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Abstract
Consolidation is a myth.  Data suggest that the airline industry is not consolidating.  Competition is either increasing or almost constant, depending on the type of measurement.   Hubs are here to stay.  A hub is an airport where many of the passengers are connecting to ongoing flights.   The reason hubs are here to stay is that half the O-D travel in the world is in markets too small to be served nonstop.   Fortunately, small markets are willing to pay.   Hubbed carriers’ economic strength is observable in the US ticket price data.  Growth has not lead to bigger airplanes.  The trend in airplane size has been flat to declining, since 1985.  The evidence is the same in all regions of the world and has been strong and persistent.   Smaller is good:  Big airplanes spend more time on the gate and turn slower, increasing system costs.  For small airplanes, value is created by frequency.  Noise is lower, per seat, in small planes than big.  Finally, congestion as a driver towards large airplanes affects only the smallest designs.  The share of the largest size shows significant decline.   Fares are declining very little.  Industry real yields have been declining at 2-3% a year, but cost savings do not need to match this pace.  Longer trips and leisure markets both have lower yields, so yield can change as the mix changes, even while fares are stable.   Data show flat business fares and leisure fares declining by 1% per year.  Cost savings continue to match the decline in fares.  Jets, high-bypass engines, revenue management, travel agency fees, and competitive wages have each had their turn in reducing costs.  Today’s focus is on industrial engineering airport processes.  Tomorrow may see more direct flight paths with fewer ATC delays.   Plan the future.  A trend is a projection of past developments.  A forecast is a trend where you know the reasons why.  A good forecast does not change the trend, unless it has a reason why the underlying causes are changing.  The future is different again from a forecast.  The future is what we try to make happen, after we understand how things work.

 Introduction

This paper presents data that clarify five common misunderstandings about how the airline industry has developed in recent decades.  The focus is on describing trends in route and fleet development world-wide.  The discussion ends with a simple wish—that projections for the future either respect recent trends or give cogent reasons for changes in them.  
Consolidation is a Myth

Data suggest that the airline industry is not consolidating, even though numbers of venerable airlines have disappeared through mergers or bankruptcy.  Failing airlines give the impression that the industry is loosing competitors.  Indeed, many airlines have either gone bankrupt or merged; 40% of the airlines flying in 1981 are gone.
  However, new airlines are being created at the same time.   Thirty percent of the 2001 ASKs are flown by airlines that did not exist in 1981.   Many more new airlines tried to start up.  Most fail, some remain small, and a few grow to become major players.  Overall, the industry renews itself by a birth-and-death process.  

Competition is either increasing or almost constant, depending on the metric.  For instance, the ASK share of the world’s top 10 airlines was only one percentage point higher in 2001 (42%) than in 1981.  At both dates the Herfindahl equivalent number of equal competitors (see below) was between 39 and 40.  The system was not as stable as this suggests.  The Herfindahl hit a low of 29 in 1992, and revisited 42 in 2003.  
A good technical measure of competition is a variant of the Herfindahl index.  The equivalent equal competitors, H, is defined as



H = 1 / ∑(Si2)     ( i                                                                                  (1)

Where Si is the market share of competitor i.  This is a nice, intuitive measure.  It gives the number of competitors when they all have equal share.   It gives values just over one when there is one dominant airline.  And it gives intuitive values in mixed cases.  For instance when there are two major competitors and several minor players the value will be between 2 and 3.  
The Herfindahl number of competitors for regional flows are more informative than the number for whole world.  World values are dominated by US carriers in early years and by the growing size of other regions in later years.  In Table 1 the first two columns give values treating the each region as a single market for ASKs, as a regulator might do.
  These show strong increases
.
Competition is alive from the passenger’s perspective as well.  The middle two columns give the (ASK-weighted) average value for airport pairs in the region.  This is the view from the passengers’ perspective.   On average a passenger has maintained a choice between two airlines in any particular market.
   
