different-slot-allocation-schemes.html
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advantage of allowing an increased carrier scheduling flexibility and reducing the incentives for airlines 

to hoard airport slots. Additionally, the use of prices to manage demand and accommodate airport 

capacity usually faces constraints from economic regulation of the airport business, as at most level 3 

airports, airport tariffs, including slot prices, are regulated to control the monopoly power of airports, 

directly or indirectly capping slot prices, either using an incentive or a cost-plus regulation model. 

However, some argue that the use of congestion pricing, if appropriately designed, might be compatible 

with the existing regulatory practice. The debate on the benefits of congestion pricing is enriched by 

those arguments that suggest combining congestion pricing with other mechanisms to improve 

efficiency, as each of the different alternatives alone is not sufficient.  

2.3. Airport Slot Auctions using PAUSE 

Auctions have been proposed as an airport slot allocation mechanism for more than four 

decades11 and, despite the complexity slot allocation among airlines and some drawbacks, auction 

theory has evolved significantly (Milgrom, 2021) providing several tools that can contribute to improve 

the efficiency of airports scarce capacity use (Rassenti et al., 1982; Button, 2008; Basso et al., 2010; 

Sheng et al., 2015; Ball et al.,2018). Cardadeiro & Gata (2021) suggest a combinatorial scoring auction 

approach, with multiple phases, as an attempt to mitigate some of the criticisms made to previous slot 

auction proposals, namely the clock-proxy one, and argue, along with other authors (e.g., Ockenfels et 

al., 2021) that the transitory Covid-driven air traffic reduction should be considered an opportunity 

window to implement auctions for slot allocation in congested airports. Richard Steinberg (2021) also 

supports the use of auction for this purpose, but further suggests the use of PAUSE as the appropriate 

auction mechanism, as described by Land et al. (2006). 

Prior to our contribution to the auction mechanism design using PAUSE, we shall start by 

stating that we consider the adoption of auctions for slot allocation as an incremental, or progressive, 

 

11  As mentioned in Cardadeiro & Gata (2021), there are several instances where auction mechanisms were used 

to allocate airport slots. In 2016, the Civil Aviation Administration of China initiated a trial slot auction scheme 

for domestic flights at Guangzhou Baiyun and Shanghai Pudong Airports. Auction winners retained the slots 

for three years. In November 2011 when US Airways and Delta Air Lines were required by the US Department 

of Treasury to divest a total of 48 slots, or 24 slot pairs, at the Ronald Reagan Washington National Airport 

and NY LaGuardia Airport, the US FAA employed simple auction mechanisms to execute these transactions, 

for which the buyers and sellers were airlines. These were secondary market transactions where the 

government played a forcing role – see M. Ball et al. (2018). In December 2021, the European Commission 

approved a €2.55 billion Portuguese restructuring aid in favor of the TAP Group, including TAP Air Portugal, 

under the EC's Guidelines on State aid for the rescue and restructuring of companies in difficulty, subject to 

several conditions that included the transfer of up to 18 slots per day at the Lisbon airport held by TAP, to a 

competing carrier. On 25 February 2022, the Monitoring Trustee, appointed by the TAP Group, announced a 

call for proposals (sealed-bid auction) for interested carriers. The EC, assisted by the Monitoring Trustee, 

assessed the proposals received against the eligibility, evaluation and ranking criteria set out in the 

Commission decision of 21 December 2021, and ranked the proposals based on the seat capacity that carriers 

would offer using the slots made available by TAP. Based on this assessment, the EC ranked easyJet's proposal 

first. 
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approach to the existing allocation mechanisms, in order not only to mitigate eventual risks of airline 

operational disruption, but also to test and progressively improve the slot auction design. In this respect 

we are aligned with Ball et al. (2018) regarding auctioning yearly only 5% to 10% of airport slots, 

revising the concept of the existing slot rights to a “limited time lease right” and many other aspects 

designed to promote a smooth transition from the exiting allocation method to an auction-based method. 

This means that auctioning each year 5%-10% of the slots will not conflict with all the other 

existing slot exchange practices and secondary market mechanisms, namely the IATA Conferences held 

twice a year. Furthermore, this means that we consider the use of auctions as a tool for improving 

allocation efficiency, from the existing standpoint, and not as a first best allocation mechanism, which 

would not be possible to implement. 

That being said, let us consider the PAUSE auction mechanism, which is a discrete-time 

combinatorial auction (more specifically, a discrete-time combinatorial, simultaneous, progressive, 

bottom-up auction12) containing several stages. Each stage may contain several bidding rounds 

(“rounds”). The PAUSE mechanism was proposed by Kelly & Steinberg (2000) to be applied in the 

allocation by auction (with at least two stages) of universal telecommunication services in the various 

geographic areas of the USA (i.e., “carrier of last resort”, or COLR). The auctioneer can be a suitable 

programmed algorithm. 

