
SRDS Report No. RD-65-130 .

FINAL REPORT 7
SEVEN PARTS

) •Contract No. FA-WA-4409

Project No. 430-001-O1R

-NALYSIS OF COMMUNITY AND AIRPORT

RELATIONSHIPS/ NOISE ABATEMENT

DECEMBER 1965

-/ JPN3119067

Prepared for

FEDERAL AVIATION AGENCY

Systems Research & Development Service

by

BOLT BERANEK AND NEWMAN, INC. *

15808 Wyandotte Street
Van Nuys, California 91406

AML0



-1 SRDS Report No. RD-65-130

_ FINAL REPORT
SEVEN PARTS

"Contract No. FA-WA-4409

Project No. 430-001-O1R

* ANALYSIS OF COMMUNITY AND AIRPORT

RELATIONSHIPS/ NOISE ABATEMENT

DECEMBER 1965

Prepared for

FEDERAL AVIATION AGENCY

Systems Research & Development Service

by

BOLT BERANEK AND NEWMAN, INC.
15808 Wyandotte Street

Van Nuys, California 91406



FINAL REPORT

Contract No. PA-WA-4409

SRDS RIEPORT NO. RD-65-130

ANALYSIS OF COMMUNITY AND AIRPORT
RELATIONSHIPS/NOISE ABATEMENT

TECHNICAL REPORT: WORK ACCOMPLISHMENTS,

MAY 1964 TWROUGH APRIL 1965

December 1965

This report has been approved for general availability

This report has been prepar&od by Bolt Beranek and Newman
Inc. for the Systems Research and Development Service,
Federal Aviation Agency, under Contract No. FA-WA-4409.
The contents of this report reflect the views of the
contractor, who is responsible for the facts and the
accuracy of the data presented herein, and do not neces-
sarily reflect the official views or policy of the FAA.
This report does not constitute a standard, specification
or regulation.

BOLT BERANEK AND NEWMAN INC.
15808 Wyandotte Street

Van Nuys, California 91406



I
ABSTRACT

The seven parts of this report describe engineering
and research activities undertaken during the second
year of a two year contract directed towards gaining
a better understanding of Wb and how individuals and
communities react to noise, and toward determining the
feasibility of developing improved methods for pre-
dicting community response to noise, Part I discusses
the feasibility of improving methods for predicting
community response to aircraft noise and also outlFnes
noise rating procedures for aircraft and airports.
These procedures are outlined as aids in stimulating
development of aircraft and airports to minimize
community noise problems. The improvement of procedures
for accurately predictirn different degrees of community

I response in particular airport-community situations
does not seem feasible at this time. However, present
empirical methods for predicting community response to
aircraft noise provide extremely useful guides to typical
response expected from a broad sampling of communities.

Part II describes results of acceptability judgment
tests of aircraft noise conducted in the vicinity of
Los Angeles International Airport. These tests were
undertaken to determine if there were significant
differences in the judgment of the relative noisiness
of actual aircraft flyover noise compared with recorded
aircraft noise signals, and to investigate the
feasibility of developing a category scale of accept-
ability for aircraft noise. Part III describes results
of the applications of a decision-flow methodology to
analysis of seventeen case histories of community-
decision making. This study was undertaken to yield
a basic understanding of community-airport relation-
ships and of the methods for arriving at communityI decisions.

Part IV summarizes the results of noise reduction measure-
ments made in a number of school, motel, and residential
rooms, Parts V and VI present results of computer-aided
studies of the noise environment generated by jet
aircraft takeoffs. Part V discusses factors

I
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determining the time duration of takeoff noise signals,
particularly changes in time duration produced by
changes in aircraft speed. Part VI discusses variations
in aircraft flyover noise levels resulting from changes
in aircraft flight paths and in atmospheric sound
transmission characteristics, Part VII describes some
applications of methods for determining land use
compatability with aircraft noise, using the procedures
outlined In Part II oa FAA 31D Report rD-64-148.

I.I
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ANALYSIS OF COMMUNITY AND AIRPORT
RELATIONSHIPS/AOISE ABATEMINT

1.] TECHNICAL REPORT: WOR ACCOMPLISHqMITS,
SMAY 1964 THROUOH APRIL 1965

Problems of measurement of aircraft noise, and of predicting
individual and community response to noise, have been of
concern to many In this country and abroad during recent
years. During this time numerous studies of various aspects
of this noise problem have been undertaken. Previous
studies have investigated, in varying degrees of depth,
such aspects as: methods for reducing engine noise at
its source; laboratory psyohoacoustic studies of the
subjective ratings of aircraft noise; public opinion
surveys to gain Insight into the ways people feel about
aircraft noise; engineering techniques for describing
the noise environment produced by aircraft operations;
and methods for estimating ommunity response to different
degrees of noise exposure.

This projert has been directed towards gaining a better
understanding of why and how individuals and comnmitles
react to noise, and toward determining the feasibility
of developing improved methods for predicting comnmnity
response to noise. To meet these objectives, a minber
of different studies were undertaken, Involving several
different disciplines. The studies undertaken can be grouped
in terms of five general tasks, as stated in the contract
work stattment:*

1) determination of aircraft noise stimulus

I An additional task was orignall listed in the contract
work statement (Task No, 5), This task#involving
consulting effort not related to the major project
objectives, was later cancelled.

Preceding Page Blank
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4 2) determination of subjective ratings

3) analysis of overt actions and community action
potential

14) consideration of land use and zoning -- present
and potential

5) overall analysis and conclusions.

This report contains seven parts, each of which is
in essence a separate technical report containing infor-
mation applicable to onw or more aspects of the aircraft
noise problem. Additional project studies were reportedearler in FAA SRDS Report No. RD-6*-i48.

Part I of this report deals with Task 5 above, with
emphasis on the development of methods for predicting
community and individual response to aircraft noise
and suggestions for classifying aircraft and airports
from the standpoint of aircraft noise.

Part II of this report (describing work accomplished
under Task 2 above describes results of the judgment
tests of aircraft noise conducted in the vicinity of
the Los Angeles International Airport. These tests
were undertaken to determine if there were significant
differences in judgments of the relative noisiness of
actual aircraft flyover noise compared with recorded
aircraft noise signals, and to investigate the feasi-
bility of developing a category scale of acceptability
for aircraft noise.

Part III (undertaken as part of Task 3) describes results
of the application of a decision-flow methodology to
analysis of 17 case histories of community-decision making.
This study, applying modern techniques for investigating
public administration problems, was undertaken to yield
a better basic understanding of pertinent linkages between
communities and airports and of methods for arriving
at comnunity decisions,

Part IV of tMls report summarizes the results of some
physical measurements of aircraft noise made inside
and outside of a number of school, motel, and residential

-2-



rooms, This study was undertaken to gather technical
data for developing procedures for determining the compati-
bility of aircraft noise with different land uses in the
vicinity of airports. (These procedures were described

- * • in detail in Part II of SRDS Report No. RD-64-I14,8.)

Parts V and VI of this report present results of computer-
aided studies of the noise environment generated by Jet
aircraft takeoffs. Part V is concerned with factors

"* determining the time duration of takeoff noise signals,
particularly, changes in time duration produced by
changes In aircraft speed, Part VI is concerned with
variations in aircraft flyover noise levels resulting
from changes in aircraft flight paths and in atmospheric

o- sound transmission characteristics.

Part VII of this report describes briefly some applications
of the method for determining land use compatibility with
aircraft noise.

- *
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ABSTRACT

Review of the many factors influencing community response
to noise from aircraft operations indicates that it is
not feasible at this time to develop procedures for
accurately predicting different degrees of community
response in particular airport-community situations.
Unknowns in defining and evaluating the influence of
sociological and economic factors, imperfect under-
"standing of the decision makLrg processes in communities,
lack of development of explicit scales for rating
community response, and uncertainties in response
introduced by variability in noise stimuli and individual
reactions to the noise stimuli, limit development of
accurate procedures. However, present empirical methods
for predicting community response to aircraft noise in
residential areas provide very useful guides In pre-
dicting typical response expected from sampling of a
large number of communities,

Results from recent noise judgment tests generally
confirm the Composite Noise Rating (CNR) boundaries
defining the different zones of expected community
response in the existing procedures. The test results
also indicate that variability introduced-by lack of
correspondence between the perceived noise level scale
and subjective judgments of noise acceptability is not
limiting the accuracy of prediction procedures.

Noise classification procedures to be applied to both
aircraft and to airporte we suggested as aids in
guiding development of aircraft and airports to
minimize community noise problems. Standarized per-
ceived noise level contours form the basis of the
suggested classification procedures.

I
I
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I. INTRODUCTION

In this project, we have been concerned with people's
response to aircraft noise from a number of aspects
ranging from descriptions of the aircraft noise suimulus
and methods for simulating the noise stimulus for analysis
and prediction purposes to descriptions of community and
individual response to noise, and investigations of factors
other than aircraft noise that may influence response
of individuals or communities.

In Part I of this report we bring together results of
our investigations and of recent work by others to examine
the feasibility of improving methods for predictin*
"community response" to aircraft noise. We also outline
complementary noise rating procedures for aircraft and
to airports. These procedures are suggested as aids
In stimulating long range development of aircraft and
airports which will minimize community noise problems.

As other investigators before us have pointed out, the
problems triggered by intrusion of aircraft noise into
a community are complex. Much of our discussion in this
report involves considerable simplification in description
and analysis. This simplification should not obscure
the complexity of many of the factors involved in describing
aircraft noise and human reactions to noise. Some of
these complexities have been explored in detail in the
studies reported in other parts of this report or in
Reference 1.

Some of the factors uncovered in these other studies
are basic to understanding the discussion and conclusions
presented in the body of this report, Therefore$ we
summarize in Section II what has been accomplished in
the other project studies. This summary should be helpful
in understanding the discussion presented In Section III
and following sections of the report.

Preceding Page Blank
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II. SUMMARY OF MAJOR PROJECT STUDIES

Major project studies undertaken to accomplish the first
four tasks stated in the Preface to this report are
summarized in this section. This summary provides a
basis for the discussions to follow in the succeding
sections of this report. For a more complete descrip-
tion of any individual study, the applicable Part
of this report or of Reference 1 should be consulted.

A. DePterminaton of Aircraft Noise Stimulus

Development of computer-aided techniques for calculat-
ing and disp!aying measures of the noise environment
in land areas near airports received major attention
in this project. This development was undertaken to
make It possible to depict measures of noise exposure
for varied operational and geographical situations,
and to calculate variations in noise exposure result-
ing from differences in aircraft types, operational
procedures, or flight environment.

Although most of the calculations involved in
describing the noise environment at a ground position
under and near aircraft flight paths are not complex
in themselves, numerous and tedious calculations are
generally required when describing the noise environ-
ment existing over any substantial land area. These
calculations must then be repeated for any significant
changes in flight paths flight procedures, or air-
craft noise characteristics. Computer techniques
therefore provide a means for looking at a variety of
situations which could not conveniently be studied
by hand calculation alone.

The major computer programs developed under this project
are:

a) Calculation of common summary measures of
noise (PNdB, overall sound level, dBA or
sIn) from octave band noise spectra (common
or preferred frequencies),

"-2-



b) Calculation of areas from graphical data (maps,noise contours); display of graphical data to
abitrary scale.

c) Calculation and display of noise contours
(PNMB, SIL, etc.) for a simulated aircraft
flight.

d) Calculation of the time patterns of noise
exposure for arbitrary ground positions near
an aircraft flight path.

e) Calculation and assembly of the maximum noise
levels occurring at grid pointt (representing
ground positions near flight paths) during
a number of simulated aircraft f'lights;
calculation of common statistical measures
(mean, standard deviation, maximr.um) of the

-. noise levels collected at the grid points.

Table I lists the input and output information require-
ments for each of the programs.

The computer programs have been applied in numerous
project studies under this contract. In particular,
computer techniques have been used extensively in the
two studies reported in Parts V and VI of this report.
In Part V, the results of an investigation of the basic
parameters determining the time duration of aircraft
noise signals is described. Computer-simulated flyovers
of aircraft were utilized to determine the variation
in time duration of aircraft noise signals resulting from
typical variations in jet transport aircraft speeds
during takeoff. Part VI reports the results of an
investigation, by means of computer-simulated aircraft
flights, of variations in noise levels received on the
ground due to variations in aircraft flight paths and
variations in the sound transmission characteristics
of the atmosphere.

As will be stressed vigorously later in the report,
the variability in noise environment encountared in
actual airport situations, coupled with thn variability
in individual responses to noise, act to liL. " the
accuracy with which one may predict individual or community

S..response. Thus the investigations reported in Parts V
and VI provide background understanding of some of the
causes of noise level variability observed in actual
field situations.

-3-
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II
Early in the project many aircraft flyover noiseI I measurements were obtained underneath the landing and
takeoff path at the Los Angeles International Airport.
Analysis of the variability in flyover noise levels,
obtained from these measurements, has been helpful
is establishing the extent of noise environment
variability likely to be encountered in field situations.

11B. 122term=atn oC Subt.1ec~tgie &t

Considerable work has been done in this cotuitry in
developing scales for judging the relative acceptability
or noisiness of aircraft noise. This work has led tothe development of the perevd 4 os lee aW

Stmeasure of aircraft noise! However, most judgment
tests have been conducted in the laboratory with subjects
judging noise of recorded signals. Thus, it was felt
important to confirm, by actual tests, the applicability

-- of laboratory test findings to judgments of actual
flyover noise.

_, With well-advanced development of an objective rating
scale (perceived noise level) that corresponds well
with subjective indications of relative noisiness,
it appeared likely that this noise rating scale could

S..be used to determine the absolute levels of aircraft
noise which would be judged acceptable or not
acceptable by people. Recent tests in Great Britain
had suggested that such acceptability scales could
be established for vehicle noise and for aircraft
noise.

To meet these needs, the field judgment tests of
-- aircraft noise acceptability, reported in detail in

Part II of this report, were undertaken to determine:

a) if there were significant differences in the
judgment of relative noisiness between noise
produced by actual aircraft flyovers and by
recordings of aircraft noise

b) the feasibility of developing a category
scale of acceptability for aircraft flyover

-* •noise.

I]
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In the tests, subjects were exposed to noise from actual
aircraft flyovers and from recorded aircraft noise
signals. Subjects listened to approach noise and take-
off noise. In separate tests, subjects judged the
n=oie with regard to relative acceptability and with
respect to a category scale of acceptabilitz ("of no
concern," "acceptable," "barely acceptable,, and
unacceptable"). Judgments were made indoors and

outdoors.

Some of the teat results are quite significant to
the discussions to follow; they may be summarized as
follows:

a) no significant difference was found in the
Judgments of actual or recorded signals,
when judged on either a relative or on a
category basis of acceptability. This
finding thus confirms the value and sig-
nificance of many previous laboratory
experiments.

b) the feasibility of establishing a category
scale for Judging aircraft noise acceptability
was established.

c) considerable spread, (or variability) in
noise Judgments on a category scale was
observed. This variability, similar in
magnitude to that observred in the British
tests, tends to limit tie accuracy with
which we may predict group response.

d) analysis of the category judgment data
indicates that lack of agreement between
objective rating scales and subjective
Judgments is probably not the main source
of variability. Variability in responses
among subjects and lack of subject repeati-
bility are the probable major sources of
variability.

-6-



C,, Analysis of Overt Actions and Community Action Potential

Understanding of the complex linkages between the response
of individuals to aircraft noise (as uncovered by psycho-

* • acoustic tests or public opinion surveys), and various

- •- -. manifestations of community response and community actions
is incomplete and fragmentary. In the belief that the
application of modern techniques for investigating socio-
logical and public administration problems might yield
increased understanding of this phase of the noise problem,

- .* Professor Presont J. Lyden, Assistant Professor of the
Graduate School of Public Affairs, University of Washington,

* was asked to explore problems of community-decision making
with particular reference to airport and aircraft noise
problems.

It was originally planned to investigate decision making
by field interviews of airport and local government
officials directly involved in airport-community problems.
Pour communities located in widely separated geographical
areas were selected for initial study. The study could
not be undertaken, howaver, without approval of another
Govermnent Agency. and this could not be obtained.
Rejection of this approach by the sponsor led to an
alternate, less direct$ approach - the analytical investi-
gation of 17 case histories of community decision making
selected from the available literature in this field.*
In this investigation, reported in Part III of this report,
a "decision-flow" approach to the study of decision making
was adopted.

In this approach, the reaching of a public declsion (i.e.,
construction of a new airport. location of an expressway,
etc.) was analyzed in terms of the specific events-or
subdecisions which were classified and placed in time
relationship to one another. Each case was divided into
a number of subdecisions, with each subdecislon analyzed
In terms of a stimulus (reasons for the event)s response
(identifiable action), and consequences, which usually
provided the stimulus for the succeeding subdecision.
Initiators of actions and other participants in each
subdecision were identified and classified, as were the
major inputs of information used to arrive at decisions.

SSee Table I of Part III for the list of case histories.

-7-



The results of the study aid in our understanding of
ho owuamunity decisions are reachedp and what groups
and astors are 1ikely to be Involved in the various
subdecisions. The results also suggest that airport-
oomsunity noise problems are likely tu be handled and
resolved In the same administrative context that other
comunity problems are handled even though new technical
conside ations and different interest groups may be
involved.

D. Consideration of Land ..Us and Zoning -- Present

and Potential

As reported in Part II of FAA Report RD-64-148, two
simplified engineering procedures for analyzing air-
craft noise in the vicinity of airports were developed,
These procedures were developed as engineering tools
for those concerned with airport planning and land use
in the vicinity of airports. The procedures permit
determination of:

a) whether or not aircraft noise will Interfere
with various work activities and land uses, and

b) what basic building arrangements and construction
features should be incorporated in the building
design, so that aircraft noise will not inter-
fere with planned activities within the buildings.

The first procedure developed is general in nature, and
defines acceptability criteria for noise generated by
aircraft operations for broad categories of land use.
This procedure extends methods for evaluating aircraft
noise capatibility to land uses other than residential,
which have been considered in earlier studies. The
second procedure provides methods for developing air-
craft noise criteria for specific work activities having
varying degrees of dependence upon speech communication
or freedom from noise Interference. It also describes
methods for evaluating the basic noise protection afforded
by different types of building construction or building
arrangements. Thus it provides a means of ascertaining,
early in the preliminary design stage, the economic
penalties and construction complexities likely to be
Involved in housing work activities In land areas
exposed to varying levels of aircraft noise.

-8-



In developing the land use compatibility procedures,
it was necessary to specify the average noise reductionW • afforded by common types of commercial and residential
building construction. To supplement existing infor-

. -mation, building noise reduction was measured in a
number of school, motel and residential rooms. The
results of these measurements are described in Part IV
of this report. The results show that in addition to
variability in noise reduction from building to build%&g,
there is considerable variability in noise reduction in
the same building (or room) from flyover to flyover.

Pollowing development of the procedures, a short study
was undertaken to demonstrate the application of the
procedures in evaluating land use around existing air-
ports. The results of this study are summarized in
Part VII of this report. In these applications, we
applied the procedures for rating land use compatibility
in study of nine takeoff or landing paths at four air-
ports.

- -9-
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III. COMMUNITY RESPONSE CONCEPTS AND PREDICTION PROCEDURES

A. Two Views of the Factors Determining Community
Response to Aircraft Noise

A major concern in this project has been the determination
of the technical basis for methods of assessing or pre-
dicting the community acceptability of aircraft noise.
In looking at this problem of assessing "community res-
ponse" to aircraft noise, let us begin by briefly
reviewing some of the many factors believed to affect
community response to noise, Let us look, in particular,
at two views of the problem put together, at different
times, by two investigators.

Figure 1 shows a schematic outline of factors affecting
community response to noise, as prepared by Borsky In
1961.§/ This outline had been prepared as an aid in
developing and evaluating questionnaires for personal
interviews. In the outline, Borsky identifies eight
conceptual phases of the problem:

a) objective characteristics of the noise

b) spatial and sociological relationships of indi-
vidual residents in a single neighborhood and of
adjacent neighborhoods

c) intervening socio-psychological factors affecting
individual feelings of annoyance

d) the range of actual individual feelings of
annoyance

e) intervening socio-psychological factors affecting
individual expressions of annoyance and forms
of action

f) range of actual expression and forms of action

g) intervening factors affecting community action

h) forms of community action.

-10-
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Study of Fig. 1 emphasizes that, in addition to being
able to define the noise environment in objective terms
which may be meaningfully related to individual reactions
to noise, there are additional factors which may determine
the extent of a person's expressed feelings and his parti-
cular actions, And, since noise seldom occurs as an isolated
experience but is usually part of a larger complex of
problems involving residential living, expressed attitudes
about noise may be influenced by these other problems.
Borsky also points out that the process of relating
possible neighborhood annoyance with noise to community
action varies from community to community. Further,
the expression of community attitudes is influenced
by the structure of the community. We might note that
in the last phase, listing forms of community action,
Borsky has indicated a relatively simple scale of community
actions ranging from 41iscussion within local groups" to"vigorous legal action."

Before discussing possible expressions of community
action further, let us examine another view of the noise
problem as outlined by Clark.3/ In Fig. 2 is an outline
showing some of the stimuli, effects and overt responses
resulting from airport operations. In this figure,
Clark stresses the fact that airport operations produce
many effects in the community, only a few of which
are attributable to aircraft noise. Community responses
may be a resultant of a number of these effects, making
it Impossible to relate responses to aircraft noise in any
type of simple one-to-one correspondence.

Clark lists in the lower row of Fig. 2 various types of
responses on a simple ordered scale. However, the list
does not indicate fully the varied type and degree of
responses that might be observed in different communities.

It appears probable that a multidimensional scale is
needed to accurately portray community response to noise.
An attempt to outline such a multidimensional scale is
indicated in Fig. 3. In this figure, four scales of
increasing intensity of response are shown. The four
scales are listed in order, from bottom to top, of
increasing degree of social organization. The lowest
scale is of individual reactions, the next, special

-12-
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interest groups, then, established local government,
and finally regional or national government responses.A 4 The responses ahown on each scale are indicative and

are not intended to be exhaustive. Nor do individual
points on one scale necessarily coincide with points
on other scales directly above or below.

With respect to the response scales, several factors
may be noted. Different degrees of response may occur
"on various levels of social organization. Thus, instead

-. ,of a single scale, we might more properly use a profile
to describe the community response at a given time.

The response profile changes with time. Thus, one may
have to take into account changes of the profile within
different time periods in accounting for the degree of
community response.

The very complexities of the aircraft noise problem
indicated by the above brief discussion perhaps suggests
a pragmatic approach, in which detailed considerations
of specific communities or individuals must of necessity
be omitted. Such an approach is represented by the
prediction model discussed in the next subsection.

*. B. Review of Current Procedures for Estimating Community

Response to Noise

In Reference 9, procedures that have been quite widely
used in this country for estimating community response
to aircraft noise are outlined. These procedures stem
directly from procedures for forecasting community reaction
to noise presented by Stevens, Rosenblith, and Bolt in
1953.*10 This early prediction model was concerned
with pef-dWction of community reactions for different
noises, not particularly aircraft noise.

In following years this prediction model was applied
* specifically to military aircraft noise, as reported

by Stevens and Pietrasanta in Reference 12. Later, in
the current procedures, the prediction model was revised
to reflect description of aircraft noise in terms of
the perceived noise level and to extend noise charts
to include civil as well as military aircraft.

I -15-



In this prediction procedure, one derives a Composite
Noise Rating (MNR) as a description of the effective
noise stimulus for the land area or community under
consideration. The CNR is dependent upon several obser-
vations or measurements of physical noise environment:

a) the magnitude of the noise measured in terms
of the perceived noise level, expressed in PNdB*

b) the number of occurrences per day

a) daytime versus nighttime operations, and

d) time duration (only for ground operations,
not for flyover operations).

The calculated CNR values are then interpreted in terms
of three broad categories of expected community response
shown in Table II. Perhaps we may categorize the degrees
of community response in Table II as Zone 1, no serious
response; Zone 3 serious response; and, Zone 2, the
middle zone, a grey" area where varying degrees of
response may be observed. This middle area, Zone 2,
encompasses a 15 unit CNR spread,

Selection of the ONE values for zone boundaries has been
based essentially upon analysis of case histories of
noise problems observed at both military and civil
airports. As an example of the empirical correlation,
Fig. 4 shows CNR ratings and comparison with observed
response for 21 case histories. It will be noted from
the figure that the correlation, while satisfactory in
a number of cases, is not perfect. And, further, we note
that in Zone 2 (defined by CNR values of 115 and 100
for takeoff and landing noise) a variety of responses
ranging from "no observable reaction" to "concerted
group action" have been observed.

* The perceived noise level is a quantity calculated
from measured noise levels that correlates well
with subjective responses to various kinds of air-
craft noise. It is an objective rating scale that
has been developed on the basis of subjective Judgments
of the relative noisiness or acceptability of different
aircraft sounds.2.3A/
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One way of visualizing progress in refining communityt •response prediction methods would be to narrow the
S* current Zone 2 boundaries and provide, by some more detailed

procedure, a $go or no go" decision as to whether a given• I* degree of community response is to be expected.

Unfortunately, as suggested by our earlier very brief
review of the many factors entering into the community
response picture, development of a detailed procedure
which would provide predictions of specific degrees of
community response for particular airport-communlities
appears beyond reach at this time. Of a number of
factors precluding such development, several major ones
should be emphasized:

a) current understanding of the linkages between
the expressed response of individuals (as deter-
mined by judgment tests or personal interviews)$
and resulting community expressions or actions,
is incomplete. Understanding of what community
sociological and economic factors should enter
into the prediction, and weightings to be assigned
t(- such factors, ie fragmentary.

b) community response, however categorized, involves
r-anges of response on several different levels
of social organization. Pending development
of an acceptable scale, or definition of degrees
of community response, one must necessarily
accept a grey area in attempting to predict
a loosely defined response.

c) inherent variability in the noise stimuli, and
in individual response to noise stimuli, act
to contribute uncertainty In predict:ng community
response. (Portunately, as will be discussed
in later sections of the report, we do have some
indication of the variability in response these
factors may produce.)

Although development of accurate predictions of specific
"degrees of community response to aircraft noise in Indivi-
dual communities does not appear feasible at this time,
the guides to expected group response that are available

1
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(exemplifled by the existing prediction procedures)
are extremely useful. It would be valuable, parti-
cularly to those involved in noise problems at Indi-
vidual airports or commufitieejL to have a means for
predicting the "boiling point or "degree of tem-
perature" for any particular community. However,
guides or standards for nationwide use must neces-
sarily be based on averages and procedures that can
be applied equally well to both large and small com-
munities* and to communities boasting strong or weak
Internal structure or economic patterns. Thus$ when
considering noise criteria for possible nationwide
application., guidelines developed from averages may be
satisfactory, provided there is understanding of the
variability and degree of deviations which may be
expected in Individual situations.

laced with variabilities and inconsistencies in defining
either individual or community response in particular
instances, we may view the prediction procedure in terms
of predicting the "average" response expected from a
sampling of a large group of individuals or of a large
number of airport-community situations. In development
of this idea, we will adopt the hypothesis that, on an
average derived from a large number of samples, we may
expect that as the degree of dissatisfaction with the
noise environment increases and the number of individuals
dissatisfied with the noise environment increases, the
likelihood of observable unfavorable response by the
community also will increase. We also hypothesize that
there is, on the average, a nondecreasing function
relating the number (or proportion) of people dissatis-
fied, and the likelihood of unfavorable response by a
community. This relationship will not necessarily hold
in any one community or any small sampling of communi-
ties, but may be observed from a very large number of
samples of comnunity response gathered from communities
existing in different segments of the country. In
developing this hypothesis we will define the reaction
of individuals in terms of expressed Judgments that are
observed in formal Judgment tests or obtained in field
interviews in response to questions put to individuals
by trained interviewers.

