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Abstract

Following the 9/11 terrorist incidence, most countries introduced security charges on air travel, mostly in the form of flat rate per passenger.  However, it is clear that such flat rate per passenger may not be socially optimal as implied by previous studies on airport pricing including those utilizing Ramsey pricing. Thus, an alternative pricing scheme may enhance social welfare. In this paper, recognizing the competitive reality of today’s airline markets we formulate and solve numerically a differentiated duopoly model in order to compare welfare implications of adopting the two most convenient forms of aviation security pricing: (1) Charging a flat rate per passenger; and (2) Charging Ad Valorem user fees.  Since obtaining meaningful analytical results requires unrealistically restrictive assumptions, we designed a numerical experiment and conducted over 5,000 simulations using a wide range of possible values of firms’ conduct parameters, extent of product differentiation, and market share split between full service airline (FSA) and low cost carrier (LCC).   Our results show that Ad Valorem user fee is superior to the current policy of charging flat rate security fee in all cases except for very few unrealistic cases. The same conclusion can be applied to all other per-passenger fees or taxes being collected by governments and/or airports.  This is an important finding given that taxes and user charges now account for significant proportions of the total ticket prices. 
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1. Introduction
    Following the 9/11 terrorist incidence, most countries introduced security charges in the airline industry.  Although the actual methods of financing security apparatus differ from country to country, most countries adopted flat rate per one-way passenger or one-way flight segment.  For example, the current Air Traveler Security Charge (ATSC) in Canada is C$4.95 per passenger’s flight segment to a maximum of C$9.9 for one-way domestic travel, and C$17 per passenger for international flights.
   The United States government charges currently US$2.5 per passenger for each flight segment to a maximum of $5 for one-way trip.
  European Commission report “Study on Civil Aviation Security Financing” (2004) shows that virtually all security charges are levied on a per-passenger basis in EU states.  The Civil Aviation Authority of Singapore (CAAS) levies a Passenger Security fee of S$6 (US$3.35) per departing passengers while Hong Kong Airport Authority charges the airport security surcharge HK$33 (US$4.23) per passenger.  All other countries we are aware have also adopted flat rate per passenger.  In fact, Air Transport Research Society (ATRS, 2003) documents many countries’ security charging practices in its Global Airport Performance Benchmarking Report.  The pricing and management of security services are normally administered by government or government-controlled corporations, although certain airports and airlines exercise some discretion.
    Many studies suggest that differential pricing is needed to achieve second best welfare outcome.  For example, Ramsey pricing principle indicates that prices in each market should be set such that markups (taxes) above marginal costs are inversely proportional to price elasticities of demands as demonstrated in the seminal paper by Ramsey (1927) and analyzed further for a mutli-product monopoly market by Baumol and Bradford (1970).  Studies such as Braeutigam (1979), Prieger (1996) and Berry (1992) extended Ramsey pricing to the cases involving competition and risk.  Ramsey pricing has also been studied for cases of airports and Air Traffic Control (ATC) services.  Morrison (1987) derived optimal pricing principle for aircraft landings. Oum and Tretheway (1988) derived Ramsey pricing principle in the presence of externality costs. Oum, Zhang and Zhang (1996a) discussed the case when a hub-and-spoke airport system is considered.  None of these studies suggest a flat rate system as being optimal when there are multiple market segments with different price elasticities.  Therefore, it is puzzling why virtually all of the governments chose to impose a flat security charge per passenger. 
    This is an important question given that huge sums of monies are being invested on transportation securities around the world, and in many countries, revenue from security fees does not cover the cost, meaning that governments may have to raise security charges or subsidize from general tax revenue in the long run.
   
