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Abstract

The most common measure of airline fares is average yield, which is the ratio of revenues to passenger-kilometers.  Industry discussions commonly use yield to measure of price changes.  This paper demonstrates that changes in yield overstate changes in fares.  This is done first with a small numerical example, and second by comparison between US yield and detailed ticket price data.  Average yield declines in part because long-haul travel is growing faster than short-haul, and leisure travel is growing faster than business.  Both effects depress system average yield even when prices are not changed.  Data suggests that business fares have been flat, while leisure fares have been declining.  

Introduction

Airline yields have been declining, since time out of mind.  Yield means the ratio of revenues to passenger-kilometers (rpks).  Declining means lower yields after adjusting for inflation.  The most common yield benchmark is the international yields reported by carriers domiciled in the United States.  It has been declining at about 2% per year.  Pundits commonly quote US data because it is reported more consistently, more regularly, more reliably, more completely, with a longer history, and more publicly than any other source of price data.  Form 41 reporting of passenger-kilometers and passenger revenues is by all US carriers for domestic, Atlantic, Pacific, and Latin American international divisions.  Records exist back to the 1960s.  Clarity also comes from reporting in US currency, which is also the currency in which airplanes, airplane parts, and oil are priced.  Yield trends in other currencies suffer volatility due to swings in exchange rates.   Similar IATA data is available for non-US carriers.  IATA data is filed idiosyncratically by individual carriers.  However, most IATA data is calculated in the same way that US data as filed. Comparison of US international yields with trends from collected IATA reporting shows that over the longer runs, they have the same patterns.  

A less-known advantage of US average yield data is that it is backed up by ticket sample data. That data is referred to as US Department of Transportation “Data Base 1A” data.  US carriers report a 10% sample of their ticket coupons.  This is a huge and detailed source of information on fares actually paid.  The detail includes the fare and the airport pair.  This detail allows us to unravel phenomena obscured by the single average yield value.  Domestic ticket sample data is in the public record.  International data is not, because the information could provide competitive insights to foreign carriers, who need not reveal the details of their pricing.  However, international ticket sample data is shared within the US carrier community and has been available for this analysis.  

Economists easily imagine the existence of price information on a transaction basis.  It is difficult to appreciate how unusual such data is.  The US airline industry is unique among airlines and industries in making public the price and details of practically each sale of each ticket.

This paper reviews the reported yield trends in the light of the more detailed price data.  Yield is not a good surrogate for prices, as an example shows.  Analysis of fare trends shows yield declines overstate declines in fares, by a large amount.

Yield is a poor surrogate for prices: Examples

A simple example will illustrate how overall yield statistics can give misleading indications of price behavior.  With apologies to airline pricing and revenue management professionals, we imagine Tech Airways serving only two airport pair markets, each with an unrestricted business fare and a restricted advance-purchase leisure fare.  The long-haul market from Here to Eternity is 10,000km.  The business fare is $800 ($750, net of taxes and fees) and garners a demand of 20 passengers.  The leisure fare is $350 ($300, net of taxes and fees) and draws 80 leisure passengers.  The short-haul market from Here to There is 1600km.  The business fare is $350 ($316 net of taxes and fees) and garners a demand of 60 passengers.  The leisure fare is $150 ($134, net of taxes and fees) and draws 240 leisure passengers.  These values are meant to be representative of the overall US mix of international and domestic tickets.  They are collected in Table 1.
Table 1: Example Prices and Demand