-20-



Iiii
The existing community response prediction procedures
may be reviewed in terms of the above "statistical" approach
with emphasis upon problems in defining and measuring
the noise stimulus, and relating such measures to expressions
of individual response to aircraft noise. In makingI! this study, we can make use of some new information
concerning judgments of aircraft noise contributed by
three series of tests:

a) judgments of aircraft noise on a category scale
of intrusiveness," made by 60 subjects in
indoor and outdoor tests conducwted at Parnborough.,

1 &England in 1961.y/
b) determination of subjective annoyance in a

social survey (personal interview study) conducted
in neighborhoods in the vicinity of London
(Heathrow) Airport in 1961.7/ This social
survey was conducted in conjunction with measure.
ments of aircraft noise and the number of flight
operations during the period of the survey.

0 c) Judgments of aircraft noise on a category scale
of acceptability," conducted near the Los Angeles
International Airport in 1964, reported in detailI 1 in Part II of this report.

These judgment tests are of interest for three reasons:

1) The tests indicate the mean noise levels at
which reasonably well defined descriptions of
the noise A such as "objectionable,'" "very objec-

j tionable, etc., will be applied to the noise
by groups of subjects. (Note that such agreement
in descriptions of noise does not necessarilyI indicate similar likelihood of the subjects
taking action with respect to the noise. For
example, only a small, and variable, proportion
of people judging a noise environment unsatisfactory
would be likely to complain to authorities or
enlist community action to change the noise
environment.)

-21-I!
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o 2) The tests also indicate the magnitude of changes
in noise stimulus required to shift the mean
response from one category of response to another.
Thus they indicate the change in noise stimulus
required to effect a definite change in subjective
attitudes.

3) The tests provide an indication of the degree
of variability of subjects in responding to a
given noise stimulus. (Note that persons who
may have similar sensitivity in distinguishing
between the noisiness of two signals may hold
quite different attitudes towards the noise signals
or assign qulte different adjectives in describing
the noise.)

In the following section, the description of aircraft
noise level in terms of the perceived noise level and
the selection of correction factors to be applied to
the noise level to obtain CNR values, incorporated in
the existing community response procedures, are reviewed
in light of recent relative and category judgment tests.
In the succeeding section, Section IV, CNR boundary values
for zones of community response are reviewed making use
of information from category judgment tests and field
measurements of aircraft noise.

-22-



11
IV. ANALYSIS OF FACTORS DETERMINING THE

COMPOSITE NOISE RATING

A. Descri2tions of Nolse Stimuls

In the past, a relatively large number of noise descrip-
tions have been utilized in attempting to find meaning-
ful and compact descriptions of the noise that may be
related to either Individual response or comiunity
response. A summary of various descriptions of the
noise which have been used at one time or another is
given by Clark in Part I of FAA Report RD-64-148.

* From a review of the development of existing procedures
for predicting community response, it appears that
three parameters are most important in describing the
aircraft noise environment.

I) a measure of the noise magnitude, which is
related to subjective ratings of noisiness
or acceptability

2) a measure of the time duration of the noise
stimulus

3) a measure of the number of occurrences of
the noise stimulus.

In the existing procedures, the magnitude of aircraft
noise is described in terms of the maximum perceived
nolse level, (expressed in PNdB) occurring during
a flyover. Currently, the perceived noise level is
determined from octave or third-octave frequency
measurements of the noise, ignoring the relative
duration of the flyover signal or presence of strong
pure tone components. Laboratory studies aimed at
refinements of the perceived noise level scale, suggest
that the relative acceptability or noisiness is deter-
mined also in part by the time duration (for relatively
short time duration signals, typical of flyover noise),

-23-



and that shorter signals are less noisy than signals of
longer duration and equal perceived noise level.*

With refinement of the perceived noise level calculations
to include the effect of time duration, and perhaps,
the strength of pure tone components, it would appear
that we have a reasonably acurate scale for measuring
noise magnitude that correlates well with subjective
ratings of relative noisiness or acceptability.
Further, it appears that additional refinement in the
perceived noise level scale, if needed, can be
accomplished in a quite straightforward manner by
established psychoacoustic test techniques.

However, the relative Judgment tests do not indicate
what changes in noise levels are needed to change one's
attitude towards noise, nor the degree of variability
in peoples attitudes towards noise. For this type of
indication, we can look at category Judgment tests of
aircraft noise.

The relatively large degree of variability to be found
in the category Judgment tests suggests that refine-
ments in the perceived noise level scale will not lead
to improved accuracy in predictions of commun3ty
response to aircraft noise. Refinements in calculating
perceived noise levels are of considerable value in
making accurate comparisons between different aircraft
operations. However, such refinements are likely to be

* The laboratory tests indicate that a doubling of the
time duration (with duration taken as the time the
noise signal remains within 10 PNdB of the maximum
level) is equivalent to an increase of the noisiness
of 4.5 PNdB, The reported laboratory tests were
concerned with relatively short time durations --
of the order of 12 seconds or less. For significantly
larger signal durations, the duration correction may
lessen. This is being investigated by the PAA under
Contract PA65WA-1180.
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obstured by other variables when making assessments of
the noise exposure in field aircraft noise situations.

B. CNR2Zorrection for Number of Occurrences

Past experience indicates that the number of occurrences
of flyover noise influences subjective response to noise.

... However, when we attempt to determine the effect of
number of occurrences in a quantitative manner, we
face a much different and much more difficult problem
from developing a scale of relative acceptability of
aircraft sounds.

In determining the effect of number of occurrences, we
are really seeking to determine response to noise exposure

• .over a considerable period of time. This is not easily
investigated by standard laboratory tests covering
relatively short time periods. Thus our best clues
to the effect of number of occurrences are obtained by
rather tenuous extrapolation of field noise situations,
or by analysis of elaborate field survey tests.

-, In the current procedures for estimating community
response, CNR corrections in 5 unit steps are introduced
for different ranges of the number of operations occurr-
ing per day. Effective'r, the CNR corrections are
proportional to 10 log ,, where N is the number of
operations. The factor of 10 has been derived from
field case histories and basic noise energy considerations.

The British social survey conducted in the vicinity of
London (Heathrow) Airport offers some new evidence asto the effect of number of operations on subjective
response to aircraft noise. In this study, annoyance
ratings were classified with respect to the average
flyover noise level in PNdB and average number of
flyovers per day. In Reference 7, the data were
interpreted to indloate that subjective annoyance varied
with 15 log N, rather than 10 log N as assumed in
developing the CNR ratings .*

* * This factor of 15 log N is incorporated in the deriva-
tion of the Onoise and number index," (NNI), where:

SNNI m PNdB + 15 log N -80

-25-



However, an analysis of the survey data, summarized in
Appendix A, shows that the oorrelation of noise level
and numbex of occurrences with annoyance scores is fully
as valid, in a statistical sense, for a factor of 10
log N as 15 log N. In view of this, there is no clear
evidence at the present time that the current CNR
correction for number of occurrences based on 10 log F
should be changed.

The difference between 10 or 15 times the logarithm of
the number of operations leads to a difference in ONR
corrections of 5 for a ratio of 10 to 1 in the number
of eocurrenoes, or 10 for a ratio of 100 to 1 in the
numllar of occurrences. Such a difference in the
correction for the number of operations produces
appreciable error only when determining the CNR ratings
at airports having very few operations or very many
operations per day. Assuming that the best correlation
with case history experience and category Judgment
tests is based upon noise environments involving the
order of 10 to 30 occurrences per day, appreciable
error would ocecu only when evaluating conditions at
airports having less than about one or two operations
per day, or at airports where operations exceed several
hundred per day.

C. ONR Corrections for =Me of Day

In the computations of ONR ratings in the existing
prediction procedures, a +10 correction Is applied to
determine CNR ratings for nighttime occurrences. This
correction reflects an order of magnitude estimate
of the increased sensitivity of individuals to noise
stimuli at nighttime, This difference in sensitivity
reflects a reduotion in background noise levels
(resulting in an increase in the sigr~l-to-noise
ratio of the intruding aircraft noise), a shift in
activities of individuals, and perhaps a difference in
people's attitudes towards noise in daytime and in
nighttime, Although the effects of changes in background
level can be explored by systematic laboratory tests,
the other possible influences cannot. Hence, informa-
tion as to the size of the correction is most directly
obtainable from field experience or from elaborate
field survey experiments (such as the British social
survey).

-26-



I
The British social survey study provides limited
"information regarding the nighttime correction. The
study evidence suggested that the annoyance caused
by the aircraft noise was roughly equal for daytime
and for nighttime operations,, It was estimated
that the average noise levels in daytime were 8 PNdB
greater than nighttime levels, and that the number of
daytime operations were four times as many as nighttime
operations. This led to the conclusion in Reference 7
"that nighttime noise criteria should be about 17 NNI
lower than the daytime criteria, taking tnto corsidera-
tion a weighting for number of operations based on
15 log N. If we assume a weighting for the number of
operations of 10 log N, we obtain a shift of 14 units
between daytime and nighttime criteria. Thus the

-! British results indicate that the +10 correction
currently incorporated in determining CNR ratings is
conservative by the order of 5 CNM units. However,
in view of the assumptions and averages involved, the
"London social survey study can provide only a very
tentative estimate of the nighttime correction.
Nevertheless, the indication is that it should not
be l than 10 units.

In investigation of many civil airport situations, it
is commonly found that the high proportion of daytime
operations compared to nighttime operations is such
to offset the +10 correction for nighttime operations.
Thus it is found that:

a) daytime CNR ratings are higher than the nighttime
CNR ratings, or

b) daytime and nighttime CNR ratings are essentially
equal.

An increase in the nighttime correction to +15, increas-
- - Ing the importance of nighttime operations in deter-

mining adverse community reaction to noise would
increase the number of cases in which nighttime ratings
would exceed daytime ratings. However, field
experience currently indicates few cases in which
this increased correction for nighttime operations is
warranted.

I
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V. MVERPRETATION O CATEGORY JUDGMENT TEST RESULTS

In Section III, it was indicated that the category
judgment tests provide information concerning:

a) the mean noise levels at which relatively well
defined descriptions of the noise will be
applied by groups of subjects

b) the magnitude of change in noise stimulus required
to shift from one category of subjective response
to another

a) the degree of variability in subjective response
to a given noise stimulus.

In this section, the category judgment tests are
reviewed in terms of each of these three factors.

A. Mean Cate1or2 Reasonses

Figures 5 and 6 present comparisons of the noise ratings,
obtained from the social survey, Farnborough, and Los
Angeles experiments. In Fig. 5 we have shown the ratings
correlated with the outdoor perceived noise level, plus
a weighting due to number of occurences equal to 10 log
N. In Fig, 6 we present a similar comparison with
the outdoor perceived noise level but with number of
occurrences weighted in accordance to 15 log N.*
To the left on each figure we show the Los Angeles
acceptability scale, and to the right we show both
the social survey annoyance scale and the Farnborough
intrusiveness scale, (Note that, for the British
scales the interval spacing between categories is not
uniform.) It is evident in both Figs. 5 and 6 that
the curves do not coincide. In fact, since the cate-
gories judged in the different tests are not neces-
sarily directly comparable, there is no basic reason
why the curves should form a single curve.

SWith subtraction of 80, the horizontal scale
corresponds to the NNI scale.

-28-
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However, it is important to note that for the various
T •adjectives implying quite a significant degree of

dissatisfaction with the noise, such as "unacceptable","lvery annoying", and "very much annoyance , there is
T °reasonably good agreement as to noise stimuli.

If we look at Fig, 5, where there is the least diversity
among curves, we see that the mean judgments reach a
significant degree of dissatisfaction at perceived noise
levels ranging from 108 to 116 PNdB, for situations
where the aumber of flyovers is about 20 to 30 per day.
This range of values brackets the CHR rating of 115
currently set as a boundary between Zones 2 and 3 of
community response in Table II. Thus, in terms of
common experience gained from both field noise problems
and more formal category judgments of aircraft noise,
there is a reasonable ooncensus concerning the level
of noise at which there will be widespread dissatisfac-
tion ,*

As we shall see later, because of the variability In
subject judgments, there will be sizeable proportions
of the sibjects who judge the noise unacceptable even
at noise levels considerably below the 108 to 116 PNdB
range quoted above.

B. Shifts In Mean CategorV Resoonses

Table III lists the change in noise level required to
produce a significant shift in mean category judgments
of aircraft noise. In this table are tabulated the
changes Ln noise exposure (PNdB +10 log N) required for

* It is also pertinent to note that a major conclusion of
the London social survey study was that exposure to
aircraft noise reached an unreasonable level in the
range of 50 to 60 NNI (130 to 140 units on the
"horizontal scale of Fig. 6), In the context of 20
to 30 flyovers occurring per day, this NNI range is
"equivalent to CNR values of 109 to 119.
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TABLE III

COMPaMISON OF NOISE LEVEL CHANGE REQUIRED

TO SHIFT MEAN CATEGORY RATINGS BY TWO CATEGORIES

Noise Level
Increase,

Test Category Shift PNdB

Los Angeles "Acceptable" to 17* to 21**
Acceptability "Unacceptable"
Scale

Farnborough "Intrusive" to 20* to 22**
Intrusiveness "Very Annoying"
Scale

London Airport "Little" to 23
Annoyance "Very Much"
Scale

* Outdoor Judgments

** Indoor Judgments
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11
T •a mean shift in the rating of two categories for the

three different judgment tests shown in Figs. 5 or 6.
For the acceptability scale, a change in noise exposure
of 17 to 21 PNdB was required to chan~e the mean
response rating from acceptable" to unacceptable",
Similarly, a shift of 20 to 22 PNdB was required to
change mean response from an "intrusive" to "very
annoying" rating on the Farnborough intrusiveness scale.
And, a shift of 23 PNdB was required to change mean
response from "little" to "very much" annoyance in the
London social survey study. Thus, it is evident that a
shift in noise exposure of the order of 20 PNdB is
required to provide a pronounced shift in mean attitudes
towards aircraft noise.

C, Combined Effects of Stimulus and Resnonse Variability

In considering the prediction procedures in terms of our
"statistical" model, we can consider some of the uncertain-
ties limiting the reliability of prediction as arising
from variability introduced by differences in individual
response, and variability introduced by the noise
"environment found in actual airport environments. The
variability introduced by these factors act to create
an area of "uncertainty" that may be viewed as:

1) limiting prediction accuracy of the model, or

- 2) describing minimum values for the change in
noise environment likely to effect noticeable
changes in individual or group response.

The situation may be demonstrated by means of FIg. 7.
In this figure, graphs of the noise stimulus are shown
along the left hand side of the figure, and resulting
judgments of the noise acceptability are shown along
the right side of the figure. Case A, in the upper
portion of the figure, represents an idealized situation.
The stimulus is distinctly defined by flyover noise
levels separated in maximum values by 15 PNdB. On the
corresponding right hand graph are the idealized judgment
responses one might expect if all individuals character-
ized the noise in a similar manner.

The graphs in the middle of the figure, Case B, represent
conditions typical of laboratory or field judgment tests.

& j
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-• Unlike the idealized situation, there is now some
variability in the noise exposure, arising from errors
in measurement and variations in the test room environ-
ment. And, unlike the idealized case, the noise
judgments show considerable variability resulting in
broad response curves. The curves are sufficiently
br-oad to indicate a distinct overlapping of responses

S- in a small percentage of cases. (The dispersion shown
is based on typical results observed in the Loo Angeles
tests, and are similar in magnitude to those observed
in some of the British tests.)

In Case C shown in the lower portion of Fig. 7, the
noise exposure and expected response typical of actual
field situations are depicted. The noise environment
is now quite broad, encompassing a considerable range
of flyover noise values. The result of this broadening
in stimulus is to broaden further the expected response
of individuals exposed to noise.

In Table IV, we have tabulated the change in noise levels
required to institute a significant change in the
proportion of people rating the noise in a given category,
using measures of variability taken from various judg-
ment tests and field noise measurements. The first row
of the table lists the estimated changes in noise levels
required to increase the percentage of people judging
noise "unacceptable" from 10% to 50%, or from 5% to 50%.
These values are based on the subject variability
observed in the Los Angeles acceptability tests, and
they assume no variability in noise environment. The
second row lists flyover noise level changes, assuming
no variability in subject response but variability in
noise environment of the order encountered in field
situations (6PNdB standard deviation).*

"* * See Part VI of this report for examples of the variation
in flyover noise levels encountered in field measure-
ments under major takeoff or landing flight paths.

21
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TABLE IV

ESTIMATED INCREASE IN MEAN FLYOVER NOISE LEVELS
NEIEDEM TO INCREASE PROPORTION OF PEOPLE JUDGING

NOISE "UNACCEPTABLE" OF, "VERY ANNOYING"

Increase in PNdB for Shiftin Proportion of Subjective
Responses from:*

10% to 50% 5% to 50%

Variability in Group
response 8.3 PNdB 10.7 PNdB

Variability in flyover
noise levels2  7.7 9.9

Combined variability in
group response and 1 2
flyover noise levels ' 1.3 14.6

London Airport Social
Survey3 15

London Airport Social
Survey (Adjusted Est.)4 12 16

* Estimates are based upon normal distribution curve with

standard deviations derived from experimental data

1 Based on category judgment data reported in Part II

2 Standard deviation of 6 PNdB

3 Reference 7

4 Adjusted values extracted from Reference 7
data. See text.
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"The third row lists the changes in flyover noise levels
due to the combined effect of subject response varia-
bility and noise environment variability.

The fourth row of Table IV lists the estimated change
in mean noise levels required to increase the proportion
of people judging the noise "very annoying," as based
upon the London Airport social survey study data. In
this survey it was believed that people's response to
aircraft noise and judgments of aircraft annoyance were
also colored by their like or dislike of other factors
in their particular neighborhood. For example, if they
were well satisfied with other aspects of the neighbor-
hood, they would tend to underrate the annoyance due to
aircraft noise. If we adjust for these factors along
the lines suggested in Reference 7, we get somewhat
smaller estimates of the noise levels required to change
the proportion of subject responsca. These smaller
values are indicated in the last row in Table IV.

Review of the values shown in Table IV suggests that
a range in mean noise levels of 8 to 12 PNdB covers an
area in which the proportion of people finding the noise

* unacceptable may vary from 10% to 50%. If we view this
range in percentages of people judging the noise unac-
"ceptable as a "triggering" range, in which sufficient

* "proportions of the people are likely to become dissatis-
fied enough to institute overbe iAdications of "community

Sresponse, then a range oý ,&o. 12 CNR units between
"no response" to "vigorous response" categories of
community response appears reasonable. With this view,
therefore, a sizeable proportion of the existing 15 CNR
unit spread between community response Zones 1 and 3 is
due to variability in subject responses and variability
in aircraft noise stimuli. Thus, we can conclude that
even if we had a much fuller understanding of the
linkages between individual response (as obtained in
tests or interviews) and observed community reaction,

* there would be a considerable spread of noise stimulus
in which a given degree of community response might
be observed in a particular airport-community.
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VI. A SUGGESTED NOISE CLASSIFICATION PROCEDURE FOR

AIRCRAFT AND AIRPORTS

A. Lr=2gn2

One of the major purposes of this project has been to
examine the technical possibilities for noise certification,
or noise rating of aircraft. Because safety considera-
tions are not involved, certification may be viewed in
terms of a standardized rating procedure, designed to
provide information about the aircraft noise character-
istics that will be helpful to the aircraft operator and
to others concerned with operational use of the aircraft.
Thus the noise information provided by a standardized
rating procedure should be in a form that would also be
useful to the airport operator, airport administrator,
and others concerned with community noise problems or
land usage in the vicinity of airports.

This section presents a suggested method of rating air-
craft noise to be applied to both aircraft and to air-
ports. The major intended purpose of this procedure is
to provide guides for the development of both aircraft
and airports and to minimize noise problems arising
from aircraft operations.

Most aircraft znoise problems arise from the impact of
aircraft noise on land areas near airports. The measured
noise characteri:stics for a givdn aircraft generalily
mean little, in terms of a particular airport-community
noise situation, except when interpreted in terms of
noise exposure related to specific land areas. Thus if
the aircraft development is to be guided by setting up
noise rating procedures for aircraft, it is equally
important that airport development also be guided by
noise considerations. Therefore, we believe it is
essential that a noise specification encompass develop-
ment of complementary noise rating procedures which should
be applied to both aircraft and to airports.

Any such rating or classification procedure will not, in
itself, solve existing airport-community noise problems,
particularly those noise situations at existing airports
where land is highly developed in areas immediately
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outside airport boundaries. However, a complementary
noise classification procedure, applied to both aircraft

-.• and airports, should be helpful in guiding the design
of future aircraft, the development of new airports, and

S..the expansion of existing airports.

As previously discussed, the description of aircraft
noise in terms of perceived noise level offers a quite
adequate way of objectively rating aircraft noise in terms
related to relative judgments of annoyance or noisiness.
Refinements in current methods of calculating the perceived
noise level may well be introduced in the future. However,
current calculation methods are sufficiently accurate
to discriminate between noise stimuli having significantly
different subjective response. Thus one need not wait
for ultimate refinement in descriptions of aircraft noise
in order to develop useful noise rating procedures. Care
should be exercised, however, to avoid placing undue
emphasis on small differences in noise measurements or
noise ratings.

B. Su~gested Aircraft Noise Ratin Procedure

The following steps outline a suggested aircraft noise
rating procedure:

1) sets of standardized takeoff and landing perceived-
noise-level contours should be developed for
rating purposes. A minimum of three sets of
contours would be needed:

a) takeoff noise contours applicable for long-
range jet transport aircraft

b) takeoff noise contours for short-and medium-
range jet aircraft (and business jet aircraft),
and

c) landing noise contours for all jet aircraft.

Such "standard" contours can be developed from
generalized noise contours, based upon current
&.rcraft noise and performance characteristics.
As an example, the generalized contours given
in References 9 and 13, adjusted to conform with

I
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current recommended air attenuation values,/'A
might be employed.

The lO0-PNdB contour may be assigned as the
reference contour in each standard set of contours.
Ratings are to be assigned to the aircraft in terms
of its degree of conformance with the reference
contour. Noise contours at 5 PNdB (or, perhaps,
3 PNdB) intervals should be shown with the
standard contour. Figure 9 shows the development
of a set of standard contours from a set of
generalized noise contours obtained from Reference 9.
The upper portion of the figure shows the generalized
noise contour; the lower portion, the standard
contour with values assigned to the contours
relative to the 100 PNdB contour.

2) based on suitable noise measurements and aircraft
performance information gathered during flight
tests, the aircraft manufacturer would prepare
charts showing the noise contours for 100 PNdB
noise levels for two or more operating conditions:

a) takeoff at standard day conditions at maximum
gross weight with no power cutback. The take-
off procedure, to be fully described by the.
manufacturer, should be one that can be
demonstrated to be practicable for use in
regular operations.

b) a landing under standard day conditiops, at
maximum landing weight, following a 3 ILS'
glide slope. Engine power settings and
procedures are to be described and demon-
strated by the manufacturer.

c) the manufacturer should be encouraged to
furnish additional noise level information.
For example, noise contours for takeoffs at
gross weights other than maximum, and contours
for takeoffs involving power cutbacks at
various distances from the start of takeoff
roll, would be helpful in demonstrating perform-
ance under a variety of operating conditions.
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3) the 100-PNdB contours for a particular aircraft
are to be compared with the 'standard" contours T
and ratings assigned to the particular aircraft,
in terms of the degree of conformance with the
reference contour.

As an example, Fig. 9) shows a comparison of the 100-PNdB
noise contours generated by a hypothetical Aircraft "A"
under maximum takeoff conditions with reference contours.
In the example shown, the IOO-PNdB contour for Aircraft
"A" initially extends out to either aide of the standard
contour LR (reflecting a greater noise output), but does
not continue out as far along the flight path as the
standard contour LR (reflecting a steeper climb profile).
For the example shown in Fig, 9 , Aircraft "A" would be
assigned a rating of LR +5.

The noise characteristics of Aircraft "A" could, in a
similar manner, be compared to standard contours for
medium- and short-range Jet aircraft and to the landing
contours. Thus, as the conclusion of the rating pro-
cedure, Aircraft "A" might be atssigned a set of ratings,,
each applicable to separate standard contours. For example,
Aircraft "A" might have the following set of ratings:
long-range takeoff contour, LR +5; medium-range takeoff
contour, MR +10; and ILS landing contour, ILS +0.

C. Sugested Airport Noise Rating Procedure

The airport noise rating procedure would make use of the
same standard contours used in rating aircraft. These
contours would be applicable for each major runw-y.
Selection of the appropriate set or sets of cont. rs would
depend on the dominating mode of operations (takeoff and/or
landing) and type of traffic.

1) The standard contours would be overlaid on maps
showing existing and planned land use. The land
use map would depict the areas of critical land
use including: residential areas, schools,
libraries, churches, hospitals, and commercial
establishments such as theaters, auditoriums,
hotels, and motels.* In interpreting and drawing

* Part II of FAA Report RD-64-148 furnishes tnformation
as to selection of critical land uses.
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the noise contours, adjustments should be made
for significant terrain features.

2) The percentage of critical land lying within the
given noise contours would be determined. The
noise rating contour assigned a given runway
would be that contour which does not include more
than, say 10%. of the land use devoted to critical
noise sensitive usage. In determining the 10%
allowance, land usage ordinarily regarded as
noise sensitive would be removed from this
classification where steps have been taken to
reasonably ensure reduction of complaints due to
aircraft noise. (i.e., easements have been
obtained, zoning established, etc.).

It is envisioned that the airport (or runway) ratings
would be used in two distinct ways. First, the rating
assigned to a runway would be used purely as a summary
description of the extent of land use compatibility
under the takeoff or landing flight path. This
description in terms of standard contours would enable
one to assess rapidly the suitability of various aircraft
operations from a noise standpoint. Comparison of the
rating, taking into account the type of aircraft and
volime of traffic actually using the runway, would
provide very approximate assessment of the degree of
noise problems likely to exist for that particular
airport runway. Second, runway ratings could be established
as a basis for qualification for funds for improvement
or extension of runways, in a manner similar to other
technical design criteria for airport design and construc-
tion. In this case, establishment of the desired runway
contour rating applicable for a particular runway would
be governed by the type and volume of air traffic
expected for the airport. Assignment of contours could
reasonably be based upon the airport type and traffic
foreuasts established in the National Airportlan".
Selection of the appropriate contour would be based on
traffic estimates using the CNR corrections for numbers
of anticipated operations incorporated in Reference 9.

For qualification purposes, undeveloped land land would
be removed from a critical category only where evidence
is given that steps have been taken to prevent future
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noise sensitive land use. Such steps might include
land zoning, easements, land acquisition and/or code
requirements for special noise reduction features for
future building construction.

As an example, in establishirg requirements for a
new runway planned to handle medium- and short-range
commercial jet traffic as well as business jet traffic
and having an expected future volume of air transport
traffic of 20 takeoffs per day, one might assign the
standard medium-range takeoff noise contour with a
correction of 0 (MR +0) as a technical requirement
in qualifying for expansion funds. For an airport,
classified in the National Airport Plan as an air
carrier type, expected to handle over 100 long- and
short-range jet aircraft flights per day, a rating
of (LR +10) might be assigned as an objective.