     In reality, there are very few feasible alternatives other than flat rate pricing.  Airline markets are dynamic and complex, and involve many seasonal and route specific factors. Even for two identical airlines, their unit costs in different routes may vary because of different traffic density, stage length and network configuration.  Market shares vary greatly across routes, and thus, elasticities in different market segments become difficult to predict.  Therefore, it is not easy to design an aviation user charge scheme which is simple, easy to implement, and robust with respect to changes in market conditions while maximizing social welfare.  The Ad Valorem security fee system is certainly simple and easy to implement. Under this system, security fee is set proportional to airline ticket price a passenger buys.  As such, the Ad Valorem fee system has a flavor of Ramsey pricing because less price elastic passengers tend to buy higher and more flexible airline tickets than price elastic passengers. Therefore, it is useful to compare the welfare implications of the two most convenient forms of security charging systems: (a) the current system of flat rate per passenger and (b) Ad Valorem fee system.

    Although many past studies including Morrison (1987), Morrison and Winston (1989), Gillen, Oum and Tretheway (1989), Zhang and Zhang (1997), Oum, Zhang and Zhang (2004), Raffarin (2004), Pels and Verhoef (2004) addressed the issue of airport and/or ATC pricing, none of these studies can be immediately adopted to solve current security charging problem. Therefore, this paper investigates two alternative security charge schemes: namely the current flat rate scheme vis-à-vis Ad Valorem pricing scheme.  Passenger utility, inter-airline competition and product differentiation are formally treated in our model formulations so that the full welfare impacts of switching to Ad Valorem pricing can be measured. 

Our research on pricing security services also provides an important insight to other user charge or taxation matters on air transportation.  The International Air Transport Association (IATA 2006) estimates that in 2004, the tax burden is equivalent to 14-15% of the total passenger revenues for airlines on all routes within Europe, or over five times the total profits earned by all European airlines. For the 10 major European airports alone, the passenger service charge, security charge or other changes was €2.9 billion.  Although airlines have been earning marginal or negative profits in recent years, the rate of increase of the U.S. domestic aviation tax has outpaced the rate of increase in CPI or airline yields.   In the fiscal year 2005, more than $16 billion was collected from U.S. domestic passengers as aviation taxes and fees (ATA 2006).  Taxes and fees now account for 20-35% of the total ticket prices of short haul domestic flights (ATA, 2006; Button, 2005).   Many of these taxes and fees are charged on a per-passenger or per-flight basis.  For Example, the U.S. Air Transport Association (ATA) summarized the US levied tax / fees as table 1.  If Ad Valorem pricing is superior for security service pricing, it may also be a good method for determining other aviation taxes or fees.
<Insert Table 1 here>
2. Model Formulation
    In this section we formulate the pricing problem for aviation security services with a differentiated duopoly model.  When we impose budget constraint in such model, we can obtain meaningful analytical results only if we impose fairly unrealistic restrictions on the firm-specific demand models.  Since we need to quantitatively evaluate the effects of alternative security pricing policies, we decided to solve the model numerically and also, conduct extensive sensitivity tests on the effects of changing key parameters of the problem. 

     To formally incorporate airline competition in the analysis, we construct a duopoly model of full service airline (FSA) vs. low cost carrier (LCC) competition.  The model is similar to those used by Dixit (1979), Singh and Vives (1984), Richard (2003) and recently, Fu, Lijesen and Oum (2006), where two firms compete with differentiated services.  Throughout this section, we designate the FSA as firm 1 and the LCC as firm 2.  Before the introduction of security fees, the two firms face the following respective inverse demand functions over a representative market.
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 are the price and quantity for airline i, respectively, while k measures the degrees of substitutability between the two airlines’ services.  The demand functions in (1) correspond to a representative consumer maximizing a quadratic and strictly concave utility function as in (2), where 
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    The concavity condition implies 
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. The condition of positive output quantities for both firms implies:


[image: image8.wmf]0

)

(

2

2

1

>

-

k

a

b

a

 and 
[image: image9.wmf]0

)

(

1

1

2

>

-

k

a

b

a

                                                                    (3)

The demand functions can be depicted as in figure 1, based on our empirical knowledge on FSA and LCC markets:
<Insert Figure 1 here>

    Since LCCs focus on price-sensitive customers, they face more price-elastic demand.  Utilizing the fact that, in general, a change in a firm’s price impacts more on its own quantity, the following additional constraints can be imposed:
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 are firms’ constant marginal costs.  We restrict to our analysis to the case where two firms’ products are substitutes, implying 
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  Although mathematically, our duopoly model does not need condition 
[image: image15.wmf]2