In the case of the COLR auction, firms bid for subsidies in geographic areas to guarantee the 

implementation of a Universal Service Provision (USP) Program, which will provide collective and 

individual access to basic telephony and internet services throughout the USA. The PAUSE mechanism 

proceeds as follows: 

• Stage 1 is a simultaneous, multiple-round auction, conducted in three substages, with 

progressive eligibility requirements and an improvement margin requirement, with bidders 

submitting bids on individual properties; and 

• Stage 2 is a simultaneous, multiple-round auction, conducted in substages, with 

progressive eligibility requirements and an improvement margin requirement, with 

composite bids to facilitate realization of player synergies. 

Land, Powell & Steinberg (2006), generalize the PAUSE mechanism as a combinatorial, 

simultaneous, and progressive auction, with more than two stages. In fact, the auction may have as 

 

12 The auction is called combinatorial (or composite) because it allows bidding on bundles of lots and not just on 

individual lots. It is simultaneous because in each bidding round the bidders bid simultaneously, that is, each 

bidder bids on the lots made available by the auctioneer without observing the bidding of the other bidders. It is 

progressive because at each stage, each bidder only accesses the next bidding round if they bid more in that 

round than they bid for each lot or package of lots in the previous round (“improvement margin requirement”). 

As it is a progressive auction, it is also ascending, as the prices of the lots increase throughout the auction. But 

it is also progressive in the sense that the maximum size of packages (of lots) bid during each stage also increases 

as each stage succeeds, until the conclusion of the auction. 
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many stages as the number of lots/items to be auctioned, with each stage consisting of several bidding 

rounds. 

Steinberg (2021) briefly discusses the application of the PAUSE mechanism to the auction of 

airport slots, in which the auctioneer aims to maximize the auction revenue. But, among other 

limitations, it does not characterize its properties in this context, where various other restrictions may 

be present, such as public service restrictions. 

As developed, the PAUSE procedure moves forward based on the monetary values of the 

proposed composite bids (a composite bid is a bid over a group of objects). We want to extend PAUSE 

to accommodate a richer value-function for the auctioneer, where a quality parameter is included 

alongside revenue. 

The goal of allowing composite bids is to allow bidders to benefit from synergies between slots, 

or pairs of slots, in that the value a bidder places in a group of two or more slots may be higher than the 

sum of their individual values. This is to say, a bidder value function exhibits ‘super-additivity’. 

Allowing for combinatorial bids can also prevent the so-called ‘exposure risk’. In the case of airport 

slots, it seems clear that one single slot without its pair is worthless, in that for any flight an airline will 

need a take-off slot at some airport and a landing slot at another airport. Therefore, the smallest group 

of airport slots with a positive value will be a pair of slots. 

We can now look at four of the main PAUSE building blocks for auction design, in the context 

of airport slots. 

The “product” to auction – one could consider that the most elementary item to auction should 

be “a slot” as it is defined in the EU (or in the US), in a specific level 3 airport. But this would constitute 

a simplistic approach of the allocation problem. Apart from the concept of “slot right”, which we believe 

should be a limited “temporal right” (maybe between 10 and 20 years), it must also be acknowledged 

that when allocating slots, slot coordinators have to consider not only the runaway capacity, but also 

terminal, arrival and departure pax flow (Schengen and non-Schengen), passenger/cargo, as well as 

many other capacity or technical airport constraints. Therefore, far from just determining the number 

of available slots (for instance 10% of the airport slots) the auctioneer – who could also be the slot 

coordinator – might have to associate to each of the slots available a set of attributes related to all those 

constraints but also take in consideration some public interest objectives, are already being considered 

by slot coordinators today, when applying slot allocation regulations, such as the ones pertaining to 

regional services, regular versus occasional services, etc. 

This means that slots are not homogeneous, not only for the time frame they refer to, but also 

for the type of aircraft used, the origin/destination served, service frequency, or even weekly pairing 

slots, depending on the (public) interest represented by the slot coordinator, as we assume that this 

coordinator’s objective function reflects all public interest issues regarding those slots. 
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The opportunity to auction origin/destination pairs of slots, whenever the same coordinator 

manages the slots in more than one coordinated airport, as it is the case of Portugal for Lisbon, Oporto 

and Funchal airports13, should also be considered. Origin/destination complementarity can hardly be 

addressed in a very large territory (e.g., Europe) exclusively through an auction mechanism, as slot 

allocation in all level 3 airports in this territory has been performed in a decentralized manner (by local 

slot coordinators), by the combination of “grandfather rights” and IATA Slot Conferences. However, 

we believe the opportunity for simultaneously auctioning slots in all airports whose capacity is managed 

by the same slot coordinator must not be squandered. 