D. Dieag~

In discussing a suggested noise rating procedure, we
have purposely omitted many technical details that will
need further study and review. For example, detalls
of measuring the noise and aircraft performance remain
to be defined. However, in developing details, one may
take advantage of some of the work already accomplished
by national and international groups in developing
standard aircraft noise measurement techniques.16,1.18/

Despite the many technical details which would have to
be resolved, we believe that the long range benefits of
such a complementary rating procedure would be signifi-
cant. We believe that with such procedures:

a) airframe and engine manufacturers would be
encouraged by their customers to obtain as
advantageous a noise rating for aircraft a.
possible in order to obtain the greatest degree
of compatibility with existing airports and
runways.

b) airports would be encouraged to instigate land
planning studies and investigate methods of
working with various local governments in
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developing compatible land use plans.

c) institution of a noise rating procedure for I
runways would ensure that, as airports are
developed and extended, and as airport
capabilities increase in terms of size and
number of aircraft to be handled, the aircraft
noise problem would also receive appropriate
consideration.

• I
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VII. CONCLUSIONS

I) Development of procedures for accurately predicting
degrees of community response in particular airport
community situations is not feasible at this time because
of:

a) uninowns in defining and evaluating the Influence
of the multitude of sociological and economic
factors, and the Imperfect understanding of the
decision-making processes in communities.

b) lack of development of an explicit scale for
rating overt "community response."

c) uncertainties in response introduced by
variability in noise stimuli and in individual
reactions to the noise stimuli.

2) current empirical methods for predicting community
response in residential areas to aircraft noise (see
Ref. 7) provide useful guides to predicting "typical"
response expected in a sampling of a large number of
communities. However, such methods may fail to provide
a reliable indication of the degree of community response
in particular communities.

3) The current community prediction procedures specify
a 15 PNdB range of noise levels (or CNR values) separating
levels at which "no response and severe response' can
be quite confidently predicted. Two factors contri-
buting to this range of noise levels, or "grey" area,
are the variability in noise exposure observed in most
actual airport situations and the variability among
subjective ratings of noise acceptability.

4) Study of the variability in people's judgments of
the acceptability of aircraft noise on a category scale
shows that the degree of correlation of the perceived
noise level scale with subjective judgments of aircraft
noise is not a limiting factor in developing improved
prediction procedures. Variability introduced by
differences among subjects and lack of subject repeat-
ability is equal to or greater than the variability due
to lack of correspondence between the perceived noise
level scale and subjective noise judgments. Improvements
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in the correlation of perceived noise level ratings with
subjeotIve judgments is certaLnly desirable from the
standpoint of comparing one aircraft or one flight
procedure with another. However, such refinements will
not appreciably increase accuracy in predicting group or
community response to aircraft noise in actual field
situations.

5) Review of the Composite Noire Rating (CNR) zone
limits and the correction factors incorporated in the
current prediction procedures on the basis of results
of recent category Judgments of aircraft noise shows
that;

a) in the context of the order of 20 to 30 flyovers
occurring per day, there is substantial agreement
among the different judgment tests that noise
levels of 110 to 115 PNdB represent noise
exposure at which large segments of the
population would judge the noise as "unacceptable"
or :very annoying," indicating severe dissatisfac-
tion with the noise. These judgment tests are
in agreement with the CNR boundary value of 115,"
currently indicating the level at which "severeresponse may be expected in community situations.

b) analysis of the London Airport social survey
study data indicates that current corrections
for number of operations and nighttime operations
incorporated in existing procedurcs may be same-
what conservative. However the evidence does
not appear sufficient to introduce a change at
this time.

6) Current methods of rating aircraft noise objectively
using the perceived noise level scale, and of predicting --

the noise environment resulting from aircraft operations,
are sufficiently advanced to be useful in setting standards
for rating aircraft noise. However, since aircraft noise
characteristics for takeoff and landing operations are
meaningful only when interpreted in terms of noise exposure
in land areas around airports, rating procedures should be
developed in a complimentary manner for both aircraft and
for airports. A complimentary noise classification

4I



procedure applied to both aircraft and airports should
be helpful in guiding the design o1V Cuturs aircraft,
the development of new airports and the expansion of
existing airports. It would not, in itself, solve
existing airport-eommunity noise problems.
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APPENDIX A

STATISTICAL ANALYSIS OF LONDON AIRPORT SOCIAL SURVEY DATA

* -In Reference 7, annoyance ratings for some 1731 people
interviewed in the vicinity of London Airport were
classified with respect to the average noise level and
average number of aircraft flights per day. It was
reported that the average annoyance rating varied almost
linearily with the sum of the average noise level in
PNdB and 15 log N, where N is the number of flights
per day. This analysis led to the development of the
noise and number index" (NNI), where:

NNI = PNdBave + 15 log N -80

In our analysis of the annoyance data, using Table II of
Reference 7, we compared the linear correlation of
annoyance scores with noise levels plus weightings of
the number of flyovers proportional to 10 log N as well
as 15 log N. In making this correlation, we assumed
a linear relationship between the annoyance ratings and
the measure of noise level and number of flyovers. In
fitting a straight line to the data, we assumed a best
fit was obtained when the sum of the squared deviations
of the observed annoyance ratings from the prediction
line was at a minimum. This is a classical case f£
computing the linear regregsion of one variable.l/

We assumed that the usefulness of an objective noise
measure to predict the subjective annoyance can be
estimated from the correlation coefficient. If the
regression line estimated the reaction perfectly, the
correlation coefficient would have-a value of 1.
If the regression line were perfectly useless as an
estimator, the correlation coefficient would be zero.
Thus, the correlation coefficient is a measure of the
usefulness of one measure being able to predict the
other.

We assumed that an indication of the reliability of the
experiment of the correlation can be estimated by
computingconfidence limits for the correlation
coefficient. Thus by statistical means, we can compute
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for any degree of confidence, i.e., 80%, 90%, or 95%,
the range or confidence interval within which we would
expect the coefficient to lie if the experiment were
repeated many times. In our study we chose the 95%
level, or that equivalent to about two standard devia-
tions about the mean value. By this we imply that, if
the experiment were repeated a large number of times,
we would expect that 95% of the time the correlation
coefficient would be within the interval specified by
the confidence limits.

Table A-I shows the correlation coefficient and the
confidence intervals for the two correlations of noise
and number of flyovers with annoyance scores. There
is very little difference in correlation coefficients and,
further, the confidence limits for the correlation
coefficients practically coincide. Thus we conclude
that there is no significant difference (i.e., no
indication from the data that one weighting of the
number of flyovers is better than the other weighting)
between the two weightings assigned to the number of
flyovers, 10 log N and 15 log N.

We may also note that the correlation coefficients are
considerably smaller than 1.0 indicating quite large
uncertainty in either of the two noise measures in
predicting average annoyance ratings.

A
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TABLE A-I

COMPARISON OF LINEAR CORRELATIONS OF OBJECTIVE MEASURES

OF NOISE EXPOSURE TO SUBJECTIVE ANNOYANCE RATINGS-
LONDON AIRPORT SOCIAL SURVEY

)

C.-relation
Objective Measure* Coefficient Confidence Limits

PNdB + 10log n 0.457 0.42 to 0.50

PNdB + 15 log n 0,463 0.43 to 0.50

* n is the number of aircraft per day
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AB3STIRACT

In separate tests, fifty subjects judged the relative and
absolute acceptability or noise produced by actual air-
craft flyovers and recorded flyover signals. Actual fly-
over noise judgments were made at both indoor and outdoor
locations; recorded flyover signals were judged indoors.
Most subjects judged both approach noise and takeoff noise.
A majority of the flyover signals were produced by jet air-
craft although a few propeller aircraft were included in
the tests. Judgments were compared with maximum flyover
noise levels expressed in PNdB.

Absolute judgments were made using a category scale of
acceptability. Correlation of these acceptability scores
with flyover noise levels showed little difference in
ratings for approach and takeoff noise, or for actual and
recorded noise signals, However, a shift in ratings
occurred between outside and inside judgments similar in
magnitude to that observed in earlier British tests. The
flyover noise level for a median rating of "unacceptable"
was approximately 95 PNdB for inside judgments; for outside
judgments the level was 107 PiTdB.

Results of the relative judgment tests also showed little
difference in judgments of takeoff and approach noises,
or live and recorded signals. Results of both outdoor
and Indoor judgments indicated that a change of approxi-
mately 16 PNdB was required for a doubling (or halving)
of the acceptability rating, in contrast to the 10 PNdB
assumed in developing the perceived noise level scale.
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I. INTRODUCTION

Considerable work has been done in the laboratory on
judging the relative acceptability or noisiness of noise
produced by aircraft.L23/ Indeed, the concept of
expressing the relative noisiness of a complex sound in
terms of a perceived noise level has stemmed from interest
in evaluating aircraft noise.A/ However, in very few
experiments have subJects judged noise frm actul alcraft
flyovers rather than recorded flyover noise signals. And,
to our knowledge, no work has been reported which compares
judgments of actual flyover signals and recorded flyover
signals rated by the same group of subjects.

To date, most studies have been concerned with developing
or comparing scales for judging the relative acceptability
or noisiness of aircraft sounds. Little effort has been
devoted in this country towards exploring the possibility
that people can ascribe an absolute scale of acceptability
for aircraft noise. Recent British work in which subjects
rated the noise of motor vehicles and of aircraft in terms
of various "int.rusiveness" and "noisiness" scales suggests
that such acc( ,tability scales can be developed.6
Purthermore the British tests suggest that such scales can
be reasonably well correlated with existing objective methods
of rating noise.

The primary purposes of the judgment tests described in
this report were to:

1) Determine if there were significant differences
in the judgment of relative noisiness between
noise produced by actual aircraft flyovers and
by tape recordings of aircraft flyover noise.

2) Investigate the feasibility of establishing an
absolute scaie of acceptability for noise from
aircraft flyovers.

To accomplish these objectives,, groups of subjects were
assembled at two test sites near the Los Angeles Inter-
national Airport. One site, a furnished apartment, was



exposed to noise from frequent aircraft takeoffs; the other
site, a furnished house, was exposed to noise from frequent
aircraft approaches, In a series of tests, the subjects
were asked to rate the noise from actual aircraft flyovers
and recorded aircraft flyovers, both on a relative scale
and on an absolute (category) scale of acceptability.
Judgments of actual flyovers were made both inside and out-
side the test buildings; judgments of recorded noise were

*• made inside the buildings. Most of the flyovers were by
commercial jet (turbojet and turbofan) transport aircraft;
however, a few judgments were made of noise from propeller
transport aircraft.

The aircraft noise signals were recorded during the test
sessions and later analyzed in terms of the maximum per-
ceived noise level occurrlng during the flyovers. The
scores from the several diffeent judgment tests were then
compared and correlated with these maximum perceived noise
levels.

Most subjects judged noise from both aircraft takeoffs and
aircraft approaches. Thus, the test results also provide
an indication of the adequacy of the perceived noise level,,
calculated only from the maximum flynver level, to rate
subjective responses to both approach noise and takeoff
noise. This is of particular interest since these noises
have quite different time durations and pure tone content.

The following section of the report describes the tests
and the test procedures, The test results are summarized
in Sections III and IV; conclusions and recommendations
are presented in Sections V and VI. Noise measurement
instrumentation and the noise measurement and analysis
procedures are described in Appendix A; samples of test
instructions and test schedules are given in Appendix B.
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II. DESCRIPTION OF TESTS

A. Location

Most judgment tests of aircraft noise have been conducted
in the laboratory or under relatively closely controlled
conditions far removed from the home atmosphere in which
most people are likely to experience aircraft noise. In
the current teats a furnished apartment and a furnished
house were selected for the test sites to simulate a
home atmosphere and to approach test conditions not far
removed from those encountered in the home or in informal
social gatherings.

Figure 1 shows the location of the two test sites and
their relationship to the runways at the Los Angeles
International Airport. Site A, a furnished apartment,
was located south of the major departure path from Runway
25L at Los Angeles International Airport. Site B, a fur-
nished house, was located under the approach path for
Runway 25L, the major instrument landing runway at the
airport. Both the apartment and the house were located
in residential areas and were outfitted with ordinary
home furnishings. Three tests were conducted simulta-
neously at each test site, with groups of subjects placed
in the living room, in a bedroom and out of doors, Also
shown in Fig. 1 are approximate noise contours showing the
typical maximum perceived noise levels which might be
expected during operation of a four engine turbojet trans-
port from Runway 25L.*

B. Noise Environment

The maximum noise level oCcurring during each flyover was
measured in the living room, bedroom and outdoors at the
test sites. (Appendix A discusses the noise measurement

SThe contours have been extracted from those given in
Reference 8.
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and analysis procedures.) Figures 2 and 3 show the dia-
tribution of nole levels observed during the judgment
tests. Separate distributions of noise levels are shown
for jet (turbojet and turbofan) aircraft and for propeller
(piston and turbine) aircraft. The arrows along the
abscissa in each graph indicate the mean flyover noise
level.

In these figures and throughout the report noise levels
are measured in terms of the perceived noise level,
expressed in PNdB. As described in Reference 1-4, the
perceived noise level has been developed to rate aircraft
sounds in a manner consistent with listener judgments of
the relative noisiness or acceptability of the sounds.
The perceived noise level is calculated from objective
measurements of the noise. The calculations follow closely
the concepts and procedures developed by Stevens for cal-
culations of loudness level.1,14/

Table I lists the mean flyover noise levels and the calcu-
lated standard deviation for the noise measurements. Also
shown are the upper and lower quartile limits defining the
range for 50% of the flyovera.*

SThe spread, dispersion or variability of data is indicated
in this report by either of two measures, The most fun-
damental measure is the standard deviation. The standard
deviation is the square root or thze variance, The vari-
ance can be defined as the san of the squares of the
deviations of observations from the mean (average) value,
divided by one less than the total number of observations.
For a large sample the variance approaches the mean square
of the deviations. Consequently, for a large sample, the
standard deviation approaches the root-mean-square (rms)
deviation.
In a number of the figures and tables, we have chosen to
show the spread of data by showing upper and lower quar-
tile limits (75th and 25th percentile limits, respectively).
These limits show the range for the centermost 50% of the
data (seliquartile range). For a large sample of obser-
vations, having a normal distribution, there is a fixed
relationship between the semiquartile limits and the
standard deviation (the semiquartile range equals 1.35
standerd deviations). For small samplesO the relationship
between standard deviation and semiquartile limits will
vary, from sample to sample.
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OUTSDE I TURSOJET STURSOFAN
M~7 PROPELLER

to1

soo 90to 10

25 nIZ
n=2

Ill 20 LIVING RU_

0

o to--

z 0

25 03116

20- BED RM.-

f avoon ve/00 for
Isi flyovers

to-

5S

0 7i. (
so~~~4 To0 o10

FLYOVERt NOISE LEVEL IN PNd5

FIGURE 2. HISTOGRAM OF TAKEOFF NOISE LEVELS

6



30n16

25 OUTSIDE

EMTURBOJET &TURBOFAN20- "-'PROPELLER

SO s o t 2

25r-nZS
20ze- LIVING RU.

0

U. I

0 to-

RU c4/j o

IC

FLOE OS LVLI PE

FIGURE 3 HITORA OF APRAC toISo EVL

25- n 17



(n HIl
4rf & a -

H rqcU
0 ~ ~ 4J -t 4t 4 O

o i (da co 00 o

E-44 6

rq H H

z~O PH I
O4r4 H j 0~-. 0

Or V-4 4 a

0 -A
OE-0



Prom the table, we note that 50% of the actual flyover
noise levels fell within a rather limited dynamic range,
varying from 7 to 12 PNdB for the different tests. This
concentration of stimuli (a consequence of exposure to
flyover noise at only two test sites) may have limited
accuracy in determining judgnents at extremes of the
dynamic range.

Table 11 shows the mean noise reduction values for the
test rooms, determined from a sampling of the differences
between individual sets of outdoor and indoor measurements.
The mean values do not vary much among the rooms# all fall-
ing within the range of 21 to 24 PNdB. These are moderate
values of noise reduction, expected ot, the basis of the
conventional lightweight construction of the test buildings*
and the fact that each of the test rooms had at least one
exterior wall with windows which were directly exposed to
the flyover noise.

One should not expect the noise reduction expressed as a
difference in perceived noise levels to be a fixed value,
since it will vary with the absolute level and spectrum
shape of the exciting noise spectrum, the aircraft noise
radiation pattern and the orientation of the aircraft
flight path with respect to the test building. Table II
also lists the standard deviation for the noise reduction
measurements, providing an indication of the variation in
noise reduction with individual flyovers. Thus for the
apartment bedroom, having a sample standard deviation, s,

SThe apartment (Site A in Figure 1) was on the upper
floor of a two-story stucco on wood frame building,
approximately 15 years old. The house (Site B) was
a single-story wood frame building with wood siding.
It was perhaps 30 years old.

See Part IV of this report for an extended discussion
of building noise reduction.

-9-
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TABLE II

iNOISE REDUCTION OF TEST ROOMS

TypeofN*of Noise ReductionI
Noise Room Measurements . I I

__Value Deviation

Takeoff Living 39 20.9 3.4
Room

Bedroom 39 24.1 3.0
Approach Living 6 22.1 2.6

Room
Bedroom 23.8 4.2

or 3.0 PNdB, one may estimate that the noise reductiop for
90 percent of the flyovers will fall within t5 PNdB (1l.65 a)
of the mean noise reduction value.

To obtain a measure of the differences in time duration of
takeoff noise ccnpared to approach noise. noise records in
the form of graphic level charts were examined to determine
the approximate duration of the noise signals within 10 PNdB
of their maximum value.* Results of this study are indicated
in Fig, 4. In this figure the distribution for time dura-
tions are shown for takeoff flyovers and for approach fly-
overs (propeller and jet aircraft) measured out-of-doors.**

* A sampling of inside and outside flyover records showed
no significant difference in time durations, hence the
values shown in Pig, 4 also approximate the durations
for the flyovers Judged indoors.

** This is a measure of time duration frequently used in
laboratoryl/ and field investigations. See Part V of
this report for further discussion of aircraft flyover
noise durations,

-10-
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Prom the figure it is apparent that the duration of take.
off flyovers spread over a considerable range, from less
than 10 seconds to over 30 seconds. The mean time dura.-
tion was about 16 seconds. The approach flyovers were
generally considerably shorter with a mean time of 10
seconds; here* the range of time durations extended from
about 4 seconds to over 20 seconds.

C. Test Subjects

The test subjects miployed in many previous laboratory
noise judgment tests have been college students or adults
having varied backgrounds, training and experience. A
conclusion from these tests was that judgments of the
relative acceptability of noise signals were not signif-
icantly affected by the previous noise exposure history
or training of the test subjects. This conclusion, how-
ever, may not be valid in the testing of an absolute
subjective judgment scale. In fact it is probably not
unreasonable to expect relatively large differences in
subjective response to aircraft noise between those who
have been continually exposed to aircraft noise for a
number of years and those who have little exposure to
aircraft noise.

The number of subjects who could be tested was not large
enough to permit exploration of possible differences in
absolute rating scales for many different groupings of
people. Thus, selection of subjects was purposely limited
to those who were familiar with aircraft noise and who
could reasonably be described as having been exposed to
moderate levels of aircraft noise for a considerable
period of time. Such selection was accomplished by
employing subjects who lived in two residential areas
in the vicinity of Los Angeles International Airport.
These areas, located to either side of the major runways,
are exposed to moderate levels of noise from aircraft
in flight and to noise from ground runups. However,
neither of the areas lies directly under major flight
paths. Figure 1 shows the location of the homes of the
subjects who participated in the judgment tests.

-12-



A total of 55 subjects, ranging in age from 20 to 55
years, participated in the tests. Omitting the scores
of five subjects whose audiograms showed greater thaan
normal hearing losses, / Judgments of 50 subjects were
scored in the test analysis.

The subjects were asked to fill out a questionnaire prior
to the initiation of the test. (A copy of the question.
naire is included in Appendix B.) The distribution of
replies to some of the questions is shown in Fig. 5.
This figure shows the distribution of subjects' ages,
their length of residence, the number of times per day
they acknowledged being aware of aircraft flyover noise
and their rating of the average noise conditions in their
homes. As can be seen from the Fig. 5, there was a rather
equal distribution among the various age groups from 20 to
55. A near-equal distribution of men and women occurred
in the age groups 20-29 years and 50-55 years; however,
women greatly outnumbered men in the age groups of 30-39
years and 40O49 years. It is interesting to note that
in rating the average noise heard in their homes, the most
frequent choice was "moderately noisy" and no one rated
his home as "extremely noisy".

D. Description of Tests

Three different sets of test instructions were employed
in the experiments. Tests Nos. 1 and 2 called for Judg-
ments of the relative acceptability of aircraft flyover
noise. Test No. 3 called for absolute (categor.,) Judg-
ments of the acceptability of aircraft noise. Instruc-
tions and sample work sheets for these tests are given
in Appendix B.

In Test No. 1, conducted only in the living room, subjects
were given the following instructions:

Prior to the following test, you will hear a tape
recording of an aircraft flyover. Please assign
the number 100 to it and mark it on your answer
sheet in the space labeled "Recording". At some

-13-

I



I
Is

I
to o WOMEN

Ii

MEN

0 20-29 30-39 40-W9 50-55j
AGE OF SUBJECTS (YRS)

20-

• 15

1. 1I-1.9 2-4 5-9 g 0+
OLENGTH OF PRESENT RESIDENCE (YRS)

::• I0

15- 10-
0 1__ -5 6-_0 11-20 > 20

No. OF TIMES PER DAY AWARE OF AIRCRAFT FLYOVER NOISE

20-

15

51"

QUIET SLIGHTLY MODERATELY VERY EXTREMELYNOISY NOISY NOISY NO2SY

RATING OF AVERAGE NOISE IN HOME

FIGURE 5. SUMMARY OF SUBJECT RESPONSE

TO BACKGROUND INFORMATION QUESTIONNAIRE t

14

20 ii



time later you will hear the sound of an actual
aircraft flyover followed by the same recorded
flyover to which you assigned a number. Your job
is to assign a number to the actual flyover accord-
ing to how noisy it is compared to the recording.
Mark this number on your answer sheet at the space
provided for each aircraft flyover. For example,
if you felt the actual flyover was twice as noisy
as the recorded flyover, you would place a 200 in
the space provided, If on the other hand you felt
the flyover was one-half as noisy as the recording,
you would place a 50 in the space. For your judgment,
consider the aircraft flyover would occur 20-30 times
during the day and night.

Repeat this procedure for each aircraft flyover.

The subjects were then presented with a recording of the
noise from an aircraft flyover.* This reference flyover
was then repeated, at the same level, immediately following
each of the actual aircraft flyovers. In essence, then,
the subjects were asked to develop a ratio scale of noisi-
ness about a fixed reference having an assigned number of
100.

Test I involves the hypothesis that:

a) Subjects will equate, in terms of the same per-
ceived noise level value, the noisiness of real
flyovers with the noise from a realistic tape
playback of a flyover;

Two recordings were used in the tests. In the judgments
of takeoff noise, a recording of the noise produced by a
jet transport takeoff was used. For judgments of approach
noise, a recording of a jet approach flyover was used.
The recordings were originally recorded in the living
rooms of the two test sites several days prior to the
start of the judgment tests,

-15-



b) SubJects will produce a scale of subjective noisi-
ness ratings that is essentially linear with the
perceived noisiness (expressed in noys) calculated
for the flyover stimuli. (Alternatively, we would
expect the subjective ratings plotted on a log
scale to be linear with the perceived noise level
expressed in PNdB.)

Test 2, which was conducted both indoors (bedroom) and
outdoors, was quite similar to Test I. Subjects first
llistened to an actual flyover and were requested to assign
the number of 100 to this flyover. They were then asked
to judge all succeeding flyovers in the test series with
respect to this reference flyover. Thus, in contrast to
Test 1 subjects heard the reference flyover only at the
start of the test period. And of course, in contrast to
Test 1, Test 2 used noise from an actual flyover as a
reference instead of a recorded noise signal,

Thus, Test 2 also involved hypothesis (b) of Test 1. In
addition, it involved the hypothesis that increasing the
time delay between the remembered reference and stimulus
to be judged may increase the variance of judgment, but
will not produce a systematic bias or shift in judged
noisiness.

In Test 3, the remaining test, subjects were asked to rate
the noise of the aircraft flyover on a scale having four
descriptors (categories) as shown below:

I I I i Il

Of No Acceptable Barely Unacceptable
Concern Acceptable

--16-1



I

The four categories of acceptability (of no concern,
acceptable, barely acceptable and unacceptable) were
placed at equal intervals between the unlabeled end

T-et 3 judgments were made indoors (in the bedrooms)
and outdoors with subjects asked to judge the noise of
actual flyovers. Test 3 was also conducted in the living
room with recorded flyover noise signals, Hlere, the sub-
jects were asked to judge the acceptability of a series
of six recorded flyovers. In this test sequence, the
same recording of flyover noise used as a reference in
Test I was played back six times, with volume varied in
5 dB steps over a 25 dB dynamic range. The order of
presenting the different flyover levels was randomized.

This test involves the hypotheses that:

a) Subjects drawn from a population of urban area
residents and accustomed to hearing aircraft
noise share a common conception of the accept-
ability of aircraft noise intrusion into their
home life;

b) Subjects will produce a scale of acceptability
ratings which can be uniquely correlated with
objectively determined values of perceived noise
levels.

E. Test Presentation

Subjects were divided into six groups of two to four
people each for the tests. Two groups were placed in
the living room, two in the bedroom, and two out-of-
doors as indicated in Fig. 6. Thus, in the bedroom and
outdoors, one group would be making Test 2 Judgments
and the other group, Test 3 Judgments. In the living
room, both groups were administered the same test at
the same time either Test 1 or Test 3. Both tests were
given during the same session, one following the other.
The order of presentation of the two tests was varied
from session to session,

A
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Each day of testing consisted of three test sessions. In
each test session, subjects listened to noise from eight
to twelve actual flyovers. Each test session typically
lasted for 45 minutes. However, the session duration was
quite variable, because of the unequal and somewhat unpre-
dictable apacing between the arrivals or departures of
aircraft from the airport.

Groups were rotated from one test location (living room,
bedroom or outdoors) and type of test (Tests 1 2 or 3)
between sessions. Test session sequences for the differ-
ent groups were ordered on a Latin square arrangement so
that upon completion of the entire test series, each
subject had been exposed to the same number of tests In
each location, but in varying order. A typical schedule
for the groups Is given in Appendix B.

As noted in the general instructions given to each subject
(reprinted in Appendix B) subjects were permitted to smoke,
study, read, write and converse during the tests. A number
of the women sewed or knitted during test sessions. Fol-
lowing the first few sessions with each new group of sub-
jects, a number of conversational groupings would develop.
Quite animated and vigorous discussions on diverse topics
occurred in some test sessions. Thus by the middle of
each test series, the sessions resembied informal social
gatherings in atmosphere and background noise level.

Thirty-five subjects (Test Series I and II) judged noise
during two days (6 sessions) of exposure to approach
noise and two days (6 sessions) of exposure to takeoff
noise. Fifteen additional subjects (Test Series III)
Judge only approach noise during two days (6 sessions).

Scheduling of test sessions was determined largely by the
relative frequency of arrivals and departures of aircraft
at Los Angeles International Airport. Study of airline
schedules showed that, for commercial jet transport air-
craft, arrivals were a maximum from midmorning to noon
and during supper and early evening hours, Departures
showed a maximum in early morning and again at noon, with
a secondary maximum also occurring in late afternoon.