1

c

c

>

, this condition is likely to hold in airline markets. We assume that the total security operation cost for Q passenger can be written as:
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    Where F is the fixed cost per period, and 
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 is the constant marginal cost per passenger. For obvious reason we impose the financial breakeven condition for the security sector.  That is, the fee collected from air travelers must cover the exact amount of the cost incurred for providing security services. 
    Within this framework, we formulate the two alternative security fee pricing problems: (1) Flat rate per passenger, and (2) Ad Valorem pricing. 
2.1. Flat Rate Pricing Scheme
    With flat rate pricing, the demand system faced by airlines can be written as in equation (6), where t is the flat rate charged to each passenger, while the total price a consumer pays is 
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    With these demand functions, the two competing firms are assumed to maximize their respective profit functions, 
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, by setting output quantities.  Then, the First Order Condition (FOC) for firm i can be written as
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Where we denote firm i’s conduct parameter as 
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.  These conduct parameters measure how aggressively firms compete. The larger the negative value of the conduct parameter, the more aggressive the firm’s competition strategy is.
  Given each firm’s conduct parameter the following equilibrium outputs of the firms can be derived from FOCs:
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    When the two firms do not collude in the market, we have  
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    The breakeven condition requires that the tax revenue just covers security costs as follows:
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    With (2) and (10) one can calculate the social welfare W, the sum of consumer surplus and producer surplus:
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    Since all critical points can be found by solving Equations (8) and (10) together, one needs to choose the solution (security charges and output of each firm) which maximizes social welfare. 
2.2. Ad Valorem Security Pricing
Under an Ad Valorem security pricing scheme, security fee a passenger pays is proportional to his/her ticket price.   If we use s to denote the Ad Valorem fee rate, then, the demand functions for the two firms can be defined as follows:
 EMBED Equation.3  
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    As in the flat rate pricing case, equilibrium outputs can be derived from the FOCs.  Together with the budget constraint, one can obtain following system of equations: 
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    Note that this system is used to solve for equilibrium outputs of the two firms and the optimal value of the Ad Valorem rate, s, which maximize social welfare.  

    Similarly as in the case of flat rate pricing, all critical points can be found by solving Equations (13).  Then, one needs to choose the solution (Ad Valorem security charge rate, s, and outputs of the two firms) which maximizes social welfare. 

3. Numerical Simulation and Sensitivity Test

    To numerically solve the models formulated in section 2, one needs initial values of the key demand and cost parameters. As far as we are aware, few economic studies empirically identified the degree of product differentiation between FSAs and LCCs. Even fewer studies analyzed empirically the competition between the two types of airlines using oligopoly models. Haugh and Hazledine (1999), Hazledine, Green and Haugh (2001) and Fu, Lijesen and Oum (2006) used similar oligopoly model as in this paper, but with assumed values of airline specific conduct parameters.  All of these studies used model calibration instead of estimating models empirically.  Therefore, we have little empirical estimates on which we can base our numerical simulation.  In Fu, Lijesen and Oum (2006), an FSA-LCC duopoly market was calibrated to study routes to/from Sydney International airport.   In this study, we chose to use essentially the same setting as the latter paper for our base case simulation, and then conduct extensive sensitivity tests with respect to some key parameters of our model.   The assumptions used for our base case simulation are now described below.
Base Case Assumptions:

    We start with the likely values for some of the parameters so that the model formulation described in section 2 can be calibrated.  This base case provides some numerical results which enable one to compare the optimal charges and social welfare under the two alternative security pricing systems.  The assumptions we made for the base case are:

1. Conduct Parameters: We limit our analysis to non-collusive games, thus limiting ourselves to non-positive values for v1 and v2. The base values chosen initially are 
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2. Each firm’s equilibrium output without security charge: We assume initially that in equilibrium the FSA has a 60% market share carrying 60,000 passengers a period, so that 
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 indicates that the FSA and LCC produce perfectly homogenous services.  Our base case assumes 
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4. Market price elasticity for air travel: -1.4.