Consequently, the auctioneer shall auction a portion (e.g., 10%) of all slots from all the level 3 

airports the auctioneer manages, but these slots might be paired with other airports’ slots or with slots 

in the same airport, and are associated to a diverse set of constraints on the attributes the services that 

might be provided by air transport operators must comply with. We call each of these “slots with 

constraints” a “lot” to be auctioned, as a temporary right to use airport capacity to provide air transport 

services with certain attributes and meeting certain constraints. 

The bidding variable – usually, the payment required for having the right to the items being 

auctioned is the bidding variable for all bidders, as the objective function of the auctioneer is assumed 

to be the maximization of the auction’s revenue. Auction theory addresses the different properties of 

auction procedures, such as whether each auction procedure implements Pareto efficiency14, but very 

often the auctioneer’s objective function is simply assumed to be the maximization of revenue. 

Given the nature of airport lots and the air transport services they allow, on which public policy 

intervention is grounded, on the problem of lot allocation it is reasonable to assume that the 

straightforward maximization of revenue might not be the auctioneer’s sole objective, even though its 

efficiency effects associated to the alignment of capacity investment incentives cannot be ignored. In 

fact, the existence of other public interest goals that must be considered when allocating airport lots 

among airlines, other than the maximization of the auction’s revenue, is clear from the existing 

regulations on slot allocation, as well as from WASG, when the criteria for allocation priorities are 

considered or when lot reservation is allowed. 

Most of the auction procedures proposed in the literature deal with these public interest 

objectives by assuming they will be reflected on the constraints imposed on lots usage, but Cardadeiro 

& Gata (2021) suggest the use of a multidimensional objective function, where the auction revenue is 

only one of the dimensions, in line with the ‘scoring auction’ type of auctions. Furthermore, to define 

that objective function they suggested the use of MACBETH15 and Collaborative Value Modeling 

 

13  The Faro international airport is a level 3 airport only during the summer season. 
14  More precisely, whether an auction procedure, as a mechanism, implements the Pareto correspondence. 
15  MACBETH (which stands for Measuring Attractiveness by a Categorical Based Evaluation Technique) is a 

multicriteria decision analysis approach that allows for the quantification of the relative attractiveness of 

different options. This relative attractiveness might be qualitative based. MACBETH provides an approach to 
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methodologies (Bana e Costa et al., 1994, 2012; Vieira et al., 2020) so that a robust function can be 

considered. 

In this paper we do not provide a concrete definition of such function, but we assume the 

existence of a two-dimension score function 𝑉(. , . ), where the value 𝑉 to the auctioneer depends on the 

revenue obtained in the auction plus the value of a qualitative variable representing those public interest 

objectives that lot coordinators already take into consideration16. We denote this second variable by 𝑞, 

which stands for “service quality”, or simply “quality”. This score function 𝑉(. , . ) is public information. 

Each bidder 𝑖’s bid for a particular item is a vector (𝑚𝑖 , 𝑞𝑖), where 𝑚𝑖  stands for monetary value, or 

price, the bidder is willing to pay for that item, and 𝑞𝑖 stands for the quality level the bidder guarantees, 

which the auctioneer values according to the score function 𝑉(. , . ), and this fact is common knowledge. 

This extends the original PAUSE auction mechanism where the sole objective of the auctioneer is the 

maximization of revenue. 

Combining auction revenues with other public interest aspects of lot allocation in the 

auctioneer’s objective function (i.e., the score function) potentially leads to a final allocation that better 

balances the auctioneer’s win objectives, when compared to the alternative where those non-monetary 

objectives are incorporated by setting minimum thresholds as constraints17. That balance will be found 

throughout the auction, based on the tradeoffs implicit in the 𝑉(. , . ) function. 

However, there might be some instances where introducing some constraints on lots’ usage is 

the best way to promote the public interest when defining the lots to be auctioned. Note that with this 

auction design, the public interest objectives promoted by the auctioneer can be addressed by a 

combination of how lots and the score function are defined, together with lots attributes. 

It is worth noting that the adoption of this score function will typically result in an auction 

revenue lower than if the auctioneer’s objective were to solely maximize revenue. This fact addresses 

criticisms over the undesirable competition effect brought about auctions and adds to all the other 

mitigation strategies proposed in the literature (Ball et al., 2018), hence increasing the social 

acceptability of auction mechanisms. 