-19-



Initial test sessions for both approach and takeoff
Judrgaets were conducted during midmorning and noon
hours. Subjects for these sessions, Test Series I
and II. were largely women. In order to obtain more
male subjects, Test Series III sessions, during which
subjects were exposed to approach noise, were held

* during early ever~ng hours, A suitable evening period
for listening to takeoff noise, which would provide a
reasonable frequency of takeoffs, could not be arranged.
For this reason, therefore, Series III subjects judged
on•y approach noise.
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III. ABSOLUTE J3Ufl014 S OF ACCEPTABILITY

A. Separate Test Results

In analyzing Test 3 resultss the judgments were scored by
assigning numbers ranging from 0 to 10 to the divisions
of the acceptability rating scale. This arbitrary number-
ing of the acceptability rating scale, done for convenience
in scoring, does not imply that the Intervals between the
division should necessarily be of the sre length. (That
Is, the interval between "of no concern", assigned the
number 2 in scoring, and "acceptable" assigned the number
4., does not necessarily represent the same interval, as
measured in PNdB, as that between the rating of "barely
acceptable" and "unacceptable", assigned the numbers 6
and 8 in scoring.)

Results of the test are presented in Figs. 7 through 11.
In these figures, the median scores (middle score, or
fiftieth percentile) are plotted versus the observed fly-
over noise level. The median value was chosen rather
than the average or mode because of the unknown spacing
between divisions on the acceptability rating scale and
the possibility of nonnormal distributions of acceptable
rating scores.*

Figure 7 shows the median judgment scores for observers
listening to aircraft takeoff noise; similarily, Fig. 8
shows median scores for judgments of aircraft approach
noise. Three sets of Judgments are shown in each figure,
representing Judgments of actual flyovers, indoors (bed-
room) and outdoors, and indoor judgments of recorded fly-
over noise.

* Actualy, for most of the test results, the mean (or
average) values and median values did not vary sig-
nificantly. Thus, the test results shoun in the
figures would not be materially different if the
average values had been plotted.

-21.-
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In Figs. 7 and 8, and in many of the following figures,
three sizes of symbols have been used to provide an idea
of the relative number of judgments involved at different
intervals along the scale. The smallest size symobl
indicates 5 or less judgments; the medium size, 6 to 24
judgments, and the large size, 25 or more judgments.

To facilitate interpretation and comparison of the dif-
ferent tests, we have fitted straight lines to the median
scores.* The straight lines provide a relatively good
fit to the data. However, if the individual test noise
levels had extended over a much larger dynamic range,
more complex mathematical curves would have been neededto provide a good fit to the data.

For example, with a greatly extended dynamic range in
which the flyover noise levels extended to very high and
very low levels, one might expect a sigmoidal, "a" shaped
curve, to provide a better fit, since no subjective rating
can be more than 10 or less than 0. Actually, the judg-
ment scores for the flyovers heard outdoors (see Figs. 7
or 8) do tend to show a decrease in slope for noise levels
above about 110 PNdB. Because of this change in slope at
the higher noise levels, the straight line fitted to the
outdoor scores was arbitrarily based on the judgment values
extending up to a maximum noise level of 112 PNdB.

* The straight lines shown in the figures were fitted to
the median scores by standard linear regression pro-
cedures.l1 Weightings were assigned to Mbe median
scores equal tu the number of judgments used in deter-
mining the median scores. Later, in making formal
statistical tests of the significance of differences
between slopes or intercepts of the straight lines,
the linear regression lines were re-calculated using
all of the data points. This recalculation eliminated
the simplifying assumption that data points ia a given
PNdB interval could be concentrated at the median score
for that interval. There was little difference in the
linear regression curves calculated by the approximate
procedure (based on median scores) and the detailed
procedure.
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Pigures 9, 10 and 11 compare Judgment scores for approach
noise and takeoff noise. Figure 9 shows Judgment scores
for recorded noise signals heard indoor, at the two test
sites. Figure 10 shows the two sets of indoor Judgments
of actual flyovers; Pig. 11 shows the Judgments for the
actual flyovers heard outdoors. In these graphs, median
scores and the upper and lower quartile limits are shown.
The number shown above each bar is the total number of
Judgments observed at that noise level for the particular
test, In Fig. 9 a regression line is also shown, repre-
senting the mean of the separate weighted regression lines
for the approach and the takeoff Judgments. Regression
lines have been omitted from Figs. 10 and 11 for clarity.

A trend towards a change in slope of the mean curves
relating Judgments to perceived noise levels at high and
at low noise levels is evident in Fig. 10 and 11, although
substantiated by relatively few Judgments. Also apparent
is a somewhat increased spread of data for the Judgments
of actual noise compared to the recorded noise signals.
Part of this apparent increase in scatter results from
the greater range in noise levels encountered in the "live"
tests, and also from the small number of Judgments occur-
ring at either end of the dynamic range encompassed by
the actual flyover noise Judgments.

Several factors are evident from Figs. 7 through 11:

a) Por indoor noise Judgments of either approach
or takeoff noise, differences between Judgments
of actual flyovers or recorded flyovers are not
large. Tests show, however, that some of the
differences are statistically significant. In
Pig. 7, the difference in slope between the
regression lines fitted to the two sets of
indoor data, (recorded and actual) is significant

-285M



at the 1% level.* And in Fig. 8 the difference
in displacement between the two regression lines
for indoor Judgments is also significant at the
1% level. One may also note that the slopes of
the two regression lines correlating the ratings
of the actual flyovers Judged indoors are slightly
less than the slopes of the other regression lines.

b) Considering noise heard indoors or heard outdoors,
there is little significant difference in the
median judgments of approach noise or of takeoff
noise.** Thus, although Pig. 4 showed that there
were generally sizeable differences in the time
duration of the approach noise and takeoff noise
signals, the median Judgments of approach and
takeoff noise show no significant difference when
plotted versus the maximum perceived noise level.
This is contrary to what might be expected on the
basis of recent relative judgment tests which
indicate that a difference in time duration should

SBy the t test, Reference 10.

The level of significance indicates the percent risk
of error in accepting the test findings (i.e., a
difference in curve intercepts or slopes) as real for
the subjects tested. If there really were no actual
differences In subject responses, one would expect,
in repeating the judgment tests many, many times, to
find an experimental test difference this large only
1% of the time.

*4 Statistical checks show that the differences in slopes
of the regression curves for indoor judgments of actual
approach and takeoff flyover noise is not significant
at the 5% level; however the difference in intercepts
of the two curves is significant at the 1% level. Dif-
ferences between pairs of outdoor judgment curves and
indoor judgment curves for recorded flyovers are not
significant at the 5% level.
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cause a shift 1n judgments.V A possible compen-
sating factor in these tests was the probability
that many of the approach flyover noise signals
contained stronger pure tone components than the
takeoff noise signals, The increased pure tone
content of the approach noise flyovers may have
tended to increase the noisiness of the flyovers
offsetting the decreased noisiness due to the
shorter time duration of the approach flyovers.1.12
This possibility was not investigated since no

.- detailed analysis of pure tone content in the noisesignals was made.

c) For either approach or takeoff noise Judgments,
there is a sizeable and statistically significant
displacement between indoor Judgments and outdoor
Judgments for a flyover of the same perceived
noise level. This displacement indicates that
for flyover noise of the same perceived noise
level, most observers will assign a less accept-
able rating to the noise when heard indoors than
when heard outdoors.

The displacement between indoor and outdoor Judg-
ments of aircraft noise was earlier observed in
Judgment tests conducted at the 1961 Farnborough
Air Show in Great Britain.7/ In these tests,
subjects rated aircraft flyover noise heard
indoors and outdoors on a category scale of
intrusiveness. (Actual categories on the scale
were: not noticeable, noticeable, intrusive,
annoying, very annoying, and unbearable.) The
displacement at the midpoint of the objective
rating scale was found to be about 18 dBA. This
value can be compared with an average value of
approximately 14 PNdB observed in the present
tests. And in both the present and the British
tests, the shift between indoor and outdoor Judg-
ments is somewhat less than the magnitude of noise
reduction provided by the test building struc-
tures. For example, the mean noise reduction for
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the different test rooms, ranging from about 21
to 24 PNdBs, was 7 to 10 PNdB greater than the
mean observed displacement in Judgments.

B. Composite Test Results

Two composite curves relating perceived noise levels with
acceptability ratings are shown in Fig. 12. One curve
represents the mean of the four regression lines for
indoor Judgment tests (recorded and actual flyovers,
approach and takeoff noise); the other curve is the mean
of the two regression lines calculated from the outdoor
Judgments (actual flyovers, approach and takeoff noise).

in Fig. 12 both curves are plotted versus the perceived
noise level measured outdoors. To accomplish this1 per-
ceived noise levels corresponding to indoor category
Judgments have all been increased by 20 PNdB, 20 P~dB
being taken as a representative building noise reduction
value. Hence, the indoor Judgment curve of Fig. 12
represents Judgments of aircraft noise heard indoors but
measured outdoors. The two curves are nearly parallel
but are displaced from one another by an amount of about
5 PNdB at an acceptability rating of 4, "acceptable", and
about 8 PNdB at an acceptability rating of 8, "unaccept-
able".

Figure 12, representing composite test results, can be
used to indicate approximately the mean Judgments of the
people tested. For example, Fig. 12 indicates that for
a flyover creating a maximum noise level of 110 PNdB
measured outdoors, the average Judgment of outdoor lis-
teners would be unacceptable" or worse- for indoor
listeners exposed to the same flyover, land located
inside a building providing a 20 PNdB reduction in noise
levels), their average Judgment would lie midway between
"barely acceptable" and "unacceptable". Alternatively,
we can say that to have a mean rating of "acceptable" or
better, the noise level should not exceed 90 PNdB for
outdoor listeners or 95 PNdB (as measured outdoors) for
indoor listeners. Likewise, for a mean rating of barely
acceptable" or better, the noise level should not exceed
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I
99 PNdB for outdoor listeners or 105 MN (as measured
outdoors) for indoor judgments.

The composite test results are compared with the sub-
jective rating scales of the Parnborough outdoor
judgment tests in Pig, 13. In this figure the accep-
tability ratings for indoor and outdoor judgments,
taken frou Fig. 12, are plotted alongside the "Intru-
siveness" ard the "noisiness" ratlngs from the
Farnborough tests.* In the Parfborough test analysis,
quadratic curves were used for correlation between
judgments and noise levels; hence, there is unequal
spacing between the different categories in the British
scales.

From Fig. 13. it will be noted that the acceptability
rating scale is quite compressed in comparison with the
British rating scales, Test signals did not extend
over as large a dynamic range and particularly to as
high noise levels as the British tests, On this basis
it may be argued that if a greater dynamic range had
been used, the acceptability rating scale would have
been spread out over a larger range of noise levels.
This is in line with a tendency for subjects to auto-
matically cover the categor4 scale regardless of the
actual dynamic range used in the test. This point
remains to be further explored in tests Involving
extended dynamic ranges of stimull.

One other difference between the different judgment
tests should be noted. In making the acceptability
judgnents, our subjects were specifically asked to
judge flyover noise in the context that the flyovers
would occur 20 to 30 times during the day and night.

*The data in Fig. 13 are taken from Reference 7. In
drawing Pig. 13, the perceived noise level scale
given in Reference 7 has been adjusted by an amount
of 1 NdBE to reflect recent changes in the tables
for calculating PNdB.W
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In the British tests, subjects were not instructed to
interpret the flyovers in terms of any particular
number of occurrences. If the British subjects tended
to judge the noisiness, or intrusiveness, in terms of
single flyovers, and if our subjects truly did jude
in the context of 20 to 30 occurrences per day, one
might expect to find the relation between the dif-
ferent category rating scales to be considerably
different than that indicated in Fig. 13. On the
basis of current estimates of the effects of number
of occurrences on subjective judgments, the relation-
ship between category scales could shift by an amount
of 15 to 20 PNdB over that indicated in Pig. 13.*
Such a sizeable displacement would then make the British
categories of "very annoying" or "very noisy" approxi-
mately equivalent to "unacceptable" on the accepta-
bility category scale.

* Results of British tests, in which subjective
annoyance ratings were correlated with measure-
ments of aircraft noise and volume of aircraft
operations, indicated that the average annoyance
was a function of the sum of the noise level (in
PNdB) plus 15 log N, where N is the number of
aircraft flyovers per day._3/ In procedures used
in this country for prediceTing average community
response to aircraft noise, it is assumed that
adverse response varies with 10 log N.14/ See
Part I of this report for an extended M!scussion
of this point,
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CC. Dispersion of Data

Before drawing firm conclusions or comparisons from the
data* some discussion of the dispersion of the data is
needed. Figures 9, 10 and 11 have shown considerable
scatter in the judgments, with Judgments spreading over
two or more categories for flyovers having the same
maximum noise level.

The root-mean.-square (rms) value of the standard devia-
tions of Judgments at specific noise levels may be used
as an indication of test variability.* These values
ranged from 1.35 to 1.59 units on the acceptability
scale for the different tests; the rms standard devia-
tion for all tests combined was 1.46 units. If one
assumes an average slope of 0.20 for the curve relating
the acceptability ratings to perceived noise levels,
then the rms standard deviations ranged from 6.7 to 8.0
PNdB for the different tests with a ros standard devia-
tion for all tests of 7.3 PNdB.

Another measure of the scatter in data can be stated in
terms of the fit of the regression lines to the data.
For the regression lines, the standard error of estimate,
(sy/ic) provides an indication of the scatter of the data
po•.nts in the vertical direction about the regression
line. This value ranged from 1.41 units (7.1 PNdB) to
1.81 (9.1 PNdB) units for the different regression lines.
The rms value for all testi was 1.66 units (8.3 PNdB).

These standard error values are of help when Inter-
preting the data presented in Figs. 7 through 12
in terms of the proportion of Judgments which

* It was found that the standard deviation values for
Judgments at the different noise levels generally
did not vary drastically over the dynamic range a
among the different tests.
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may fall above or below a certain acceptability category.
For example, from Pig. 12 one can say that while 50% of
subjects located outdoors may assign a rating of 'barely
acceptable" or better to a flyover with a noise level of
99 PNdB, 95% of the subjects are not likely to register
a rating of "barely acceptable" or better, until the
flyover noise level (for outdoor judgments) has been
lowered to 82.A PNdB (99 PNdB - 2 x 8.3 PNdB).

In view of the relatively large dispersion, it is par-
ticularly interesting to determine the major sources of
error contributing to the observed dispersion. The
probable four main sources of variability are listed in
Table III, together with estimates of the probable size
of the standard deviation attributable to each source.
These estimates are based upon analysis of the test
scores, as surmarized in Appendix C.

The estimates of variability given in Table III are not
of a high order of precision, but they do clearly indicate
that the variability resulting from differences between
subjects, individual subject inconsistency and correla-
tion between objective and subjective scales are of the
same order of magnitude.

The conclusion that the variability due to lack of cor-
respondence between objective and subjective scales is
probably less than the variability introduced by dif-
ferences between subjects, or lack of consistency in
individual subject judgments, seems reasonable when
standard deviation values (for judgment scores at
specific noise levels) for the different tests are
compared.

RMS standard deviation values for the living room tests
in which subjects listened to recorded flyovers which
differed in noise level but not in time duration, time
pattern or spectrum content, were not any smaller than
the standard deviation values for judgment tests of
actual flyovers. The noise signals produced by the
actual flyovers differed greatly, of co%;rse, in time
duration, time patterns and spectrum shape and content.
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Hence, one would expect that if the variability due to
- lack of agreement between subjective and objective

rating scales was large, then the standard deviation
for the living room listening tests would be measurably
less than in the tests where actual flyovers were judged.

D, Effects of Age,, Sex and TMM of Aircraft

1) Age and Sex

Test 3 Judgments of approach noise have been
compared for several subgroups of listeners.

a) Men versus women

b) Two age groups, 20-29 years versus 50-55
years.

Only judgment rests of approach noise were compared
because odf the near-equal numbers of test subjects in
each of the subgroups for 'he approach tests. Figures
143 15 and 16 show the median Judgment scorea of men
and of women for the recorded flyovers heard indoors
(Fig. 14), and the actual flyovers heard indoors (Fig.
15) and heard outdoors (Fig. 16). Weighted regression
l1ies have been fitted to the data with the weighting
proportional to the number of judgments in each PNdB
category. Only a single curve has been plotted in Fig.
16 because of the close agreement between the separate
sets of data.

Figures 14 and 16 show very good agreement between the
Judgments of men and women, while Fig. 15 does indicate
some difference in judgments. Note that in judgments
of actual flyovers at moderate or low flyover noise levels,
men tended to rate the flyover noise less acceptable than
the women. This tendency is in agreement with the (slight)
differences between sexes found in the Parnborough tests.

Figures 17, 18 and 19 show similar correlation curves
for tl~e Judgments of approach noise for the 20-29 year
age group and the 50-55 year age group. In Fig. 17 the
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agreement between age groups is very close and only a
single weighted regression line has been fitted to the
data. In Figs. 18 and 19, showing results for judgments
of actual approach flyovers, small differences between
age groups occurred.

On the basis of these test results, therefore, one may
conclude that for the subjects studied there were no
large differences in Judgments between men and women
or between the different age groups, These results are
consistent with those found in the British tests where
differences due to age and sex were found to be small.

2) Type of Aircraft

IDuring the flyover judgment tests, aircraft were identi-
fied only as jet (turbojet and turbofan) and propeller
(piston and turbine). Thus, no detailed breakdown of
judgment comparisons versus aircraft type could be con-
ducted. Only a few propeller aircraft takeoffs were
Judged. However, as Fig. 2 shows, an appreciable number
of approach flyovers were made by propeller aircraft.
Thus, some comparison of judgments of propeller and Jet
approach noise is possible,

Unfortunately, the noise levels produced by propeller
aircraft were primarily in the lower part of the dynamic
range while the noise from jet aircraft fell primarily
in the upper portion of the dynamic range; consequently
there was only a limited mid-range of levels in which
comparable numbers of jet and propeller aircraft were
judged. Comparioon of the judgments in this limited
range shows, with considerable scatter, that there was
a tendency for the propeller aircraft to be Judged more
acceptable than the jet aircraft for the same flyover
noise level. However, statistical tests applied to
these data show that these differences in rating pro-
peller aircraft and Jet aircraft are not generally
significant at the 5% level. Thus, on the basis of
this relatively incomplete comparison, one must conclude
that there was no statistically significant difference
in the absolute acceptability ratings of approach noise
produced by propeller aircraft and that produced by Jet
aircraft.
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TV. RELATIVE ACCEPTABILITY JUDGMETS

In the analysis of Tests 1 and 2, scores were first sorted
according to the difference in PNdB between the test fly-
over and the reference flyover, The geometric mean of the
scores in each 3 PNdB interval was then determined.* Fig-
ures 20, 21 and 22 show the geometric mean of the test
scores plotted against the difference between test flyover
noise level and reference flyover level. Figure 20 shows
the geometric mean scores for takeoff noise heard indoors.
Two curves are shown, one for the bedroom test in which
actual flyovers were used as a reference, and one for
the living room test in which a recorded flyover was the
reference. Similarily, Fig. 21 shows two curves for
indoor judgments of approach noise. Figure 22 compares
the geometric mean scores for the outdoor observations;
separate curves are shown for takeoff and approach fly-
overs.

It can be noted from these figures that, in general, the
dynamic test range extends further to negative values of
differences between test flyovers and reference flyovers
than to positive values. This results from a choice of
reference flyovers that were, on the average, slightly
higher in level than the mean of the flyovers encountered
during the tests. Table IV lists the arithmetic mean
value and range of noise levels for the reference flyovers
used in the different tests.

* In accordance with one of the hypothesis for Tests 1
and 2, we would expect the subjective ratings plotted
on a logarithmic scale to have a linear relationship
with the perceived noise levels. The arithmetic
mean of the logarithms of the scores in a given PNdB
interval is equal to the logarithm of the geometric
mean of all the scores in the interval.
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TABLE IV

MEAN AND RANGE OF FLYOVER NOISE LEVELS

USED AS REFERENCES IN TESTS 1 AND 2

Reference Noise Levels in PNdB
NOISE SIGNAL Indoors f Outdoors

Mean Range Mean Range

Takeoff Actual 80 73-86 104 97-117

Recorded 87 85-88

Approach Actual 82 70-90 108 101-113

Recorded 87 85-90

Comparison of curves in Pigs, 20 and 21 shows that:

a) There is little difference in geometric mean
scores between Judgments using actual flyovers
as a reference, and those using recorded fly-
overs as a reference.

b) There is little difference between geometric
scores of approach noise and those of takeoff
noise.

c) The curves in Figs. 20 and 21 show an approximate
relative acceptability rating of 100 when the
difference between test flyover and reference
flyover was 0 PNdB.

Figure 22 shows, consistent with the indoor Judgments, that
there is little difference in geometric mean scores for
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Judgments of takeoff noise or of approach noise. However,
iin contrast to the indoor judgments, the outdoor scores
show that for a relative acceptability rating of 100 the
difference between test flyover and reference flyover
ranges between -5 to -8 PNdB. (Or, alternatively, one may
state that for a test flyover of the same perceived noise
level as the reference flyover, subjects rated the test
flyover noisier than the reference, with the geometric
mean ratings ranging from approximately 120 to 145.) One
may also observe that while the indoor scores could be
well approximated by a straight line, there is a slight
indication of curvature in the geometric mean scores for
the flyovers heard outdoors.

Because of the generally small differences between geo-
metric mean scores for the indoor judgments and those for
the outdoor Judgments, all indoor and all outdoor scores
were combined. Figure 23 shows the geometric mean scores
for the combined indoor scores and for the combined outdoor
scores. Straight line weighted regression curves have been
fitted to the data.

As can be seen from Fig. 23, the slopes of the two curves
are the same. However, the intercepts differ; while the
indoor scores show a relative acceptability rating of 100
for a test flyover of the same level as the reference fly-
over, the outdoor curve shows a relative acceptability
rating well above 100 for a test flyover of the same level
as the reference. A statistical check* of the relative
Judgment data for differences between the test flyover and
reference flyover shows the differences between the outdoor
and indoor geometric mean relative acceptability ratings
to be significant at the 1% level.

The slope of the regression lines fitted to the geometric
mean scores indicates that an increase of approximately
16 PNdB is required for a doubling of the noisiness or

* Application of t test, Reference 10.
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acceptability rating. This value is considerably greater
than the 10 PNdB for a doubling in noisiness assumed in
deriving the perceived noise level scale. (The value of vs
10 PNdB for a doubling of noisiness is based upon the
original assumption by Kryter that the perceived noisiness
of a sound grows as a function of physical intensity at
the same rate that loudness increases with intensity 4/
And Stevens has previously shown that a reasonable value
for a doubling in loudness was 10 PNDB.)ý .

The assumption that a 10 PNf change in noise level results
in a 2 to 1 change in relative noisiness or annoyance has
never been directly tested in the laboratory. Howeverr,
"results from recent British tests,.l in which subjects
were asked to estimate the relative annoyance of the sounds
of jet aircraft, piston aircraft, and sonic booms at dif-
ferent levels indicate that a change in sound pressure
level of Just under 13 dB was needed to double the annoy-
ance of the aircraft sounds.

The difference in intercepts between outdoor and indoor
Judgmentsj, clearly evident from Fig. 23, is in accordance
With a rrequentiy encountered source of distortion in
noisiness or loudness judgment tests.i.,/

This distortion, or "time error", arises from a preference
of most subjects for listening to moderate levels of noise.
Thus subjects may tend to overestimate the noisiness of
high intensity sounds, and to underestimate the noisiness
of low Intensity sounds. In making paired comparison
judgments it is often observed the second signal will be
judged noisier than the first signal, even though both
are physically equal in level provided the noise levels
are relatively intense (order of 95 PNdB or greater).
When the listening levels are low. the time error reverses
and the second signal in a pair may be judged less noisy
than the reference signal when both are physically equal.
At moderate playback levels, the time error is of small
magnitude. The present results are consistent with what
one would expect from this behavior, since the displace-
ment of Intercepts occurs only in the outdoor judgment
tests, where reference and test levels were quite high.

54



Like the absolute judgment tests, there is considerable
dispersion in the relative rating scores. As an indica-
tion of this dispersion, Fig. 24 shows a few histograms
of the combined indoor and combined outdoor Judgments.
Histograms are shown for three differences between test
flyovers and reference flyovers, -9, 0 and +9 PN2B.
One may note the differences in total number of judgments
recorded indoors and outdoors and at the different levels.
Also to be noted is the fact that the value of standard
deviation, s, is relatively constant fcr the histograms
shown,

The standard deviation for these tests, when expressed
in percent, is quite high. For example, the rms value
of the standard deviations observed for the various
differences between test and reference flyovers was
51% for the combined indoor judgments and 44 for the
combined outdoor judgments.

Results of another method of interpreting the judgment
scores In which relative dispersion between tests can
be more easily compared, are shown in Pigs. 25, 26 end
27. In this interpretation, test scores were analyzed
in terms of whether the individual test item ratings
were greater than, equal to, or less than the reference
rating of 100. These scores were then grouped according
to the difference between test flyover =d referency fly-
over noise levels. The percentage of test scores above
100 was then plotted as a function of the difference
between teat flyover and reference flyover levels. Now,
in many cases, scores of 100 were recorded by the subjects.
In preparing the figures, half of the amount of 100 scores
were added to the number of ratings greater than 100 and
half were added to the number of ratings less than 100.

Figure 25 shows the results for the three approach noise
tests; similarly, Fig. 26 shows the results for the three
takeoff noise tests, Figure 27 has two curves giving the
results of the combined outdoor judgments and the combined
indoor judgments.
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In this type of presentation, one assumes that the two
noise signals are equal in noisiness or acceptability
when the percentage of scores aiove 100 equals 50%,
(i.e., when judgments are equally divided as to whetherI+ the test item is more noisy or less noisy than the ref-
erence signal). Reference to the figures indicates that
for the indoor judgments (approach and takeoff noise
with either recorded or actual flyovers as reference)
the 50% line is reached when the difference between test
flyover and reference flyover is within k3 PMdB. How-
ever, the outdoor judgment curves are displaced to the
left so that the curves cross the 50% line at differences
ranging from -5 to .-9 P"M. This shift to the left for
the outdoor judgment curves is, of course, consistent
with the displacement earlier observed for the ratio
scale results, and results from the time error discussed
earlier.

One method of analyzing the test results which effectively
eliminates the time error is to look at the successive
Judgments in terms of whether or not the rating of each
successive test flyover was greater, equal, or less than
the rating of the immediately preceding flyover. These
scores were then tabulated in terms of the difference
between the test flyover level and the previous flyover
level, regardless of whether the previous flyover was a
reference or a test item. The results of the analysis,
grouping all outdoor Judgments and grouping all indoor
Judgments, is shown in the two curves of Fig. 28. Both
curves cross the 50% line for a difference between test
flyover and preceding flyover of near 0 PNdB. The two
curves also agreed quite closely in shape throughout the
dynamic range.

The curves shown in Figs. 25 through 28 also permit com-
parison of the relative sensitivity of the various tests
in indicating changes in Judgment with changes in per-
ceived noise level. This indication of test sensitivity
is provided through comparison of the curve slopes in
the mid-scale intervals. Thus, a test curve whose slope
in the vicinity of the 50% score is steep would indicate
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a sensitive test in which a small increase (decrease) in
level between test flyover and reference flyover resulted
In a large increase (decrease) in the percent of judgments
rating the test flyover noisier than the reference flyover.

The slope is, of course, determined by dispersion result-
jug not only from test procedures and test administration,
bul also from subject variability and subject consistency.
However# if one assumes subject variability and consist-
ency to be the same for the different tests, significant
variations in test curve slopes can be assigned to dif-
ferences between tests,

To provide an approximate but consistent measure of the
slopes of the various curves, the data from Pigs. 25
through 28 were plotted on probability paper. Straight
lines were then fitted to each set of data by eye and
standard deviations determined. The standard deviation
thus determined and expressed in PNdB, measures the recip .
rocal of the curve slope. The standard deviation values
are tabulated in Table V.

