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Regulation is known to change the incentives a firm faces to invest, inducing some firms to invest too much, and others too little. Regulators must set prices to achieve several conflicting objectives, including providing the incentive to invest. Optimising investment is a particular problem in regulated airports, and many of the inefficiency problems noted with airports can be ascribed to inadequate or excessive investment. Airport regulation is also expected to address issues of congestion, quality of service and productive efficiency, while, in many cases, at the same time achieving distributional objectives. This paper explores the properties of alternative forms of regulation, including price caps and cost plus, in achieving the optimal level of investment, along with meeting other objectives. Cost based regulation can have advantages over price caps in some contexts. The optimisation task is helped considerably by the existence of secondary instruments, including slot controls and conditional price caps.  
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Introduction
Several of the more obvious efficiency problems at airports stem from the difficulties in ensuring that investment in capacity is at the right level. For many regulated airports, investment has been too low, and as a result quality is poor, output is restricted, and in some cases, delays are excessive. Sometimes, especially in Europe and Japan, it is environmental and planning constraints that are the major cause of inadequate investment. However, the regulatory arrangements that many airports now operate will also be a potent cause of investment inadequacy. The model to which many countries are moving their airports is one of privately owned airports subject to a price cap. This model is known to give the regulated firm only weak incentives to invest. 
In this paper we explore how different regulatory arrangements affect investment in airports. The investment problem is complicated because it is part of a more comprehensive optimisation exercise- the regulator is simultaneously trying to achieve efficiency in the use of existing capacity, deliver the right quality, minimise costs, and also provide incentives for the warranted level of investments in capacity. Typically, regulators rely on a limited range of instruments, often simple hybrid price caps, and the result is that airports perform better in some dimensions than others. Often it is capacity expansion which suffers. We analyse how different instruments, such as cost based regulation and price caps, along with quality rewards, slots, and conditional trigger mechanisms for investment can be used. A mix of instruments can lead to a much more satisfactory solution – for example, if slots are used, prices can be freed from their role in short run optimisation, and they can be used with conditional triggers to ensure efficient investment in capacity. Some problems still remain- notably the problem of giving the airport incentives to minimise the costs of its investments. 

We begin by discussing the general problem of incentives for investment under regulation, and apply this discussion to airports. In the following section we examine the different efficiency problems which airports pose. We then examine the instruments which regulators can use to influence airport performance. In the next section we analyse how different regulatory approaches can be combined with these instruments to promote efficiency – use of slots, quality rewards and conditional triggers for investment can be used to improve the performance of price caps as compared to cost based regulation. Finally, we draw some conclusions and highlight the key results. 
Regulating Airport Investment
Ensuring an efficient level of investment is achieved in a regulated industry is inherently difficult (Guthrie, 2006). This is so not just for airports – it has been a problem for UK regulators ensuring investment in rail track, and for Australian regulators supervising export coal loaders. Regulators have a limited number of instruments, and they must balance a range of conflicting objectives, such as ensuring cost recovery, encouraging efficient use of available capacity, the meeting of environmental constraints, and ensuring investment is neither excessive nor inadequate. Information asymmetry is typical in a regulatory context, with the regulator knowing less than the regulated firm about feasible minimum cost levels, and the amount of investment which is required. Not surprisingly regulatory gaming takes place – regulators may behave opportunistically to keep prices low, and regulated firms may induce the regulators to set high prices to cover their investments, yet they may not actually deliver on the promised investment (Export Infrastructure Task Force, 2005).  
Regulation has become much more important for airports over the past two decades. Before this, most airports were publicly owned, and were not subject to direct regulation. Privatisation has changed this. Many airports have now been privatised, either partially or fully, and those which have not been privatised have often been corporatized, and instructed to act in a more commercially focussed manner. The UK privatised the BAA airports, including most of the London airports, in the 1980s, New Zealand and Australia privatised their major airports in the 1990s. There have been several privatisations in Europe, with Copenhagen, Budapest, Brussels Athens Paris and Vienna airports being fully or partly privatised. Some airports in Asia are now being privatised. Airports often have strong market power, and under private ownership, they have the incentive to use this power, and set high prices to earn high profits. When airports are privatised, governments usually implement price regulation. Sometimes this takes the form of light handed regulation, as in Australia (Forsyth, 2002) and New Zealand, but more often, explicit price regulation, often in the form of price caps, is imposed. Airports are free to maximise profits, subject to prices not exceeding the price cap.