5. Each firm’s equilibrium price without security charge: we assume FSA’s price to be 
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6. We assume the average cost for security operation is $5 per passenger in base case. Marginal cost accounts for 60% of the total cost, or $3 per passenger. Depreciated fixed cost per period is thus $200,000.

Our simulation results may depend significantly on the two major assumptions we used: value of firms’ conduct parameters, and initial market shares of the two airlines. The values of conduct parameters determine how aggressively the two airlines play their competition games.  The initial market share distribution reveals airline’s relative cost efficiency. Other things being equal, an airline would get larger market share if its marginal cost is lower. In order to deal with these issues, we conducted sensitivity analysis with respect to firms’ conduct parameters and market shares.
 Base Case Model Results:

With the above assumptions, it is possible to drive the following expression for one of the key firm-specific demand parameter, b1. 
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 are the market average price and market total output, respectively.  Other key parameters of the duopoly model can be derived by solving demand equations (1) for each airline before security fee is imposed.  The derived parameter values are summarized as in table 2:
<Insert Table 2 here>

     With the above derived key parameters, one can numerically solve the social welfare maximizing airport / security charges as formulated in section 2, and calculate corresponding values of outputs, prices, welfare, etc. under the two alternative security charging schemes. The results are summarized in table 3.  For convenience of comparison, the effective security charges to airlines under Ad Valorem pricing are reported as 
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 in Table 3.
<Insert Table 3 here>

   As reported in table 3, airlines’ outputs and prices experience only moderate changes when switching from the per-passenger flat rate pricing to the Ad Valorem pricing.  This is expected given that the security charge accounts for only a small proportion of travelers’ total costs.  Interestingly, although the effective security charge to FSA is higher under Ad Valorem pricing, FSA’s output actually increases slightly relative to the output under flat rate. This is due to the fact that Ad Valorem pricing introduces incentive for airlines to lower prices, as the effect of a price reduction would be multiplied by a factor of
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. In our simulation, this effect is so significant that it leads to slight increases in outputs for both airlines.
    As the assumption of market share play an important role in the simulation, we conducted a series of additional simulation runs, this time assuming that the FSA has a lower market share than the LCC: i.e., 40% market share or 40,000 passengers per period for FSA. All other assumptions are kept unchanged. The derived key parameters are reported in Table 4: 
<Insert Table 4 here>
The corresponding simulation results are summarized in table 5. Variables are defined similarly as in the base case.
<Insert Table 5 here>
    Because of the different assumptions on initial market share distribution, one can’t directly compare the equilibrium values such as social welfare with those of the base case.  Again in this simulation, the Ad Valorem pricing results in a higher social welfare than the flat rate pricing.  As we change from flat rate pricing to Ad Valorem pricing while FSA’s output decreases the total market output increased by 1.5%, and both FSA and LCC reduce their prices.  This is remarkable considering the small change in security fees. As in the base case, relative social welfare increase is very small, reflecting the fact that marginal consumers have lower valuation of air travel.  Since the market we simulated is a single low price-short distance market, the total welfare gain nationwide may be substantial. 
    One major challenge about numerical simulation is how reliable the conclusions hold when key parameters change. To address this issue, sensitivity tests on following variables are conducted while keeping other base case assumptions unchanged:

· Conduct parameters  
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: Each takes values from 0 to -0.8 at an interval of -0.1. This ends up with 
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· Market share: While keeping the total market output unchanged at 100,000, we increase FSA’s market share from10% to 90% at an interval of 10%.  This gives 9 possible scenarios.