The values of standard deviation for the takeoff judgment
tests are each slightly smaller than those for corresponding
approach tests. Perhaps most interesting is the compar-
ison between the inside tests using recorded flyovers as
a reference and those with actual flyovers as a reference.
For both takeoff and approach judgments, the standard
deviations for the recorded reference tests are consid-
erably smaller than those with the actual flyovers as a
reference. This result might be expected since the
recorded reference was played back after each test fly-
over while, for tests using an actual flyover reference,
the reference was heard only once at the beginning of
the test session. Comparison of the combined test results
shows as might be expected from comparison of Figs. 27
and 2M, that the standard deviations are smallest when
the previous flyover is taken as a reference.
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1 TABLE V

COMPARISON OF STANDARD DEVIATIONS FOR CURVES

SHOWING PERCENT OF JUDGMENTS RATING TEST

FLYOVER NOISIER THAN REFERENCE FLYOVER

Test Signal Reference Standard
Flyover Deviation

_..... . . .. _PN dB

Takeoff - Heard Indoors Recorded (1) 4.1

Actual (2) 7.4I : Heard Outdoors Actual (2) 6.7

SApproach - Heard Indoors Recorded (1) 5.3
Actual (2) 10.3

I- Heard Outdoors Actual (2) 7.3

Combined Takeoff and
Approach - Heard Indoors Recorded (1)

and 6.5
Actual (2)

- Heard Outdoors Actual. (2) 7.5

Combined Takeoff and
Approach - Heard Indoors Recorded

and 5.9
Actual (3)

- Heard Outdoors Actual (3) 5.0
Notes: (1) Reference played at beginning of test session

and immediately following each test item.

(2) Reference taken as first actual flyover in
test session.

(3) Preceeding flyover as reference.
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V. CONCLUSICtS

SAnalysis of the results of the judgment test3 involving
both relative and absolute ratings of the acceptability
of aircraft noise. leads to the following conclusions:

1) Por indoor judgments, the correlation between an
absolute acceptabillity rating scale and maximum fly-
over noise level expressed in PME was essentially
the same regardless of whether the subjects listened
to approach noise or takeoff noise or whether they
listened to actual flyovers or recorded flyovers.
Thue, for a median subjective rating of "barely
acceptable," the perceived noise level ranged from
82 to 86.5 PNdB for the various indoor tests with a
mean for the four tests of 85.5 PNdB.

2) Por outdoor judgments there was no significant dif-
ference in the correlation between subjective rating
and perceived noise level when listening to either
approach noise or takeoff noise.

3) For the same acceptability rating there was a sizeable
displacement in the correlation curves between indoor
judgments and outdoor judgments. This displacement
amounted to about 14 PN2dB at mid-scale, It means that
"a similar degree of acceptability will be assigned to
"a flyover heard indoors that is less in maximum level
than a flyover heard outdoors. This displacement value
was less in magnitude than the noise reduction (21 to
24 PNdB) provided by the test building structures.

4) No significant differences in the correlation between
acceptability ratings and perceived noise levels were
found in the Judgments of men and women or younger and
older age groups. In Judging approach noise, some
tendency was found for subjects to Judge noise from
Jet aircraft flyovers as less acceptable than noise
from propeller aircraft flyovers of the same per-
ceived noise level.
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5) There was considerable dispersion in the acceptability
ratings of flyover noise. However, the dispersion did
not differ signifioantly among the different tests.
The four major sources of variability for the absolute
judgment tests could be ranked in the following order
of decreasing importance:

Si. Lack of consistency in individual subject
ratings.

2. Differences between sibjects.

3. Lack of correspondence between objective
measrement scales and subjective measure-
ment scales.

4. Objective measurement errors.

Estimated values Por the first three items were approxi-
mately the same, while the standard deviation for the
last was considerably smaller than the others. Because
of the similar magnitude of the first three sources of
variability, refinement of the objective measurement
scale to reduce the variability due to differences
between objective and subjective measurement scales
would not lead to a significant reduction of total
test variability.

6) For the relative judgment tests made indoors, in which
subjects rated aircraft noise in terms of a number
larger than, equal to, or smaller than a number assigned
to the noise of a reference flyover, it was -found that
the correlation between judgment scores and differences
between test flyover level and reference flyover level
was essentially the same, regardless of whether subjects
rated approach noise or takeoff noise or whether they
rated flyover noise using recorded or actual flyover
signals as a reference.

7) For similar tests conducted outdoors, using actual
flyovers as a reference, there was little significant
difference between judgments of approach or takeoff
noise.



S8) Por both outdoor ard indoor relative judgments the
slopes of the regression lines (fitted to the geo-
metric mean scores) relating acceptability ratings
and (dtferences between test and reference flyover
levels were the same. Sae slopes indicate a change
of 16 PNdB Is required for a doubling of noisiness.
This value is much larger than the 10 PNdS for
doubling of noisiness originally assumed in develop-
ment of the perceived noise level scale,

S9) The difference in intercepts between outdoor and
indoor curves relating relative ratings, to the
difference between test flyovers and reference
flyovers can be satisfactorily explained by the
time error, resulting from a preference of subjects
to listen to moderate levels of noise,

10) A slight increase In test sensitivity, (interpreted
as a slight reduction in the difference between test
flyover and reference flyover noise levels required
to produce a given change in percent of relative
rating scores above or below the reference score of
100) was observed from the indoor tests in which a
recorded flyover signal was the reference. This
Increase in test sensitivity, as compared to tests
in which noise from actual flyovers were a reference,
may reasonably be attributed to the repitition of the
reference signal in tests using a recorded reference.

11) A comparison of perceived noise levels calculated
from octave band noise spectra and values estimated
from single network levels (dBA and Perceived Noise
Level networks) shows the dBA and PNL network values
provide estimates of about equal variability. The
variability provided by use of either network is
small compared to the total test dispersion.
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VI. RECOMMENDATIONS

A. Differences Between Takeoff and Approach Noise] Ju~M~enta

These tests show that the subjective ratings of approach
flyover noise and takeoff flyover noise may be correlated,
with equal precision, with the maximum perceived noise
level observed during the flyovers. Little difference
was observed between approach and flyover judgments even
though the approach flyovers had, on the average, sig-
nificantly shorter time durations than the takeoff
flyovers. These results, then, suggest that the possible
changes in noisiness ratings produced by differences in
flyover signal time duration, or by presence of strong
pure tone components in the flyover signal:

are compensating factors in making compositive
noisiness judgments of approach and takeoff noise; or,
possibly,

are not factors of large enough magnitude to require
consideration in evaluating flyover noise signals of
current jet aircraft.

There is clearly need for further study to determine the
extent to which differences in time duration and in pure
tone content are to be taken into account in rating the
noise of actual jet aircraft flyovers. Future study
should include both judgment tests and detailed objective
analysis of typical flyover signals. Relative noisiness
judgment tests of recordings of a variety of takeoff and
approach noise signals should be conducted. Accompanying
these Vests should be a review of methods for analyzing
complex, non-stationary time signals to develop meaning-
ful measures of determining time duration and the pres-
ence and mnitude of pure tone components in real-lifeflyover signals,

Prom the refined methods of analyzing flyover noise
signals and the results of existing laboratory tests
examining the influence of time duration and pure tone
components, tentative corrections for time duration

1 -67-
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and pure tone components can then be developed and
applied to the noise signals used in the judgment
tests.. Cmparisona of judgments, with the modified
objective measures of the noise stimulus, should then
reveal whether or not improved correlation between
subjective and objective ratings are obtained when
pure tone and duration factors are taken into account.

B. Growth of Perceived Noisiness as a Function of
?hy5lea]. ].ntfenRl

The current tests indicate that a change in perceived
noise levels of about 16 PNdB is needed to cause a
doubling or halving of the judged noisiness or acoep-
tability of the flyover signal. This value for doubling
or halving of noisiness is much larger than the 10 PNdB
originally assumed in developing the noisiness scale.
This difference suggests the need for formal laboratory
tests, particularly since the original assumption of
10 PNdB for doubling has never been subjected to labora-
tory validation. Such a laboratory investigation should
include not only aircraft sounds but also various other
steady-state noise signals to permit one of the basic
assumptions of the perceived noise level scale to be
thoroughly checked.

C. Differences in Subjective Ratings of Noise Heard
udoors and ndoors

These tests, as did the somewhat similar British tests,
disclosed significant differences in subjective ratings
of noise heard outdoors and indoors. Over the rela-
tively limited dynamic range experienced in the present
tests two correlation curves, one displaced from the
other, were needed to describe absolute acceptability
ratings of aircraft noise. One would, however, expect
the separate correlation curves for indoor and outdoor
judgments to approach and merge at both very high and
very low noise levels. The extent to which this expec-
tation is valid requires exploration by further outdoor
and indoor judgments of actual flyover noise conducted
over a wider dynamic range than experienced in these
tests.
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One possible explanation for the differences between
outdoor and indoor judgments is that subjects make an
allowance, presumably unconsciously for the reduction
of sound afforded by building structures.Y7 Questions
arise as to whether or not such an allowance is based
primarily upon a subject's past experience and whether
or not the subject's allowance is also influenced by
his expectation of what the noise reduction should be
in a particular building. To explore these questions,! ~furthber absolute judgment tests should be conducted of
flyover noise heard inside structures having different
(or apparently different to the subject) degrees of
noise reduction.

D. Purt.zher ftploration of Absolute Rating Scales

The present tests were conducted with a group of people
having roughly similar previous exposure to aircraft
noise. Whether different groups of people having much
different histories of exposure to aircraft noise, would
rate aircraft noise according to the same absolute rating
scale was not explored. To answer this question addit-
ional tests with groups of subjects having widely
different histories of exposure to aircraft noise are
obviously needed. However, for many practical applica-
tions, this question of relative response of subjects
having widely different exposure to noise may be some-
what academic. Generally, where one is concerned with
evaluating noise with respect to response in actual
airport/community noise situations, some degree of
conditioning and exposure to noise can reasonably be
assuned for the people most likely to be affected by
aircraft noise. One is obviously most concerned with
developing scales or limits for people who will be or
have been exposed to the noise, not for people who will
never or rarely encounter the noise stimulus.

Of more practical interest, perhaps, is the question of
whether or not the absolute rating scale for aircraft
noise is unique and applies only to aircraft. Although
British studies indicate that rating scales for aircraft
noise and noise from motor vehicles are similar at low
or moderate levels, they diverge significantly at moderate
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and high levels. These results, however, are based upon
tests using generally different subjects for the differ-
ent judgment tests and different absolute rating scales.
It would therefore seem desirable to extend exploration
of absolute noise rating judgments to include other
typos of noises, partioularly motor vehicle noise, tobetter determine the range over which an unique scale
of aircraft noise Judgments can be applied.
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APPENDIX A

MEASUREMENT AND ANALYSIS OF MLYOVER NOISE

The aircraft noise signals were measured at single posi-
tions in the living room, bedroom and outdoors di the
judgment tests. Outdoors and in the living room, the
noise signals were recorded on magnetic tape for later
analysis; in the bedroom, noise signals were either moni-
tored directly with a sound level meter and a graphic level
recorder or were recorded on tape. Figure A-1 shows the
data recording and data analysis systems.

In addition to flyovers during the test session, a number
of flyovers were recorded indoors in the two test build-
ings to determine the variation in noise levels at the
subject seat positions in the living room and bedrooms.
For these ceat calibration measurements, noise from air-
craft flyovers was recorded simultaneously at the room
monitoring position and at successive seat positions
throughout the room. This seat calibration procedure
was repeated in the living room using the recorded fly-
over signal of tests 1 and 3 as the test signal instead
of actual flyovers.

All of the noise signals were first analyzed by passing
the signal through a fixed frequency weighting network,
the dBA scale of the sound level meter. In addition, for
approximately 25% of the recorded flyovers. the maximum
flyover levels in octave frequency bands were determined.
From comparison of the perceived noise levels calculated
from the octave band measurements and the corresponding
dBA values, correction values were obtained relating dBA
values to calculated perceived noise levels. These values- were then applied to the remaining dBA values to obtain
estimates of the perceived noise levels.

The basis for this procedure rests upon previous studies at
BBN and elsewhere,jLý/ which show that perceived noise

A-1! 1

!,I



Co~efetwe C41Gthode Follower Sournd Level Tape Recorder
ico .J a & K 2630 or Meters [.• Kudelski Nogro Z8 s X 4131, |j Zslwith H 8 K 2203 or or Modified

or 413 . Power SUply 2001 91551-A I Ampex 600
L .....---

KI Graphic Level
Recorder

GR 1521-A

A. DATA RECORDING SYSTEM

Kudeleki NRgro r Sound Level Graphic Level
or Modified Recorder
Ampex 600 88K 2203 GR 1521-A

I
I
I
I

Octave Filter
a8 K 1613 or
PNdB Network

BBN W-1000A- I

B. DATA ANALYSIS SYSTEM
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levels can be estimated with errors which are small com-
pared with the dispersion expected from the subjective
judgment test results, by use of a frequency-weohting
network, such as the dBA scale network of a sound level
meter or a perceived noise level (PL) network (which
approximates the 4O-noy equal noisiness contour).

An earlier analysis of flyover noise recorded in the
vicinity of Los Angeles International Airport had shown
"no significant difference in the accuracy of estimation
afforded by the dBA or the PIN networks. On the basis
o f these earlier results, the dBA network was selected

I to process most of the flyover data because of conven-
ience since it is incorporated as an internal network
in the sound level meters.

Table A-I shows the differences (and standard deviations
for the differences) between perceived noise levels cal-
culated from the octave band data and the dMA and PNL
network values. Figure A-2 shows the relative frequency
response of the two weighting networks.

Consistent with the earlier analysis the standard devia-
tions, shown in Table A-I, also show little difference
between dBA and PUL network variations except for the

I case of approach flyovers measured indoors. In this case
the PNL network levels yield smaller standard deviations.
In any event, the standard deviations indicated in Table
A-I for either the dBA network or the PIL network are
much smaller than the dispersion in the subjective test
responses. Thus, this method of estimating perceived
noise levels should not contribute appreciably to the
dispersion observed for the test results.

The average differences between perceived noise levels
calculated from octave band data and the dBA values can
be compared with those observed in previous studies.
Table A-Il shows the average difference between calculated
perceived noise levels and dBA values for the present
measurement, those measured earlier at Los Angeles
International Airport and those reported by Robinson and

I
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Fleming in England.j/ Both sets of flyover data at
Los Angeles International Airport are based upon the
current method for calculating PNdB3/; presumably the
Robinson and Fleming values were calculated using PNdB
calculation tables now superseded. Since, for jet
aircraft, the current tables for calculating PNdB gen-
erally yield a lower perceived noise level for the
same octave band spectra, the differenaes reported
by Robinson or Fleming should be somewhat mmaller if
based upon the current P1NdB calculation tables. Such
an adjustment would bring their data into closer agree-
ment with the Los Angeles International Airport measure-
ments.

It should be pointed out that a portion of the differences
between calculated perceived noise level and measured
network values (either dBA or PNL networks) is dependent
upon details of the data analysis procedure and of
the instrumentation charactesistics. For example, a
change in the type of graphic level recorder used, which
generally involves a change in the dynamic rectifying
and writing characteristics of the instrument, may result
in a measurable change in the differences between calcu-
lated perceived noise levels and network values.

From analysis of the seat calibration data, the maximum
variation between seat positions and monitor positions
was found to be + 3 PNdB. The rms value of the standard
deviations for the variations observed in the four test
rooms was 1.2 PNdB. These values were observed without
test subjects present. With subjects in the rooms, the
variations in the room noise levels may have increased
slightly.

A-7
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APPENDIX B

SAMPLE TEST INSTRUCTIONS AND SCHEDULES

In this appendix are included copies of the background
"information questionnaire, general instructions, and
Tests 1, 2, and 3 score sheets; this material was furnished
to all subjects participating in the judgment tests.
Also included is a copy of a test schedule covering
two consecutive days (6 sessions) of testing. Separate
test schedules were composed for each two days of testing.

I'
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BACKGROUND INFORMATION SHEET

Subject No. Sex

Age Group (circle one) 20-29, 30-39, 40-49, 50 or more

Occupation ..... .. . ......... ...... ..... ____ ____

1) How many times per day are you normally aware of the
noise of aircraft flyovers at your present residence?

Less than once

1-5 times
6-10 times

11-20 times
21 or more times

2) How long have you lived at your present residence?

3) How many times per day were you normally aware of
the noise of aircraft flyovers at a former residence?
Consider only the residence with the largest number
of flyovers per day.

Less than once

1-5 times
6-10 times

11-20 times
21 or more times

4) When and for how long did you live at this former
residence?

5) Using the following scale please rate the average
noise present at your home.

Quiet Slightly Moderately Very Extremely
Noisy Noisy Noisy Noisy

6) Usin- the following scale please rate the average
noist present at your place of employment.

Quiet Slightly Moderately Very Extremely

Noisy Noisy Noisy Noisy

B-2



GENE-iAL INSTRUCTIONS

The purpose of conducting these tests is to learn more
about subjective acceptability of aircraft flyovers.
The tests are part of a program designed to obtain
information that will be of aid in planning land use
around airports.

You may smoke, study, read, write, converse during the
test, but we ask that you do not discuss your answers
among yourselves or in any way bias one another by com-
paring results. Try to make yourself at home. The
tests will last approximately three hours. If you have
any questions, please feel free to ask them.

B-3
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Subject No. Seat: m n o p q r s

Date ..... __. ____ Location: Lennox El Segundo

Time Living Room Bedroom Outdoors

INSTRUCTIONS FOR TEST 1

Prior to the following test you will hear a tape record-
Ind of an aircraft flyover. Please assign the number
100 to it and mark it on your answer sheet in the
space labeled "Recording." At some time later you
will hear the sound of an actual aircraft flyover
followed by the same recorded flyover to which you
assigned a number. Your Job is to assign a number to
the actual flyover according to how noisy it is
compared to the recording. Mark this number on your
answer sheet at the space provided for each aircraft
flyover. For example, if you felt the actual flyover
we- twice as noisy as the recorded flyover, you would
place a 200 in the space provided. If on the other
hand you felt the flyover was one-half as noisy as
the recording, you would place a 50 in the space.
Por your Judgment, consider the aircraft flyover
would occur 20-30 times during the day and night.

Repeat this procedure for each aircraft flyover.

ANSWER SHEET FOR TEST 1

Recording

1 _ _ _ _ 5 _ _ _

2 7

3 8

4 
9

5 10
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Subject No. Seat: m n o p q r s

Date Location: Lennox El Segundo

: Time Living floom Bedroom Outdoors

INSTRUCTIONS FOR TEST 2

During the following tests you will first hear an
aircraft flying overhead. Please assign the number 100
to it and mark it in the space provided for aircraft
flyover No. 1. Each subsequent flyover should be
rated by assigning a number to each flyover according
to how noisy it was compared to the first. Mark this
number on your answer sheet in the space provided.
For example, if you felt the actual flyover was twice
as noisy, you would place a 200 in the space provided.
If on the other hand you felt the flyover was one-
half as noisy as the first, you would place a 50 in the
space. For your judgment, consider the aircraft fly-
overs would occur 20-30 times during the day and night.

Repeat this procedure for each aircraft flyover.

ANSWER SHEET FOR TEST 2

1 _6

2 7

3 8

4 9

5 10

B-5
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3 Subject _.. ........ __Seat: m n o p q r 8
Date ____--__.....____ Location: Lennox El Segundo

Time .Living Room Bedroom Outdoors

INSTRUCTIONS FOR TEST 3
During the following test, you will first hear an aircraft
flying overhead. Your job is to rate the noise of the air-
craft flyover on an acceptability scale. According to your
rating, place a mark along the scale provided on the answer
sheet for each aircraft flyover. Feel free to mark anywhere
along the scale rather than just at the labeled points. The
end points of the scale may be used for extreme cases. In
making your judgment consider that the flyover would occur
at your home 20-30 times during the day and night.

ANSWER SHEET FOR TEST 3

1 ) 1 . .. -
Of No Acceptable Barely Unacceptable

Concern Acceptable

2) - I , I L I
Of No Acceptable Barely Unacceptable

Concern Acceptable

Of No Acceptable Barely Unacceptable
Concern Acceptable

14)111
Of No Acceptable Barely Unacceptable

Concern Acceptable

5) 1 1 1
Of No Acceptable Barely Unacceptable

Concern Acceptable

6) 1 1 1 1
Or No Acceptable Barely Unacceptable

Concern Acceptable

7) 1 , - -. , J
Of No Acceptable Barely Unacceptable

Concern Acceptable

8 ) A I I I ___j
Of No Acceptable Barely Unacceptable

Concern Acceptable
9) 1 _ 0

Of No Acceptable Barely Unacceptable
Concern Acceptable

10) a i I ____,
Of No Acceptable Barely Unacceptable

Concern Acceptable



COPY OF A TEST SCHEDULE COVERING

TWO DAYS OF JtUDGEMENT TESTS

Test Session 1 2

Date 18 Mar 64 19 Mar 64

Location EL SEGUNDO EL SEGUNDO

Test Period 1 2 3 1 2 3

Group A BR 0 LR 0 LR BR

3 2 1,3 2 lx3 2

B BR LR BR LR 0 0

2 3,1 3 3,1 3 2

C LR LR 0 BR 0 BR

1.j 3,1 3 2 2 3

D LR 0 LR BR BR 0
1,3 2 1,3 3 2 3

E 0 BR 0 LR BR LR

S 2 2 3,.1 3 3,1

0 BR ER 0 LR LR

2 3 2 3 1,3 3,1

TEST SERIES II
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APPENDIX C

4 SOURCES OP VARIABILITY IN CATEGORY JUDGMENTS
OF AIRCRAFT NOISE ACCEPTABILITY

The dispersion found in the datca for Test 3 ariseis from
a number of sources. Probably the four chief sources of
variability are:

1) Errors in objective measurement arising from
'Instrumentation, calibration and data analysis
errors, and variations in the noise environment
at the individual subject positions.

2) Lack of correspondence between the objective
measure of noise (perceived noise level) and
subjective measures of noise acceptability.

3) Variability among different observers in their
judgment of the noise.

4) Lack of consistency or repeatability in the
observers' Judgments.

If we assume that the total test variance (square of the
test standard deviation) is equal to the sum of the var-
iances introduced by each souree of dispersion, we can
obtain estimates of the size of each source.

Objective measurement error is probably the smallest of
the four sources of variability. A value of 2 PNdB can
be assigned as a likely measure of the standard deviation
for this source. This value of 2 PNdB is based upon con-
sideration of errors arising from differences between
noise levels at monitor and seat positions, and errors
due to the method of calculating the perceived noise level
from objective measurements. Standard deviation values
for both these sources of variability are given in
Appendix A, where a value of 1.2 PNdB is estimated for
the standard deviation measuring the variability in levels

C-1



between seat and monitor positions, and a value of
1.7 PNdB for the error in calculating PNdB from the
objective noise measurements. Assuming an average
slope of 0.20 for the curves relating acceptability
ratings to perceived noise levels, the standard
deviation for this source of variability is 0.4 in
acceptability rating units.

An estimate of the variability contributed by the lack
of consistency in Individual observers' Judgments is
provided by study of Test 3 Judgments in the living
room where observers listened to recorded flyovers.
These tests were the only tests in which there was
replication. Each subject judged the same stimulus
during two different test sessions (occurring on the
same or a different day of testing) and, perhaps, at
different positions in the room.

Analysis of the changes in individual subject scores
when rating the same noise signal yields a pooled esti-
mate for the standard deviation of 1.03 units for com-
bined takeoff and approach judgments. (There was little
difference in standard deviation values for approach and
takeoff judgments; pooled estimate values of the standard
deviation of 1.06 and 1.00 units were calculated for the
separate sets of approach and takeoff judgments.) Assum-
Ing that this pooled estimate of the standard deviation
results only from objective measurement error and lack
of consistency in individual subject judgments, a stan-
dard deviation of 0.95 (4.8 PNdB) is calculated as a
measure of variability due solely to lack of consis-
tency in subject judgments.

An estimate of the variability due to variations in
judgments among subjects can be obtained by study of
subject scores when listening to the same flyover noise
signal. Pooled estimates of the standard deviation for
subject scores when listening to the same flyover sig-
nal varied from 1.10 units to 1,43 units for the six
different tests. The pooled estimate of the standard
deviation for the combined tests was 1.29 units (6.5
PNdB). This value may be considered to be a measure
of dispersion resulting from lack of consistency in
individual subject Judgments and measurement error, as

C-2



well as variability among subjects, Assigning previously
T- estimated values f'or the former two sources of variabil-

ity, an estimate of the standard deviation due to varia-
bility among subjects of approximately 0.87 units
(4.4 ?NdB) is obtained. This standard deviation is nearly
as large as that estimated for the lack of consistency in
individual subject judgments.

The pooled estimate of the standard deviation of 1.29 units
(6.5 PNMB), arising from differences In subject scores when
listening to the same flyover signal can be compared with
one of the values reported from the Farnborough judgment
tests. (Differences in the rating scales for the
Farnborough and Los Angeles tests permit only a rough com-
parison to be made.) Por the second day of testing at
Falrnborough in which flyovers were judged outdoors on a"noisiness" rating scale, the standard deviat on for scores
of listeners rating the same noise signal was 1.1 unit on
the "noisiness" rating scale. This standard deviation
amounts to approximately 8.5 PNdB when evaluated using the
midscale slope of the curve relating the subjective noisi-
ness judgments and noise level.*

The estimate of variahility due to differences among sub-
jects, together with the estimates for measurement error
and lack of consistency, may now be used to estimate the
variability due to lack of correspondence between objec-
tive measurement scales and subjective rating scales.
Such an estimate can be obtained by assuming that the
standard deviation for judgment scores at specific levels
of noise results from all four sources of variability.
Thus., from the pooled estimate value of the standard de-
viation for judgment scores at specific noise levels,
1.55, and the estimates just obtained for three sources
of variability, one obtains an estimate of 0.85 units
(-.3 PFdB) for the standard deviation due to lack of

* See Fig. 2s Ref. 7
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correspondence between objective scales and subjective
scales, This estimate is less than the estimated stan.
dard deviations for subject variability and individual
subject consistency,

The standard deviation values for each major source of
variability, determined as discussed above, are tabulated
in Table III in the body of the report.

C-4
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ABSTRACT

Results of the application of a decision-flow methodology
to seventeen case histories of community declsion-r•-*ing
are reported. Five of the cases deal directly wit,
airport-oommunity decisions. four with land use and
the remainder with major spheres of governmental decision-
making in metropolitan areas. Under the hypothesis
that the reaching of a public decision (I.e , construction
of a new airport, location of an expressw;yj can be
identified in terms of specific events, or subdecisions,
which can be analytically classified and placed in a
time relationship to one another, each case history was
divided into a number of subdeclsions.

Each subdecision was gnalyzed in terms of a stimulus
(reason for the event ), response (identifiable action),
and consequences, which usually provided the stimulus
for the succeeding subdecision. Initiators of actions
and other participants in each subdecision (individual
actors and groups) were identified and classified as
well as were the major Inputs of Information used to
arrive at a subdecision (legal criteria, budgetary policy,
administrative policy, technical standards). Subdecisions,
classified in sequential order, were segregated into
quarters.

Some clear patterns of behavior emerge from the case
findings permitting the development of a number of
hypotheses for empirical validation. The airport cases
follow the same general patterns as observed for the
other cases investigated.