Regulation has typically encountered problems with investment. Under the older form of regulation, cost based rate of return regulation, it was recognised that the regulated firm would have an incentive to invest excessively (the Averch and Johnson effect) (Armstrong, Cowan and Vickers, 1994). Since the firm was permitted to earn a rate of return on a regulated asset base, it could increase its profits if it could increase its asset base, by investing. This was one of the reasons for the move away from rate of return regulation to newer forms of regulation such as incentive regulation (the other main reason was the encouragement given to cost padding under rate of return regulation). Most countries have moved towards some form of incentive regulation, such as price caps, when regulating private or corporatized monopolies, including airports. Pure incentive regulation, whereby the regulator takes no note of the firm’s actual cost when setting the price cap is rare – most actual forms of regulation are of a hybrid type, whereby price caps are set for a period, such as three to five years, after which the price cap is reset with reference to the firm’s actual cost outcomes, along with the firm’s projections of capital expenditure. Price caps give the firm a strong incentive to keep costs low, but they may do this by lowering service quality or by not undertaking sufficient investment. This has been recognised as one of the downsides of incentive regulation (Helm and Thompson, 1991). It is a problem which can be overcome if the regulator sets explicit rewards for higher quality, and if it explicitly takes investment into account when setting future price caps. This does mean that the regulator becomes much less “light handed” and becomes more intimately involved with the investment decisions of the firm.
The airport investment problem is often made more complex by the existence of environmental and planning requirements. Investment in airports, to improve quality or to increase capacity, may be held up for environmental reasons. Airports create noise, and local neighbourhoods frequently oppose expansion. City airports typically have very constrained sites, and expansion ideally requires more land – this will not be feasible where the airport is bordered by built up areas. Airports also generate surface traffic, putting pressure on land based infrastructure- this too may be very difficult to expand. Expansion may not be totally prohibited, and it is often feasible to increase capacity at a constrained site, but only at very high cost. This makes it difficult for the regulator, who is asked to approve sharply increasing prices in order to fund investments which are much more expensive than past investments. London Heathrow airport will have trebled its prices in ten years, just to fund terminal investments, with no increase in runways (Civil Aviation Authority, 2008). In this paper we do not discuss environmental aspects directly, though they need to be recognised as an important underlying constraint on airport investment.