 

build a quantitative model of values based on qualitative (verbal) difference judgements, that facilitates the 

path from ordinal to cardinal preference modelling. 
16  We assume the score function 𝑉: ℝ+

2 → ℝ+ to at least be (strictly) monotone in each of its two variables. More 

generously, we could assume the score function 𝑉: ℝ+
2 → ℝ+ to be differentiable and that 𝑉𝑚(𝑚, 𝑞) ≥ 0 and 

𝑉𝑞(𝑚, 𝑞) ≥ 0 for all (𝑚, 𝑞) ∈ ℝ+
2 . Furthermore, we assume it is not the case that for all 𝑞1, 𝑞2, 𝑚1, 𝑚2 ∈ ℝ+, 

𝑉(𝑚1, 𝑞1) > 𝑉(𝑚2, 𝑞2) whenever 𝑚1 >  𝑚2. 
17  Why do we choose to move “minimum quality levels to be complied with” from the list of restrictions to the 

auctioneer's objective function? Because there is typically information asymmetry between the auctioneer and 

the several bidders, the latter holding an informational advantage over how far they can go in the provision of 

such quality levels. If we choose to place minimum quality levels to be complied with in the set of restrictions, 

the auctioneer will set those minimum levels according to the information he has collected to date and may set 

those levels below what airlines can accomplish. If, on the other hand, we include those quality parameters (or 

a single quality parameter, to start simple) inside the auctioneer’s objective function, we will make bidders 

compete for quality, and the auctioneer might end up obtain a higher equilibrium quality level. 
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The bidder’s constraints – the PAUSE auction mechanism, as generally described by Land, 

Powell & Steinberg (2006), runs for as many stages as the number of items to be auctioned which, 

among other properties, allows bidders to capture the synergies from combining in packages, or blocks, 

the items brought to the auction. However, in the airport lot allocation context, there are typically 

competition concerns that may introduce limits to e.g., bidders’ market shares, considering the lots 

being auctioned (p.e. 10% of the lots available) as well as the lots already held by the bidders (the 

remaining 90% of the lots). Therefore, the total number of stages might be smaller than the number of 

lots brought to the auction, as the auction might end at a stage 𝜏 < |Ω| precisely due to market shares 

constraints. We assume bidders know form the start of the auction the market shares they cannot 

overcome. Once the auction concludes, is it possible that a bidder ends up with market shares 

significantly below the upper limits he was subject to at the outset? As the auction proceeds, the bidder 

can get as close as possible to such upper limits through his bidding, as the winning bids at the end of 

each bidding round become public information. Hence, the bidder knows how much ‘wiggle room’ he 

has in the next bidding round, until the auction comes to an end, and he can get as close as it is possible, 

in this extended PAUSE auction, to his market shares’ upper limits. 

Those market share constraints will probably impact bidders’ biding space heterogeneously, 

depending on the relevant markets in which each airline operates, but also on the number of lots each 

airline already holds. Those constraints are usually set based on the analysis by the relevant competition 

authorities but will certainly distinguish between incumbent airlines at the airport and new entrant 

airlines, as the existing regulations does for lots in the pool18.  

Whatever the competition constraints considered for each of the airlines admitted as bidders in 

the auction, the auctioneer can easily check each bid’s compliance with those constraints, along with 

any other auction requirements regarding progressive eligibility or improvement margin requirements 

– as defined below. As combinatorial auctions are often electronically held, bid checking mechanisms 

must be introduced in the auction platform algorithms. 

The “second-price” rule – given the properties of second-price auctions (Milgrom, 2021) most 

of the proposed lot auctions assume some type of second-price rule, which is not always a 

straightforward rule in combinatorial auctions (Day & Cramton, 2012). Land, Powell & Steinberg 

(2006) also assume a second-price payment scheme, in a simplified auction with only two items and 

two stages, and where the auctioneer’s sole objective is the maximization of the auction’s revenue.  

In contrast, in our auction design bids are two-dimensional, and to each bid is associated a score 

value. Therefore, the concept of second-price (payment scheme) must be revisited. We propose that at 

the end of the auction, each of the bidders that won any lot or block, must pay for each individual lot j 

won with the bid value 𝑉𝑗
∗(𝑚𝑗

∗, 𝑞𝑗
∗) a value 𝑚̂𝑗 equal to the score value of the second-best bid for that 

 

18  In the European context, see article 7 of Council Regulation (EEC) No. 95/93. 
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same lot, or block, i.e., 𝑉𝑗
′(𝑚𝑗

′, 𝑞𝑗
′) or block, maintaining 𝑞𝑗

∗ fixed, that is 𝑉𝑗(𝑣𝑗, 𝑞𝑗
∗) = 𝑉𝑗

′(𝑚𝑗
′, 𝑞𝑗

′). The 

total amount each winning bidder has to pay is the sum in j of values 𝑚̂𝑗 for all lots or blocks won by 

the bidder. This rule implies that the auctioneer will receive for each of the lots and blocks in the final 

winning bid the amount that leaves him with the same score he would obtain with the second-best score 

for the same lots and blocks. 

Regarding the use of these revenues, we share Ball et al. (2018)’s approach so as to improve 

the acceptability by stakeholders of auction mechanisms. That is, using those revenues to reduce landing 

fees, to invest in local and regional air transportation systems, and so on, announcing in advance and in 

a transparent way how those revenues will be used. 