Table 1: Herfindahl Number of Competitors is Rising

	
	Region
	Region
	
	O-D
	O-D
	
	Pairs
	Pairs

	World Region
	1981
	2001
	
	1981
	2001
	
	1981
	2001

	All Schedules
	40.0
	39.1
	
	2.1
	2.0
	
	11944
	18786

	Europe Region
	19.6
	26.6
	
	1.7
	1.9
	
	2418
	5036

	Asia Region
	9.0
	16.5
	
	2.4
	3.0
	
	574
	1451

	N. America
	12.6
	10.4
	
	2.6
	1.7
	
	3518
	4424

	All Other Short
	51.5
	54.4
	
	1.8
	2.0
	
	4604
	6057

	Atlantic
	18.1
	21.8
	
	1.9
	2.0
	
	433
	906

	Pacific
	6.8
	13.1
	
	2.2
	2.4
	
	66
	177

	Europe-Asia
	2.6
	15.3
	
	2.0
	2.4
	
	4
	176

	All Other Long
	19.8
	26.3
	
	2.2
	2.0
	
	327
	559


Competition is also expressed as increased numbers of airport pairs served nonstop.  The last 2 columns in Table 1 show a pattern of fewer competitors per O-D airport pair in regions where route entry is more open, such as North America or the Atlantic, and more competitors in regions where entry is restricted by bilaterals between countries or regulation within countries, such as Asia or the Pacific.  This pattern is explained by the preference of airlines to avoid head-to-head competition in airport pairs and seek out new airport pairs of their own, whenever possible (ref 2).  Thus the number of airport pairs served has grown almost as fast at the ASKs, and it has grown faster in those flows where the number of competitors per airport pair has declined.
Hubs are Here to Stay

A hub is an airport where many of the passengers are connecting to ongoing flights, and those connections are the result of schedule arrangements either within one airline, within an alliance, or between airlines.   Over the last decade there has been persistent discussion of low-cost carriers as “point-to-point” carriers and characterization of bypass flying as “point-to-point” service.  These simplifications are misleading on two counts.  First, low-cost carriers serve a surprising number of connections.  Loads on the seminal Southwest Airlines are one-third connecting, while loads on US hubbed carriers are only half connecting.  And second, some low-cost carriers, such as AirTran and America West (now USAir), operate classical banked hubs.  So low-cost carriers are not purely point-to-point; they have lots of connections.  Even purists such as Ryanair and EasyJet have 15% connecting traffic.  In fairness, many low-cost carriers are point-to-point in less intuitive sense: connecting trips are charged a fare closer to the sum of the local legs’ fares.
The reason hubs are here to stay is that half the O-D travel in the world is in markets too small to be served nonstop.   Figure 1 shows the ASKs by distance broken out by whether the travel is nonstop, 2-leg connecting, or multiple connecting.
   The height of the bars shows the total amount of travel in the distance block, and shading in each bar shows the shares of nonstop and connecting tickets.  There is a peak of flying at distances near ¼  the way around the world, because the sphere is fattest there, offering more destination possibilities.  Distances beyond 9000 miles show little travel because the spherical world offers little surface area and fewer O-D pairs.  The very long travel is connecting because airplanes cannot fly that far nonstop yet.  However, the major point of figure 1 is that the bottom shaded ASKs, the nonstop ASKs, are less than half the total.  Most trips fly connecting.   On a revenue basis, connections are even more dominant.
Figure 1:  Most Trips are Connecting
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Most trips fly connecting because most O-D markets are too small to serve nonstop.  A rule of thumb is that an O-D market of 100 passengers a day has a 50:50 chance of enjoying nonstop service, almost independent of distance.  Figure 2 breaks out air travel by market size, and half the ASKs are from markets below 100 passengers a day.
  
