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Abstract   Aircraft noise is characterized by intermittent noise events which vary in
number and level from day to day, from one season to another, and usually show a
gradual increase of the number of flights and a gradual decrease of the LAeq from year
to year. Since a real or expected step change in aircraft noise often causes strong change
reactions  in  residential  areas,  which  cannot  be  predicted  by studies  in  steady-state
conditions, it is necessary to distinguish between gradual and step changes in aircraft
noise. The paper discusses definitions of step changes from the perspective of residents
with respect to (1) the mean LAeq for day or night, (2) statistical considerations, (3) the
time  history  of  changes,  (4)  the  total  number  of  aircraft  operations,  and  (5)  the
distribution  of  aircraft  operations  during  the  day  or  night.  It  is  concluded  that  a
significant step change in aircraft noise can occur even in situations with no overall
change in noise levels - simply by changing the distribution of flights between day and
night, or within daytime or night time hours. 

1. INTRODUCTION: CHANGE CONSIDERED IN TERMS OF INTEGRATED
NOISE LEVELS

A step change in noise is often defined by means of long term noise level descriptions which
consider the change in noise energy integrated over a certain time. That is, a step change is
seen in terms of integrated noise levels,  such as the LAeq, DNL, LDEN etc.  For instance,
Horonjeff & Robert (1997) discuss two approaches: one is based on the absolute difference in
the long term average exposure levels before and after the change; the other is based on the
difference in  the long term averages compared with the normal  day to day variability in
exposure levels. Fields, Ehrlich and Zador (2000) also define a change in terms of exposure
level, and so do several public authorities all over the world. For instance, in the German
noise  legislation,  a  change  in  noise  exposure  is  usually  defined  as  a  change  in  energy-
equivalent  noise  levels  in  the  order  of  3  dB (Deutsche  Bundesregierung,  16.  BImSchV,
1990).

The somewhat  arbitrary 3 dB rule is  supported  by a  few aircraft  noise  studies  at
airports that underwent a step change (cf. Fidell, Silvati & Pearsons 1998; Fields, Ehrlich &



Zador 2000). Step changes below the level of 3 dB sometimes are not noticed by residents,
because they fall into the usual variation of day-by-day variations of aircraft noise levels.

2. STATISTICAL CONSIDERATIONS 

Airport operations are neither constant from day to day nor from month to month or year to
year. As mentioned before, one approach to define change is based on the difference in the
long term average levels compared with the normal day to day variability in exposure levels.
This approach assumes that the detection of a change in aircraft noise requires knowledge
about the distribution of noise levels over a certain time period. It also assumes that a change
will  be  detected  only if  the  distribution  of  noise  levels  in  a  certain  time  period  differs
significantly from the distribution of noise levels in a reference time period. Based on Signal
Detection Theory, this approach assumes that residents know about the general variability of
noise levels over time and will react to the change in noise levels only if the distribution of
noise levels leaves the normal (and varying) range of levels. The theory does not specify the
time period of observation, i.e., it can be applied to days, weeks, months, or years, provided
that the observation periods are comparable.

The theory was proposed under the assumption of steady state conditions, i.e., under
the assumption that the variability of noise levels during the two observation periods reflects
a  random distribution of  numbers  and levels  of  sound events  without  a  general  trend of
increase or decrease in sound levels or numbers of events within each time period. The model
may be modified in order to reflect the possible trend of sound levels or numbers of events
within  each time period,  comparing the  variability of trends  in one time period  with the
variability of the reference period. The modified model will not detect a change in the case of
constant trends.

3. THE TIME HISTORY OF CHANGES 

Most international airports show a gradual increase in the number of aircraft movements in
the long run, and many show a gradual decrease in overall sound energy levels in the last
years. Some airports introduce a step change (e.g., by opening a new runway, or changing the
main flight path) from one day to another. Both types of change have different consequences
for residential noise annoyance. In addition, the selection of time slots for measuring change
reactions does affect the height of recorded annoyance reactions.

The gradual change of noise may cause no effect at all when annoyance is measured in
two directly adjacent time slots. In this case, the gradual change in noise levels and numbers
of events may be too small in order to be noticed by residents. On the other hand, if we
compare two time slots separated by some months or years, even gradual changes of the noise
situation may lead to a significant change reaction - depending, among other factors, on the
amount of “objective change”. 

The  step  change  of  noise  may  cause  an  effect  on  residential  annoyance  when
measured in two directly adjacent time slots, depending, among other factors, on the amount
of “objective change”, and the position of the measurement times with respect to the step
change  on  a  time  scale.  Given  a  sufficient  “objective  change”,  the  average  residential
annoyance will change too, but the amount of annoyance change will depend on the relation
between the point of the objective change and the points of the annoyance measurements on
the time scale. 
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Figure 1: Relation between average residential annoyance and changed noise levels on a relative time scale.