3. Extended PAUSE auction mechanism applied to the auction of airport lots 

We extend the PAUSE auction mechanism by adapting Kelly & Steinberg (2000), Land, Powell 

& Steinberg (2006), and detailing Steinberg (2021) to the context of an auction involving airport lots, 

with the broad characteristics described in the previous section, together with a new auctioneer’s 

objective function whose value depends on the auction’s revenue and on “service quality”, representing 

other desiderata such as the provision of a public service, lower CO2 emissions and other types of 

emissions, and so on, to be defined at the outset..  

Consider the discrete-time combinatorial auction procedure PAUSE, as described in the 

previous section, but applied to airport lots, following the suggestion by Steinberg (2021). As explained 

before, it is a simultaneous ascending auction19. Let there be 𝑁 bidders and let Ω denote the set of all 

airport lots to be auctioned off. Let 𝒫 = {𝑏1, 𝑏2, … , 𝑏𝑟} denote a partition of set Ω20. Given partition 𝒫 

and a bidder 𝑖 in 𝑁, a composite bid by this bidder 𝑖 is a vector 〈𝑝(𝑏1), 𝑝(𝑏2), … , 𝑝(𝑏𝑟)〉 of (disjoint) 

block bids, which may contain some block bids from bidders other than 𝑗, such that 𝑉𝑖(𝒫) =

∑ 𝑉𝑖(𝑏𝑗)𝑟
𝑗=1 , where 𝑉𝑖(𝑏𝑗) is bidder 𝑖’s bid for block 𝑏𝑗. A block can be a singleton, i.e., be composed 

of a single lot, or it can be a collection of different lots. The extended PAUSE auction proceeds in 

stages, with each stage containing possibly many auction rounds. The number of auction stages cannot 

 

19  A simultaneous ascending auction is an auction for multiple items, in which bidding occurs in rounds. In each 

round, bidders simultaneously make sealed bids for any items in which they are interested. After the bidding, 

round results are posted. The simultaneous ascending auction has proved to be a successful method of 

auctioning many related items. Simultaneous sale and ascending bids promote price discovery, which helps 

bidders build desirable packages of items. Although package bids are not allowed, the auction format does 

handle mild complementarities well. A simultaneous ascending auction is an effective mechanism for selling 

interdependent items (i.e., complements or substitutes). In a simultaneous ascending auction, and at any stage, 

a bidder is defined to be active on a particular item if either it has the standing high bid from the previous 

round or it submits an acceptable bid in the current round – see McAfee, R. P. & McMillan, J. (1996). 
20  Hence, ⋃ 𝑏𝑗

𝑟
𝑗=1 = Ω , 𝑏𝑗 ≠ ∅, and 𝑏𝑖 ∩ 𝑏𝑗 = ∅ for all 𝑖, 𝑗 = 1, 2, … , 𝑟, and 𝑖 ≠ 𝑗. 
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exceed the number of all airport lots to be auctioned off, i.e., the cardinality of set Ω 21. The number of 

rounds in each stage will be defined once all bidding stops in that stage.  

Throughout every stage and every auction round, every bidder will put forward a bid, which 

will be always a composite bid from stage 2 onwards, whose value will be the value the two-dimension 

score function 𝑉(. , . ) takes for the amount of money he will be willing to pay for the bid plus the 

“quality service” level included in that same bid.   

According to PAUSE, in round 1 of stage 1 bidders (airlines) will decide whether to bid for the 

individual lots, and only individual lots, in Ω. Any bidder can submit bids for all or just for some 

individual lots (but always capped by competition quota constraints), including for just one lot or none. 

Round 1 terminates when all bids are collected, and the highest bid on each item (lot) is accepted by 

the auctioneer. All the highest bids are registered in a database t their respective owners and it becomes 

public information22. Round 2 of stage 1 will take place only if one or more bidders decide to bid again 

(or for the first time), provided each bidder’s renewed bid on any lot he bid in round 1 meets the 

“improvement margin requirement” (“imr”): the new bid over a lot must improve on the previous best 

bid on that lot (by the same or another bidder) by at least ε and strictly less than 2ε. Notice that the 

auctioneer will check whether property “imr” is being satisfied using his a two-dimension score function 

𝑉(. , . ). According to PAUSE, the justification for imr is to reduce the possibility of price-jump bidding 

and the “threshold problem”, also known as “block-jump bidding”. There can be further rounds until all 

biddings end in a particular round. Then stage 1 ends. Each item/lot is (temporarily) assigned to the 

 