The hypotheses suggest strongly that the govermnental
administrative agencies dominate the decision process.
For example, most actions are initiated in a governmental
setting. The largest proportion of initiators and parti-
cipants in action are governmental personnel, and the
primary actor is usually a chief executive or departmental
head. It appears evident that the administrator is
most frequently the coordinator of activity effort making
it important for him to know which types of groups and
individuals play what kinds of roles at the different
points of the decision process,

/,



TABLE OF CONTETS

ABSTRACT . a . . . . . . . . . • • # • • a 0 • I

LIST OF FIGURES . . . . , . . . . , * * . iv

I t T, OF TABLES . . . . . . . . . . . v

?PREACE vii

I. INTRODUCTION 1 a . a . . . . • • • a • i

1-1. DECISION-MAKING ANALYSIS APPROACH . . 4

A. Statement of Problem .. a ., • 4

B. Decision-flow Methodology 4 . * a 4

C. Sources of Data . . . . . . . . . . 7

III. CASE STUDY PIINGS . . ..... . . 10

A. Types of Actions . . .. . . . .a. . 10

B. Types of Consequences . .. . . . . 20

C. Subdecision Inputs . . . . . . a . a 30

D. Dominant Actors . . . . . . . . . . 33

E. Legal Actions Obstructing
the Decision Process . . . . . . a a 39

IV. DISCUSSION AND CONCLUSIONS . . . . . . . 41

GLOSSARY...• . a • • a • a a a a 47

ii



TABLE OF CONTENTS (Continued)

APPUEDICES

A. CLASSIFICATION OF SUBDECISION
CHARACTERISTICS FOR CASE HISTORY
DECISION-PWW STUDIES.. . . ° .o A-i

B. CONSTRUCTING A DECISION-PLOW DIAGRAM:
THE BROOME COUNTY AIRPORT CASE. .* . . . B-i

" A 1±1

r' i " i I



LIST OF PFGURES

1. Decision Process Chart Show~.rn Periods
of Greatest Activity for Actors and
Groups (Includes Government and Non-
goverment Subdeoisions) . # a . a ° .0 * 17

2. Decision Process Chart Showrng Periods
of Greatest Aotivity for Actors and
Groups in Government Subdecisions . . . o 21

3. Decision Process Chart Showing Periods
of Greatest Actor and Group Activity
in Relation to Subdecision Consequences . . 29

iv



LIST OF TABLES Page

I. Case Studies Used in Decision-
Flow Study . . . . . . . . . . . . . . 8

II. Time Distribution of Actions . . . . . 12

III. Time Distribution of Actor
Participation in Actions...... 15

IV. Time Distribution of Organizational
Group Participation in Actions . . . . 15

V. Governmental and Non-governmental
Actor Participation . * . . . . . . & 18

VI. Governmental and Non-governmentalGroup Participation * * a a a . . a . 18

VII. Government Actor Participation in
Non-government Settings . . . . . • . 19

VIII. Non-government Actor Participation
in Government Settings...., .a * 19

IX. Time Distribution of Consequences . . 22

X. Distribution of Consequences
by Subdecision Setting . . . . . . . . 23

XI. Time Disitribution of Consequences
Stemming from Governmental Settings . 25

XII. Time Distribution of Consequences
Stemming from Non-governmental
Settings * * . . . a a a . a * * & . a 25

XIII. Actor Participation and
Type of Consequence . . . . . . . . . 27

XIV. Group Participation and
Type of Consequence . . . . . . . . . 27

J

j
Iv

JI



LIST OP TABLES (Continued)

Page

IV. Subdecision Inputs Occurring
in Governmental and Non.
governmental Settings . . . . . . . . . 31

MI. Distribution of Subdecision
Consequences With Type of Inputs . . . 32

XVII. Percent of Subdecisions initiated
by Different Actors and Groups . . . . 34

XVIII. Distribution of Multiple
Initiators and Participants . . . . . . 36

XIX. Identification of Initiators
and Participants Involved in
Two or More Subdecisions . . . . . . . 36

XX. Percent of Subdecisions Initiated
by Each Type of Primary Actor ..... 37

XXI. Consequences of Subdeclsion
Actions Initiated by Primary
Actors a . • • • • • • • • .* . . . 38

vi



AN ANALYSIS OF SOME FACTORS

j AFFECTING COMMUNITY-AIRPORT

DECISION-MAKING

I
PREFACE

This report was written by Professor Fremont J. Lyden,
Assistant Professor of the Graduate School of PublicI Affairs, University of Washington, acting as a consul-
tant to Bolt Beranek and Newman, Inc. (BBN). Other
consultants to BBN who participated with Professor LydenI in various phases of the studies were Dr. Robert Warren,
and Messrs. Jack Fuller and Harold McCurty, also of theUniversity of Washington.

I Task No. 3 of the project work statement calls for an
"Analysis of overt action and community action potential."
This study area encompasses investigation of some of theI complex relationships between communities and airports.
Some of the reasons for investigating such relationships
are discussed and diagramed in Part I of FAA Report No.
RD-64-148*. As pointed out in that report, our under-
standing of the complex linkages between the psychological
response of individuals to aircraft noise and possible
community actions to control, limit or modify airport and
aircraft operations is incomplete and fragmentary. In the
belief that the application of modern techniques for in-
vestigating sociological and public administration problems
might yield new understanding of pertinent linkages between
communities and airports, BEN asked Professor Lyden to
explore problems of community decision-making with refer-
ence to airport and aircraft noise problems*

i
* BBN Report No. 1093 "Analysis of Community and Airport

Relationships/Aoise Abatement Technical Report; Work
Accomplishments, May 1963 through April 1964" (December
1964).
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I. INTRODUCTION

The studies swm arIzed in this report consisted of the de-
sign and test of a middle-range decision-flow methodology.
Findings elicited from application of the decision-flow
methodology to 17 case studies are described in the body
of the report. Published case studies were relied upon
for data and decisions other than those specifically
involving airport-co-munity relations were included to
provide a sufficient amount of data for statistical
analysis. Bearing these shortcomings in mind, the hypo-
theses suggested by these findings should provide the
basis for field research which can, in turn, be used to
assist airport authorities in their Job of policy coordi-
ne-ion,

Some comment should also be made about what research has
been undertaken for analyzing community responses which
are not interpreted or are inadequately interpreted in the
context of the decision process. Public opinion studies,
for example, have frequently been conducted to elicit
community attitudes toward the airport noise problem. Can
the opinions thus elicited be related to overt behavior
patterns? In the Pall 1964 issue of the Public Opinion
&ua~erly Professor Leon Pestinger rases te question
or the relation of attitudes to subsequent behavior
("Behavioral Support for Opinion Change," pp. 403-417).
After surveying the field, he concludes that few research
attempts have been made to study this relationship and
the investigations which have been conducted h~ve yielded
inconclusive results.

Studies of community responses have been conducted under
varied circumstances by researchers with diverse interests
and backgrounds. Well over 100 studies of community
response to disaster have been undertaken. The results
of these studies are catalogued and interpreted in

Preceding Page Blank
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George W, Baker and Dwight W. Chapmas M and Society in
Disaster (Now York: Basic Books, 1962). community reac-

SFhighway location and relocation work has also
received a considerable amount of study. Floyd Thiel's
article in the April 1962 issue of Public Roads ("Social
Effects of Modern Highway Transportation," pp, 1-10) pro-
vides a good summary of many such efforts. Also Richard

* Zettel and Paul Shuldiner's Prelaw Location Conflicts in
California (Beareley: Institute of Transportationan 107

i?!EgIneering, Research Report No. 29, University
* of California, January 1959) has a number of case histories

summarized in capsule form.

The likelihood of the public acting when faced by threats
of Injury in persons or damage to property is investigated
by Robert Kates in six potential flood areas in Hazard and
Choice Pezception In Flood Plain Manaement (Chicao:.
Nepat'entor aeograpny, universIfy or Cn7icago, 1962).

All of these studies have some relevance to the problem of
community-airport relationships, but none of them raise
strictly identical problems. Furthermore, the findings
extracted from other studies yield conclusions which are
hardly definite enough to be used for predictive purposes.
Quite the contrary, in most instances they point up how
little we know about community response patterns.

It was for this reason that the decision-making approach
was applied in the studies we undertook. The decision
process is the focal point around which most community
needs are satisfied when governmental action is required.
Although not all community responses are immediately re-
flected by actions occurring in the decision process, if
the need is critical enough and of sufficient permanence
to merit governmental attention, some actors or groups --
governmental or nongovernmental -- will introduce it into
the decision process. The question of who will do this,
when and in the context of what organizational setting
is what the airport authorities need to know if they are
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to recognize potential conflict and undertake efforts to
alleviate it. The methodologies proposed in this report
were designed to provide them with such information.

The next section of the report outlines the approach
employed in the analysis of the case studies. The analysis
findings are discussed in detail in Section III. Section
IV swunarizes the conclusions of the study. A Olossary is
provided at the end of the report which defines sone of the
terminology used in the report.
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I. DECISION-4AKING ANALYSIS APPROACH

A. Statement of Problem

This investigation is directed toward the development of
a methodology for studying the decision-making process
involved in airport-conmnunity relationships. Decisions
are usually identifted by sme rather specific activity
effort. We may speak of the airport's decision to extend
its runway, to build a parking lot, to raise its landing
fees, to purchase property for runway clear zones, etc.
Yet such decisions are not made by a particular individual
or group of individuals at a specific point in time. Dects-
ions rather emerge out of a process in which a variety of
• overrmental and non-governmental participants communicate
acts, ideas, and points of view over time. There are

certain events which can be identified in this process
which either facilitate or deter the arrival at an even-
tual decision, In trying to characterize how decisions
are made, however, we frequently telescope this stream of
events into a generalization about behavior or we give
undue importance to only a few of the events which we
assume to be of most importance. In either event, our
description of the decision-making process is so permeated
by subjective interpretation that its relation to reality
is highly dubious,

What we need, then, is a methodological approach for study-
ing decision-making which will allow us to give due consi-
deration to all activity-effort involved in reaching the
decision and to minimize the effect of subjective interpre-
tation.

It is the object of this study to attempt to validate a
"decision-flow" approach to the study of community-airport
decision-making and to draw hypotheses which will enable
airport decision-makers to work more effectively with the
community in the arrival at mutually acceptable decisions.

B. Decision-Flow Methodology

It is hypothesized that it is possible to identify specific
events or subdecisions involved in the reaching of a public
decision and that each of these subdecisions can be analy-
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-• tically classified and placed in a time relationship to
each other.

The analytic scheme for classifying subdecisions is based
on the assumption that for each there will be:

(i) a stimulus, or reason for the event to occur

(2) a response, the identifiable Action which takes
place (a meeting is held, a vote is taken, a

-* legal complaint is filed, etc.) and

(3) a Corqmunce, which will usually provide the
astimulus for the succeeding subdecision in the

decision process.

In addition, it will be possible to identify the initia-
tors of Actions and other participants in each subdecision
by their governmental or non-governmental group affiliation.
Where "groups" rather than their representatives participate
in subdecisions, it should be possible to classify the type
of groups involved. Finally, where major inputs of infor-
mation are used in arriving at a subdecision (e.g., legal
criteria, budgetary policy, administrative policy, tech-
nical standards, etc.), they should be identifiable. The
proposed classification of: Actions, Consequences, Actor
Affiliations, Organizational Groups, and Inputs is set
forth in Appendix A.

Using the above classification, all subdecisions identi-
fiable in each of the 17 community public policy decisions
to be studied (discussed in next section) were classified
in sequential order. Two graduate student analysts read
and classified each case to insure uniform application of
the classification. An illustration of how decision-flows
were actually constructed is given in Appendix B. The
total number of subdecisions in each case were then segre-
gated into those constituting the first 25%, the second
25%*, the third 25%., and the fourth 25% of the subdecisions.
Hereafter in this report subdecisions will be referred to
as occurring in the first, second, third, or fourth quar• •r
of the decision.

The time span encompassed by a decision-flow varied from

-5-
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several weeks in some cases to several months or years in
Sother cases. The division of decision-flows into quarters

*in Justified on an analytic rather than on an absolute
time dimension basis. It is assumed that a number of dif-
ferent types of Actions occurring in some sequential rela-

* tionship to each other are involved in problem solution
regardless of the total time which elapses in the decision-
flow. By dividing each decision-flow into quarters, each
including an equal number of subdecisions, it is possible
to identify which tyWs of Actions occur in the early,
middle and late stages of the problem-solving process.
Prm this analytic perspective, then, the question of the
amount of time which actually elapses in any given decision-
flow or in any quarter of a decision-flow is not particu-
larly relevant. This is not to imply that time is ignored
but rather that it is considered as a relative rather than
an absolute characteristic of the decision process, In
this .respect, its significance is apparent in recorded
Consequences which reflect delays, blockages, etc. in the
decision process.

All subdecision data thus classified for the 17 case his-
tories were coded and stored for computer sorting. Com-
puter sorts were then made of all subdecisions by:

(1) Actions

(2) Consequences

(3) Organizational Groups

(4) Actors by Affiliation

(5) Contingency relationships between

(a) Actions and Consequences

(b) Actions and Organizational Groups

(c) Actions and Actor Affiliation

(d) Actions and Inputs

(e) Consequences and Organizational Groups
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(f) Consequences and Actor Affiliation

(g) Consequences and Inputs.

Each of these forms of tabulated data was then broken downaccording to whether they appeared in subdecisions in thefirst, second, third, or fourth quarter of the decision.

Finally, all of the above forms of tabulations were made
ror cases grouped according to the functional classifica-
tion discussed below.

C. Sources of Data

The source of data for testing this methodology was 17
case studies of public policy decisions which were availa-
ble in the published literature. Titles of these cases
with their publication sources are listed in Table I. ThefI number of subdecisions in each case is also listed in the
table. Since our interest was in airport-community decis-
ions (and more specifically those involving noise problems),
we would have preferred to select cases dealing with this
subject area. A sufficient number of cases, however, has
not been published on this subject to provide adequate
data for comparative analysis. Furthermore, studies which
have been conducted on community decision-making indicate
that a rather well established pattern of interrelation-
ships exists among participants in each functional areaf j of governmental concern. Although the specific actors
involved in a municipal sewer problem may be different
from those dominant in a public parks or a municipal air-
port problem, an establisheJ pattern of decision-making
appears to exist in each. Since an insufficient number of
cases was available in respect to airport management, we
therefore selected a sampling of cases dealing with major
areas of governmental decision-making in metropolitan areas.
A random selection of cases could not even be made on this
basis, though, in view of the limited number of cases avail-
able. A purposeful selection of 17 cases was therefore
made on the basis that (1) each should deal with a govern-
mental problem in a metropolitan setting, (2) each should
present a sufficiently detailed narrative of the decision
that the decision-flow methodology could be employed, and
(3) a representative selection of long and short cases

-'
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TAWL1 I
CASE STUDINS USXD IN EBCISION-FWW SIUM

case Titl. Sow¢'so No. of Subdeclilons

1. oTh Closing of Newark A r-t' Inr-Univerlty Cae rogram 67No. 2T, University of Alabema
ress, University of A1a)aAa

2. "Jeet for the Great Suamp?* Frost, Richavd ?. (.d.), Cases in
State and Local Gov•nsren _ lwo 24
CL1r rnmp r 3.eo-m5LA, 1 2l)

3. "DetroItts Metropolitan Air- Howlts, Robert J. an6 Dell Vrigsht,ports The Pwurteen-year ui sat a btramajim 117St•uggle over an Airport Site" (Detroitt Wayne State Univeroslt
?re&s, 1962)

4. 'Oothka In the Air Age Stein. Harold (od.), Pu"'Ac AdaLn-
itrma~tton and Policy" P. 1 1

5. "ThW Broom County Airport! Frost, op cit 32
6. "The Eztenslon of the Lodge Nowits and Wright, ap 6rpressways Expressvay Strategy 46

in Motor City*
7. wMoses on the Greer" Inter-Unlversity Came Program, No. 45, 25

8. "The County Buys DunwoodLe Ibid., No. 61 - 29
Golf Course*

9. "Defending the Hill against Ibid., No. 26 24Mabal Houses'

10. *South West HYde P#4*: A Case Ronal, Peter and Robert Dentler, Theof Failure to Achieve Popular Politles of Urban Rfnewal (Sew YoPEi 28Conrtmwsus' s rouss, 4934L -
11. *The Brnch Hospital' Bonfield, Fsard C., Political Influence 13

(New Yorks Prame Press, "wf-7
12. "The U.efarn Merger- Ibid., 31
13. 'The Trenteo Nilk Contract* Intor-UnIverslty Case Program, No. 50 33

14. *Water for Weuwatosa* FroGG, op cit 23
15. 0T1e metropolitan S"*" Treat- Martin, Roscoe, et &l, Decislons in

went Plantw ~~ Boomingtons IRWNaD umiv. 59

IS. "the Lonesome Train in Inter-Univer•ity Case Program, No. 39 38
LevittownO !"

17ý "The Annexation Xpioade Janowits, Morris (.d.), ComuiBi Istom (oM pe8
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!
(as measured by number of subdecisions) should be repre-.
sented. After a canvass had been made of all relevant
published cases, seventeen were chosen as follows:

No. of Functional Area No. of Sub- Yo, of actors
Cases 00 decisions and zroup

[2 Airport operation 91 239

4 Transportation 279 652
(Airport andHighway loca-tion)

4 Land Use 106 313

3 Health and 67 160[ Welfare

2 Utilities 82 196

S2 Other (Jurisdic-
tion, Schools) 461_

Totals 671 1673

Five of the cases deal directly with airport-community
- decisions (2 operation, 3 construction)s four deal with

land use (a functional government area of direct relevance
to airport management), and the remainder represent major
spheres of governmental decision-making in a metropolitan
area,

I-9
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111, CASE STUDY FIENDINGS

The findings of this study can be presented in terms ofSfrive questions:

(1) What types of Actions are involved in the decision-

making proces -

(2) What Consequences ensue from Actions taken?

(3) What Inputs are associated with different types
of Actlons and Consequences?

(4) Who are the dominant Actors?

(5) In how many cases were legal actions taken to
obstruct the decision-making process and how
frequently were they successful?

Each of these five questions are discussed in the following
subsections.

A. Types of Actions

All actions were classified as occurring either in a gov-
ernmental or non-governmental setting - that is, they
occurred in the framework of either a governmental or non-
governmental organization (e.g., a complaint directed to a
governmental official is conducted in a governmental setting,
while one directed to an officer of the chamber of commerce
is conducted in a non-governmental setting; a public hearing
called by a government agency is conducted in a governmental
setting while one called by the Better Roads Association is
conducted in a non-governmental setting, etc.). Of the 671
subdecisions involved in the 17 cases studied, 71% occurred
in a governmental sexating, 27% in a non-governmental set-
ting, and 2% were not classifiable.

Most of the subdecisions, approximately 80%, could be iden-
tified as essentially discrete contributions to the decision-
making process. Although quite a variety of different types
of Actions were encompassed in these subdecisione, all appear
to fall into two broad categories of Action: (1) information
and/or support seeking (e.g., request information, call

-10-
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hearing, initiate contacts with the public or other govern-
mental agency, establish decision-making mechanism, etc.),
and (2) statement off policy position (e.g., prepare report,,
issuance of report, make public statement, etc.). In the
532 subdecisions so classified, the following types of
Actions were found:

Percent of Actions

Subdecision Setting Information and/ Statement of
G or Support Seeking Poliey Position

SGaovernment,

administrative (263) 80 20

I I Government,
legislative (110) 61 39

! i Non-governmental (159) 66 34

The fact that a high percent of actions associated with
statements of policy position fell in the legislative set-
ting is understandable since the legislature legitimatizes
most goverrmi&ntal commitments. It is interesting to note,

i Ihowever, how high a percent of non-governmental subdecis-
ions were involved in policy statement. it is obvious
from the evidence that the great majority of the informa-
tion and support seeking Actions related to gaining agree-
ment fell into the governmental administrative setting.

These types of Action did not occur evenly over the dura-
tion of the oases studied. Since subdecisions were re-
corded in se3uential order, it is possible to indicate
what kinds of Actions occurred In the subdecisions coming
in the first, second* thir'd and fourth quarters of each
case. This breakdown is shown in Table II.

Slightly over one-fourth of the government information-
support seeking Actions in the government administrative
setting occurred in each of the first two quarters of the
decision process; while these activities dropped to 14%
in the third quarter and rose again to 33% in the last
quarter. The most intensive information-support activities
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TABLE II

TIME DISTRIBUTION OF ACTIONS

Subdecision Setting Percent of Actions occurring in each qtr.
and of decision process

Tee of Action First Second Third Fourth

Government, admin-

istrative

Information- support
seeking (211) 27 2T 14 3

Statement-Policy 24 27 25 25

Position (52)
Government, Legislature

Inf ormation-support 19 26 37 19
seeking (57)

Statement-Policy 13 9 34 45
Position (43)

Non -governmental

Infor•lation-support 24 37 26 15
seeking (105)

Statement-Policy 31 25 20 24

Position (54)
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in the non-governmental setting occurred in the second
quarter (37%) and the smallest percent of such activitiesI: I in the last quarter (15%). Information support activities
occurring in the governmental legislative setting increased
through the first three quarters, reaching a peak in the
third quarter (37%), and dropped off again in the last
quarter (19%).

These data tell us that the administrative and non-govern-
mental settings are about equally involved in information
and support seeking Actions at the beginning of a decision.
Then in the second quarter such Actions increase in the
non-governmental setting, become more important in the
legislative setting in the third quarter and in the adminis-
trative setting in the fourth quarter. The Actions occurring
in the non-governmental setting therefore generate informa-
tion and support seeking Actions in the legislative setting
which in turn generate increased activity effort of this
type in the administrative setting in the final quarter of
the process.

Statements of policy position in non-governmental settings
are made early in the case (31% in the first quarter and
25% in the second quarter), drop off a bit in the third
quarter (20%) and increase again in the last quarter (24%).
Policy statements in the legislative setting come primarily
in the third (34%) and fourth (45%) quarters of the process;
while in the administrative setting they are spread out
about equally throughout the decision process. Thia means,
then, that non-government activity efforts are concerned
with policy statement early in the decision process, then
increased activities are devoted to gaining information
and support in the second quarter. This effort leads to
increased Actions in the legislative setting in the third
quarter, both iin information-support seeking and policy
declarations, and to legislative policy legitimatization
in the last quarter.

As noted above, while some 80% of the subdecision actions
could be classified as essentially discrete contributions
to the decision-making process. the remainder dealt with
such interlocking internalized procedures (such as motions,
proposals, counterproposals, dissentions, etc. in a meeting)
that they were classified separately. Those which represen-
ted (1) initiating action, (2) accepting actions under con-
sideration and (3) rejecting or delaying such actions are
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indicated in the following table according to the setting
in which they occurred:

Type of Action in Percent

Subdecision Setting Initiating Accepting Reject/
delay

Government
deliberatiox. (102) 30 56 14

Non-government
deliberation (22) 54 14 32

Although the non-governmental subdecisions are too few in
number to allow for any firm generalizations, it would
appear that the internal deliberation process in the gov-
ernmental and non-governmental settings is quite different.
The governmental deliberation process is more stable, the
non-governmental more dynamic and volatile. This finding
is in agreement with the findings noted above that it is
in the governmental (particularly administrative) setting
where Actions involved with gaining information and support
toward the reconciliation of differences are dominant;
while the non-governmental setting is more closely related
to Actions concerned with expressing community needs and
reactions.

So far, we have identified governmental and non-governmental
Actions in the decision process by the subdecision setting.
Obviously, however, both governmental and non-governmental
actors will be involved in subdecisions whether they occur
in a governmental or non-governmental setting. Tables III
and IV show the percent of actors (whe-e specific actors
are identifiable) and of organizational groups respectively
which were involved in the subdecisions occurring in each
quarter of the 17 cases under study.

Local government actors and agencies dominate the partici-
pation in subdecision actions. If federal and state are
included, 70% of the actors and 58% of the organizations
involved in subdecision Actions are governmental. Single
purpose permanent organizations (e.g., pilot associations,
real estate associations, state or local bar associations,
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TABLE III

TIME DISTRIBUTION OF ACTOR

-r PARTICIPATION IN ACTIONS

Percent Participating in
Actions by Quarters

S~Percent

Actor Affiliatlon Percent Pou9t0

Government

Local (428) 54 24 25 29 22
Federal-State (130) 16 22 20 26 31

"Non-Government

Single purpose
permanent (131) 1? 24 29 27 20

Multiple purpose
permanent (21) 3 14 10 48 29

Issue-created (17) 2 18 12 41 29
Unaffiliated (64) 8 31 34 27 8

100

TABLE IV

TIME DISTRIBUTION OF ORGANIZATIONAL
GROUP PARTICIPATION IN ACTIONS

Percent Participating in
Actions by Quarters

Orianizational Grout) of Seond P

Government

Local (362) 41 24 23 28 25
Federal-State (152) 17 22 20 30 28

Non- Government
Single purpose

permanent (142) 16 28 19 30 23
Multiple pturose

permanent 145) 5 20 20 27 33
Isaue-created (116) 13 23 31 19 27

Clientele (61) i 23 36 20 21

i 100
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* labor unions, etc**) dominate the non-governmental parti-
cipation. Only 8% of the actor participation was by per-
sons with no organizational affiliation indicating the
degree to which participation is caxreie on by recognized
organised groups and their representatives.

Turning to the question of when different types of actors
and groups participate in the decision process, it is
appaet that local government actors and groups partici-
pate about equally throughout the process. State and
federal actors and agencies show a slight Increase in
activity In the later stages of the decision.

Non-govermental actors affiliated with single purpose
pe•manent groups peak in the second quarter (29%) with
the types of groups they represent Increasing their par-
tioipation in the third quarter, apparently to provide
institutional legitimatization for their representatives.
Likewise, the non-governmental actors affiliated with
multiple-purpose permanent groups (such as Chambers of
Coaneroe, Leagues of Women Voters, Civic Associations,
etc.) enter In the largest numbers In the third quarter
(A%) followed by Increased activity by multiple purpose? tuPs In the last quarter (33%). Clientele groups
alines in airport cases, contractors in urban renewal

oases, etc.) served by the governmental organizations
appear most frequently In the second quarter.

Unaffiliated actors appear most in the first two quarters;
while the participation of issue-created groups is highest
in the second quarter (31%1) goes domw in the third quarter
(19%), and builds up (to 27%) again in the last quarter.

Figure 1 presents a graphic representation of the periods
of greatest participation by actors and groups in the
decision process.

The question of the proportion of governmental and non-
govermental actors and groups participating in sub-
decisions In govement and non-governmental settings
respectively has not yet been considered. (As will be
recalled, the setting is the organizational context in
which the Action takes place.) Tables V and VI present
this information.

--16-
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TABLE V

GOVERNMENTAL AND NON-GOVERNMENTAL
ACTOR PARTICIPATION

Percent of Actors by Subdecision Setting

Actor Affiliation Government Non-government

(545) (231)
Government

Local <5 30
Federal-State 21 7

Non -government

Single purpose permanent 9 35
Multiple purpose permanent 1 7
Issue-created 1 3
Unaffiliated 3 17

100 100

TABLE VI
GOVERNMENTAL AND NON-GOVERNMENTAL

GROUP PARTICIPATION
Percent of Groups by Subdecision Setting

Organizational Groups Government Non-government
(475)

Government
Local 50 21
Federal-State 23 6

Non -government

Single purpose permanent 8 34
Multiple purpose permanent 2 12
Issue-created 10 21
Clientele 7 17

100 100
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I
As would be expected, the gover-mental and non-governmental
actors and groups dominate the participation in their res-
pective settings. Yet a overlap exists. Govern-
mental actors constitute 37% of the actors and 27% of the
groups in the non-governmental setting subdecisions; while
non-governmental actors sad groups constitute 14% and 27%
of the actors and groups respectively in the governmental
setting subdecisions, The question of where in the decis-
ion process such participation occurrs thererore becomes
important in determining the relative roles, played by
government and non-governmental actors and groups respec-
tively in each other's subdecision settings. Tables VII
and VIII show such participation for actors by quarters.

