Fewer Departures Mean More Noise at Airports
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Abstract

The combination of certified noise limits and departure caps at airports moves airlines to use larger airplanes and lower frequencies to serve travel demand.  However, the best available measures of noise annoyance suggest that large airplanes contribute more annoyance per passenger carried than more flights with smaller airplanes.  These observations hold true based on allowable certificated noise levels.  They are even more true based on trends in actual noise outputs.  The conclusion is that moving to smaller airplanes and more frequencies, particularly within the larger long-haul fleets will reduce noise far more than departure limits.  If these results prove true, market mechanisms based on contribution to noise annoyance is an effective way to reduce ground impacts.  The current pattern of certification limits on airplanes and departure caps at airports may actually increase noise.

Introduction

Airport noise is unwanted sound where people live, on the ground.  Regulations aimed at reducing noise limit the noise output of airplanes under certification test conditions, and limit the movements at airports.  However, the combination of these regulations could lead to more noise on the ground, rather than less.  Market mechanisms based on the contribution to noise by each flight would result in significantly different and more effective solutions.

There are three common ways of measuring the loudness of a single airplane flyover, and even more ways of combining a series of flyovers into total noise annoyance at a spot on the ground.  However, all noise measures have similar construction:  Single events are measured by the logarithm of energy.   Total annoyance combines, weights, and adjusts component single events, but still uses the log of (sums of) energies as the basic form. 

This paper examines the combination of the most common of these measurements.  It relies on single event flyover noise measured in epndb, as for airplane certification.  It relies on DNL as a common measure of annoyance from a day’s worth of airport activity.  

Airplanes “pass” noise standards based on take-off, sideline, and approach noise measurements.  Bigger airplanes are allowed to make more noise than small ones.  Rules set in the 1960s recognize that larger airplanes carry more people and generally carry them farther, and therefore create more economic benefit.  On that basis, larger airplanes are allowed to make more noise
.  Total annoyance measures were developed later.  The results of this paper suggest that single-event noise limits make rough sense in the context of total annoyance.  However, where noise is subject to a total annoyance budget or taxed to reduce annoyance, current single-event limits are not perfectly efficient. 

The thrust of this paper is that the certificated noise levels for smaller airplanes have lower marginal contribution to total noise annoyance on a per seat basis than larger airplanes’.  This is a two-idea statement.  First, it focuses on the marginal contribution of one more departure to an existing level of airport annoyance.  This addresses improvements from existing levels of annoyance, rather than in isolation.  Second, it measures the marginal annoyance on a per seat basis.  This implies an attempt to deliver the same total air travel to the same destinations.

If existing measurements and calculations are valid, then airports would reduce total noise annoyance if they replaced large airplane departures with more departures using smaller airplanes totaling the same number of seats.  While people on the ground would hear more flights, those flights would be more than enough quieter to compensate.  In the limit, they are trading a series of infrequent roars for a nearly constant background buzz.  However, total annoyance measures are highly imperfect approximations, particularly with respect to trading off increased numbers of events with the noise of each event.  Another interpretation of the results is that existing total annoyance measures are not useful in setting goals to reduce annoyance.

Noise Rules for Airplanes

Most airports have greater problems with noise from take-offs than with side-line or approach noise.  Take-off noise is most important because it tends to be the loudest and to spread itself over the largest footprint beyond the airport.  To keep the discussion simple, this paper will focus on take-off noise alone.  The results generalize to noise at any point in the airport noise footprint.
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Noise rules limit the take-off noise as measured at a specific point under the climbout path of an airplane departure.  That point is 3.5 miles from brake release.   Figure 1 shows current stage 3 single-event noise limits for twin-engine airplanes on take off.  Louder noise is allowed for larger airplanes up to weights near the largest airplanes made.  Stages 1 and 2 were based on the similar rules, as are proposed future limits.  The differences are the decibel limits.  For example the next generation of noise limits will move the 4-engine limits down to the stage 3 twin limits, and reduce the twin limits by a similar amount.