Investment, and its implications for prices, is often not a major issue at time of privatisation. Sometimes there is heavy investment prior to privatisation. Thus when the BAA London airports, the Australian airports and European airports such as Hamburg were privatised, the price caps set initially allowed for a fall in the real prices charged (CPI-X regulation was imposed with X being positive).  Airport investment typically comes in indivisible lumps, and after a time, substantial programs of investment are required. If the airport is facing increasing costs of expansion on a constrained site, or if prices were set initially on the basis of historical rather than replacement costs for assets, increases in prices will be required if the airport is to cover its costs. Price caps will need to be set with real prices increasing for a period, not decreasing as is normally the case immediately after privatisation. 
The experience of BAA’s London airports, particularly Heathrow, provides a good example of the problems. When the airports were privatised, a price cap with a positive “X” was set- real prices fell. There was limited investment in the airports, but demand grew and outstripped capacity, leading to a fall in the quality of service, as facilities such as terminals became congested. Capacity extensions were difficult to achieve because of environmental problems and a very slow planning process. Eventually capacity increases were approved, but these were very much more expensive than older facilities. The regulator, the CAA, allowed for price increases at Heathrow to fund the new terminal, Terminal 5. Significantly, it used a trigger mechanism, whereby BAA was only permitted to increase prices when it had achieved investment targets (Civil Aviation Authority, 2008). 
In this context, investments have been made, and hopefully they will achieve the objectives as set. However, it has been extremely difficult to get investment right, in the sense of being neither inadequate nor excessive, and timely (Starkie, 2006) . The process has been very slow, and users have been very critical of the low quality of service, and of the sharp rises in prices. BAA may be exaggerating the need for investment, and it may not be seeking out the least cost ways of achieving capacity increases- it may be gold plating its investments. Nevertheless, the CAA is under strong pressure to approve investments and thereby alleviate the quality crisis. There appears to be strong dissatisfaction with the performance of the airports, with many users calling for the breakup of BAA (though it is not clear how this would resolve the problems, since the main airports face considerable excess demand and would not be effective competitors- see Forsyth and Neiemeier, 2008b)). It is also the case that the regulator now has a very strong role in determining how much the airports invest – it is not simply setting prices and allowing the airports to determine how much they want to invest. The regulator must rely, to a considerable extent, on the airports’ own claims as to what levels of capital expenditure are required. 
Thus the airport regulatory problem is a complex one, especially when significant increases in capacity or quality are required. Airports are congestible facilities, with runways and terminals both becoming congested when demand presses against capacity- this creates a delicate short run problem of optimising existing capacity. If airports are privately owned and not subsidised, cost recovery is a requirement if the airport is to sustain operations. Airports involve substantial indivisibilities, which means that capacity is more than adequate for some years, and cost recovery is a problem, but demand is excessive, and creates congestion, at other years. Service quality is a variable, and price caps will induce the airport to undersupply quality. Prices need to be set at a level to induce the airport to undertake efficient levels of investment. Thus prices need to serve at least three conflicting roles- achieving efficient use of capacity, ensuring cost recovery and providing incentives for investment. In addition to this, there are two distinct principal agent problems. One is the problem of giving the airport an incentive to minimise costs of operation- this can be achieved by setting price caps which are not based on the airport’s costs. The second is the problem of achieving the right level of investment. The regulator knows less about the efficient level of investment required than does the firm, but the firm has little incentive to inform the regulator of what this is. This is a more difficult problem to solve than the first. 
In this paper we assume that the regulator seeks to promote the public interest, through maximising welfare (possibly with different weights on different parties). This need not be the case for all regulators in reality. We also assume that investment issues cannot be resolved by direct negotiations between airports and airlines – for small airports serving only a few airlines, this may be feasible, and negotiations over specific facilities in airports may be feasible in larger airports. However, achieving agreement over major investments between diverse airlines and the airport is likely to be difficult in large airports, and a regulatory approach will have to be resorted to.
Efficiency and Distributional Objectives in Regulating Airports

When regulating airports, a regulator will seek to achieve a range of objectives. Efficiency is an objective, but there are several distinct aspects to this. The regulator may have some distributional objectives. In addition, the regulator may have some environmental objectives to advance or constraints to meet- for example, it may wish to reduce airport noise. We do not analyse these here, though we recognise that they could be an important extra aspect to the regulatory problem for airports.

Short run optimsation- use of fixed capacity

In the short run, an airport will have fixed capacity of several facilities, such as runways, terminals and aprons. In the short run, it is desirable that the airport make the most efficient use of the available facilities. Costs will depend on the level of these facilities. Taking willingness to pay for the airport as a measure of welfare (this will be questioned below), welfare can be measured by the sum of consumers’ surplus and profit.  This is maximised when prices are set equal to short run marginal cost. These costs include operating costs, but also the costs of congestion.

Airports are congestible facilities. This is so especially for runways, but also for terminals and other facilities. More utilisation of a facility means more congestion, in the form of delays, crowding and overall lower quality. The important aspect of congestion is that it creates an externality. Each user faces some congestion cost, but also imposes costs on other users. Thus the pricing problem involves setting prices to users which reflect the costs they are imposing on others. As has been noted, some large users of airports internalise some though not all of the congestion costs they create – since one flight by an airline delays other flights of the same airline, some of the congestion externality will be internalised. Given that airlines differ in the extent to which they internalise the congestion externality, different prices will be optimal for different users, with smaller users being charged higher prices than larger users (Brueckner, 2002). 
Congestion is an aspect of quality of service, but it is also an aspect which is associated with an externality. Investments in capacity lower congestion, and also reduce the externality (on congestion and investment, see Oum and Zhang, 1990). 

As noted above, we are taking willingness to pay for airport services as a measure of welfare. This would be appropriate if airlines were perfectly competitive, and the value of the marginal product of an input was equal to its marginal revenue product. If airlines have market power, they will not be pricing competitively, and the value of the marginal product (which is the measure of the welfare gain from using an additional unit of an input) will exceed the marginal revenue product, and the airline will use less of the service than is optimal. In this case, ideally airports would compensate for this by reducing their prices, thereby offsetting this distortion. We recognise this problem, but abstract from it in this discussion.