TABLE VII

GOVERNMNT ACTOR PARTICIPATION

IN NOW-GOVERNMET SETTINGS

Percent of Actor Participation
by Quarters

Actor Affiliation First Second Third Fourth

,ocal Government (70) 43 21 19 17

Federal-State
Government (15) 40 27 20 13

TABLE VIII

NON-GOVERNMENT ACTOR PARTICIPATION

IN GOVERNMENT SETTINGS

Percent of Actor Participation
by Quarters

Actor Affiliation First Second Third Fourth

Single Purpose
permanent (47) 15 23 28 34

Unaffiliated (19) 16 21 40 21

-19-
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Governmental actors participate most actively in non-
governmental settings in the first quarter and take pro-
gressively less active part in such subdecisions in each

* succeeding quarter. The role played by governmental actors
in these contexts is therefore primarily informational.

Participation in governmental settings by non-governmental
actors affiliated with single purpose permanent groups

* builds up progressively from the first through the fourth
Squarter. Their participation takes on increased import,

therefore, as the decision process unfolds. Unaffiliated
actors also take increasing part in governmental sub-
decisions up through the third quarter after which such
participation drops off. This behavior would indicate that
while unaffiliated actors participate actively in problem
definition, their interest wanes in the final problem reso-
lution stage of the decision process.

Participation of governmental agencies, as contrasted with
actors, in non-governmental subdecisions follows the same T
pattern as depicted for overall participation in Figure 1.
The same is true for participation of non-governmental
groups in governmental subdecisions.

Participation by actors and groups in government subdecis-
ion settings is depicted in Figure 2 by periods of greatest
participation. From this chart it is evident that issue-
created groups are brought into existence in the second
quarter to determine and consolidate vublic opinion. Non-
governmental groups and actors organize and develop stra-
tegy in a non-governmental context in the early stages of
the decision process with governmental actors providing
them with information. Unaffiliated actors move their point
of reference from the non-governmental to the go% enmental
setting in the third period. Finally, all organized groups
come into their most active participation in the govern-
mental subdecisions in the fourth quarter.

B. Types of Consequences

The second major question which must be considered is what
consequences ensue from the Actions described in the pre-
ceding section. Although subdecision Consequences were
more difficult to classify objectively than Actions, rigid

-20-.
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adherence to the rule of evalualting ubdeciaion Actions in
terms of their effect on the ongoing flow of decision-
making insured a reasonable degree of uniformity in classi- I
fication. Consequences were identified as those which

* reflect: (1) the expression of needs to be met through
the policy process, (2) the deterrence or delay of reso-

tlution in the policy process, (3) the resolution of dif-
ferences in viewpoint or perspective, (4) generalized
reactions by the public, and (5) generalized reactions by
goverment.

'the last two categories refer to oonsequences which indicate
a generalized awareness of the problem, increased interest
in the problem, decreased interest in the problem, etc. --
reactions which are nonspecific in character but do influence -

the ongoing decision process. The percent of each type of
Consequences found in the 271 subdecisions studied and
their distribution in each quarter of the decision procefss
is given in Table IX.

TABLE IX

TIME DISTRIBUTION OF CONSEQUECES

Percent Appearing in each
Quarter

Percent
Type of Consequence of Total First Second Third Fourth

Expression of
Needs (116) 17 33 22 21 23

Deterring
.Resolution (159) 24 20 18 34 28

Resolving
Differences (53) 8 17 26 15 42

Public
Reactions (116) 17 30 32 20 18

Government

Reactions (210) 31 21 29 24 26

Other (17) 3

100 2
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The high proportion of Actions which result in deterring
resolution (24%) indicates the importance of conflict sit-
uations in the decision process. The fact that such zub-
decisions occur more frequently in the last two quarters
of the process may reflect the time lag involved in the
public becoming aware of the problem. the time required
for the coalescing of opposition activity-efforts, the
increasing specificity of decision activity as the stage
of coimitment is approached, or some combination of these
circumstances. Since public reactions and the expression
of needs are noticeably apparent in the early stages of the
process, it would appear that the increase of conflict occur-
ring late in the process is not due primarily to any failure
to communicate with the public at some earlier stage.

A consideration of Coisequences by subdecision setting should
shed further light on this situation. The proportion of each
type of Consequence stemming out of subdecisions in the gov-
ernmental and non-governmental settings respectively is
shown in Table X.

TABLE X

DISTRIBUTION OF CONSEUENCES
BY SUBDECISION SETTING

Percent of Ccnzaquences by
Subdecision Setting

Type of Consequence Government Non- Not
Government Classifiable

(4T5)' (181) (15)

Expression of Needs 73 26 1

Deterring Resolution 68 30 2

Resolving Differences 98 2 Mý

Public Reaction 30 69 1

Government Reaction 86 10 4
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Note that public reactions occur primarily as a result of
Actions taken in the non-goverrmental setting. Actions in-
volving the expression of needs and blocking Actions, re-
sulting in the deterring of resolution, however, occur more
frequently in the governmental setting. Finally, Actions
concerned with the resolution of differences occur almost
exclusively in the gover.nment -etting,. Thus, while initial
public reactions are evidenced in non-governmental settings,
most actors and groups enter into the governmental setting
4to facilitate or block Action, an, almost all accommodation
of differing points of view occurs in the governmental
rather than in the non-governmental setting.

The question of timing now becomes appropriate to consider.
Tables XI and Xi1 delineate the proportion of Consequences
stenming from governmental and non-governmental settings
respectively in each quarter of the decision process.

In the course of the decision process, needs are expressed
early in subdecisions in the non-governmental setting (43%)
in the first quarter and 30% in the second quarter). Public
reactions stemming from subdecisions in the non-governmental
setting occur primarily during the first three quarters
with the largest prcportion coming in the second quarter.
Government reactions to non-governmental subdecision
Actions occur predominantly in the first and fourth quar-
ters.

When we turn to subdecisions occurring in the governrmental
setting, it will be observed that the expression of needs
and public reactions are concentrated in the first and
fourth quarters, Actions which deter the resolution of
problems in the third quarter and the resolution of dif-
ferences in the fourth quarter.

We can infer from these patterns of behavior that: (1)
public needs are expressed early in the decision process
in both the non-governmental and governmental settings
but primarily in the former; (2) public reactions to
governmental action occur in both settings early in the
decision process, then move more into the non-governmental
setting until the last quarter when they shift to the
governmental setting; (3) actions involved in the deter-
rence of resolution occur quite uniformly throughout the

_24.-



TABLE XI

TIME DISTRIBUTION OF CONSEQUENCES STEMMING
IMOM GOVERTN1ENTAL S2TTINCS

Percent of Consequences Appearing in
Each Quarter

Type of Conseuence First Second, Third Fourth

Expression of Needs (83) 29 19 24 28

Deterring Resolution (108) 19 15 37 28

Resolving Differences 17 27 15 40

(52)

Public Reaction (35) 31 25 11 31

Government Reac tion 21 31 25 24
(18o)

TABLE X1I

TIME DISTRIBUTION OF CONSEQUENCES S'i1MMING
FROM NON-GOVERNMENTAL SETTINGS

Percent of Consequences Appearing in
Each Quarter

Type of Consequence First Second Third Fourth

Expression of Needs (30) 43 30 17 10

Deter.ring Resolution (48) 23 23 25 29

Resolving Differences -- -- -e

(1)

Public Reactions (81) 26 32 27 15

Government Reactions (21) 33 19 14 33

W25"-
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pro-ess in the non-governmental setting but are concentra-
ted In the third and fourth quarters in the governmental
setting: (4) governmental reaction to subdecisions in the
non-governmental setting are most pronounced early and late
in the decision process; and (5) policy differences are
resolved almo3t entirely in the governmental setting, pri-
marily in the final quarter (44) of the decision process.

In the previous section of ttis report, actors and groups
were identified in terms of the stages 1n which they par-
ticipated in the decision-making process and the types of
subdecision Actions with which they were involved. It is
logical, then, to consider at this point what consequences
ensued from the Actions these actors and groups participated
in. Tables XIII and XIV show this relationship for all
major types of actors and groups.

As would be expected, the largest percent of local govern-
ment and federal-state governmental actors and groups are
associated with subdecision Actions resulting in govern-
mental reactions. These represent the inter and intra
governmental decision-making that constitutes such a large
proportion of every decision process. Also a high propor-
tion of these governmental actors and groups are involved
in subdecision Actions which result in the deterring of
resolution, a rather surprising finding in that such acti-
vity effort is commonly assumed to be associated primarily
with non-governmental actors and groups.

The largest proportion of single purpose non-governmental
actors are associated with Actions which have consequences
of public reaction or the deterring of resolution. In
contrast, a smaller proportion of these actors participated
in actions concerned with resolving differences than any
other type of actors. It will also be noted that almost
50% of the unaffiliated actors are associated with public
reactions$ although a sizeable number were also active in
Actions which resulted in the deterrance of resolution.

Issue-created groups play an almost equal role in actions
resulting in the deterring of resolution, public reaction,
and governmental reaction. This pattern of participation
reflects the multi-faceted communications role played by
such groups. This is in marked contrast to the partici-
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TABLE XIII

ACTOR PARTICIPATION AW{D TYPE 0E CONSEQ=ENCIE

Percent of Actors-by-Affiliation Related
to Each Type of Consequence

Type of Local Federal- Single
Conseuence Go rnmnt ta Uagfliat(6

Expression of
Needs 18 21 24 14

Deterring
Resolution 22 30 16 27

Resolving
Differences 7 6 7 --

Public Reaction 14 2 31 47
Government

Reaction _U _32 J&
100 100 100 100

TABLE XIV

GROUP PARTICIPATION AND TYPE OF CONSEQUENCE

Percent of Organlzedi Groups Related to Each
Type of Consequence

Type of Local Gov- Federal Issue Single Multiple Clien-

Expression
of Needs 16 24 16 13 11 21

Deterring
Resolution 26 26 24 26 16 20

Resolving
Differences 12 11 4 2 4 7

Public Reaction 12 7 27 34 52 15
Government

Reaction 32 32 28 23 18 31
Other 2_ 2 -- 6

100 100 100 100 100 100

-27-
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pation of the multiple purpose groups in Actlons where the
dominant Consequence was public reaction (52%).

Finally, a larger percentage of governmental actors and
groups are involved in the resolution of differences than
non-government groups. This is to be expecbed since legal
legitiimtization is accomplished in the governmental con-
text, Of greater significance is the relative importance
.of cliu,-tele, issue-created and multiple purpose groups in
comparison to single purpose groups in such accommodation
type Actions.

In Figure 1, which was introduced in the previous sub-
s-ection, actor and group participation was depicted graph-
ically in terms of when in the decision process each type
of actor and group was most active. It is now possible to
add the dimension of subdecision Consequence to this visual
presentation.

Figure 3 presents the same information contained in Figure
1 about actor and group participation and adds information
on the most frequent Consequences associated with the types
of subdecisions involved.

The most frequently occurring type of Consequence stemming
fTrom subdecisions engaged in by governmental actors and
groups was government reaction-dialogue, carried on prim-
arily in the governmental setting. The single exception to
this generalization occurs in the local government partici-

ion in the third quarter when conflict type Consequences
ter resolution) predominated.

Clientele participation, occurring most frequently in the
second quarter, was almost evenly spread among subdecisions
having each of the various Consequences being considered.
The whole procedure of becoming acquainted with the problem
at hand, reacting, expressing needs, resorting to blocking
or delay (where needs are given inadequate attention), and
compromise are telescoped into the second quarter for such
groups. This apparently is possible because of the ongoing
communication between the governmental agencies and these
clientele, rer 'ing in each having a fairly clear idea of
the other's perceptions and needs.

-28-



v. U u

LL C

U-

d4j)

a

.2 ( g

L.e

8-- -u

44-

0* >
y, 0 c

U aUj

C-.

CA
4- 4-

00

4-4

00
(DL

29



Actora affiliated with single purpose permanent groups
most frequently participated in the second quarter in
subdecisions reflecting the expression of needs. Such
participation was followed by such actors becoming most
active in the third quarter in subdecisions which de-
terred resolution.

Actors affiliated with multiple purpose permanent groups
wore also associated in the third quarter mostly with sub-
S3ecisins which deterred resolution. This participation
changes in the fourth quarter, however, when such groups
become identified more with subdecisions associated with
public reaction, Multiple purpose groups, then, become
involved in many conflict-type subdecisions in the third
quarter; but their participation in the final quarter was
primarily associated with the communication of public at-
titudes.

In instances where issue-created organizations were used
in the decision process, such groups were first most ac-
tive in the second quarter in subdecisions which elicited
governmental reactions. In such subdecision, then, the
issue-created organization was apparently establishing
its relationship to the governmental actors and agencies.
In the fourth quarter, such groups again became quite ac-
tive, but now in subdecisions which were associated with
deterring resolution. Since most other actors and groups
were involved in such subdecisions more frequently in the
third quarter, it would appear that the issue-created
group was being used to consolidate the basis for dissent
in the final quarter.

Subdecisions resulting in compromise and legitimization
(resolving differences) occurred primarily in the last
quarter and were dominated by governmental actors and
groups.

C. Subdecision Inputs

The types of information inputs used to decide upon what
Actions to take at the subdecision level can also have
important influences on the decision process. For example,
where legal authority is used as the basis for taking an
Action when the real issue involved is one of technical
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feasibility, responses may also be made in terms of the
legal dialogue instead of from the standpoint of the
technical questions which should be raised.

For the purposes of this study inputs have been classified
as: (1) Legal criteria (statutes, ordinances, court deci-
sions, etc.), (2) administrative policies (established
administrative procedures), (3) budget policies (budget
estimates, ceilings allotments, plans, etc.) and (4i .
technical criteria fengineering feasibility studies, con-
struction standards, etc. ). Although a large number of
subjeotive value preferences (assumptions about actors'
motives, intentions, prejudices, etc.) also become impor-
tant inputs, no way was found to classify them in a replica-
ble manner.

Table XV shows the percentage of each type of input occur-
ring in the governmental and non-governmental subdecision
setting respectively.

TABLE XV

StBDECISION INPUTS OCCURRING
IN GOVE4NMETAL AND NON-

GOVENMENTAL SETTINGS

Percent By Decislon-Making Setting

Input Government Non-Government

(211) (39)

Legal criteria 40 23

Administration
policy 32 21

Budget policy 11 0

Technical criteria 27 56

100 100
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As would be expected, the largest number of inputs (211)
occur in the governmental setting, and such inputs are
distributed quite evenly among legal, administrative policy
and technical criteria. In the non-governmental setting
the majority of inputs (56%) are technical criteria. The
frequent use of technical consultants by non-governmental
groups accounts for a large proportion of these inputs.
Such preoccupation with teohnical inputs by non-govern-
mental groups is understandable, since such groups will
have much less concern with legal, administrative or
budgetary justifications than the government agency.

The Consequences which ensue from subdecisions in which
inputs are utilized are presented in Table XVI.

TABLE XVI

DISTRIBUTION OP SUBDECISION
C0ISSUENCES WITH TYPE OF

INPUTS

Percent of Subdecision Consequences Related
To Inputs

Legal Administration Budget Technical
Consequence Criteria Policy Policy Criteria

Expression
of Needs 16 28 20 19

Deter
Resolution 37 13 28 17

Resolve
Differencer 14 14 9 5

Public 4

Reaction 7 6 0 15
Government

Reaction 24 37 48 37

Other 2 2 5 7

100 1.00 100 100
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The nec-ative import of le 6al inputs is most noticeable.
Thirty-seven percent of the legal inputs was associated
with subdecisions which resulted in deterring resolution.
It should be noted, though, that 28% of the bud&etary
inputs was also associated with subdecision actions which
had this Consequence.

Administrative policy, budgetary, and technical inputs
were most commonly associated with subdecisions which had
oovernmental reactions. As such, they represent inputs

which facilitated the ongoing decision-making process.

Legal criteria and administrative policy were both more
important than budgetary policy or technical criteria in
the resolving of differences. The importance of legal
criteria, then, both in subdecisions resulting in conflict
and compromise becomes quite evident. The use of adminis-
trative policy inputs was much more likely to be associated
with actions which facilitate accommodations (expression
of needs, resolve differences) than with those which block
or delay the decision process (deter resolution).

D. Dominant Actors

A total of 1673 actors and groups participated in the 671
subdecisions identified in the 17 cases studied. The par-
ticipation of these actors and groups has been discussed
in previous sections of this report. But were some actors
or groups more important than others? Which ones initiated
the subdecision Actions? Which ones were participants in
several subdecisions? And finally, can the most important
actor be identified in each case?

Table XVII shows the percent of subdecisions initiated by
local government, federal-state government and non-govern-
ment actors and groups.*

* The initiating actors and multiple participating actors
discussed in this section of the report apply to only
15 of the 17 cases analyzed. Such data was not readily
available on the Detroit Metropolitan Airport and the
Lodge Expressway cases.
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TABLE XVII

PERCET OF SUBDECISIONS INITIATED BY

4. DIPPX•ET ACTORS AND GROUPS

Percent Initiating Subdecision

Actors and Groups Actions

Local Government 50

Undifferentiated 9

Chief Executive 22

Department Read 33

Technical 9

Legislature 27
100

Pederal-State Government 11

Executive 73

Legislature 27
100

Non-Government 39

Single Purpose 12

Multiple Purpose 39

Issue-created 28

Clientele 8

Unaffiliated 13-
100 100



It will be noted that governmental actors and groups
initiated the Actions in 61% of the subdecisions. Of
the 11% of all subdecisions in which Actions were ini-
tiated by federal-state actors and groups, the executive
branch initiated 73% of the subdecisions and the legis-
lature 27%. Considering local government only (accounting
for 50% of all subdecisions), we see that department heads
initiated the largest percentage of subdecision actions
(33%), while a very small proportion were initiated by
technical personnel (legal counsel, design engineers, etc.).

In turning to the non-governmental actors and groups
(accountiig for 39% of all subdecisions), we see that
39% of these initiators were identified with multiple
purpose permanent groups and actors, and only 12% with
single purpose permanent groups and actors. As there
were more single purpose actors and groups than multiple
purpose (as noted in the pevious sections), it is obvious
that the latter are much more important in initiating
activity effort. The same ^s true for the relationships
between single purpose and issue-created initiators.
Comparatively, there were far fewer issue-created actors
and groups than single purpose and yet 28% of all non-
governmental initiation was by issue-created actors and
groups. Finally, the fact that only 13% of the non-
governmental initiators is represented by unaffiliated
&ators emphasizes the small extent to which unorganized
or unaffiliated behavior affects the decision process,
quantitatively at least.

Some initiators, of course, will only take part in one
subdecision in a case. In addition, some participants
who initiate no actions will take part in several sub-
decisions. The percentage of multiple initiators and
multiple participants (initiating and participating in
two co more subdecisions respectively) involves about
the same composition of local government, federal-state
government and non-government personnel as shown in
Table XVIII. The internal composition of participation
for local government and non-government, however, varies
for initiation and participation in the manner shown in
Table XIX.

Among governmental personnel, chief executives tend to be
more active in initiation than in participation; while the
reverse is true for technical personnel. Department heads
are important as both initiators and participants. In
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T.•BLE XVIII

DISTRIBUTION Or MULTIPLE INITIATORS
AND PARTICIPANTS

Actors Percent of Percent of
Sand Multiple Multiple

Local Government 56 57
Federal-State

Government 11 12

Gon-aoverrment -- _

100 100

TABLE XIX

IDENTIPICATION OF INITIATORS AND PARTICIPANTS
INVOLVED IN TWO OR MORE SUBDECISIONS

Percent of Percent of
Local Government Multiple InItk ta-g _Mu.Itip-le Parttcimanta

Undifferentiated 10 12
Chief Executive 21 15
Department Head 35 30
Technical 8 15
Legislature 27 27
Judiciary 2

100 100

Non- Governmental
Single Purpose 15 21
Multiple Purpose 25 23
Issue-created 34 26
Clientele 11 15
Unaffiliated 1. _.

100 100
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other words, the chief executive usually initiates acti-
vities when he is involved; department heads are important

in both subdecisions in which they initiate activity and
in which they react to activities initiated by others; and
technical personnel primarily react to activity effort

initiated by others.

-T For non-governmental actors and groups, issue-created per-
a sonnel are the most frequent initiators, although they are

also frequent participants in actions initiated by others.
Single purpose actors and groups, on the other hand, are
more frequently participants than initiators of Action.
The other non-governmental actors and groups are about
equally involved in initiation and participation.

Up to this point, the domination of governmental actors
in the decision-process is most apparent. If one turns
to a consideration of the single primary actor (who
initiated the most subdecisions) in each of the cases,
this point is further emphasized as shown in Table XX.

TABLE XX

PERCENT OF SUBDECISIONS INITIATED
BY EACH TYPE OF PRIMARY ACVOR

Primary Actor Percent

Local Government 72

Undifferentiated 11
Chief Executive 41

Department Head 41
Legislature 7

100
State Government 13
Non-goverment 15

Multiple Purpose 68
Issue-created _10
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Local governmental personnel, as represented mainly by
the chief executive or a departmental head, tend to be
the primary actors inItiating the most subdecision Actions,
Por the non-governmental personnel. multiple purpose groups
dominate the primary actor activity. In none of the cases
was the primary actor's major affiliation with a single
purpose group.

And what wem the Consequences of the Actions initiated by
these primary actors? Table XXI shows the relative dis-
tribution of the types of Consequences resulting from sub-
decision Actions Initiated by the primary actors.

TABLE XXI

CONSEQUENCES OF SUBDECISION
ACTIONS INITIATED BY PRIMARY

ACTORS

Conieguence Percent
Expression of Needs 20

Deter Resolution 22

Resolve Differences 13

Public Reaction 18

Government Reaction

As may be noted, nearly half of the Actions resulted in
a government reaction. If this Consequence is analyzed
in more detail, it is found that the majority of such"government reactions" involved the commitment o. a
government body to some course of action or other. The
dominant Consequence of participation by these primary
actors is. then, "government commitment". It is there-
fore evident that these primary actors are in fact con-
trolling actors in the decision process.
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E. Le,;al Actions Obstructing the Decision Process

The question of legal actions taken to obstruct or delay
the decision process has been considered in the discussion
of those Actions which resulted in "deterring resolution".

Appeal to the courts through lawsuits is commonly assumed
to be so important in this respect, however, that it is
worthwhile to examine 17 cases studied to determine how
many times the courts were in fact utilized to accomplish
this end; and where uoed, how many times the Action was
successful.

In no case was the instigation of such a legal Action
attempted more than once and in the majority of the cases
such Actions did not even occur once:

Number of Cases in which a
lawsuit was or was not

instituted

NO 12

YES 5
Successful 1

Unsuccessful 4

It will be observed that even in those 5 cases where a
lawsuit was instigated to obstruct the decision process,
it was successful in accomplishing this purpose in only
one case.

In the 5 cases which dealt with airport decision-making,
such legal action was employed in only one case, and in
that instance was unsuccessful in obstructing the decision
process.

One may generalize, then, that the lawsuit was an instrument
seldom used to obstruct the decision process in the 17 cases
studied and when used was rarely successful in accomplishing
that end.

-39-
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It is possible, however, that either the use of or the
threat to use legal action may influence the decision-
flow -- by limiting decision-makers' perceived alterna-
tives, for example. In the cases studied, legal actions
played too minor a role in decision-making to explorethese possibilities.
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IV. DISCUSSION AND CONCLUSIONS

Any generalizations drawn from the findings of this study
must be qualified by the limitations of the source mater-
iale. Since each case study was written by a different
author and none of them was written from the perspective
of the methodology presented 'n the report, there were
severe limitations of data accessibility involved. Fur-
thermore, inasmuch as there were few case studies availa-
ble on airport-community decision-making, cases had to be
selected which would reflect a balanced representation of
public decision-making likely to occur in a metropolitan
community. In the selection process, however, care was
taken to include as many cases as possible which had either
direct or indirect relevance to the airport-community
decision process. Thus five cases dealing with airport
operation and location, one case involving highway loca-
tion, and four cases concerned with land use were included.

Data limitations also precluded any possibility of devel-
oping a qualitative classification of subdecisions. In
other words, w-re some subdecisions more important or
crucial than others? Nor could the relative roles played
by different types of actors and groups be identified in
other than a quantitative sense. Finally the possibility
that absolute as well as relative time considerations may
be important in the decision-flow could not be considered
from the limited information available in case studies.
Field application of the approach would be necessary for
such refinements to be reflected in the findings.

It does appear, though, that a sufficiently clear pattern
of behavior emerges from the findings that a set of hypoth-
eses can be proposed for empirical validation. Although
the number of subdecisions involved in the airport cases
were not sufficient to Justify a statistical analysis of
these cases only, the data collected on these cases were
observed to form the same general patterns as were obser-
ved for all cases in the body of this report. There does
seem to be some Justification, then, for suggesting that
the following hypotheses merit empirical testing in the
airport-community context and provide at least gross,
tentative characteristics of normative behavior in
decision-making in this context:
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1. The largest proportion of actions which occur in the
decision-making process occur in a governmental set.
ting,

2. Actions m be identified as those which seek informa-
tion and/or support and those which state a policy
position.

3. A larger proportion of Actions which seek information
an/or support occur in the administrative governmental
setting than in any other setting, and such actions
occur throughout the course of the decision process.
Information and/or support seeking actions in the non-
governmental setting occur most frequently in the second
quarter; those in the legislative governmental setting
occur most often in the third quarter.

&. Actions involving policy statements occur with about
equal frequency in the administrative governmental and
the non-governmental settings, with fewer such Actions
occurring in the legislative governmental setting. In
the non-governmental setting, such Actions occur most
frequently in the first and second quarters of the
decision process. Those occurring in the administra-
tive government setting are spread out about equally
through the decision process; while those associatsd
with the legislative setting appear most frequently
in the last two quarters.

5. The largest proportion of the actors and groups involved
in the decision process is affiliated with local gov-
ermnent. Participation of such actors and groups
appears about equally distributed throughout the course
of the decision process. The largest proportion of
non-governmental actors and groups involved in the
decision process Is affiliated with single purpose
permanent organizations. Their participation is most
active in the second and third quarters. Issue-created
actors and groups are most active in the second and
fourth quarters; while multiple purpose permanent
actors end groups participate most frequently in the
third and fourth quarters. Unaffiliated actors are
most active in the early stages of the decision process.
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6. Local governmental actors and groups dominate partici-
pation in the governmental setting. Issue-created
groups and single purpose permanent actors are the
most numerous non-governmental groups and actors par-
ticipating respectively.

7. The largest proportion of actors and groups in the non-
governmental setting is affiliated with single purpose
permanent organizations. Local governmental actors and
groups and issue-created groups also participate in
non-governmental Actions in significant numbers.

8. Participation by governmental actors in non-governmen-
tal settings occurs most frequently in the early stages
of the decision process. Participation by single pur-
pose permanent group actors in governmental settings
occurs most frequently in the last two quarters.

9. Actions may have the Consequence of the expression of
needs, deterring resolution, resolving differences,
reflecting public or government reactions. The largest
proportion of Actions result in or reflect the expres-
sion of governmental reactions. Such Actions are spread
about equally through the decision process. Actions
which result in or reflect the expression of needs or
public reactions occur more frequently early in the
decision process; while those which deter resolution
are most frequent in the third quarter and those which
resolve differences occur most in the final quarter.