	
	Long-Haul Market
	Short-Haul Market

	Distance (km)
	10,000
	1600

	Business Fare
	$800
	$350

	Net of taxes
	    $750
	    $316

	Business Yield
	$0.075/km
	$0.1975/km

	Leisure Fare
	$350
	$150

	Net of Taxes
	    $300
	    $134

	Leisure Yield
	$0.030/km
	$0.0838/km

	Business Demand
	20
	60

	Leisure Demand
	80
	240

	Market Yield
	$0.039/km
	$0.1065/km


At the starting point, Tech Airways enjoys a yield of $0.061/km.  Yield is reported net of taxes and other government fees, including fees for border inspections and airports.  Prices to the customers are $800, $350, $350, and $150.  
Yield can change with changes in demand mix.  In a later quarter, Tech Airways finds stronger leisure demand at the same fares.   During this season of less work and more play, business travel is unchanged but both leisure markets grow by 20%.  Prices are unchanged at $800, $350, $350, and $150.  
In these new circumstances the average yield is now $0.058, which is a decline of 5%.  Economists from a remote desert isle observe changes in total passengers and changes in system average yield.  They think that yield captures the concept of “price.”   On this basis, the economists’ price elasticity (percentage change in traffic for a percentage change in yield) is 
-4.1.  However, Tech Airways is innocent of any fare changes.  On their side, the economists are innocent of any idea that different travelers pay different fares.   Yield has changed, but only due to a secular change in traffic mix.  Tech Airways is only aware of a seasonally improved load factor.

Yield can change with changes in market mix.  One quarter after the above changes, Tech Airways finds itself with leisure travel fractions returned to their original levels (80% of loads).  However, globalization has caused a boom in the long-haul market.   Both business and leisure travel from Here to Eternity have grown by 20%.  Yields for long-haul are lower than for short-haul, because costs per kilometer are lower.  Therefore, the new average yield for Tech Airways is $0.058/km.  Compared against the starting conditions, Tech Airways again has a 5% lower yield.  Again fares are unchanged.  This time the economists from a remote desert isle calculate thier price elasticity of –2.9.  Again, Tech Airways is innocent of any fare changes.  Yield has changed, but only due to a secular change in market mix and average length of haul.  Tech Airways is aware of improved load factor, but only on its long-haul services.

When fares do change, they may not all change together.  In the fourth season, Tech Airways decides it will make more money if it stimulates demand with lower fares and runs at a higher average load factor.  The pricing and revenue management departments at Tech Airways met one day by accident at the same corner sandwich shop.  They figured out leisure discounting would generate improved revenue.  They estimated the business price elasticity
 at –0.5 and the leisure price elasticity1 at –2, and they imagined (correctly, in this example) that the cross-elasticity was zero.  With this in mind, reducing leisure fares increases total revenues, if all the demand can be accommodated within operationally feasible load factors.  So pricing decides to decrease leisure fares down to $300 ($250 net of taxes) in the long-haul and $113 ($100, net) in the short-haul.  It turned out elasticity estimates were correct and the market dutifully responded with a 1/3 increase in long-haul leisure passengers, and a 75% increase in short-haul leisure passengers.  Yield drops to $0.050/km (down 18%).  Travel, measured in total revenue passenger kilometers, is up 29%.  Benighted economists from our desert isle calculate an apparent elasticity of -2.2.  They achieve this value in part because they observe yields net of taxes, while the fares experienced by the market include taxes.  Students at a nearby technical university are required to check the calculation.

Sometimes it is business fares that change, while leisure fares do not.  In the alternative version of the fourth season, Tech Airways decides to increase business revenues.  With the business market inelastic, this means raising fares.  The long-haul business fare is raised to $850 ($800, net of taxes), and the short-haul to $400 ($361, net).  Traffic is off 3% and 7%, respectively.  Yield rises to $0.0623/km.   Clueless desert-isle economists calculate elasticity at –0.3.  They now have observations for market elasticities of –4.1, -2.9, -2.2, and –0.3.  The average is –2.4.  

An across-the-board yield decrease produces results that the now demoralized desert-isle economists recognize as reasonable.  The pricing department at Tech Airways decides to reduce fares in a way to make life easy for the economists.  They lower all four fares by 5%, and this time they adjustment is made to the before-taxes values.  The after-tax fares become $762, $335, $333, and $143.  (Differences after tax come from international taxes per passenger while domestic taxes are a combination of a 10% value-added tax and an airport per-user fee.)  Reacting to the with-tax fares with their accustomed elasticities, the four segments of the market produce 8% more rpks at 6% lower yield.  Economists are astounded by the observation that elasticity appears to be –1.3.  For once, they have a believable value.  

The conclusion from these examples is that fare mix in terms of business-leisure splits and market mix in terms of long-haul and short-haul can produce yield changes that are not descriptive of price changes.  The hidden assumption in studying average yield changes is that the fare mix, market mix, and taxation rate do not change.  A further hidden assumption is that all fares change by the same proportions.  These conditions can hold approximately over short periods of time.  However, history provides few such isolated moments.