Figure 2:  Most Travel is in Small Markets
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Helping passengers make connections costs money.  Hub carriers not only have to move bags and inform passengers, but they also have to schedule airplanes and facilities so that connecting times are reasonable.  All these things increase per passenger trip costs. 
Fortunately, small markets are willing to pay.  Fares
  in markets of 0-3 passengers a day are about $25 higher than in markets near 100 passengers a day.  In a larger economics sense, this can be interpreted in four ways.  Primarily, small communities may have lower housing costs or a nicer environment, compensating for higher transport costs.  Or second, small markets do not get offered very low fares, because the cost of service is too high.  Or third, small markets do not support competition, so airlines have greater monopoly pricing leverage.  Or fourth, small cities value air service highly as a requisite for being tied into world trade.  One way or the other, airlines serving small markets by consolidating flows through hubs can recover the added expense.  
Hubbed carriers’ economic strength shows ticket price data
.  Low cost carriers are in many major markets, driving heritage carriers to reduce prices and de-emphasize these flows.  This change in emphasis means that one-third of the revenues of heritage hubbed carriers is in markets under 100 passengers a day, which are primarily connecting.
  Only 10% of the revenues of low-cost carriers are in such small markets.   Hubbed carriers are living from the markets where they create unique value—the smaller O-D markets.  Furthermore, the low-cost carriers show an even higher premium in small connecting markets than the heritage carriers:  Markets below 3/day pay over $40 more on average than markets in the 100 passengers range (ref 3), according to low-cost carrier ticket price trends.  So passengers in hubbed markets are willing to pay, and airlines in hubbed markets are able to serve.  And half the travel is in such markets.  So hubs are here to stay.
Much of travel growth beyond GDP is in smaller markets.  The motivations for air travel growth according to the Boeing Market Outlook methodology are: world economic (GDP) growth, lower fares, more direct service, and increasing world trade.  The latter three motivations apply more in small markets than large ones.  Fares go down faster as markets move from 3 to 6 passengers per day than 30 to 60 or 300 to 600.  In fact, fares decline with the log of the market size (ref 5).   Also, service improvements are more significant for small markets.  Movement from 1 to 3 connections per day is more of an improvement in choice than movement from 10 to 30; and eliminating a connection saves more time than mere increases in frequency.  Finally, bringing small cities into world trade does more for their economies than increasing already adequate services in larger ones.
This pattern is reflected in the development of hubs.  Early route networks featured gateway hubs at the traditional and obvious major cities.  Later developments added secondary hubs at one or another of secondary cities.  These hubs bypassed connections that used to funnel through the gateway hubs.  An additional bypass market at a secondary hub has 1/3 of its loads getting nonstop service where connections over a gateway used to be, 1/3 of its loads getting single-connect service where double connects were the norm, and 1/3 of its loads getting new single-connect service in competition with existing gateway connections.  Thus, most of the loads from bypass hubs used to flow over heritage gateway hubs.  Added routes pull flows off the earlier high-traffic links.   This illustrated at New York’s JFK airport.  Scheduled jet departures peaked in 1973 and did not revisit this high until 2001.  At the same time, seats per departure were flat.  Similarly, the ASKs in the top 100 airport pair markets in the world in 1993 shrank by 8% by 2003, while world ASKs grew 50%.  This is the effect of diversion of connecting traffic to secondary hubs.
The newest development, continuous hubs, is happening in the US at both heritage carriers, by design, and low-cost carriers, by coincidence.  High-density hubs have 12 coordinated banks of flights per day, or more.  This means one bank of flights takes off while the next is approaching to land.  Another way to offer almost the same amount of connecting convenience is to run continuous interspersed arrivals and departures, rather than waves coordinated into banks.  Continuous hubbing at high activity levels makes some connections faster and some slower.  The average connecting times go up only slightly.  Meanwhile the costs go down, as tighter airplane turns lead to higher airplane and gate utilization.   So the evolution of hubs moves from gateway hubs, to bypass hubs, to continuous hubs.  And the low-cost carriers end up running continuous hubs and creating many connecting services, whether they facilitate them or not.
Growth has not led to bigger airplanes
The trend in airplane size has been flat to declining, since 1985 (figure 3).   It seems at first that bigger airplanes are better.   Both engineering cost-per-seat-trip and econometric airline costs show economies of airplane size (ref 6).  However this has not driven the industry to ever larger airplanes.  In fact, 50% of the growth in ASKs is absorbed in increased departures in existing markets, 41% by net added airport pairs, and 13% by increased emphasis on longer markets. All this adds up to 104% of the ASK growth.  Smaller airplanes explain 4% of the ASK changes

Figure 3:   Airplane Sizes have Not Grown as Forecast
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The evidence is the same in all regions of the world and has been strong and persistent.  Big markets do not mean big airplanes.  There is almost no correlation between seats per departure and seats per day in airport-pairs grouped by region or (long-haul) flow.  Yes, the longer the haul, the larger the airplane, but within a distance and regulatory regime, bigger markets do not use larger airplanes.  Nor do big airplanes persist in particular markets.  Within 4 years, the average seats per departure in an airport pair market has lost half its correlation with the initial year.  Markets with large airplanes get smaller ones, and vice-versa.  Nor are small airplanes used in new markets.  Average seats per departure are less than 5% lower in markets opened within 5 years than in markets that persisted through the period.   Nor do larger airports use larger airplanes on average, except for very small cities.  Among the top airports by region, those with greater departures per day actually run to slightly smaller average seats per departure.  Finally, high-growth airports do not grow their average airplane size.