Airplanes with 4 engines are allowed to make louder noises.  Substituting a 2-engine airplane with the same capabilities for a 4-engine airplane reduces noise, assuming both are at their respective noise limits.  This is an example of how noise standards set in an earlier day are not efficient in reducing noise annoyance.  The work in this paper explores a more subtle effect of these noise standards.  It will discuss standards within the context of the twin-engine limits alone.  Even within the twin-engine category, the certification standards are can be exploited to reduce annoyance.  
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Noise Annoyance near Airports

Noise annoyance at airports comes from not single departures, but from the cumulative effect of lots of departures at various loudnesses.  The most common estimate of annoyance is DNL.  The formula for DNL is:
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Where

N​s is Number of departures of airplane size s

epndb is the single-event noise level (with 10 added for night)

This paper calculates the incremental DNL annoyance for adding one departure.  This marginal departure annoyance is then divided by airplane capacity to get the marginal annoyance per seat.  Such a measure focuses on how to improve annoyance from an existing base of operations.  Improvements can be thought of as minimizing the total annoyance for a given schedule of seat departures, or maximizing the schedule of seat departures that can be delivered within a specified annoyance budget.  In either case, air travel is held to be a good thing, and noise a bad one.  The idea is to make efficient trade-offs between the two.

The ground rules for these calculations are simple.  First, airplanes are held to make take-off noise at the allowed certificated noise level.  Second, a simple transformation is made from airplane weight, which is the certification metric of size, to seating capacity.  Third, initial annoyance at an airport is calculated based on the distribution of sizes flown in existing schedules.  Finally, changes in this total for one departure at various airplane sizes are calculated.  This gives the marginal annoyance per departure.  All that remains is to divide by seats to get the marginal annoyance per seat.

Calculations use certificated noise levels instead of noise by airplane model in order to focus on the issue of noise as regulated instead of on the idiosyncrasies of particular designs.  Selecting the quietest design of a particular size is a worthy and effective way to reduce annoyance.  However, that is not the focus of this discussion.  Nevertheless, trends of actual noise levels reinforce the general conclusions, as will be shown later.  Figures 1 and 2 are for certification levels, not actual.

Figure 2 shows the translation of the stage 3 certification noise limits from limits based on gross weight to limits based on seats.  The points plotted are current production airplanes at the most representative combination of weight and engine options.  Seat counts are standard configurations.  The noise level plotted against seat count is the stage 3 noise limit for an airplane at that weight, not the actual noise for the model.  Real airplanes have been used to translate the noise limit rule from a rule based on gross weight to a rule based on seat count.  However, it is the noise rule and not real airplanes that is being modeled.  The result is a simple linear relationship between airplane seating capacity and allowable noise.  This allows single-event noise levels from Figure 1 to be replotted on a per seat basis.  For this work, the solid line in Figure 2 is used to represent the single-even noise limits.
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Example Based on a Typical Airport

Total annoyance is based on activity at Amsterdam’s airport, Schiphol.  Amsterdam was chosen for three reasons.  First, it is a typical of large hub airports in its combination of large and small, short and long operations.  Second, its mix of airplane sizes is very similar to the mix of departures in total the world over.  Amsterdam is very like a 1% sample of worldwide departures.  And third, Amsterdam is one of the most studied noise environments in the world.  Regional authorities respect both the value of air transport and the social cost of noise.  There is a long history of meaningful discussion of tradeoffs.   The community of Amsterdam is a leader in thinking through the management of noise and air service.  

Marginal annoyance comes simply from recalculating the total annoyance with one added departure of a specified airplane size.   The starting position is the departures by size at Amsterdam for a typical day in 1999.  The increase in DNL annoyance over the base is the marginal annoyance per departure.  All that remains is to divide be seats to get the per-seat annoyance.

The conclusions held over a broad variety of starting positions of base annoyance totals.  Essentially, the starting position noise level does not drive the conclusions.