Secular change in the industry over the last decades mimic all five of the steps in the examples:  leisure demand has increased, long-haul markets have grown faster than short-haul, leisure fares have decreased, business fares have increased relative to average, and average fares have decreased.  Reasons include increasing globalization of trade and travel, and faster declines in long-haul costs and therefore fares.  Much of this will be apparent in the data presented in the next sections.

Measurements from ticket sample data

This section describes measures that attempt to improve upon simple yield statistics as a measure of change in fares.  The measures are applied to US domiciled carriers’ ticket sample data.  These data are the fare and airport information on the accounting ticket coupon covering the entire ticketed trip.  That coupon data is recorded as the customer uses the first leg of his trip.  A sample representing a systematic 10% of these coupons (nominally, those ticket numbers ending in zero) is filed with the US Department of Transportation.  Summarized at the fare value and airport-itinerary level, these filings become our data source.  

Vocabulary is important when using this data.  “Market” herein means the airport-pair origin-destination for the passenger trip.  Markets are not directional.  Most passengers make round trips. 

“Fare” is the ticket coupon value net of taxes and fees.  We use this instead of the fare with taxes only because that it what is reported in our database.  The fare used is the one-way fare, or half the fare in the case of a round trip.  Fares are not net of rebates such as corporate paybacks for volume.  Also, fares are not net of travel agency fees.  These fees are real costs in the market place, and declines in these fees represent declines in costs and fares.   The major exception has been travel over the Pacific.  Here commissions well in excess of normal agency fees have been paid.  Much of these moneys find their way back to the customers as extra services including hotels, car rentals, rebates, or other costs covered.  Unfortunately, these complications are beyond adjusting for.  Finally, the value of frequent flyer miles awarded is not subtracted from the fares, although these do represent a return of value to the purchaser beyond the nominal transportation provided.

“Leisure fare” in this vocabulary will be represented by the 25%ile fare in a market. This is a useful measure of the fares paid.  Distributions of fares in markets show a small taper of fares paid over a broad range in the lower 60%.  There is often some tailing off in the region below the 10%ile fare, either from bad reporting or specially targeted junk fares.  The 25%ile fare seems to capture the prevailing leisure fare paid in the market.  This concept is illustrated in figures 1 and 2.   For longer-haul international trips, the leisure fare represents the fare paid for travel in coach seats.  In general, leisure fares are sold with advance purchase and Saturday night stay restrictions.

Figures 1 and 2 each show how the leisure and business data points would be found for a single airport-pair market.  Many have talked about the distribution of fares paid.  Few have actually seen one.   The first thing to note is that there are no obvious published fares.  That is, there are no groups of travelers who appear to have paid identical fares for their tickets.  Such would have appeared as a flat plateau in the graph.  The second thing to note is that these are the origin-to-destination fares.  On most airplanes, half the passengers are making a connection beyond the flight leg’s local airport pair.  These passengers pay yet another set of fares.  However, they are not part of this discussion.
[image: image1.emf]Figure 1 : Typical Atlantic Fare Distribution
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 “Business fare” in this vocabulary will be represented one of two ways.  Business-A fares are represented by the 90%ile fare in a market.  Fare distributions in markets do not show any flat spot that would indicate a normal or typical business fare.   There are a few very high first-class fares, and a set of jagged tapering declines spanning the upper percentiles of fares.  So the 90%ile cut hits that decline at some arbitrary point that is not entirely a satisfactory measure.   However, it does establish what might be taken for a representative fare paid by someone in the upper quarter of the fare distribution.   
Business-B fares are calculated by assuming the leisure and average
 fares are correct, and that the business travel fraction is 33% of the total.  Simple algebra then derives the business fare necessary.   For average fare A, leisure fare L, and Business-B fare B:

 
0.33 · B + 0.67 · L  =  A

B  =  (A – 0.67 · L) / 0.33

The business-B fare was created because the share of business-A fares necessary for the average and leisure fares to be true was shown to rise through time.  Since surveys show business share declining, this result was counter to the facts.   Most likely, the business-A fare was catching the fare distribution at different points in different times and not serving as a good representative value. For longer-haul international trips, the business fare represents the fare paid for travel in the business cabin or first class.  For regional trips in the US, some business travel is in first class, but much of it is in coach.  For many regions in the world, regional travel supports separate business class seating.  In general, business fares are refundable and have no restrictions on use.  These fares are designed to stimulate personal travel.  Restrictions are designed to prevent use for higher value business trips.
“Average fare” in this vocabulary is the average of valid fares observed in an airport-pair market.  Unlike the business-A and leisure fare definitions, the average fare is sensitive to the processing of fare records.  These records now come indirectly from reservations system data, so what has been learned about US ticket data should carry over to any other trip-by-trip data that becomes available.  It is important to clean up the ticket sample data to eliminate fares that should not be in the average.  On the low side, fares below $10 or $0.0155/km are eliminated.  These are either frequent-flyer award travel, or data entry errors.  The fares do not represent prices paid in the marketplace.  This is particularly important for leisure destinations, where the free frequent-flyer award travel can be up to half the onboard loads.  In these cases, the average fare and even the 25%ile fare do not represent useful numbers unless the free tickets are not counted.   At the high end, data entry errors in either the fare field or the airport-pair recording can produce fares above reasonable first-class levels.  For instance, a fare of $9999 occurs in some records, a clear processing error.  Fares unreasonably high are screened out of the averages, because even a few such fares can greatly distort the average.   Finally, only itineraries that are simple one-way or simple round-trips with reasonable circuity are allowed into the fare data base.  These restrictions reduce the sample size in markets.  Experience with processing suggests that the gains from a scrupulous and thoughtful screening of fares are far greater than the losses from significantly reduced sample sizes.

[image: image2.emf]Figure 2 : Typical US Fare Distribution
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“Fare mix” is defined algebraically as the share of business-A fares that produces the average fare.  For average fare A, leisure fare L, and business-A fare H and fare mix M:


M · H+ (1-M) · L = A

M = (A-L) / (H-L)
This is more of an indication of the relative amounts of high-price and low-price travel than true measure of trip purpose mix.  
“Fare trend” is a formula for fare vs. distance established by a precisely defined process.    Each origin-destination market with at least 24 points in the screened sample of data points is considered one observation.   These observations are clustered into distance blocks of 250 miles.  Each cluster has median fare and distance.  The use of a median instead of mean weakens the effects of outliers.  Each cluster then becomes one data point in a regression that establishes a linear fare formula with distance.  An example result is a US international fare trend of $112 + $0.05/km.  Regressions of data without clustering give inordinate weight to shorter-haul examples, because there are so many more short-haul markets in the ticket sample.  The two-step process using clusters gives equal weight to each range category and establishes a more stable and meaningful slope value for fares.

“Prices” are then the trend fare made applying the trend formula at one selected distance that is representative for the market.  In this paper, the distance used was 7100km for Atlantic markets, and 1600km for US domestic markets.   This representative distance was not changed through time.  The overall process is relatively unaffected by changes in the distance mix of trips taken or the mix of leisure or business fares used.

The result of all these machinations is measures of business and leisure prices that can be compared over time.   The objective will be to compare changes with time for prices compared to changes in yields for the same markets and times.

Yield changes overstate changes in prices
Studies were made for US domestic prices and US international prices.  Third quarter data was used, because that is what was available and processed appropriately from 1991-2001.   All values are based on a regression fit of the 11 annual trend-level prices calculated for 1991-2001

Yield declines do overstate declines in prices by a factor of 3, for regional travel in the US.  For US domestic prices, the decline in average price was 0.4% per year.  Reported yields declined 1.4%.   Anyone estimating market price elasticity from overall yield data would tend to underestimate elasticity by the same factor of 3.  