· Service substitutability r: we increase service substitutability between FSA and LCC by increasing the value of  
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 at an interval of 0.1.  This gives 7 possible scenarios.
    In total, we conducted 5,103 (81
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7) simulations with the above setting.  In each simulation, we first derive the key parameters as listed in table 2 and table 4.  Then we solve the model formulated in section 2 numerically.  Note that on purpose we used some very unlikely extremely values of the three parameters for our sensitivity tests in order to learn how our results and conclusions might change.  For example, in 14 cases out of the 5,103 cases the FSA is driven out of the market after imposing Ad Valorem security fees.  All of these 14 cases occur in the following extremely unlikely situation (assumptions): the FSA only has 10% of the market initially, competes very aggressively with almost homogenous service (
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, r = 0.9) and has much higher marginal costs than the LCC (60-310% higher).   In reality, it is very unlikely that all those conditions would hold at the same time. Therefore, we removed these 14 cases from the simulation. This leaves us with 5,089 usable cases.  
    For each set of parameter values, we calculate the value of social welfare improvement when we move from flat rate security charges to Ad Valorem pricing system.   The Ad Valorem pricing system improved social welfare in 5,077 cases with the largest percentage increase of 4.0%.  In the remaining 12 cases, Ad Valorem pricing indeed performed worse than the flat rate, with the lowest social welfare to be 0.2% lower than that under flat rate.  However, as we discuss in Appendix I all of these 12 cases have extreme parameter values, and thus are highly unlikely situations to exist in reality.
    However, these extreme value simulation results show that there is mathematical possibility that Ad Valorem pricing is not always better than flat rate.  This means that it is not possible to obtain analytical proof that Ad Valorem pricing is better than flat rate pricing, and thus, one needs to resort to numerical simulation work in order to compare quantitatively the performances of these two alternative security pricing schemes.  On the other hand, our simulation work has shown that, in reality, Ad Valorem pricing allows society to achieve higher welfare in almost all practical circumstances.
    In reality, airlines especially FSAs provide several fare classes in each flight. With Ad Valorem pricing system, high fare paying customers will bear more security charges. As those passengers are generally less price elastic, airlines’ output reductions are overestimated in our model formulation and simulation. In this sense, Ad Valorem pricing achieves similar goals as airline yield management or Ramsey pricing. It is likely to lead to larger outputs and welfare than our calculations. 

4.  Summary and Conclusion

    Most countries are currently collecting flat rate security fee per passenger or flight segment.  Due to the dynamic nature of adjustments in airline markets and complexity existing in the air transport system discussed in this paper, it is not easy to design optimal structure of aviation user charge system for maximizing social welfare.  Furthermore, the system of security fees need to be simple, easy to implement, and robust with respect to changes in market conditions. Ad Valorem security fee system is one such candidate.  Under this system, security fee is set proportional to airline ticket price a passenger buys.  As such, the Ad Valorem fee system has a flavor of Ramsey pricing because less price elastic passengers tend to buy higher and more flexible airline tickets than price elastic passengers.

    In this paper, therefore, we investigate the two most convenient forms of aviation security pricing schemes: the current flat rate scheme vis-à-vis Ad Valorem pricing scheme. Recognizing the competitive reality of today’s airline markets, we formulate and solve numerically a differentiated duopoly model in order to compare welfare implications of adopting these two alternative pricing schemes.  Furthermore, unlike most other past studies, we treat passenger utility, inter-airline competition and product differentiation formally in our model formulation.
    Since obtaining meaningful analytical results requires us to impose unrealistically restrictive assumptions, we decided to solve the problem numerically.  As a result, we conducted over 5,000 numerical simulations using a wide range of possible parameters on firms’ conduct parameters, extent of product differentiation, and market share split between full service airline and low cost carrier.   Our results show that Ad Valorem user fee is superior (in terms of achieving higher social welfare) to the current policy of charging flat rate security fee in virtually all cases except for very few extremely unlikely cases. 

    These extreme value simulation results show that there is mathematical possibility that Ad Valorem pricing is not always better than flat rate.  This means that it is not possible for one to obtain analytical proof that Ad Valorem pricing is better than flat rate pricing, and thus, one needs to resort to numerical simulation work in order to compare quantitatively the performances of these two alternative security pricing schemes.  On the other hand, our simulation work has shown that, in reality, Ad Valorem pricing allows society to achieve higher welfare in virtually all practical situations. 
    Our results on pricing security services have an important and direct implication on the general user charge and taxation issue on air transportation.  The same result obtained here, i.e., superiority of Ad Valorem user charge scheme over flat per-passenger fee, can be directly applied to all other per-passenger fees or taxes being collected by governments and/or airports.  This is an important finding given that taxes and user charges now account for up to 20-35% of the total ticket prices of short-distance travel in U.S. domestic markets (ATA 2006, Button 2005).

