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Introduction

The Spill Model predicts how much demand is turned away due to high load factors on a group of flights.  Within the Spill model, the Effective Capacity of an aircraft limits the usable capacity.  Because of conservatism in the reservations system, the Effective Capacity of an aircraft is always a little below the numerical seat count.  The difference between seat count and average boarded load for a flight which is sold out is often called "spoilage."  Effective Capacity is seats minus spoilage.

There are two reasons for spoilage.  The earliest reason was to prevent denied boardings.  Normally, reservations in excess of capacity are allowed, to adjust for the no-show rate at the gate.  This is "overbooking."  But too much overbooking is bad.  For instance, it would be a disaster if the average number of people who show up at the gate equaled the number of seats.  Half the time passengers at the gate will be above average, and denied boardings will occur.  To prevent this, reservations are limited so that the average demand at the gate is slightly below the capacity.  This means denied boardings will seldom happen.  Flights with a 15% no-show rate used to be booked so that the departure load factor averaged around 95%.  That is, with 5% spoilage, and 95% effective capacity.

Further conservatism in reservations systems occurred as yield management became more effective.  Effective yield management preserves seats for late booking high fare demand by denying reservations to some discount demand.  The denied discount bookings are spill, but the high fare demand does not always materialize.  Because the high fares are much more profitable, yield management systems are willing to take the chance.  Extra spoilage is a consequence of this calculated risk.  

For these two reasons, the Effective Capacity is less than the actual seat count.  Effective Capacities can run from 85% for a small aircraft with deep discounts and a high denied boarding cost to 98% for a large aircraft with a single fare and low denied boarding costs. 

The revised spill model provides a parameter which can be used to characterize the particular mix of fares, denied boarding costs, and yield management strategies, and fare discipline which applies for an airline in a group of markets.  The parameter is named "C-factor."  It adjusts the spoilage rate.  This gives the Effective Capacity for any particular aircraft size.


What Causes C-factor Values

The parameter for Effective Capacity has been named "C-factor."  At present, it is thought that values should range between 0.50 and 1.10.  Observations suggest a value of 0.90 is a reasonable default.  

The formulas for Effective Capacity and Spoilage are:

Effective Capacity = Capacity - Spoilage

Spoilage = C-factor * sqrt(Capacity)

Where "sqrt" means the square root.  C-factor is a scaling adjustment on the spoilage rate.

Observations from three airlines have supported this relationship.  The formula was originally established using simulations of reservations systems and bookings under various circumstances. 

A high C-factor means more spoiled seats to protect against denied boardings or to hold in hope of higher fare demands.  Either a high cost for denied boardings or a low value for discount demand cause C-factor to be high.  On the other hand, low denied boarding costs or small differences between high and low fares speak for less spoilage and a smaller value for the C-factor.

The C-factor is also influenced by the design and strategy of the particular yield management system.  And finally, for the same strategy and system, different values are appropriate when demand is hard to forecast or when forecasting is more accurate.  So it is best to get the C-factor from experience with the relevant system.  Once a C-factor has been determined for the market types of interest, it can be used to get comparable spoilages for any aircraft size used in those markets.

Measuring C-factor

Overall, the only good way to establish a value for C-factor is to observe the spoilage for the types of cases in question, and solve the equation above for what C-factor would predict it correctly.  Spoilage can be observed by recording the average load for flights which have closed in the reservation system.

In gathering observations, the most robust estimates will come from flights which have closed for more than a few days in a major discount fare category.  "Closed" means all allowable seats have been sold in at least one major fare category.  It is best to pick flights that have been closed long enough to be sure some demand called and was denied space.  Flights which have just barely booked full may produce an unreliable estimate.  

Closed flights does not mean flights closed to all sales at any fare.  On the contrary.  Such a definition would produce spoilage numbers much too small to be correct for spill planning.  Closed flights are most often closed in the bottom discount fare class only.  Closing higher fare classes should happen much more rarely.