A constraint of short run optimisation may be that of cost recovery. The regulator will need to allow the airport a high enough price to enable cost recovery – otherwise a private airport would cease to supply. This is an issue for airports which have excess capacity and no congestion, though it is not likely to be a major problem for airports which face high demand and for which investment in additional capacity is warranted. 

Thus the regulator’s problem is to use price or other instruments to ensure that the efficient utilisation of the airport is achieved. 

Regulating quality

The regulator will seek to achieve an efficient level of quality of service. Many forms of quality at airports are not like congestion, and do not pose any externality issues. Higher quality can be achieved by spending more on operating costs, or by investing more. Under price caps, an airport will tend to   under provide quality, cutting costs and not investing sufficiently, since it can add to profits by cutting costs. The regulator can give the airport incentives to provide higher quality, by offering it a higher price conditional on providing the higher level of quality (Rovizzi and Thompson, 1992). The problem is that the regulator has poor information on the costs and benefits of quality. Since the price is regulated and there is not price/quality trade off facing users, the regulator will not have reliable information on the willingness of users to pay for quality. In addition, it will have to rely on the airport to inform it on what quality cots to provide, and the airport does not have any incentive to tell the truth to the regulator.
Thus the regulator faces a principal agent problem of setting instruments such as prices such that the airport provides the efficient level of quality.

Achieving productive efficiency in the short run

The welfare maximising regulator will seek to minimise costs. It faces a typical principal agent problem in doing this, since it does not know what the minimum feasible level of costs is, and the airport will not tell it. A price cap is a solution to this problem, since by fixing the price that the airport is allowed to charge, the airport has an incentive to minimise costs given any cost savings will add to its profit. A price cap is a blunt instrument, since it imposes strong risks on the agent airport – its inflexibility can lead to revenue crises for the airport (this happened to regulated airports in Australia in 2001 – see Forsyth, 2004). 

The regulator’s problem is to use its instruments in a way consistent with the airport having an incentive to minimise its operating costs.

Long run optimisation- achieving efficient investment in capacity

The regulator seeks to give the airport incentives to invest in the right level of capacity. Additional capacity is costly, but it leads, lower congestion costs, and enables more output to be catered for, and possibly to lower operating costs. It may also enable higher service quality. More capacity lowers the congestion externality, and when the capacity increase is large and it leaves the airport with ample capacity, it can eliminate the congestion problem entirely, at least until demand catches up. Thus investment in capacity changes the short run pricing problem. 

The regulator’s problem is one of using its instruments such as prices to ensure that the airport as the incentive to actually make the investments which are warranted.
Productive efficiency in the long run

The regulator faces another principal agent problem. The airport knows what level of capital expenditure is needed to provide a given level of capacity expansion or quality improvement, but the regulator does not. The airport does not have an incentive to inform the regulator- rather it will have the incentive to exaggerate the cost of the investment, since by so doing it can get the regulator to allow it a higher price.

The regulator has several options. It can

· Accept the airport’s assessment of the cost of increasing capacity- this is essentially a case of long run cost plus regulation;

· Employ a monitoring solution, by gathering together its own information about he likely cost of expanding capacity, and essentially do its own cost benefit analysis of the proposals. Some regulators have done this, to an extent. Or,

· Attempt to set up instruments which give the airport an incentive to provide the right level of investment at minimum cost. This option has been suggested by Hendriks and Andrew (2004). The regulator could reward the airport according to the outcomes of higher investment- more output, lower congestion higher service quality etc. The airport would have an incentive to invest to improve its outcomes and revenue, but it would also have a strong incentive to keep the costs of achieving these to a minimum. The regulator would still have the problem of determining at what level these incentives should be put in place- how low congestion should be, how much extra output is warranted, and how much to increase regulated prices by. This is not an option which has been applied, though it is an approach which offers the possibility of reducing the regulator’s reliance on the airport for information about what level of capital expenditure is needed. 
Thus the regulator’s problem is one of using its instruments such that the airport minimises the cost of achieving capacity increases, and actually makes them. 