Results

The results are presented in figure 3.  Large airplanes make 2-3 times the annoyance per seat as small airplanes.  This is surprising and not intuitive.  Many attempts to limit airport noise have set departure limits instead of annoyance limits.  Figure 3 implies that if airlines respond to departure limits by reducing departures but try to hold air service constant by moving to larger airplanes, the noise problem will get worse.  On the other hand, efficient use of an annoyance budget drives airports to creating a constant background of quieter departures using small or medium sized airplanes.   In contrast, efficient use of a departure budget drives airports to creating louder noises, slightly less often.  A binding departure limit results in more annoyance, not less.
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Discussion 

These results are even more solid based on trends of actual noise rather than certification noise limits.  Figure 4 compares the relative per-seat annoyance of small and large airplane based on a trend of single-event levels made in certification tests.  Larger airplanes in general push the limits harder than small ones, so the conclusions are stronger based on trends of actual noise than based on noise rules.  On the other hand, a similar calculation using another common annoyance measure (NNI) reduced the advantage of small airplanes.  With NNI, the larger airplanes are only twice as bad per seat as smaller ones, rather than 3-4 times as with DNL.  Furthermore, the minimum annoyance contribution per seat comes at 170 seats rather than 130.   Similar to the NNI results would be results with the seat counts for the larger airplanes modified to the higher-densities they might be configured to if used exclusively for short-haul operations.  None of these changes alters the basic conclusion that the noise limits for airplanes between 100-200 seats produce a nearly constant incremental annoyance per seat, while larger airplanes are allowed to add more annoyance per seat.  

Trends and rules obscure the point that there are certain model types that are very far below both trend and rule.  For instance, there is one new long-haul twin design that matches the better smaller airplanes in marginal annoyance per seat.  On the other hand, the large 4-engine airplanes are allowed 5db more noise than the rule used in this presentation, and their actual noise closely approaches the allowable limits.  

[image: image5.wmf]Figure 3 : Noise per Seat is Lowest for Small 
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There is at least as much to be gained in reducing annoyance at an airport by selection of quiet airplane models as there is by moving to smaller airplane sizes.  However, that is a topic for other research.  The contribution of this study is that increasing departures using smaller airplanes may reduce annoyance while producing the same amount of air travel.  

For the last 15 years almost all growth in air travel has been accommodated by increasing numbers of departures rather than by moving to larger airplane sizes.  This is true over all regions of the world and all travel flows.
  Most airports have seen a decline or at most a very small increase in seats/departure, while travel has more than doubled.  This has happened in spite of the fact that larger airplanes have lower seat costs.  The main reason this has happened is that air travelers are willing to pay for the increased destinations without connections and more time-of-day choices. 

Providing service with more departures instead of larger airplanes has been great for noise annoyance.  Annoyance would be twice as high had larger airplanes been used instead.  However, this benefit is not widely known.  

Airport communities commonly discuss departure limits as a way to limit annoyance.  This work suggests that limiting departures would increase noise annoyance rather than decrease it.  Trends would suggest that departure limits might also be associated with lower airline costs and fewer competitive services as incumbent airlines dominate with ever larger equipment.  In short, departure limits benefit dominant airlines and reinforce local monopolies.  True annoyance reduction may be forced to market-based annoyance pricing or some close approximation, if it is to succeed.

These results are tantalizing.  They say intuitive constraints designed to reduce noise may end up increasing it.  However, intuition deserves respect.  Counter-intuitive results deserve deeper examination than intuitive ones. These results should be pursued in two directions.  First, the transform between certificated noise measures and noise on the ground in actual operations deserves investigation.  If large airplanes make less noise in practice than they do in certification, this could change the answer.   Second, annoyance at one point is not annoyance in total for a community.  The sum of annoyance over the entire off-airport footprint should be evaluated.  It may turn out that annoyance-weighted footprints for loud noises are less than annoyance-weighted footprints for lesser ones.  Less relative to the single-event values, that is.  However, this too would be counter-intuitive.  In any case, it should be the object of further work.  At present, all we can say is that either our certification limits and annoyance calculations are in error, or our regulations may be driving us to more noise rather than less.







� Conversation April 2000 with Prof. Robert Simpson, retired from M.I.T..  Prof.  Simpson took part in the creation of the original airplane noise rules


� See, for instance 1998 Current Market Outlook , Boeing Commercial Airplane Group
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