Smaller is Good 
There are four things that drive growth away from larger airplanes.  First, big airplanes spend more time on the gate and turn slower.  This drives system costs--airplane ownership, gate rentals, and crew sit-time credits—up in a way that escapes capture by current engineering cost functions.  After adjusting for inbound trip duration, an airplane takes 1 minute 10 seconds longer to turn for every 10 extra seats (ref 7).  This translates into decreased airplane utilization (ref 8), as well as other cost increases. 
Figure 4:    Noise Per Seat is Higher for Large Airplanes
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The second driver toward smaller airplanes is the value created by new frequencies.  While larger airplanes can reduce airplane costs, reduced frequencies reduce travel value.  A lower bound estimate of the size of this effect is that cost savings of 1.5% a year are avoided as the competitive market rewards added services over lowered prices (ref 13).  Value can also be seen by measured fare premiums of $75 in the long haul and about half that in regional flying (ref 9). 

A third driver toward smaller airplanes is that they reduce airport noise.  The marginal increase in airport noise is lower for the same number of seat-departures using small airplanes rather than large.  This is true in terms of the allowable noise under airplane certification rules, and even more true for trends across best-of-size current airplane designs (ref 10).  A 300-seat airplane is allowed twice the noise-per-seat of a 150-seat airplane (four times the total noise), and trends show it being 6 times the total noise (figure 4) in practice.

Fig 5: Congestion Affects Small, Short-Haul Operations
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Finally congestion as a driver towards large airplanes is a mixed influence.  Congestion does not drive networks towards large airplanes, at least across long-haul services.  The share of 747 operations at major congested airports has declined over the last 20 years (1985-2005).  The average share across NRT, HKG, HND, JFK, PEK, LHR, AMS, CDG, FRA, LGW, LAX, SFO, and ORD has gone from 19% to 9%, with declines at every one of these airports (ref 3).  The only observed adjustments in congested airports seems to be a movement of small, short-haul services (110 and 150 seats) to slightly larger airplanes (150 and 200 seats), as seen in figure 5.
   The share of the largest size shows significant decline.

Fares are Declining Gracefully
Industry real yields have been declining at 2-3% a year, but cost savings do not need to match this pace.  As with so many economic discussions, this is more about the measuring technique than the phenomenon being measured.  Yield is the average revenue per kilometer for air travel.  Longer trips and leisure markets both have lower yields and both have lower costs.   Trends have been towards both longer trips and a high leisure mix,
 but these are matched by intrinsically lower costs per passenger kilometer.
Longer trips have lower yield because fares have a per-trip component that is about 1500 kilometers.   So the longer the trip taken, the lower the yield per kilometer, even if fares are unchanged.
  Some of the decline in yield are people are taking more long trips 
Even more misleading is that yield is a mix of high-quality business travel and lower-cost leisure travel.  The high-quality travel requires more space on the airplanes, higher frequencies, lower load factors, and more service labor.  In short, it costs more.  The same airplane and factor input costs would have half the cost per passenger trip, configured for a leisure market.  What has happened in the last 30 years is that the mix of full-fare travel and leisure fare travel has moved from 2/3 full fare to 90% leisure.
  This change in mix of fares changes the measured yield, even when the fares choices in individual markets are not changed.

Data show flat business fares and leisure fares declining by about 1% per year.  This is based on US data.  The wonderful thing about US yield data is that it is backed up by ticket data giving the fare distributions by airport pair.
  US domestic data is public and allows detailed research into trends in fares.  Taking the 90th-percentile-fare as the “business fare” and the 25th-percentile fare as the “leisure fare,” we see what has happened to yields.  Business fares have been almost constant, in real terms.  Leisure fares have declined at 1% per year, while the mix necessary to algebraically “get” the average has risen.   The result is that fares have declined at under 1% per year (ref 12).
The result of adjusting yields for mix of distances and mix of full-fare and leisure-fare usage means fares have gone down at a rate under 1% per year, in the sense that airlines needed to lower costs by that much to match.  This is a fairly graceful decline.   Manufacturing industries can show declines of 3% per year in prices, but service industries more normally improve by only 1% per year.  The requirements for airlines match service industries.
Cost Savings Keep Coming

