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Abstract

Data convincingly shows that turn times are longer for larger airplanes.  This is true even if one corrects for the correlation between airplane size and flight distance.  Turn times are also longer following longer flights.  Lower turn times for smaller airplanes allow more trips per day, and therefore partially offset higher seat-trip costs.

Introduction

The airline industry commonly feels that larger airplanes “turn” in more time than smaller ones.  By “turn time” the industry means either the normal or the minimum time it takes between arrival and departure times.
There are four reasons turn times get longer.  It could be that with more people, it takes more time to load and unload.  It could be that longer distances mean more cleaning, fixing, and preparing.  It could be that longer distances require more buffer time between flights because of higher uncertainty in arrival times.  Finally, it could be that it pays a lot to reduce turn times for short-haul operations, but time and utilization pressures are less for longer flights.  

Airplane design can aspire to reducing large airplane turn times, if turn times are longer for larger airplanes because of the number of passengers.  One can imagine more doors, wide aisles, easier bins, or differing seat layouts affecting load and unload times.   If, on the other hand, longer flights are driving to longer turn times, then the association between long flights and large airplanes is causing a false indication that larger airplanes turn slower.  In this case, it might be that large airplanes would turn fast when they are used for shorter flights.

Data

There is a plethora of data on turn times easily available.  Published schedules include the “turn” times for any though flight.  Through flights are one-stop flights using the same airplane and flight number.  The time on the ground at the stop is one data point for “turn time.”  Throughs represent fewer than 20% of the “turns.”   However, through flights are the tight turns.  Other turns include waits on the ground for overnight maintenance, or simply to have a better arrival time for the outbound flight.   A “through” turn is by nature a turn designed to be as tight as is convenient.  The samples used for this study were the May 2000 schedule and the August 2001 schedule.  Figure 1 shows that turn times have a trend that rises with seat counts.  The trend line here is that turns average 30 minutes plus 14 minutes per 100 seats.
The data for Figure 1 are the average seat counts and turn times from the through flights in the May 2000 schedule.  Each point is an airplane type (e.g. 737-300, 767-200), and all airplanes with at least 24 turns in the world schedule are included.


Figure 1:  Turn Times Rise with Seat Count
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Similar results occur using the 25%ile, 50%ile, and 75%ile turn times and requiring at least 100 points for each airplane type.  The three trend lines are nearly parallel, which means they have roughly the same slope of increase in turn time with increase in seat count.

Turn times also rise with distance.  The trend line is that turn time is 23 minutes plus 35 minutes for every 1000 statute miles of distance.  This is shown in Figure 2 below.  The distance used here is the distance of the inbound segment.  Instead of average values, Figure 2 used the median distance and turn times for each airplane type.  Details of measurement are not important.  Figures 1 and 2 merely illustrate that turn times rise with either seats or distance.  Later analysis will study the combined effects.  This section merely characterizes the data in a general way.  It also motivates the detailed question: how much does turn time depend on airplane size, and how much on distance?

Figure 2: Turn Times Rise with Distance
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Analysis

Quick plots of averages of turn times, distances, and seat counts motivate more careful analysis. There are over 12,000 data points.  Regressions of turn time against both distance and seats find significant and stable estimates, even though there is a great deal of variation left unexplained.
The central case involving all valid data points produced the following results:

Define S = airplane seat count, as provided by airline and airplane type

            D = the distance in stature miles of the flight segment preceding the turn

            T = the turn time, in minutes

Then 



T = 24 + 0.115 · S  +  0.0142 · D

This says that turn times are equal to 24 minutes, plus 11.5 minutes for every 100 airplane seats, and 14 minutes for each 1000 miles of average stage length.  This means a 100-seat airplane with a 1000 flight turns in 46 minutes.   A 200-seat airplane on the same route would seem to need 57 minutes, and a 400-seat airplane would require 74 minutes.  A 3000-mile transcon would require almost half an hour more time.
The coefficients were strongly significant.  T-statistics were about 20.  However together they explained only 11% of the variance in turn times.   Values for seats and distance were better correlated with each other than with turn time.  The turn time correlations were just over 25%, while the correlation between capacity and distance was 46%.  This meant that either variable alone could explain ¾ of the variance that both together covered.  It was well there were lots of data points, so that the values for each could be convincingly established.

Similar regressions were run with similar results on a host of variations of the data set.  This tested the durability of the fit.  Limiting distance to under 5000km (3100 miles) made little difference.  Removing flights too short to reach cruise altitudes (under 500km, or 310 miles) made little difference.  Removing US flights did not matter.  US flights alone produced a slightly stronger seat-dependence.  This could have been the influence of tight turns performed by Southwest Airlines emphasizing speed for smaller airplanes.  The only test that failed was to isolate long-haul (over 500km, 3100 mi) flights.  This left only 350 data points.  The coefficients changed value and were not statistically significant.  Tests on August 2001 data confirmed all these results.
Discussion

Slower turn times translate into higher cost operations.  There may be extra gate and handling costs, as utilization of facilities and personnel is longer.  At the minimum, airplanes that turn faster make more trips per day.  One formula for trips per day is
For D = flight distance

And W = work rate in trips per day

          W = 12.5 / (D/500 + 1.5)
In this formula, the value 1.5 corresponds to the sum of turn time and takeoff-and-landing cycle time.  If that 1.5 corresponds to a 150-seat airplane, then longer times correspond to larger airplanes and shorter to smaller.  The resulting work rates for an 800 mile average stage length are given in the table below:

Table1: Work Rates Change with Size
	Seats
	Relative Work Rate

	100
	103%

	150
	100%

	200
	97%

	300
	92%

	400
	87%

	550
	80%


Ownership costs are roughly 25% of airplane operating costs, so one quarter of the work rate differentials translate into savings in operating costs.  In the case of moving from 150 to 300 seats, the operating cost savings based on equal work rates would be 20%.  This is the reduction in per-seat costs.  However, with an 8% worse work rate and a quarter of that trickling down to total cost, the 20% reduction becomes an 18% reduction.  
Conclusions

Data suggests that turn times increase with seating capacity, at least as a descriptor of current world airline operations.  The direct cost effect from lower work rates is modest.  It counteracts about 10% of the cost savings with size that occur in short haul operations.  Indirect cost savings in gate and personnel would add to this.

 Analysis involved regressing turn time against distance and seat counts.  R-squared values for these regressions were quite low.  This indicates that there is a great deal of unexplained scatter in turn times.  However, with 6000 data points, there is a great deal of confidence that the part of the scatter that is explained by seats and distance is not a coincidence.  Chances were always less than 1 in 10,000.
The best regression prediction of turn time was against the total distance of both inbound and outbound legs in the turned flight.  This implies that some of turn time depends on cleaning after a long flight, and some depends on preparing for one.   
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