Figure 1 depicts the expected relation between noise levels and average residential annoyance
in  a  step  change  situation.  Please  note  that  the  annoyance  increases  even  before  any
“objective change” has taken place. This has been observed at Sydney Airport (Hatfield et al.
1998), and is supposed to work at Schiphol and Frankfurt/Main airports too. Please note also
that the average annoyance is expected to show its maximum at the time of the introduction
of the step change, and decrease afterwards. There seems to be no hard data indicating the
point in time when the change reaction comes to an end.

4. THE TOTAL NUMBER OF AIRCRAFT OPERATIONS 

It  has  been  mentioned  before  that  international  airports  tend  to  increase  their  activities,
mainly by increasing the number of flights. This can be done without increasing the overall
noise levels, provided that the proportion of noisy machines in the total amount of machines
is diminished. I suspect that residents react to this kind of change, and it may be the reason
why we can observe an increase in average residential aircraft noise annoyance over the past
30  years  (Guski  2003)  at  comparable  overall  energy-equivalent  sound  levels.  To  my
knowledge, there is  no empirical  study on the effects of changing the number of aircraft
operations without  changing the overall  integrated sound level,  but  we all  know that  the
average transportation noise annoyance in residential areas can be reliably predicted either by
integrated sound levels or by the number of loud events. Both variables show nearly the same
degree of covariation (cf. Guski 2001). It is expected that a significant change in the number



of aircraft operations will  have a significant effect on residential  annoyance. Therefore, it
should be considered in (prospective or retrospective) evaluations of change. 

5. THE DISTRIBUTION OF AIRCRAFT OPERATIONS OVER TIME 

Even if the number of aircraft operations and the integrated noise levels during daytime and
nighttime are kept constant, there is a chance that residents experience a significant change in
their  acoustic  environment.  Imagine an airport  that  decides  to  change the  distribution of
aircraft operations during daytime without a change in overall noise levels. The airport may
have an almost evenly distribution of aircraft operations during daytime (6 - 22 h) and now
decides to concentrate all flights during the so-called “shoulder hours”, i.e., between 6-9, and
19-22 h. This would neither change the LAeq, for day and night, nor DNL. But you may
imagine  that  the  change  in  the  distribution  of  aircraft  operations  will  cause  significant
reactions in the affected residential population around the airport. 

Figure 2: An equal number of lights per hour is redistributed.

Figure 2 depicts the possible redistribution of 160 flights during daytime: the morning and
evening hours  will  get  more  flights,  and  the  central  daytime hours  get  less  flights.  This
redistribution will not affect daytime LAeq, but it will affect the residents, because the will
receive up to twice the number of events exactly at those hours they usually spend at home.
The possible  redistribution  would increase the LDEN,  because  the evening hours  get  more
flights. But imagine a slightly different change that puts more flights into the early morning
hours and less into the evening hours: this operational change may not change LDEN. (This is
one of the reasons why some European countries hesitate to use LDEN for planning purposes).
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6. CONCLUSIONS

The usual conceptual approach to change that concentrates on integrated sound levels is only
one of several  possible approaches. It ignores the fact that the numbers of events and the
distribution of these events over time contribute to residential annoyance. It is proposed to
consider four combined aspects of change: 
1. the overall integrated sound levels for day and night in relation to their usual variability at

the specific airport, 
2. the time history of the change,
3. the total number of aircraft movements, and
4. the distribution of aircraft movements over the day resp. night.

These considerations imply that a significant change at an airport may occur even without any
change in overall integrated noise levels.

REFERENCES

[1] Deutsche  Bundesregierung,.  Sechzehnte  Verordnung  zur  Durchführung  des  Bundes-
Immissionsschutzgesetzes  (Verkehrslärmschutzverordnung  -  16.  BImSchV).  Bundesgesetzblatt,
Jahrgang 1990, Teil 1, S. 1036, 1990. 

[2] S.  Fidell,  L.  Silvati,  &  K.  Pearsons,   Noticeability  of  a  decrease  in  aircraft  noise.  Noise  Control
Engineering Journal, 46, 49-56, 1998.

[3] J.M. Fields, G.E. Ehrlich & P. Zador, Theory and design tools for studies of reactions to abrupt changes
in noise exposure. Langley Research Center, Hampton, Va.: NASA / CR-2000-210280, 2000.

[4] R. Guski, Community response to environmental noise. In: A. Garcia (Ed.):  Environmental Urban Noise.
Southampton : WIT Press, pp. 111-148, 2001.

[5] R. Guski,  How to predict future annoyance in planning? Proceedings of the 8th International Congress
on Noise as a Public Health Problem, Rotterdam (NL), Paper 85_t6a.pdf, 2003.

[6] J. Hatfield, R.F.S. Job, N.L. Carter, R. Peploe, R. Taylor  & S. Morell, S., Attitude-mediated reaction to
noise influences physiological responses: Evidence supporting causality. Proc. Inter-Noise'98, Paper No.
440, 1998.

[7] R.D.  Horonjeff  &  W.E.  Robert,  Attitudinal  responses  to  changes  in  noise  exposure  in  residential
communities. Hampton, VA: NASA CR-97-205813, 1997.