Distributional objectives

The regulator may seek to achieve efficiency by simply maximising the sum of consumers’’ surplus and profits. Alternatively, it may seek to pursue distributional objectives by putting different weights on consumers’ surplus and profits.  In the airport case, there are three groups of stakeholders at least. The airport gains profits, and the airline passengers gain consumers’ surplus. However the airline is a user of the airport, and it also gains profits. Lower airport charges may mean higher consumers’ surplus, higher airline profits, or both. Lower airport charges do not necessarily lead to lower air fares- in the case where excess demand for airport capacity is rationed by slots, lower airport charges will be enjoyed solely by the airlines. 

In situations where there is limited capacity and high demand, efficient airport prices would be very high, leading to very high airport profits. Regulators are often under pressure to ensure that monopoly facilities are not highly profitable. In the airport case they may keep regulated prices low, and transfer the profits to the airlines, though not their passengers (regulators will have little influence over air fares which they do not control directly). Airlines, of course, will pressure the regulator to keep airport prices low.

Thus the regulator’s task is to determine its distributional weights and seek to use the instruments open to it to maximise the weighted sum of passengers’ consumers’ surplus, airline profits and airport profits.

Instruments of Regulation

Regulators of airports have a number of instruments at their disposal. Some have been used extensively, such as price caps. Others, such as conditional triggers, have only been used occasionally.

Price regulation

For our purposes, three main types of price regulation can be identified:

· Cost based regulation

· Incentive regulation; and 

· Hybrid regulation.

Cost based regulation

A regulator can set prices such that they are sufficient to cover the costs of the airport (as reported by the airport). Cost plus regulation is a general form of regulation, and one variant, rate of return regulation has been extensively employed in the past, especially in the US. It is being supplanted by incentive regulation, but it is still being implemented in some airports. Regulation of Düsseldorf airport has only recently been changed from rate of return to incentive price caps. Under cost plus regulation, costs are the main determinant of allowable prices. Prices are set to cover costs and perhaps earn a small profit. When capital investment is involved, as it invariably is, its costs are shared over the years according to some amortisation formula. Cost based regulation can involve the regulator setting prices in detail. In practice, regulators were not active in setting price structures which promoted efficiency, such as setting peak and off peak price differentials. The problem with cost based regulation is that it gives the airport little incentive to minimise costs, and it also facilitates excessive investments in capacity.

Incentive regulation
Incentive regulation was developed in response to the problems observed with cost based regulation. Allowable prices are set without reference to the airport’s actual costs. One form of incentive regulation is the price cap, under which the regulator sets a maximum price path for a number of years – an index or average of the airport’s prices is not permitted to exceed the set price. Under CPI-X (RPI-X in the UK) regulation the price path allows for a fall in prices each period by a percentage “X”. The X may be negative- i.e. the airport may be permitted to increase real prices each year during the regulation period. Under pure incentive regulation, the regulator sets the price path without reference to the airport’s costs- thus the airport has a strong incentive to reduce costs, since any cost reductions add to its profit. Typically the airport has the freedom to choose its price structure, and under many forms of price caps, it will have the incentive to set prices efficiently.
Hybrid price caps

The most common form of price regulation for airports is now that of hybrid price caps. Price caps are set for a period, say three to five years, and after the end of the regulation period, a new cap is set with reference to the airport’s actual costs, and expected future costs. These include expected capital expenditure. The airport faces incentives to lower costs, but these are lessened by the inclusion of actual and expected future costs in setting the allowable prices for the future (Baldwin and Cave, 1999). 

Airport slots

Slots are now used extensively, except in the US, to ration demand to capacity (especially for runways) at busy airports. To use the airport during a given period, a flight must possess a slot. The maximum number of slots at an airport is declared, and slots are allocated to airlines. In the past this has been done by “grandfathering”, or allocation on the basis of past use, but other methods, such as auctions could be used (Menaz and Matthews, 2008). Airports or slot administrators can allow secondary trading in slots, which should enable allocation of the slots to the flights with the highest willingness to pay. The significance of slots here is that they can be used to solve the short run optimisation problem – slots are set such that the value of the slot is equal to the marginal external congestion cost of a flight (Forsyth and Niemeier, 2008a). Slots do the capacity rationing task, and prices do not. Prices can be set lower than at the capacity rationing level (which might imply very high airport profits) and short run efficiency is still achieved.