21  Given the set Ω of all lots to be auctioned off, suppose any bidder 𝑖, with 𝑖 = 1, 2, … , 𝑁, was required to submit 

his bids over every subset of Ω. Then, in a mechanism design context, his “economic environment” 𝑒𝑖 would 

be defined by mapping from the power set ℙ(Ω) ∖ ∅ into ℝ+
|ℙ(Ω)|−1 

, where |ℙ(Ω)| denotes the cardinality of 

power set ℙ(Ω), which equals 2|Ω|. Note that due to synergies and complementarities, the value assigned to 

the union of two or more subsets of Ω in ℙ(Ω) might exceed the sum of the individual values assigned to each 

of those subsets. It may also happen that because the bidder is not interested in certain subsets of ℙ(Ω), he 

assigns a value zero to them. If we consider the case where all lots are auctioned off through a sealed-bid 

private-value auction, each airline, as a bidder, would submit its bid for every element in ℙ(Ω). Or, as an 

alternative, it would submit bids only for the elements in ℙ(Ω) that it values positively; all the other elements 

in ℙ(Ω) would be assigned a value zero. Now, say |Ω| = 50. Then, each bidder will have to assign a value to 

each of |ℙ(Ω)| − 1 = 250 − 1 possible (non-empty) subset of Ω. Therefore, it is not reasonable to define such 

type of “economic environment” 𝑒𝑖 for bidder 𝑖. The auction mechanism PAUSE avoids this dimensionality 

problem. 
22  It is worthwhile questioning if posting such information publicly among bidders, with bidders’ identities being 

revealed side by side with their leading bids in each round/stage, might not facilitate collusion. See McAfee, 

R. P. & McMillan, J. (1996), pp. 169/170: «A drawback of the simultaneous ascending auction is that collusion 

is easier than under a single round of sealed bids. Through their bidding patterns in the early rounds, the 

bidders might in effect say to each other: “This is 'my' territory. Stay away from it, and I will stay away from 

'yours.' If you ever bid on it, I will drive up the price of 'yours' in retaliation”. The FCC could have hindered 

collusion by revealing only the bid amounts between rounds, and not the bidders' identities. It chose not to do 

this in the broadband auction and instead gave out full details of each round's bidding, because it judged that 

the risk of collusion was outweighed by benefits of the information. (Bidder identities are useful to the bidders 

for evaluating the meaning of others' bids, reducing the winner's curse, and generally assisting sensible 

bidding) ». 
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bidder with the highest score. In other words, all highest bids are registered in a database of the 

respective bidders and are accessible to all bidders, i.e., they are public information. 

In stage 2, and as mentioned above, bidders (airlines) can submit bids on individual lots, as well 

as on packages of lots containing at most two lots. However, each airline must submit its bids as part 

of a composite bid, which contains a set of non-overlapping bids that cover all the lots in the auction, 

i.e., set Ω23. In other words, any composite bid is a partition of set Ω. Particularly important is the 

assumption that from stage 2 onwards, for the items/lots on which a bidder has no interest in bidding, 

he fills out his composite bid by making use of prior bids (i.e., bids from the/a previous round) by any 

of the other bidders. This assumption is needed so that this bidder can submit a composite bid which, 

by definition, must include all items in Ω, either individually or in a package. In each successive round 

of bidding, if a bidder intends to submit a new composite bid, then the imr is applied again, so that the 

new bid is valid. More specifically, if the number of blocks in the composite bid with new bids by the 

bidder is B, then “previous best composite bid + B.ε ≦ new composite bid by bidder < previous best 

bid + B.2ε”. That is, the average increase in the bid score of each block in this bidder's composite bid 

will be at least B.ε, but strictly less than B.2ε. Stage 2 ends when all biddings end in a particular round. 

Throughout stage 2, the validity of each composite bid is verified by the auctioneer using his two-

dimension score function 𝑉(. , . ). 

Each of the successive stages 𝑡, with 𝑡 = 3,4,5, … , |Ω|,  proceeds in a similar way to stage 2. 

Bidders present their composite bids, containing individual lots and bundles of lots, i.e., blocks, but in 

which each one of these blocks can only contain up to 𝑡 individual lots, and in which each composite 

bid of each bidder corresponds to a partition of the set Ω. Each stage 𝑡 can, again, contain several 

bidding rounds, without an a priori limit to the number of rounds. Each stage ends when bidding in that 

stage ceases. The final accepted composite bid in the auction displays the final lot allocation between 

airlines. 