[image: image3.emf]Fig 3:  Yield Declines Faster than Prices

$100

$120

$140

$160

$180

$200

$220

$240

3q91 3q92 3q93 3q94 3q95 3q96 3q97 3q98 3q99 3q00 3q01 3q02

Quarter and Year

US Domestic Trend Fares at 1600 km

Average Trend Price

Leisure Trend Price

Trend Price based on Reported Yield


The data shown in Figures 3 and 4 were calculated using the technique outlined in the preceding section.  Yield values are the Form 41 reported total of passenger revenues divided by revenue passenger kilometers.  For the trend price, this yield was applied at the same representative distance as for the trend fares--1600km in this case.
The first difference from widely-held impressions is that our overall yield decline is slower than values often cited by industry representatives and airline stock analysts.  In our measurement, the decline is under 2% per year.  Most analyses deflating revenues by the CPI (consumer price index) deflator.   Unfortunately, during the 1990s the US CPI deflator overstated inflation compared to the GDP deflator.  So did deflators in many other countries, although not by as much as the US.  In the US, CPI overstated deflation by an average of 0.6% per year.  That means fares would look 7% higher in 1991 using CPI adjustments, and declines would be correspondingly greater.  The GDP deflator is chain-linked, and it is revised as better data is accumulated.  The CPI basket of goods is not adjusted for mix, substitution effects, or reporting as often or as conscientiously, and it is not revised after initial reporting.  The CPI deflator is known to overstate inflation particularly strongly in the 1990s.  The impression that fares are declining faster that 2% can also come from sampling posted fares rather than fares actually paid.  The relationship between the two has been changing over the decade, as more and more business are paying lower negotiated fares.
The metric for leisure prices is fairly stable and robust.  Leisure prices show a 1.2% annual (GDP deflated) decline.   
Both measures of business prices showed small declines, but both metrics were unconvincing.  The better measure of business price was the Business-B trend fare.  It was down 0.1% per year.  The business-A price definition showed a 0.8% decline.  This implied a 1.7% annual rise in business mix and therefore a 1% annual rise in business share of revenues.   Airlines argue strongly that these are not the case.  They argue that business prices are either flat or up through time and share is declining.  
The decline in average price is driven by declines in leisure prices.  This fits with the understanding of elasticities that says that airlines striving to increase revenues decrease leisure fares, but increase business fares.  It also fits with the understanding that leisure travel share has increased.  

The metrics for business prices do suggest that business prices have not gone up.  This is counter to impressions garnered from observing the published fares in selected markets.  Apparently fewer and fewer pay the published rates.  If business prices have not gone up, then the temptation to exploit the inelasticity of business travel must have been held in check by the marketplace.  This could be competition from other carriers.  Or it could be competition from leisure fares.   In either case, it suggests a healthy market.

The common source for the benchmark US international yield combines Atlantic, Pacific, and Latin American markets.  In 1991 the shares were 42%, 43%, and 15% respectively, measured in rpks.  By 2001, the shares were 47%, 32%, and 21%.   (These changes reflect change for US carriers, not overall market flows.)  Since price trends were different in each flow, as well as changing within a flow, the international average yield produced almost undecipherable changes.   

In spite of the obvious difficulties, pundits use US reported international yield as the benchmark for world fares.  The author himself has been guilty.   This source gives yield declines were 3.5% per year, as a statistic.  Following the more systematic methodology above, average price decline was 1.6% per year.  

Mix and distance changes created 2% extra reported declines in international yield.   As for US domestic, the average itself was subject to mix effects.   The trend leisure price declined 3%, while the trend business-B price declined only 0.5%.   

[image: image4.emf]Fig 4:  International Yield Declines Fast Too 
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The overall conclusion is that yield overstates price declines, by a significant amount.  The secondary conclusion is that average price declines have involved nearly constant business prices combined with more strongly declining leisure prices.  
Yield misrepresents declines in prices.   Both mix and distance effects confuse the issue.  Mix effects can be estimated.   They suggest all the decline in average price is from declines in leisure prices.  Distance effects capture the remainder of the differences.  They are significant, too.

Distance effects can be less significant for more narrowly defined flows.  An example of this is the Atlantic component of the international markets.   Distances for trips across the Atlantic have grown less than 1%.  The ocean is no broader, and travel to Eastern Europe and from the US West Coast has grown little faster than travel from the Western Europe and the US East Coast. 

Atlantic yield declines match average price declines.  Yield declines were 2.1% and average price declines were coincidentally also 2.1%.  This seems to say that the yield estimate can sometimes be adequate.  However, the market’s response to changes in average price depends on how the components of the average change.   Over the Atlantic, leisure price was down 3.9% a year, and business-B price was off 0.7% a year.   So yields and average price declined the same amount, but business price barely declined while leisure price declined substantially.  The decline in leisure price undoubtedly stimulated extra travel.  This means the assumption in business-B calculation of constant business share is substantially in error, and business price could have risen slightly, rather than declined.