Conditional triggers

A regulator can alter price caps, in a pre determined way, according to the behaviour of the airport. It can allow higher prices if specified investment is carried out. The critical point is that this is conditional. It is one thing for the regulator to set a price cap high enough for the costs of investment to be recovered. This often happens. However there is no guarantee that the airport actually makes the investment- and often it does not. Airports will argue for a higher price cap, and when the regulator has obliged, the airport adds to its profits rather than make investments which are to the benefit of its users, through lower congestion. A way around this problem is for the higher price cap to be made conditional on the investment actually taking place. When Australia had price caps for airports there was a conditional trigger, whereby price caps could be raised if the airport was undertaking specified investments (Australian Competition and Consumer Commission, 2000; Forsyth, 2002), and conditional triggers are being used by the UK CAA in its regulation of the London airports (Civil Aviation Authority, 2008).
With this instrument, the regulator assesses the airport’s actual investment spending, and allows price increases conditional on meeting investment targets. It allows the cost of investment to be passed on, and to this extent, it is a cost plus element, within a framework of hybrid price caps. While it is a useful means of resolving the problem of non delivery on promises for investment, it does not give the airport an incentive to minimise the costs of adding to capacity. 

Monitoring

Regulators can sometimes use monitoring to address the principal agent problem they face.  Thus they can collect evidence on the costs of benchmark airports to help them determine how high a price cap should be. They can also directly collect information about the costs and benefits of a proposed investment, and only approve price increases if the costs of the investment are lower than the benefits.   This adds to the regulatory task, but it can result in a more efficient pattern of investments being made. 
Regulating Airport Investments- Assessing the Options
In this section, we compare approaches to regulation and their implications for investment in airports. We start with two broad approaches- generic cost plus regulation and price caps. We then allow for additional instruments, to see what difference they make. We consider rewards for quality, slots and conditional trigger price caps. This section is partly based on a more detailed analysis of some of the issues (Czerny and Forsyth, 2008).

The relative merits of the simple cost plus and price cap approaches are summed up in Table 1.

Table 1

Regulation and Efficiency Outcomes: Base Case
	Efficiency Aspect
	Cost Plus Regulation
	Price Cap Regulation

	Short Run Optimisation
	Fair
	Moderately Good

	Quality Choice
	Moderately Good, but Possibly Excessive
	Too Low

	Short Run Productive Efficiency
	Poor 
	Good

	Long Run Investment Choice
	Very Good (if no Averch and Johnson Effect)
	Poor

	Long Run Productive Efficiency
	Poor
	Poor


The Table can be interpreted as follows. 
In terms of short run optimisation, cost plus regulation is only fair. Prices are set purely according to cost- they are not set so as to ensure efficient use of the available capacity. With a price cap, it is possible for the regulator to optimise the price set taking into account short run optimisation. If it is not constrained to achieve zero profits, it can set prices higher so as to price congestion and ration demand. 

Cost based regulation performs better with the quality dimension. If the airport offers a higher quality, its costs will be higher, but the regulator will allow it higher prices to cover the higher costs. There is, however, a danger that the airport will offer too high a quality. Under a price cap, the firm has only a limited incentive to supply quality, and thus it will under provide it. 

The short run productive efficiency aspect (keeping operating costs down) is where the cost plus approach falls down badly- it is, after all, the main reason why the price cap alternative was developed. A price cap has strong incentives for the airport to keep its costs down, since it can keep any cost savings it makes. 

In terms of the long run investment choice, cost plus regulation can perform well. Where investment is warranted, the regulator will allow the firm a price sufficient to cover the cost of this investment. Thus, assuming that the regulator is sufficiently well informed about demand and the cost of investment, it can use its instruments to bring about the required investment. Under price caps, the airport will have some incentive to invest, but this incentive is attenuated. More investment means less congestion, and less congestion means higher demand. Depending on how high the price is, the airport can gain from undertaking the investment. The regulator is, however, choosing price to optimise over the short and long run –too high a price will mean that the utilisation of the airport in the optimum will be too low. Thus while the price cap will work better than cost plus regulation in short run optimisation, this gain is achieved at the cost of weaker incentives for investment. 
Neither system of regulation works well when it comes to incentives for the airport to keep the cost of investment down. In both cases, the regulator must rely on the airport for information about what level of capital expenditure is warranted, and the airport will not inform the regulator accurately. 

Introducing quality incentives

It is possible to improve the performance of the price cap by introducing rewards for higher quality (and penalties for below target quality). This gives the price capped airport an incentive to increase quality- its performance will rise to good, comparable to that of cost plus regulation. In neither case is the outcome optimal, since the regulator only has limited information about the cost of providing quality and the value that users put on it. 