The following three diagrams A, B e C, depict three different situations that can arise when 

calculating the “second price”, for each lot and each block within the final composite winning bid (i.e., 

the bid with the highest scoring value). They tell us what monetary values 𝑚̂𝑗 the winners will have to 

pay for the lots or blocks assigned to each of them, and what quality levels 𝑞𝑗 they must guarantee. As 

money is a fungible commodity and it could be very difficult for a winning bidder (airline) to meet the 

“service quality” level included in the second highest bid – as, for example, when quality characteristics 

embedded in the second best bid, such as a larger airplane or a less-polluting airplane, are characteristics 

 

23  More specifically, a composite bid includes: (i) a partition of the set Ω, (ii) a correspondence of each block 

included in a composite bid to a bidder and the price that bidder assigns to each of these blocks, and (iii) the 

value of the composite bid, defined as the sum of bids for each block considered individually, including blocks 

in which the bidder has no interest, but to which a value is assigned. 
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out of reach by the winner - we only require the winner to adjust his monetary payment 𝑚𝑗 so that a 

final score equal the second-best score for each individual lot or block he has won. The second-best 

score is obtained by the pair (𝑚𝑗
′ , 𝑞𝑗

′) which lies on the iso-score line associated with this second-best 

score value V’. 

Figure 1 – Second-price rule 

 

 

It is worth noting that the price 𝑚̂𝑗 paid for a specific lot or block by the winner of that lot or 

block, will always be lower than the offered price 𝑚𝑗
∗ by the winning bid, but might be higher (panel 

A) or lower (panels B and C) than the price offered by the bid with the second-highest score (𝑚𝑗
′)24. The 

former situation will happen when the quality level of the winning bid is lower than the second-best 

bid, the latter when the quality is higher in the winning bid. In case of equal quality levels, 𝑞𝑗
∗ = 𝑞𝑗

′ , the 

winner will have to pay exactly the price offered by the second-best bid, 𝑚̂𝑗= 𝑚𝑗
′. 

Some of the main advantages of the PAUSE auction mechanism, as discussed by Steinberg et 

al. (2000, 2006 and 2021) still hold in this extended version. Namely: (a) Computability: Due to the 

introduction of composite bids by the PAUSE mechanism and its extended version, the choice of 

winning bids by the auctioneer is a computationally tractable problem25. Incidentally, the auctioneer 

may simply be a properly programmed algorithm. This is possible because the calculation effort, or 

computation, necessary to evaluate a packaged bid is transferred from the auctioneer to each of the 

various bidders. In this way, the auctioneer no longer faces the so-called “winner-determination 

 

24  For the reasons cited above, we assume that when ‘charged’ the second-best, the winner of a lot or block will 

always keep unchanged the quality level 𝑞𝑗
∗ he submitted in his winning bid. He simply adjusts his offered 

price 𝑚𝑗
∗downward to a level 𝑚̂𝑗 such that 𝑉(𝑚̂𝑗, 𝑞𝑗

∗) = 𝑉(𝑚𝑗
′ , 𝑞𝑗

′). 
25  A problem is “computationally tractable” insofar as it is “computable in polynomial time and space”, that is, 

in which the time (that is, the number of computational steps needed for any instance of the problem) and 

memory space occupied during computation are both polynomial functions of the “size” of the input (i.e., of 

the memory space occupied by the input, or the encoding length of that input, as an instance of the problem) 

that is “supplied” to the algorithm, for it to proceed with the computation of the output. Two basic references 

that can be consulted on computational complexity are: J. Hopcroft, et al. (2006) and Lewis, H. & 

Papadimitriou, C. (1981). See also: P. Cramton et al. (Eds.), 2006, pp. 303/4. 
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problem”26; (b) Transparency: at each stage, and at the end of each bidding round, each bidder can 

compare their bid with the winning bid to determine why they lost that round. In a bottom-up auction, 

such as PAUSE, this transparency promotes efficiency27; (c) Absence of Envy: in the final allocation of 

lots, no bidder will prefer to exchange the lots allocated to him with the lots allocated to any of the other 

bidders28; (d) Mitigation of the price-jump bidding problem: This is a potential problem in simultaneous 

auctions with multiple bidding rounds, where one or more bidders bid aggressively29. This form of 

bidding consists of bidding well above the minimum required as a way of strategically sending a signal 

to other competing bidders not to compete for certain lots, given that the auction is characterized by 

'private information' (about the value that each bidder assigns to each of the different batches). The 

mitigation of the problem results from the imposition of the “improvement margin requirement”, which 

we maintain in the extended Pause auction mechanism. “Block-jump bidding” is a related problem that 

can arise in combinatorial or composite auctions, as is the case with PAUSE; (e) Mitigation of the 

threshold problem: This problem is defined as the imbalance that may exist between large and small 

bidders, insofar as the introduction of the possibility of bidding on batch packages may favor large 

bidders seeking larger packages, because small bidders may have neither the incentive nor the ability 

to bid higher than high bidders. The fact that the auction is progressive, in the sense that the maximum 

size of the packages (lots) bid during each stage also increases as each stage succeeds, until the 

conclusion of the auction, mitigates this problem; (f) Mitigation of the exposure problem: in the event 

that a bidder considers two or more lots to be complementary (which is obvious in the case of a lot 