   Some economists and regulators argue that air transport security is a matter of national security, thus at least a part of it should be financed by general taxation revenue. 
 Since general taxation revenue is mostly financed by Ad Valorem tax, any government subsidy towards security costs would imply at least partial Ad Valorem pricing for security services.   
       Although this paper covers a wide range of possible cases in its model formulation and numerical simulations, it does not address other possible oligopoly market structures. It has not explicitly analyzed whether Ramsey pricing principle needs to be revisited once passenger utility and product differentiation are taken into consideration.  Further research into these issues is needed. In addition, Ad Valorem pricing implies that consumers need to pay different prices for the same service. In actual implementation, governments need to justify whether this is a fair policy.  This issue is beyond the scope of our paper, where social welfare is used as the sole criteria in comparisons.
APPENDIX I 

The simulation results of the extreme scenarios are summarized in table 6.

<Insert Table 6 here>
    As shown in table 6, there are cases where Ad Valorem pricing under-performs the flat rate scheme (gives lower welfare than the flat rate scheme, reported as achieving negative welfare improvement). In the simulations we conducted, there are a total of 12 such cases where the Ad Valorem pricing under-performs. A closer examination of these 12 cases reveals that they are extremely unlikely to exist in reality.  For example, for these cases we assumed that both LCC and FSA produce nearly homogenous services (
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), and aggressive competition is assumed to exist even when FSA dominates the market with large market share.
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Table 1. U.S. (or U.S.-approved) Aviation Excise Taxes and User Fees

Special Taxes and Fees Levied on Commercial Aviation
(unless specified otherwise, these are fees per passenger)
	Effective January 1, 2006
	RATE
	UNIT OF TAXATION

	PASSENGPERS

	Federal Ticket Tax
	7.5%
	Domestic Airfare

	Federal Flight Segment Tax 
	$3.30
	Domestic Enplanement

	September 11th Fee (security fee for passenger)
	$2.50  
	Enplanement at U.S. Airport

	Airport Passenger Facility Charge
	Up to $4.50
	Enplanement at Eligible U.S. Airport

	International Departure Tax 
	$14.50
	International Passenger Departure

	International Arrival Tax 
	$14.50
	International Passenger Arrival

	INS User Fee
	$7.00
	International Passenger Arrival

	Customs User Fee
	$5.00
	International Passenger Arrival

	APHIS Passenger Fee
	$5.00
	International Passenger Arrival

	SHIPPERS

	Cargo Waybill Tax 
	6.25%
	Waybill for Domestic Freight

	SALES/OPERATIONS

	Frequent Flyer Tax 
	7.5%
	Sale of Frequent Flyer Miles

	APHIS Aircraft Fee
	$70.25
	International Aircraft Arrival

	Jet Fuel Tax 
	4.3¢
	Domestic Gallon

	LUST Fuel Tax 
	0.1¢
	Domestic Gallon

	Aviation Security Infrastructure Fee
	Carrier-Confidential
	CY2000 Screening Costs


Source: ATA website at http://www.airlines.org/econ/d.aspx?nid=4919 
Table 2:  Derived Parameter Values for Base Case
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Table 3. Equilibrium Results Under Two Security Pricing Schemes

(With Base Case Assumptions)
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Table 4:  Derived Parameter Values 
(
[image: image87.wmf]000