Introducing slots

Slots can be used to replace prices as a rationing device, so long as the effective rationing price is above the price that would be chosen by the regulator (e.g. to encourage investment). This is so when demand is high relative to capacity. In such circumstances, it is feasible to achieve short run optimisation under both cost plus and price cap regulation. By lessening the welfare cost of having inadequate investment in capacity (a risk with price caps) they tilt the balance towards price caps. 

There is an asymmetry with slots. They can be used to optimise the use of the airport when the regulated price is below the efficient rationing price, but not when the efficient price is below the regulated price. Thus, if the regulator chooses to allow a high price to encourage investment, slots cannot be used to increase utilisation of the airport towards the optimum. However, in the airport case, this may not be much of an efficiency problem. Airports can price discriminate very effectively- their weight or passenger based charges for runway use are a form of price discrimination (or a rough form of Ramsey pricing). The deadweight loss from having a regulated average price which exceeds the efficient single price will be quite small (Morrison, 1982). In this situation, the average price level does not play a major role in achieving short run optimisation. 

This decoupling of prices from short run optimisation has implications for regulatory choices- prices can be set solely to optimise investment choice, at minimal cost in terms of short run efficiency.

Introducing conditional triggers

With a conditional trigger, the regulator is able to offer the airport a higher price if and only if it actually undertakes investment to increase capacity or improve quality.  This means that a price capped airport now has a strong incentive to undertake the investment. This amounts to an effective way of addressing the main disadvantage of price caps vis a vis cost plus regulation. If slots are not used, such conditional triggers come at a cost. Regulated prices are low when the airport has not invested, and capacity is at a premium, but they are low when there is ample capacity, once the investment has been made. However, as noted above, this short run efficiency problem is minimised when slots are used. The combination of slots and conditional triggers for investment is a powerful combination.
Cost plus and price cap regulation and investment – a revised comparison
If use is made of the various mechanisms which have been discussed above, the relative attractiveness of the alternative approaches to regulation changes significantly. The new comparison is summed up in Table 2.

Table 2
Regulation and Efficiency Outcomes: Revised Case
	Efficiency Aspect
	Cost Plus Regulation
	Price Cap Regulation

	Short Run Optimisation
	Very Good
	Very Good

	Quality Choice
	Moderately Good, but not Ideal
	Good but not Ideal

	Short Run Productive Efficiency
	Poor 
	Good

	Long Run Investment Choice
	Very Good (if no Averch and Johnson Effect)
	Very Good

	Long Run Productive Efficiency
	Poor
	Poor


The use of the additional mechanisms such as slots has tilted the balance towards price caps. Both price caps and cost plus regulation score better in terms of short run efficiency- if reliance is made on slots and price discrimination in airport charges, achieving efficient utilisation of available airport capacity is no longer much of a problem. The quality performance of price caps can be improved, though neither form of regulation is without problems. Conditional triggers and slots make a big difference to the performance of price caps in terms of providing incentives for efficient levels of investment. 
None of the mechanisms discussed will address the last aspect of efficiency, namely that of creating incentives for the airport to be cost efficient when it provides the new capacity. The regulator still relies heavily on the airport for information on what the costs of expanding capacity are. Explicit monitoring of costs and benefits, or introduction of new incentive arrangements such as those discussed by Hendriks and Andrew (2004) may be needed to break the impasse. 

Conclusions

Regulation of investment in airports is an inherently difficult task. Regulators, with some significant exceptions, have tended to rely on simple regulatory formulae, such as simple hybrid price caps. While these seem to work for a while, problems develop when major investments are required. In particular it is difficult for the regulator to ensure that adequate but not excessive investments in capacity and quality are made.

