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Yield Management at American Airlines

The financial success of an airline is due in large part to successful management of its primary resource: its reservations inventory. American Airlines (ticker symbol AMR) was one of the first airlines to apply quantitative methods to improve the management of its reservations inventory. The effort led to the development of its highly successful SABRE reservation system, which is now operated by the SABRE Group (ticker symbol TSG). 

Yield management encompasses a wide variety of functions, including the determination of overbooking levels, the allocation of discount seats, and the setting of prices. In its annual report, American Airlines broadly defined yield management as “selling the right seats to the right customers at the right prices.” In short, the goal of yield management is to control and manage the reservations inventory in order to maximize the profitability of the company. The president of People Express once said that not having a yield management function was the primary reason for the failure of the company. 

This case focuses on one of the specific yield management sub-problems, the allocation of discount seats. The problem is complicated by the unpredictability of demand, which, in turn, is caused by the prices of seats, the prices that competitors are charging, variations in weather, and many other factors. Choosing the “right” number of discount seats involves tradeoffs. If too many discount seats are allocated, then some passengers who would have been willing to pay a higher fare will fly at the reduced rate. If too few of the discount seats are allocated, the airline runs the risk of flying with empty seats, since some passengers may not be willing to pay the regular fare.

Flight 445

In order to illustrate the problem, this case focuses on American Airlines Flight 445 from New York's LaGuardia airport to the Miami International airport. The flight uses a Boeing 727-200 with 164 seats. Although the 164 seats are identical, American allocates some of the seats for the discount or H-fare. These seats sell for $150 (one-way cost based on a round-trip purchase). The rest of the seats are reserved for the regular, or Y-fare. Each of these seats costs $215 (also the one-way cost based on a round-trip purchase). 

Modeling Passenger Demand

American Airlines keeps a database of the actual number of seats of each fare class sold on Flight 445. The data go back several years, but using these data to estimate a demand distribution is not straightforward. The historical demand depends on the prices of competing flights, and this type of data is not readily available. More crucially, the database keeps track of actual sales, not customer inquiries. So when the plane flies full, it is difficult to estimate how many of the discount passengers, or how many additional passengers, would have purchased seats at the regular fare. This is known as the “censored data” problem. Furthermore, the demand for seats is a process that unfolds through time until the flight departs. Detailed information on how many seats of each fare class were booked on each day prior to departure is not readily available. A cursory examination of the data also reveals a high degree of variability in the load factor (percentage of seats sold). This also contributes to the difficulty in estimating a distribution of demand.

One of the most important features to capture in a demand model is the distinction between customers: those who will only fly for the H-fare (discount fare) and those who are willing to pay the Y-fare (regular fare). In order to simplify to model for passenger demand, we do not consider how the demand unfolds through time. After a thorough analysis of the available data, it is estimated that the total demand for Flight 445 can be modeled as following a normal distribution with a mean of 180 and a standard deviation of 30. In short, we'll let D represent the total demand and suppose that D is distributed N(( = 180, ( = 30). So that demand represents a whole number of customers, as a last step in modeling the demand, the realization is rounded to the nearest integer. 

Let Q represent the number of discount seats allocated out of the total inventory of 164 available seats. In reality, this allocation could also change through time. However, we'll assume that it is fixed so that we can estimate the best initial allocation of discount seats. 

Suppose that Q, the allocation of discount seats, has been set. Furthermore, suppose that the total demand for seats is D. If D ( Q then all D customers will purchase seats at the discount fare. If D > Q, then Q of the customers will purchase seats at the discount fare. The remaining D ( Q customers are told that all of the discount seats have been sold. Of these D ( Q remaining customers, only some of them will be willing to pay the regular fare. Those customers willing to pay the regular fare are called “diverters.” The number of diverters is modeled as a binomial distribution with parameters n and p, where n = D ( Q and p = 0.6. 

The cost of operating the flight is composed mostly of fixed costs, e.g., the cost of fuel, pilots, flight attendants, baggage handlers, other overhead, etc. Hence, the cost of the flight is nearly independent of the number of passengers that fly on the plane. For Flight 445, these costs are $15,000 (one-way). 

To set this model up in a spreadsheet, first define a “distribution cell” which is normally distributed with the appropriate parameters. Then define another cell that rounds the normal realization to the nearest integer. In another cell, compute the n of the binomial distribution. Then define another “distribution cell” which follows a binomial distribution with parameters n and p. 

Note: @Risk will give an error message if n ( 0. So n should be restricted to n ( 1. For those cases which would have had n ( 0, the binomial result can be ignored. That is, each one of the D ( Q remaining customers will independently choose to pay the higher fare with a probability of p = 60%. The total number of passengers cannot exceed 164; any extra demand is considered to be lost.

Assignment

1. Build a spreadsheet simulation model to decide the allocation of discount seats Q. 

· Make sure that you explain the formulas in the spreadsheet, including the distributions used for the assumption cells. 

· Create a table and a graph of expected net profit versus Q. (Have Q vary from 0 to 164 in steps of 4.)

· Which Q maximizes expected net profit?

· Create a table and a graph of the expected load factor versus Q. (Have Q vary from 0 to 164 in steps of 4.)

· Create a table and a graph of expected net profit versus standard deviation of profit (for same values of Q). 

· What value of Q do you recommend? Why? In your answer, you may want to consider: (i) how important is expected revenue, (ii) whether risk as measured by standard deviation is an important consideration, (iii) whether the expected load factor is an important consideration, and (iv) how the choice of Q might interact with their marketing strategy (e.g., Q = 164 is consistent with a “low price” positioning like Southwest Airlines, while Q = 0 is more consistent with targeting business travel).

· As part of this problem you will need to determine the appropriate number of simulation trials to use. For all of your results, you should use enough trials so that you are confident that your recommendation is correct, and not influenced by simulation error. Wherever appropriate and possible, give the corresponding confidence intervals for your results. 

2. One of the analysts says that Q = 140 is optimal. The reasoning is as follows. “Suppose that the total demand is the mean, i.e., D = 180. If we set Q = 140, then 140 of the passengers will pay the discount fare. Of the remaining 40 passengers, the mean number of diverters will be 24 (= 40*0.6). These 24 passengers will pay the full fare, and the plane will fly completely full with 164 passengers. If we set Q any smaller, then the plane will fly with empty seats, thus reducing revenue. If we set Q any larger, we'll have some customers getting the discount fare who would have been willing to pay the full fare. Either way we lose revenue relative to Q = 140, so that must be the optimal allocation of discount seats.”

· Give a critique of the analyst's reasoning. In particular, if the Q which maximizes expected net revenue in part 1 differs from the recommendation of the analyst, provide an explanation of why your Q is larger or smaller than 140. 

3. Sensitivity analysis. It is difficult to estimate the parameters of the demand distribution. Suppose now that the standard deviation of demand is ( = 50. 

· What is the Q that maximizes expected net revenue in this case? 

· Explain why it is larger or smaller than the Q that maximizes expected net revenue from question 1. 

Guidelines for the Case Write-Up

· Limit your group to at most five people, unless arrangements have been made in advance with the instructor.

· The report should not exceed four pages, excluding any material in an appendix.

· The spreadsheet model(s) should be in an appendix. Annotate your spreadsheet so that it is easy to understand. This should include a description of each formula in your model, the distribution cells and corresponding probability distributions and parameters used, and the output cells.
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Managing Operations
4
Prof. Juran

[image: image1.png]