Comparable Cost Trends
Discussion has focused on price and yield.   It is interesting to compare changes in costs.  The cost metric similar to yield is cost per available seat kilometer (cost per ASK).  Like yield, cost goes down for a mixture of reasons.  The major contribution to cost decline is improved factor productivity of airlines.  Airlines get more efficient, scheduling airplanes more intensely, supporting sales and services with computer systems, and generally improving processes.  Airplanes also get better in terms of fuel, maintenance costs, reliability, and even cost-increasing qualities such as lower noise and better safety.   All these improvements are beyond the scope of this paper.

Minor cost changes have come from using different sized airplanes and flying those airplanes on longer stage lengths.  These savings can be estimated.   Generic airplane cost functions (Adler and Swan, 2002) were applied to the various stage lengths and airplane sizes listed in published schedules.  Between 1985 and 2000, average stage lengths (airplane-kilometers/airplane departure) have grown from 1048 to 1321, while average capacities (seat-kilometers/airplane kilometer) declined from 192 to 187.   Longer stage lengths reduced cost.  Smaller airplanes increased cost.  The overall cost reduction was 0.4% a year between 1985 and 2000.  This number is based on characteristics of the schedule alone.  This cost would be saved without airlines getting more productive in airplanes and personnel.   They come from the different mix of trips.  The change is analogous to yield reductions from different mix of trip length and leisure tickets sold, rather than a reduction in prices.  The data from these experiments on various schedules is presented in table 2 below.
For the world entirely, cost per kilometer has gone down 0.4%/year.  The savings of increasing stage length outweigh the expense of smaller airplane sizes.  Reductions are noticeable in Europe, where stage length changes are large.   However, European statistics are biased by addition of Soviet destinations and of charter schedules to the regional totals.   Both of these are longer haul markets, so calculated stage length growth does not apply to a consistent set of markets.   Outside of Europe, changes up or down are small.  

Table 2: Costs Change as Schedule Mix Changes

	
	ASK

$/yr
	1985

Stage
	2000

Stage
	1985

Seats
	2000

Seats

	World
	-0.4%
	1048
	1321
	192
	187

	N.America
	-0.4%
	921
	1148
	155
	140

	Atlantic
	0.3%
	6667
	6932
	320
	281

	Pacific
	-0.0%
	7772
	9150
	347
	346

	Europe
	-0.9%
	643
	821
	145
	138

	Asia
	-0.3%
	843
	939
	241
	220

	Asia-Europe
	0.1%
	8928
	9395
	362
	336

	Other Long
	0.2%
	5104
	5805
	302
	274

	Other Short
	-0.3%
	1103
	1285
	190
	171


These values are for comparison to the price reductions and yield reductions that are the focus of this paper.  The conclusion is that schedule-based cost savings do not explain price declines, particularly when matched to specific traffic flows.

Conclusions

This discussion focused as much on the yardstick, rather than the measured values.   However, industry observers have relied on the metric of average yields for decades.  Yields have overstated price declines, and therefore they have biased the assessment of price elasticity downwards.   Yield declines can come from declining prices.  However, changing to more long-haul travel can cause report yields to decline even when prices are not changed.  Furthermore, yields combine fares for at least two different products: the business and leisure tickets.  Changing to more sales of leisure tickets will also reduce yields, with fares not changed.  

Data suggests that leisure prices have been going down, while business prices have not, as close as we can measure.   Discussions of industry trends should probably take these adjustments into consideration.

Finally, price elasticities calculated from changes in system yield and traffic are misleading.   The author’s experience has been that a better arena for estimating price elasticity is the relative growth of different markets at the city-pair level.  Fortunately such data does exist, at least for US markets.
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� Price elasticity ε  defined for Price P and Demand D as ε = (δD/δP) · (P/D), using customer fares for price in this case, with taxes.  The “desert island” economists use after tax yield to represent price.





� Simple mathematical average of fares paid.  Data handling details are discussed below.
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