The problem is complex because the regulator is seeking to optimise on several fronts: short run efficiency in the use of congestible capacity; keeping costs low; delivering the right service quality; encouraging the right amount of investment and ensuring that the cost of the additional capacity is minimised. Regulators rely heavily on prices, yet prices are being used to address several conflicting tasks, including optimising use of existing capacity, allowing cost recovery, and providing incentives for investment. For example, when an airport is subject to excess demand and is congested, high prices are warranted for efficiency, but when investments have been made and capacity is ample, prices should be low. On the other hand, the regulator will need to offer high prices when investment is being made to provide the airport with incentives to invest. It is not surprising that simple regulatory solutions are unsatisfactory.
The problem of ensuring efficiency can be lessened if regulators employ additional instruments. These include rewards for quality, slots and conditional trigger mechanisms for investment. Some key points to emerge from this discussion are:

· Slots enable a solution to the short run optimisation problem which does not rely on the prices being set by the regulator. In this way they free prices to be used to provide incentives to invest.

· Conditional trigger mechanisms, whereby the regulator sets a higher price cap conditional on investments being made, can be used to get around the problem of price caps leading to under investment.

· The downside of conditional triggers is that they are essentially cost based, and thus they do not provide the airport with incentives to minimise the costs of the investment. Resolving this problem will depend on using additional mechanisms, some of which have been suggested though not operationalised so far.

References
1. Armstrong, M, S Cowan and J Vickers (1994) Regulatory Reform: Economic Analysis and British Experience, Cambridge Mass, MIT Press
2. Australian Competition and Consumer Commission (2000) New Investment Cost Pass-Through. Position Paper. Melbourne
3. Baldwin, R and M Cave (1999) Understanding Regulation: Theory, Strategy and Practice, Oxford Oxford University Press

4. Brueckner, J., 2002, ‘Airport Congestion when Carriers have Market Power’ American Economic Review, 92, 1357-1375
5. Civil Aviation Authority (2008) Economic Regulation of Hathrow and Gatwick Airports 2008-2013 CAA Decision, CAA, London, March

6. Czerny, A and P Forsyth (2008) “Airport Regulation and Lumpy Investments”, Draft paper for the 12 Air Transport Research Society Conference, Athens July 6-10 2008
7. Export Infrastructure Taskforce (2005) Report to the Prime Minister by the Export Infrastructure Taskforce, May
8. Forsyth, P (2002) “Privatisation and Regulation of Australian and New Zealand Airports”, Journal of Air Transport Management, 8, 19-28
9. Forsyth, P (2004) “Replacing Regulation: Airport Price Monitoring in Australia” in P Forsyth, D Gillen, A Knorr, O Mayer, H-M Niemeier and D Starkie (Eds) The Economic Regulation of Airports: Recent Developments in Australasia, North America and Europe, Aldershot, Ashgate, pp 3-22
10. Forsyth, P and H-M Niemeier (2008a) “Setting the Slot Limits at Congested Airports”, in A Czerny, P Forsyth, D Gillen and H-M Niemeier (Eds) Airport Slots: International Experiences and Options for Reform, Aldershot: Ashgate, pp 63-83

11. Forsyth, P and H-M Niemeier (2008b) “Breaking up BAA?”, Draft paper for the 12 Air Transport Research Society Conference, Athens July 6-10 2008
12. Guthrie, G (2006) Regulating Infrastructure: The Impact on Risk and Investment”, Journal of Economic Literature, XLIV, 4, Dec 925-972
13. Helm, D and D Thompson (1991) “Privatised Transport Infrastructure and Incentives to Invest”, Journal of Transport Economics and Policy, September pp213-246

14. Hendriks, N and D Andrew (2004), “Airport Regulation in the UK”,  In P Forsyth et al, The Economic Regulation of Airports Recent Developments in Australasia, North America and Europe, Aldershot, Ashgate, 101-116
15. Menaz, B and B Matthews (2008) “Economic Perspectives on the Problem of Slot Allocation”, in A Czerny, P Forsyth, D Gillen and H-M Niemeier (Eds) Airport Slots: International Experiences and Options for Reform, Aldershot: Ashgate, pp21-39
16. Morrison, S (1982) “The Structure of Landing Fees at Uncongested Airports: An Application of Ramsey Pricing”, Journal of Transport Economics and Policy, XVI No 2 pp151-159
17. Oum, T and Y Zhang (1990) “Airport Pricing: Congestion Tolls, Investment and Cost Recovery”, Journal of Public Economics
18. Rovizzi, L and D Thompson (1992) “The regulation of product quality in the public utilities and the Citizen’s Charter”. Fiscal Studies, 13 (3) 74-95
19. Starkie, D (2006) Investment Incentives and Airport Regulation”, Utilities Policy, December, 14 4 pp262-265