Cost savings have matched the 1% annual decline in fares.  How have they done it?  Fig 6 suggests that each new decade has brought cost savings from a different aspect of airline costs.  The 1960s enjoyed the movement from props to jets.  The 1970s gained from larger planes with higher-bypass ratio engines.  The 1980s saw the large movement to discount tickets, higher load factors, and revenue management systems.  The 1990s had the internet and the demise of travel agency fees.  Since 2000 in the US at least, gains have come from competition with low-cost carriers forcing wage reductions and work rule changes for union labor to free-market levels. 
Figure 6: Cost Improvements Keep Coming
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The cost savings of the next decade are already started.  The low-cost carriers have begun the focus on reducing costs for originating a trip.  They have done the industrial engineering on airline activities at airports, simplifying check-in and boarding, and they have decreased ground times so that airplanes, gates, and personnel are more productive.  This is likely to continue and to extend itself more broadly at the airport and beyond the airline.  The airport has been said to be “everybody’s interface, nobody’s system.”  However, system costs can be reduced if the players signal with appropriate marginal cost prices.  This will lead to putting more people and more airplanes through the airport faster.  Facility productivity in this sense will also mean faster trips for the passengers.  Air passengers have always valued time savings.  
In the more distant future, cost savings may come from ATC (Air Traffic Control) improvements.  Fuel costs and climate change constraints will continue to ask for an ATC system with direct routings, and fewer queues.  The history of airline costs has been that wherever someone has carved out a nice, protected, high-priced way of doing business, eventually the industry finds a way around them.  Planes half-empty with piano bars are gone.  Travel agents and their 10-15% of the ticket cost have vanished.  Pilots that flew 45 hours a month at wages greater than senior management are history.   Airports with lavish facilities and grandiose terminals are redesigning their operations.  And nationally planned, balkanized ATC systems likely will find a way to reduce waste, improve costs, and give efficient price signals.
Plan the Future

This paper has been about trends in the development of airline industry systems: routes, fleets, and prices.   When looking toward the future, a trend is a mere projection of past developments continuing.  The examples say that intuitions about trends should be checked  against data, because a good many of them prove incorrect.
A forecast is different from a trend, even when the values and lines are the same.  A forecast is a trend where you know the reasons why things went the way they did.  It involves understanding and calibrating causal relationships.  That is, testing models against historical data, as we have tried in this paper.  The great value of a forecast over a trend projection is that it can change direction.  If the underlying causes change, the forecast changes.  At the very least, the understandings from a forecast tell you where to look and what to look for when things start to change.  Certainly a forecast should not call out a change the trend without explaining why.
A forecast is different from a wish.  A forecast first understands trends, then it moves them forward.   A good forecast does not change the trend, unless it puts forth a convincing reason why the underlying causes are changing.

The future is different again from a forecast.  The future is what we try to make happen.  If a forecast understands what has caused past trends, then an act of will can direct efforts to the underlying causes and make new trends.  The best example of this is the development of secondary hub airports.  A good-sized destination city, with a reasonable geographic location, can make itself into a hub and compete, if the facilities are well-designed, costs are reasonable, operations are well-run, and if no other secondary hub has already claimed the territory.  Some hubs are born lucky, some hubs are started early, and  some hubs have great air service only because they made their future by acts of will.
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� This statistic is measured by worldwide scheduled ASKs (Available Seat Kilometers) with August 2001 as the end date, to avoid complications from the September 2001 downturn.   The year 2001 is before much of the recent upsurge in low-cost startup carriers.





� World and Regional indices are calculated using airline total ASK shares in the world, or region.


� The exception is North America, where competition increases can be seen at the passenger origin-destination (O-D)  pair level but not at the airport-pair level.


� A more detailed discussion of these values is available in ref 1.


� US domestic travel is not included in this count, because it overwhelms shorter ranges.


� Estimates for individual O-D passenger market sizes is proprietary, from Seabury Airline Planning Group.  Ref 3.





� US domestic data is the only publicly available data with either actual fares paid or actual O-D market sizes.  However, the US market is generally held to be the direction other world markets are likely to take as they become increasingly deregulated.


� See previous footnote.


� Regional travel has more direct service than world totals, including longer hauls.


� In fig 5, the increase in regional jets (<90 seats) is due to substitutions of 70-110 seat operations with multiple 50-seat operations in the US.  This is driven by union wage exceptions for 50-seat jets (ref 11).


�  World-wide.  European short-haul has been recently stimulated by low fares.  The effect on the yield statistic is mixed, since even low short-haul fares are reasonably high-yield per kilometer.


� Longer trips have higher fares, but lower yield.


� This is the mix of fares used.  The mix of trip purposes has changed much more slowly.  However, business trips taken at leisure fares are served with the same cost advantages as pleasure trips.


�  US domestic data is publicly available and has fares actually paid and numbers of passengers paying for each origin-destination airport pair..  The only public data for the rest of the world is regional average yield levels.  However, the US is generally held to indicate the direction the rest of the world is moving towards.  And non-public data from other competitive markets agrees with these trends in competitive markets..