including a departure “lot” at the airport of origin of the flight, without the corresponding “lot” of 

arrival/landing at the destination airport, or several pairs of “lots” having a value greater than the sum 

of the value of each pair of “lots” because they exhibit synergies in the context of an airline's business 

plan), this problem is defined such as the risk of winning some lots at auction and not the other lots that 

are complementary to them. The inclusion of bundles of lots, or blocks, in the auction mitigates this 

risk, allowing bidders to benefit from existing synergies between lots; and (g) Mitigation of the winner's 

curse problem: it means that the winner of an auction will pay for the lot that he has won an amount 

greater than the value that this lot has for him, because he overestimates the value of the lot. The PAUSE 

and its extended version, mitigate this problem as its multiple stage and multiple round ascending design 

 

26  Given a combinatorial auction, the ‘winner-determination problem’ can be defined in a loose way as the 

problem of finding an allocation of items (lots and blocks) in the auction among all the bidders that will 

maximize the auctioneer’s revenue. In our extended version, the auctioneer’s objective is the maximization of 

his score function, and not just his revenue. 
27  See McAfee, R. P. & J. McMillan (1996). 
28  Absence of envy is a possible criterion, among others, of “social justice”, but it does not necessarily coincide 

with the Pareto efficiency criterion. Within a ‘mechanism design’ approach, the mechanism underlying the 

extended PAUSE auction implements an envy-free ‘social choice correspondence’, where this correspondence 

maps the set of all admissible economic environments for all the bidders plus the auctioneer, to the set of all 

possible outcomes to all the bidders plus the auctioneer.  
29  See also McAfee, R. P. & J. McMillan (1996). 
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provide an effective price discovery mechanism, but also protection against winning lots for without 

the bided combination. Furthermore, the transparency at each stage, and at the end of each bidding 

round, as well as the second-price rule, strengthens the mitigation properties of this auction. 

4. Applying the extended PAUSE auction mechanism to the three level 3 airports in 

Portugal 

As already mentioned, of the three international airports in mainland Portugal, two of them, 

Lisbon and Oporto airports, are classified as level 3 airports year-round. The other international airport, 

namely Faro airport, is classified as a level 3 airport only only during the summer season, which is the 

high tourist season. Funchal international airport, in the island of Madeira, is the other level 3 year-

round Portuguese airport.  

All these level 3 airports deal with congestion issues almost on a daily basis. Flight delays and 

sheer lack of capacity to meet the growing demand, have been persistent problems for many years. 

Apart from the recognized need to expand the airport capacity serving the Lisbon Metro Area30, the use 

of a market mechanism, such as the described ‘extended PAUSE auction mechanism” can help address 

these issues. As NERA (2004) has claimed almost 20 years ago, when considering IATA’s WASG, 

“the fact that existing airport charges fail to reflect the scarcity value of slots means that they may be 

allocated to services that are barely profitable at the current level of airport charges. Airlines that 

might be able to use these slots more efficiently and would therefore be willing to pay considerably 

more than the current level of charges, may nevertheless be unable to get hold of any slots”. Our 

recommendation is that the above extended auction mechanism should be used in all those three 

airports, in a gradual fashion, as explained above. 

5. Conclusions 

In this paper, and following our previous work, we explore and extend the application of the 

PAUSE auction mechanism by defining a two-dimension ‘score’ function for the auctioneer, that 

includes another variable in addition to the total revenue. This additional variable can represent e.g., the 

quality level of the service provided by an airline.  

We describe how this extended auction mechanism works, following the work by Steinberg et 

al. (2000, 2006 and 2011). We suggest that this type of market mechanism be applied to three level 3 

international airports operating in Portugal, on a very gradual basis, while the airlines using these three 

 

30 The Lisbon international airport is the biggest and most important Portuguese airport, covering 134 destinations 

operated by 55 scheduled airlines. It is one of the most important European gateways to Brazil and Africa and 

the biggest European airport serving South America among the Star Alliance hubs. 

See  https://www.routesonline.com/airports/6453/ana-aeroportos-de-portugal-lisbon-airport/ 

https://www.routesonline.com/airports/6453/ana-aeroportos-de-portugal-lisbon-airport/
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airports would still follow the existing IATA WASG in their use of other airports, including the slot 

exchange protocols within those guidelines.  

Some of the PAUSE auction mechanism’s desirable properties, such as computability, 

transparency, absence of envy, and the mitigation of the “price-jump problem”, “threshold problem”, 

“exposure problem”, and “winner’s curse problem”, still hold in the extended PAUSE mechanism. 

Finally, adding to these properties, the inclusion of the “quality” variable in the objective function 

of the auctioneer transforms the auction into a “score biding” instead of a “price bidding”, which we 

believe, along with the proposed second-price rule, will increase the acceptability of slot auctions by 

the industry’s stakeholders. 
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