,

40

0

1

=

q

,
[image: image88.wmf]000

,

60

0

2

=

q

)
	Parameters
	
[image: image89.wmf]1

b


	
[image: image90.wmf]2

b


	
[image: image91.wmf]1

c


	
[image: image92.wmf]2

c


	
[image: image93.wmf]1

a



	Value
	0.00076
	0.00065
	80.3
	52.2
	162.2

	Parameters
	
[image: image94.wmf]2

a


	k
	m
	n
	

	Value
	136.1
	0.00053
	0.00125
	0.00102
	


Table 5. Equilibrium Results Under Two Security Pricing Schemes
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Table 6:  Extreme Values in Social Welfare Comparison  
(Flat Rate vs. Ad Valorem  Pricing)
	Largest Social Welfare Improvement: 4.0%
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	Smallest Social Welfare Improvement: -0.2%
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Simulation Results: 
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Figure 1.  Stylized Demand System
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� Domestic rate is C$4.67 per emplanement before GST/HST. For air travel to a destination outside Canada but within the continental zone, where the GST/HST applies at the rate of 6% or 14%, the ATSC will be $7.94 for each chargeable emplanement, to a maximum of $15.89. Where the GST/HST does not apply, the ATSC will be $8.42 for each chargeable emplanement, to a maximum of $16.84.


� Recently, the U.S. proposed to replace it with a single flat security fee of $5.00 for a one-way trip from fiscal year 2007 (OMB 2006).  If this passenger fee (“September 11 Security Fee”) collected is insufficient, then the U.S. Transportation Security Administration (TSA) is authorized to charge an additional air carrier fee (“Aviation Security Infrastructure Fee”) based on the costs of passenger and baggage screening in year 2000.


� According to a report submitted to European Commission by the Irish Aviation Authority, the security related cost for the 18 European Commission states was between € 2.5 – 3.6 Billion in 2002, depending on whether cockpit door modifications and insurance are included.  This equates to €2.23 per passenger for state and airport cost combined (European Commission 2004). In year 2002, aviation security taxes and airport security charges do not fully meet the cost of aviation security in 14 of the 18 EC States. The average combined operating deficit equated to €0.89 per passenger. The US Transportation Security Administration (TSA) has requested a budget of US$4.7 billion for their aviation security work in 2007 while it expects to collect only US$3.3 billion as passenger security fee (OMB 2006).  With the large anticipated deficit, even a relatively small improvement in security pricing may bring a significant welfare gain. In Canada, the government spent close to 2 billion dollars on air transport security at 89 Canadian airports.  


�  If k = 0, then the two firms offer totally independent products (no substitutability).  As k approaches � EMBED Equation.3  ���, two firms offer increasingly homogenous products.  


� Conduct parameters have been used as a summary measure for firm’s competitive behaviors. �For example, Brander and Zhang (1990) and Oum, Zhang and Zhang (1996b) estimated conduct parameters in the airline industry, while Genesove and Mullin (1998) estimated conduct parameters in the sugar industry.  A zero conduct parameter corresponds to Cournot competition, while the value of -1 corresponds to Bertrand competition. When firms collude such that one airline’s output reduction is accompanied by its competitor’s output reduction, both firms’ conduct parameters will be positive.   We have not analyzed the case of collusion between the duopoly airlines in our model, i.e., the case of positive conduct parameters for firms 1 and 2, because none of the past empirical studies have found collusive behavior between an FSA and an LCC in a deregulated air transport market. 


� None of the government reports separated the total security service costs into marginal cost and fixed cost. According to the 2005/2006 Q4 quarterly performance report of Canadian Air Transport Security Authority (CATSA), the average cost for Pre-board Screen (PBS) ranges C$2.30 – 2.95 per person. However, CATSA does not pay for the airport space it used, nor does it pay other related expenses such as heat, air-conditioning, cleaning etc.  CATSA does not pay the full cost of policing either.  There are other costs in addition to PBS costs such as training, IT and outsourcing etc.


� For example, Flemming (2006) and Button (2005) made this point. In its communication of 10th October 2001 on the economic impact of terrorist attacks, the European Commission stated that it would positively consider public financing to compensate for expenditure on additional security measures (European Commission 2004)


� Those cases are obtained when all of the following conditions hold: r =0.9, � EMBED Equation.3  ���50,000, min(� EMBED Equation.3  ���) = 0.5 and min(� EMBED Equation.3  ���)=1.3 . 
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