Seat Removal and Spill

Background

Seat removal, loss of seat use and spill are closely related topics. In addition there is the more general case of losing the ability to fill a seat due to regulatory requirements that affect payload range, seating capacities and so forth. These concepts share economic properties that make it worthwhile to treat them together.

Definitions

· Seat removal—seats that must be physically removed from an aircraft or not installed because of a regulatory requirement.

· Loss of seat use—a seat that cannot be filled because of a regulatory requirement. This can occur under two circumstances: 

· The seat is lost for specific flights because of aircraft performance limitations or other regulatory requirements.

· The seat cannot be used on any flight—this likely reverts to seat removal at some point because there are costs to maintain and refurbish the seat. These could be avoided if the seat were removed.

· Spill—the inability to accommodate passengers on their desired flight because of a lack of capacity. The same carrier can carry these passengers on another flight; the passenger can move to a competitor’s flight or not make the trip at all. Spill is controlled via yield management, and the objective is to spill those passengers who pay the least. Boeing has a spill model that has been adapted for use by many airlines.

Problem Statement

In many cases the flight would have departed without every seat filled so there may be no revenue loss associated with losing a seat. The frequency at which all seats are sold is likely to be a function of load factors, time of day, day of week, market type and seasonal considerations among others.

Valuing the actual loss of a passenger should consider that yield management has the objective of retaining the highest fare passengers and, if spill occurs, it is the passengers who paid the least who are not accommodated.

The ability to manage spill precisely depends, in part, on how far in advance the seat loss occurs. In the case of seat removal, the reduced number of seats becomes the available inventory for sale.  

Carriers mange seat inventory over time, opening and closing discount seat availability to reflect the demand for the specific flight and to maximize revenues. Carriers often sell more seats than are available because of no shows. The payment of denied boarding compensation limits how oversold a carrier will allow a flight to get. (Flights are also likely to have a unique history regarding no shows).

A carrier would prefer to spill passengers onto its own flights rather than turn the passenger over to another airline. In determining societal impacts, revenue transfers among carriers should not be considered.

Not much has been for general aviation seat losses, although loss of seat is likely to have more disruption with fewer seats and fewer schedule choices.

Prior Research

FAA has commissioned a few papers that looked at valuing seat removal. These have incorporated concepts of spill. These studies have considered the episodic loss of a seat due to performance requirements. The studies were based on interviews of carriers, Boeing and others in the yield management business. Two types of cost estimates were prepared for the loss of a seat:

· Aggregate—maximum cost to remove one seat is no more than $16,000 per year

· Diversion to non-peak—passengers spill to another flight and cost is negligible at $2,000 to $4,000 per seat

· The above numbers are based on assumed revenues and demand elasticities

There is paper by Li and Oum
 that relates observed load factor (OLF) to the nominal load factor (NLF--how many passengers wanted to fly), the capacity of the aircraft (C), coefficient of variation in demand (CV), the spilled passengers (SP), and the assumed form of the distribution of demand. It identifies a fundamental relationship between load factors, capacity and spill:



OLF = NLF – SP/C

The paper has a matrix that, for various values of CV, the assumed distribution of demand (normal, logistic, log-normal and gamma) and the observed load factor, provides the corresponding NLF. Two things are apparent:

· The CV has a big effect on the relationship between NLF and OLF—the more variability in demand the lower the OLF needed to produce the same NLF; for example the NLF exceeds one at an OLF of 0.7 when the CV is 0.8, while the NLF exceeds one at an OLF of about 0.95 when the CV is 0.2.

· The distribution type matters more for higher values of CV

Potential Approaches

Obtain ARCC input on existing literature and contact points within airlines and carriers for more substantive discussions.

Examine Juba rule of thumb—lose seat 50% of the time at $80 incremental revenue. 

· Assume 3500 hrs per year

· Two hour segment

· 50% of time lose seat

· 875 seats lost

· $80 one way revenue

· Annual revenue loss of $70,000 per seat

· Need to net out costs

Examine implications of treating a permanent seat loss as an ASM cost increase based on change in seats

· Concept is that loss of seat changes capacity for that fleet of aircraft and it cycles through decision-making, overbooking policies, and yield management

· What costs are relevant? Direct, total, total less costs attributable to passenger, etc.

· A loss of one seat on a 100 seat aircraft is about a 1% change in costs

· Using an ASM aircraft cost for a 737-800 of $.038 and 564,319 ASMs per day, the annual cost of a seat is about $78,000

· Is a load factor adjustment appropriate?

· Aircraft are not perfectly divisible in seats so there always is some compromise between ideal aircraft for a specific flight and the size of aircraft in the fleet.

Examine the implications of using the Li and Oum generic matrix (below) to determine the number of potentially spilled passengers

· Works for any seat size aircraft

· OLF should be obtainable from T-100; the calculation of CV requires more discrete data on load factors (if guidance on CV approximations could be obtained from airlines, our estimates of spill would be significantly more precise); OLF should be available on a segment basis from T-100 but this will be an average value of carrier, aircraft type and segment flown. The key is whether there is more variability within a carrier’s flights in an O-D market at a specific time of day with a specific aircraft type. This can be an issue to raise with airline ARCC members. (As noted below, Boeing has an estimate of CV.)

Table 1


A paper by Swan
 provides some information on values for the CV, which he calls the K-cyclic factor. These are illustrated below:

	Table 2: Typical K-cyclic Values

	Case
	Day
	Month
	Season
	Year

	Flight Leg
	0.00
	0.30
	0.32
	0.36

	Aircraft Increment
	0.18
	0.35
	0.37
	0.40

	Fleet
	0.32
	0.44
	0.45
	0.48


The question at hand is determining the passengers lost for a reduction in one available seat on a flight. This is a function of the observed load factor for the flight. We can calculate the number of spilled passengers (SP) as a function of capacity (C), the nominal load factor (NLF) and the observed load factor (OLF) by the following:



OLF = NLF-SP/C



SP=(NLF-OLF)*C

If we assume a CV of 0.5, a normal distribution, a 150 seat aircraft, and an observed load factor of 0.801, then the NLF is 1.0. In turn this implies a total spill of (1 - 0.801) * 150, or about 30 passengers. If we assume a one-seat change in capacity, then the change in spill is approximately 0.2 passengers. Given, an assumed CV of 0.2, 0.5 and 0.8, the table below reports the change in spill for a one-seat change in capacity. The number of spilled passengers per seat increases as the coefficient of variation in demand increases and as the observed load factor increases. 
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A=Normal; B=Logistic; C=Log-normal; D=Gamma.


For typical values of observed load factors the Li and Oum model suggests that about one-third of a passenger is lost for each seat removed. This is somewhat less than Juba estimates. However, using these lost revenue values produces an estimate that may overstate the impact because there are incremental costs avoided if a passenger does not fly and the passenger may be accommodated on another flight. In the latter case, there would be some loss of utility because the passenger is traveling at other than the desired time. Additional data from carriers on the ability to rebook spilled passengers on other flights are needed as well as estimates of the net loss if a passenger decides not to fly.
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