There is one trick in yield management which can cause misleading observations.  It is applied rarely, but when it is, it should be noted.  Sometimes, yield management systems will "close" a fare category to force customers to "buy up" to a higher fare.  There may be plenty of space available, but some fare categories "closed" anyway.  This is unprofitable behavior in the presence of competition, or for price elastic discount demand.  But it can be profitable in controlled situations with inelastic medium priced fare categories.  Loads on flights closed to force "buy up" are not correct observations for estimating Effective Capacity.  

Estimates of C-factor Values

C-factor should be measured for the system under study, not selected from a table of values.  However, experience and theory combine to give indications of what C-factor values might be.

C-factor = 1.0  -- This value is appropriate for an airline with a discount fares 1/2 to 1/3 of full fare, a system of volunteering in place to limit the cost of denied boardings, and a computerized yield management system with first generation optimization and forecasting components.  This is the value most often used for large carriers in the U.S..  

C-factor = 0.9  --  This value is a reasonable default value for non-U.S. operations. 

C-factor = 1.1  -- This value is appropriate for airlines with state of the art yield management systems and a mix of fares including very low "junk" fares.  At least one system has been oboserved to have such a high value.

C-factor = 0.8 -- This value is used in markets where almost all the sales are at discount fares, such as pleasure markets with little full fare use.  Pleasure markets with multiple frequencies can have C-factors as low as 0.7.  Low values occur because overbooking can be aggressive when later flights conveniently serve possible denied boardings. 

C-factor = 0.7  -- This value is indicated as reasonable for airlines with limited discounting and conventional policies for protecting against denied boardings.  Indications are that this value characterized U.S. systems in the 1970's, before much work had been done with yield management systems, and discount pricing. 

C-factors <= 0.5 -- These values occur most often when there is a great deal of "walk up" or "standby" demand.  They also occur in parts of the world with no denied boarding penalty.  Reported values in these ranges can also be false calibrations.  Some airlines record spoilage only when all fare classes are sold out, and not when only discount classes are closed.  Such spoilage values will be low, and are not correct for spill analyses.  Spoilage measured on cases with closed full fare cabins will typically be half the total spoilage correctly measured.

Simulations have suggested a crude adjustment for the level of discounting.  If the major selling discount is expressed as a fraction Fr of the average fare, then the C-factor is:

C-factor = 0.68/Fr

The discount and average revenues used to calculate Fr should be the same used within the yield management system.  In many cases, the values are revenues net of passenger variable costs such as food, fuel, and commissions.

It is best to confirm estimates of C-factor using the measurements suggested in the preceding section.  Errors in estimating C-factor of 10% (0.1) cause a 1% error in the definition of Effective Capacity.  

First Class

The Spill model does not work well for smaller, First class cabins.  Most of the problems have to do with the shape and variance of demand distributions for small demand averages.  But the Revised Spill model is sometimes used for small cabins, for want of a better answer.  If so, the "Spoilage" concept has to be handled differently.  There is a different implementation of spoilage for First class cabins than for entire airplanes.

Spoilage reflects the limitations placed on demand by the reservation system.  These limits prevent excessive denied boardings and protect space for full fare demand.  But for First class cabins, the spoilage value using the C-factor for entire aircraft will not be correct.  Overbooking is seldom allowed in First class cabins, and discount management within First Class bookings is seldom an issue.  First class is usually booked only to the actual seat count.  In such cases, spoilage adjusts the true capacity down by the no-show rate.  That is, for planning purposes the average spoilage in First class when the cabin is booked full will be 15% of the seat count when the no-show rate is 15%.

To get the Revised Spill model formulas to correctly operate for such cases, two things need to be done.  The C-factor should be set to 0.00 (zero).  This will let the formula use all the capacity given it.  Then the model should be given the First class cabin Effective Capacity instead of its true seat count.  Thus for a cabin of 10 seats and a 15% no-show rate, the model should be given a capacity of 8.5 seats and a C-factor of 0.00.  (The formulas work correctly with fractional seat values.)  The resulting First class Spill values will be imperfect, but they are as close as the present formulation can provide.
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