10. Actions associated with public reactions occur most
frequently in the non-governmental setting; while
actions associated with all other Consequences occur
most frequently in the governmental setting.

11. In the governmental setting, Actions associated with
expression of needs, public reactions and government
reactions occur throughout the decision process.
Those associated with deterring resolution occur most
frequently in the third quarter and those associated
with resolving differences in the final quarter.

12. In the non-governmental setting, Actions associated
with the expression of needs and public reactions

-
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occur most frequently early In the process, those
associated with governmental reactions occur most
in the first and last quarters and those associated
with deterring resolution occur about equally through-
out the decision process.

13. The relation of actors and groups to Actions classified
according to Conrquence reveals that governmental
actors and groups are much preoccupied with responding
to Actions initiated by others (government reaction)
but also participate in a significant number of Actions
which deter resolution. Permanent non-governmental
actors and groups are frequently involved in Actions
associated with public reaction and the deterring of
resolution. Issue-created groups are about equally
involved in Actions which are associated with public
reaction, government reaction and the deterring of
resolution.

14. The most frequently used inputs in the governmental
setting are legal criteria, admirlstrative policy, and
technical criteria. Those found most frequently in
the non-governmental setting are technical criteria.

15. The use of legal criteria is most often associated
with Actions which deter resolution. Administrative
policy, budget policy and technical criteria are most
often employed in Actions which are associated with
government responses (government reaction).

16. Governmental actors and groups initiate more Actions
than non-governmental actors and groups. The most
frequent governmental initiators are chief executives
and department heads. Among non-governmental actors
and groups, multiple purpose permanent group actors
initiate the largest percent of the Actions. Only a
small proportion of Actions are initiated by single
purpose permanent group actors and by unaffiliated
actors.

17. Chief executives and department heads more frequently
initiate multiple Actions in the decision process than
participate in Actions initiated by others; while the
reverse is true for government technical personnel.
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18. Issue-created and multiple purpose permanent group
actors more frequently initiate multiple Actions In
the decision process than participate in Actions
initiated by others; while the reverse is true for
single purpose permanent group actors and clientele.
Unaffiliated actors are about equally likely to be
multiple initlators and multiple participants.

19. The primary actor (initiating most Actions) will
most likely be a chief executive or department head.
If he is affiliated with a non-governmental group,
the group will most likely be a multiple purpose or
issue-created group.

20. The largest proportion of Actions initiated by primary
actors will result in governmental commitments.

21. Legal Actions are not frequently used to bloc the
completion of the decision process, and when resorted
to, are seldom successful in accomplishing this end.

In suamnary, these hypotheses suggest that the governmen-
tal administrative agency dominates the decision process.
Most Actions are initiated in a governmental setting, the
largest proportion of initiators and participants in
Actions are governmental personnel, the primary actor is
usually a chief executive or departmental head. Govern-
mental administrative personnel also engage in more
Actions which seek information and/or support than any
other type of actors.

Non-governmental actors, on the other hand, initiate
primarily Actions which express policy views reflecting
needs, community reaction to governmental plans and
activities or opposition to proposed Action. Actors
affiliated with single purpose groups are the most
numerous of the non-governmental actors, but multiple
purpose actors and groups and metbers of issue-created
groups are more likely to Initiate and participate in
more than one Action. The timing of the participation
of non-governmental actors and groups is thus logical:
single purpose actors being most active in the second and
third quarters, and multiple purpose actors and groups in
the third and fourth quarters. Issue-created groups tend
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to be Oreated in the second quarter in response to the
activities of single purpose groups and unaffiliated
actors expressing needs in non-governmental settings
in the first and second quarters. The base of community
respon" Is broadened with the Increased activities of
the multiple purpose groups in the third and fourth quar-

* •te. Pinlr, whoere Issue -created groups are formed,
they tend to become most active in the later stages of the
decision process as a bridge between the governmental and

- non-governmental actors and groups. The primary actors
concerned with reaching consensus, however, and with
legitimatieing such actions are the governmental actors
and groups.
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GLOSSARY

accommodation the process by which actor participants
b...O F-UH-Tzations adjust their plans and/or objectives
to make them compatible with the plans and/or
objectives of other actor participants or organiza-
tions. (e.g. a neighborhood group agrees to the
relocation of a roadway provided that they are
furnished with adequate accessways to and from the
relocated facility.)

Action an overt activity engaged in for the accomplish-
ment of some perceived end.(e.g. a meeting is held,
a vote is taken, a letter of protest is written,etc.)

actorp the participants in an Action or Actions,

clientele an individual or group served by another
organization. (e.g. airline companies are served by
the FAA by being provided flight information, air
traffic guidance, etc.)

Consequence the result of an action in terms of the
Sresoi -!on of a decision. (e.g. a public hearing
was held which resulted in antagonizing the
citizenry; a vote was taken by the council which
resulted in the enactment of a law, etc.)

decision a determination on a future course of action
Mhich alters, broadens or restricts the plans or
objectives of the organization involved and requires
the expenditure of resources and/or the allocation
of power in a systematic fashion to accomplish the
end sought.

decision-flow the sequence of Actions taken, including
the stlmuli and Consequences which tie each specific
Action to other Actions, to arrive at a decision.

-4T-



generalized reactions attitudes perceived as the
RU°esui•-Io•M ernces drawn from observed or reported

behavior. (e.g. from the applause which accompanied
the speakerfs remarks, it was assumed that the
audience was in general agreement with the speaker's
viewpoint; the newspaper reported that there was
widezpmead disaagvement in the community over the
proposed freeway plan, etc.)

group an association of individuals Joined together
- y mutually agreed upon role-relationships for the
organized accomplishment of some end or ends.

Input types of information used to decide upon
what Action to take in a subdecision. (e.g.
budgetary criteria, technical criteria, legal
criteria, etc.)

initiator actor or actors who exercise the initiative
- nsponse to a stimulus (e.g. actor A issues a
press statement; administrator B directs his sub-
ordinate to issue the license; actor C writes a
letter to his city councilman, etc.)

issue-created group a group which is formed or
comes into Derng as a result of the issue upon which
a decision must be reached, and which normally
remains in existence only until an acceptable
decision has been arrived at (e.g. the airport manager
formed an advisory committee to study the parking
problem; a community noise abatement council was
organized by the residents of the area, etc.)

legitimize to give community sanction (usually through
tne enactment of laws) to the exercise of power
and/or the use of resources for the accomplishment
of agreed upon ends (e.g. the city council enacted
an ordinance which authorized the construction of
the facility)

methodology means by which data are ordered in a
logical manner to reflect interrelationships.

multiple initiator actor who initiates Action in two
or more sulecisions in a case.
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Smultiple participant actor who participates in two
r more suar ecia ons in a case.

multiple-purTose proup a group which represents or
aeges to re nt the viewpoints and values
of more than one type of social and/or economic
group or interest in society (e.g. a league of
women voters speaks for more than some voters, a
chamber of commerce for more than some business
interestsa, a civic association for more than some
civic enterprises, etc.).

Iprimary actor the actor in each decision-flow who
"Initiates the largest number of Actions.

Iparticipation to play some role in Initiating or
conslcering activity effort which has some bearing
on the outcome of an Action (see actor and Action).

response the activity effort engaged in by participants
I hTsubdecision as the result of a stimulus or
stimuli (see Action).

single-purpose group a group which represents or
.aieges to represent the viewpoints and values of
a single type of social and/or economic group or
interest in society (e.g. a bar association, a
labor union, a real estate association, an airline

I company, etc.).

stimulus a circumstance which triggers a response;
usually, but not necessarily, stemming out of theT Consequence of a previous Action (e.g. adverse
criticism of a rate increase by a city utility
causes the city council to call a public hearing
(stimulus) to provide the basis for reconsideration
of the Action taken).
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APPENDIX A

. CLASSIFICATION OF SUBDECISION CHARACTERISTICS
FOR CASE HISTORY DECISION-FLOW. STUDIES

A. Action types

1. Government (administrative) actions

a. Information-support seeking

(1) initiate contact with other government
reports

(2) initiate contact with public

(3) establish decision-making mechanisms

(4) interaction with other government officials

b. Statement of policy position

(1) agree to request

(2) reject request

(3) make public statement

S-(4) request delay

S"(5) prepare report

(6) issue report or formal position

(7) delay or refusal to act

2. Government (legislative) actions

" - aa. Information-support seeking

"(i) request information

(2) request action or concurrence of other
government agency

- -
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(3) Call Public hearing

(4) establish decision-making mechanism

(5) introduce matter for consideration

b, Statement of policy position

(1) veto

(2) schedule vote on matter for consIderatIon

(3) make public statement

(4) request delay

(5) prepare report

(6) issuance of report or formal position

(7) delay or refusal to act

3. Non-governmental aotions

a. Information-support seeking

(1) formation of and/or meetings of ad hoc
group or committee

(2) meeting(s) of permanent group or committee

(3) establish decision-making mechanism

(4) contact government official

(5) communication between non-goverrment
actors

b. Statement of policy position

(1) make public announcement

(2) prepare report

(3) issuance of report or formal position
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4. Governmental deliberation

a. Initiate action

(1) proposal

(2) counterproposal

b. Accept actions under consideration

[ (I) agreement

(2) accept proposed approach

(3) accept matter being considered

c. Reject or delay actions

(1) dissention

5. Non-governmental deliberation

a. Initiate action

(I) proposal

(2) counterproposal

b. Accept actions under consideration

(i) agreement

(2) accept proposed approach

(3) accept matter being considered

c. Reject or delay action

(i) dissention

B. Consequence types

1. Expression of needs

A-3
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a. Need for action or change

b. Felt need for information

c. Communication of position

2. Deter resolution

a. Indecision

b. Contingent threat

c. Blocking action

3. Resolve differences

a. Compromise

b. Legitimization

4. Public reactions

a. Approval

b. Disapproval

c. Concern

d. Weakened

e. Strengthened

f. Need for

g. Commitment

b. Dissipates

5. Government reactions

a. Approval

b. Disapproval
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c, Concern

d. Weakened

e. Strernthened

f. Need for

g. Commitment

C. Groups and actor affiliation

1. Local government

a. Administrative

b. Legislative

c. Judicial

2. Federal-state governments

a. Administrative

b. Legislative

c. Judicial

3, Non-governmental

a. Single purpose permanent groups - having
single functional concern

b. Multiple purpose permanent groups - have
multiple functional identifications (e.g.,
chambers of commerce, Leagues of Women Voters,
civic associations, etc.)

c. Issue - created groups (e.g., advisory
committees, ad hoc groups, etc. whether
created by government or non-government
group)

L
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d. Clientele - served by goverrmental agencies
involved in decision

e. Unaffiliated actors

D. Inputs

1. Legal criteria

2. Established administrative policy or procedure

3. Budget policy or procedure

4. Technical criteria
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APPENDIX B

CONSTRUCTING A DECISION-FLOW DIAGRAM:
THE BRO0=7 COUNTY AIRPORT CASE

The Brooms County Airport case* has been chosen to
illustrate how the decision-flow diagrams were constructed
for the seventeen cases used in the study.

The first four pages of the case have been reproduced
in Exhibit 2, with special notations added to show how
the analysts identified the first three subdecisions
of the case as recorded in Exhibit 1.

To begin with, the sentence on page 323 of Exhibit 2,
reading:

"Combined with this transportation situation was
the existence of a community interest in aviation
originating in the 1920tos, stimulated by a core
of active, private enthusiasts."

summarizes the initiating circumstances which constitute
the initial stimulus indicated in Exhibit 1: "Inadequate
transportation to and from Broome County."

This stimulus called forth a response from American
Airlines which offered to serve the area if adequate
airport facilities could be provided (Exhibit 2, last
sentence, page 323). The Consequence of this Action
was to activate local government and community leaders
into efforts to meet this felt need.

Subdecision No. 1, then, consists of the stimulus, response
(Action) and Consequence recorded in Exhibit 1. The
only actor in the subdecision was the airline, a non-
government single purpose group, since it directed its
statement to the community at large. The type of Action
involved is a "statement of policy" by tlhe airline and
the Consequence is a "reaction of concern (interest)"
by the local government officials and civic leaders.
No inputs are identifiable.

* Frost, Richard T. (ed.), Cases in State and oal
gQyjnmen, Englewood Cliffs: Prentice-Hall (1961)
PP 321-336.

J
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The Stinulus of subdecision No. 2 stems out of the
Consequence of subdecision No. 1 (Exhibit 2, top of page
324). Before the community can Justify a new airport
some authoritative body must pronounce the existing

S* airport inadequate. This circumstance becomes the stimulus
for Broome County leqders to approach the CAP. for an
official evaluation (response to subdecision No. 2).
CAA does not indicate any willingness to act on the
request which results in blocked action (Exhibit 2,
second paragraph, page 324).

The actors in subdecision No. 2 are a group of civic
leaders brought into existence to deal with the issue
(Issue-created group) and the CAA (Federal government:
administrative). The initiator of the Action is the
Issue-created group. The type of Action is "information
and support seeking," and the Consequence is to "deter
resolution: blocked action."

The input in this subdecision, "established administrative
policy," becomes an important basis for the CAA inaction.
The Broome County request does not fall within the well-
defined scope of its programmed activities; consequently
CAA is hesitant to act without considerable evidence
of a felt need.

The Consequence of subdecision No. 2 leads to the stimulus
of subdecision No. 3, the search for other approaches
to problem solution. The response to this stimulus is
the community leaders request to their Congressman to
intervene on their behalf (Exhibit 2, second paragraph,
page 324). The Consequence of this Action is to convince
CAA of the need for an evaluation on the adequacy of
existing airport facilities.

In this subdecision, the actors are the issue-created
group, a Federal legislator and a Federal administrative
agency. The issue-created group is again the initiator.
The nature of the Action is again "information and support
seeking," and the Consequence of the Action is the "expres-
sion of needs: need for action."

Subdecisions No. 4 through 31 .were identified and classified
in a similar manner leading up: to the last subdecision,
No. 32, in which the decision to build an airport is
legitimized.
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3n INTFIGOVtrHdV IMMU~L HqOG&"J

Should Broome County estabish a ounty airpo T han came
into sharp focus in 1944, and was resolved in 1947, by interaction
among organized aviation and other inwest groups, industra leaders,
the Broome County Planning Board, state and Federal aviation oa
oals. political leaders. and the Broome County Board of Supervisors.
Howemer, the chain of eveu which created the issue originated in
she late 1920's,. and these events were inftuenced by certain political
and economic characteristics of the ara

The metrolitan am of Browne County, located on the -'slth-
ern tier" of New York State oan the Pennsylvania border, has an urban
cam• kow-n as the triple Cities," namely. Bingamto. ndicom and
Johnson City. The core is ringed by fast-owing suurbs and rural
areas beyond- Other typical metopolitan characteristics are its rapid
overall population increase of 3&02% from 1930 to 1957 (149000 to
203.50) constituting the highest percentage increa of the six up,
stite metropolitan areas, and the changing ratio of central city to oue-
side area growth, with the latter growing mnt than the Borne.

The pattern of economi growth in Broome County typically in-
vchns a shift from argiculture to industry. More than 200 manufactur-

INITIATING ing firms produce a wide variety of producm Among these are firms of
CIRCUMSTANCES national prominence, such as International Business Machines (1374

Endicott Johnson Corporation (shoes). troebler Manufacturing Com-
pany (furniture), Anco, Corporation (phomgraphic supplim). and
Link Aviation. makers of Link Trainers and instrument Aight train-
ing devices. Agiculture is still important to the county, with some
2.000 fms producing principally milk, egs. poultry. oats, and hay.

Broome County government is traditional in form, with a Board of
Supervisors composed of thirteen members from Binghamton and six-
teen from the towns. There is also the customary list of elected "row
officert Final responsibility for executive coordination as well as Iqis-
lation rests in the Board. In the absence of a single executive, the Su-
pervisors exercise administrative control ova the line departments
through committees, with informal coordination by the Chairman of
the Board. He appoints standing and special comnittees and tradition-
ally gives more time to his job than the others.

Broome County politics are one-party Republican. Despite expand-
ing industrialization and urbanization, the number of Democratic
mayors in the urban centers has been few since 1900. Controversy is
not absent, but it sakes the form of rural-urban conflict over kinds of
services and related tax issues, or factional intra-parSty disputes.

Exhibit 2 (Cont.)

Ss-I.
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ofimmediate pertinence to the airport issue was the general tran*
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CONSEQUENCE, S.D. 1 , f~*No K IOr5U:14
STIMULUS, S.D. #2 - ia A 4

Postulon W2aS aWks~ ince they felt that it Would be i Icut to pro-
pose a new site before the Tri-Cities Airport was being fully used and
since they would rather not base a now airport on criticism oi the pres.
ent one. What they needed was an offiial ruling on the adequacy of
the Tri-Ciuies port fronm the Civil Aeronautics Administration (CAA).

CONSEQUENCE, S.D. 02- certified line -to refuse to coein.
RESPONSE, S.D. #2
RESPONSE, S.D. #3-

CONSEQUENCE, S.D. #")0

* CA rt ts findi ngs to Dr. Frank Mooýre,
whose interest in airport development was evidenced by his leadership
in establishing the joint Aviation Committee of the Chambers of Comt-
merce and by his chairmanship of the Tri-Cities Airport Commission.

With the letter from CAA. it was obvious to Dr. XMoore that an al-
ternative would have to be developed. and with this came the idea of
an airport sponsored by the County. However. this raised problems in-
volving what kind of a program to propose and what method to em-
ploy to brng the proposal to the Board of Supervisors, A further cam-~
plication was the possible adverse effect on the existing cooperation
among supporters and members of the Tri-Cities Airport Commission
once the CAA decision became known.

FACT FINDING AWD MLANNING FKAS: 1944-194

Dr. Moore solved his immediate problem in the spring of 1944
when, through the chance circumstance of his treating Dr. Clement
G. Blowers for an injured knee, the hroomne County Planning Board
was brought into the picture. Dr- Bowers was a plant scientist and a
long established, well respected citizen of the County. He was the
Chairman of the Broome County Planning Bcwrd which fromn its -cra-

* stion in 1937 had established itself as an impartial. non-political stall

B-7
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ABSTRACT

Field noise reduction measurements in 21 school, motel and
residential rooms during flyovers of jet and propeller air-
craft are described. The measured noise reduction for most
rooms was found to lie within or near the range of moderate
noise reduction values observed in previous measurements of
houses and wood frame air base buildings.

Sizeable differences in room noise reduction values were
observed during successive aircraft flyovers. For jet air-
craft flyovers, the rms value of the standard deviations
for noise reduction measurements in school and motel rooms
was 2.7 PNdB. For the four residential rooms studied, a
rms value for the standard deviations of 3.4 PNdB was
observed. Thus, room noise reduction variability can
introduce significant variations in the indoor judgments
of the noisiness of aircraft flyovers which have the same
outdoor measured perceived noise levels,
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I. MNTRODUCTION

In estimating the noise levels heard on the ground during
flyover of an aircraft, one often wishes to estimate the
reduction of aircraft noise afforded by various types of
buildings. Previously reported noise reduction measure-
ments for aircraft noise have been made primarily in
residential or military air base buildings._,_2/ The
measurements described in this report were -5-fertaken
to supply additional information concerning typical noise
reduction values by:

a) extending the field measurements to a wider variety
of buildings, particularly school and motel build-
ings; and,

b) providing an estimate of the variation in noise
reduction one may expect during successive fly-
overs of different aircraft.

The school and motel measurements supplied basic technical
data for establishing arnd checking the building noise reduc-
tion values of reference 3. The residential room noise
reduction measurements were gathered during the field
judgment tests of aircraft noise described in reference 4.
Building noise reduction was measured in 21 different rooms
in 15 separate buildings at six locations: four under the
approach path, and two to one side of the takeoff path of
Runway 7R-25L at the Los Angeles International Airport.
Figure 1 shows the locations of the buildings and their
relationship to major runways at the Los Angeles Inter-
national Airport. Also shown in Fig. 1 are contours of
the maximum perceived noise levels which might be
experienced during operation of a four engine turbojet
transport from Runway 25L.

With one exception, measurements were made in buildings
constructed since 1949. And, with one exception, the
buildings were typical lightweight construction -- stucco
on wood frame, concrote block or brick, with single pane
glass windows. The range of building types sampled in
the study is obviously not complete, but is representative
of some common types of present-day construction.

Preceding Page Blank
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Il. MEASUREMENT AND ANALYSIS PROCEDURES

The building noise reduction was simply defined as thedifference between the maximum sound pressure levels
observed outside a building and inside a building during
an aircraft flyover. One microphone was placed inside the
room under study and another microphone placed outside
the building afty from the Immediate Influence of nearby
building surfaces. The noise signals received by the twotmicrophones during the flyovers wore recorded on magnetic
tape. Later, the two recordings obtained for each fly-
over were played back through a sound level meter, a
band-pass filter or a frequenoy-shaping network and agraphic level recorder. The maximum values of the slowlyrising and falling noise signals resulting from the air-
craft flyover were then read from the necordr charts.
For many of the flyovers, the noise signals were analyzed
in terms of the maximum sound pressure levels occurring
in octave frequency bands. The building noise reduction
was then expressed as the difference in levels measured
in the individual octave bands.
We were also interested in expressing the building noise
reduction in terms of the difference in perceived noise
levels observed outside ar" inside the bullding•* Thus,
for many of the flyovers, rurcelved noise levels were
calculated from the octave band data.6& The noise
reduction was then expressed as the diTrerence between
calculated perceived noise l6vels. For other sets or
measurements the recordings were played back through a
perceived noise level network (the inverse of the 40-noY
equal-noisiness contour).6] The frequency response of
this network is shown in 9(ig. 2. The value obtained by

*The perceived noise level, expressed in P1dB•s i a
quantity calculated from physical measureuents of the
noise that correlates very well with the subjective
evaluation of the noisiness or annoyance of various
types of noise, It has become a widely accepted means
for describing aircraft noise both in this country and
abroad.

-3-
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playback through this network approximated the perceived
noise level value calculated from the octave band measure-ments ,§/

For 79 sets of noise reduction measurements, it was found
that the room noise reduction values, computed as a differ-
ence between the outside and inside network readings,
generally agreed well with the noise reduction values given
by the difference in calculated PNdB values (obtained from
the octave band data). The average difference between
network and calculated PNdB noise reduction values was 0.0

-, PNdB. The standard deviation for the set of 79 differences
was 2.0 WNdB.

Definition of noise reduction in terms of maximum levels
occurring during a flyover is a very useful measure of
building acoustic performance. However it is not a precise
or unique measure. For a particular room, this measure
of noise reduction may well vary with type of aircraft and
with aircraft flight path as well as with measurement
position inside and outside the room. For example, because
of differences in spectrum shapes and directional patterns
for noise radiated by propeller and jet aircraft, the
noise reduction measured in a room may be somewhat differ-
ent for propeller aircraft than for jet aircraft.

To illustrate complexities in data interpretation and the
possible oversimplification involved in measuring only
maximum flyover values, Fig. 3 shows noise levels in the
1000 cps octave band measured outside and inside a class-
room during flyovers of a piston and a jet transport air-
craft on approach. A single maximum occurs outside the
room, but a well-defined double peak (clearly audible)
was observed inside the room. Such double peaks were
observed in several classrooms having two opposing side
walls each pierced with a row of single-pane glass windows
when the overhead aircraft flight path was perpendicular to
the window walls.

The first peak observed inside the classroom results, of
course, from the noise transmitted through the windows
in the wall as the aircraft approached the classroom;

-5-
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the second peak from the noise transmitted through the
fI windows on the opposite wall after the airplane had
Spassed over the building. (One might also note that

neither of the peaks observed inside the room necessarily
occurred at the same time as the single peak recorded
outside the room.) The two peaks in the interior soundlevels welo illustrate the fact established in previous
building noise reduction measurements that maximum levelsSI inside a room are governed by the weakest part of the noise
barrier provided by the building structure.y/
Occasionally, during measurements under the approach path,interpretation of noise reduction measurements was further
complicated by two maxima in the sound levels observed

! j outside the building. The two maxima are due to the notse
characteristics of some Jet aircraft at intermediate orlow-power settings. Strong radiation of fan and compressor
noise in the forward quadrant produces one maximum as the
aircraft approaches, followed by a decrease in level as1~ the aircraft passes directly overhead; then another maxi-mum in the noise occurs because of Jet noise radiated from

If the engine exhausts.
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III. NOISE REDUCTION RESULTS

A. Variation Within Rooms

Figure 4 show; the building noise reduction expressed
as differences in perceived noise levels for the dif.
ferent school rooms. In the figutre, perceived noise
level differences for Jet and propeller aircraft are
distinguished by the shape of symbols. Measurements
with windows or doors open are indicated by the open
symbols. The horizontal bars represent the median
value of noise reduction observed in each room for
Jet aircraft flyovers. The range of median noise
reduction values extends from 18 to 37 PNdB, with
the high value of 37 PNdB measured in a specially
constructed "soundproofed' classroom. Excludi'ig the
auditorium and the soundproofed classroom, the median
noise reduction values range from 18 to 31 PNdB.
Figure 5 shows the noise reduction measured during
eight successive flyovers of Jet .nd propeller aircraft
in a grade school classroom located under the approach
path. This classroom was of stucco and wood frame con-
struction with large areas of single pane windows on
the two side walls directly exposed to aircraft noise.
Shown in the f!ure are the noise reduction values
measured in the rocm with the windows closed and also
with the windows on one side of the building partially
opened. Lines drawn through the octave band spectra
represent the median of the observed values for both
the windows open and windows closed conditions.

Similarily, Fig. 6 shows the noise reduction for eight
flyovers in a motel room located near the approach path.
This room was on the first floor of a two-story stucco
on wood frame building; only one wall in the room was
exposed directly to aircraft noise.

Figure 7 shows consecutive measurements :!n a grade school
classroom located to one side of the takeoff path. The
measurements shown in the figure were all obtained during

-8-
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!III
je• aircraft takeoffs; curves are shown for three dif-

I ferent microphone locations in the room, one near the
middle of the room, the other two near the side walls
of the classroom as shown in the sketch.

I II Analysis of the variations in measured noise reduction
yielded standard deviations ranging from 1.6 to 5.4
PNdB for the individual school and motel rooms.* The
rms value of the individual room standard deviations
was 3.6 PNdB considering flyovers of both propeller
and Jet aircraft. For reduction of Jet aircraft noise
only, the ros value of the standard deviations was 2.7I_' PNdB. The rms value of standard deviations for noise
reduction observed in the different octave frequency
bands from 63 to 4000 cps varied from 2.2 to 3.5 dB as
shown in the fourth column of Table I.

Residential room noise reduction measurements were mads.
in the living room and a bedroom of an apartment exposed
to takeoff noisej and in the living room and a bedroom
of a frame house exposed to approach noise. The mean
and standard deviation values of the room noise reduction,as expressed in PNdB, are shown in Table II. The rme
value of standard deviations for noise reduction observed
"in the different octave frequency bandso based upon a

Ssample of 10 flyovers in each of the four rooms, is
shown in the last column of Table I1

I I ! These values, varjing from 2.7 to 4.3 PNdB for the
various octave bands, are generally slightly larger
than the corresponding values for the school and motel
rooms, For both sets of standard deviations, smallest

i• I values are usually observed in the octave bands of 500
and 1000 cpsa with variations increasing at the lower
and higher frequencies.

* These variations may be roughly interpreted in sub-
Jective terms by considering that an increase of 3 PNdB
reflects about a 25% increase in subjective noisiness;
a 10 PNdB increase, a doubling (or 160% increase) in
noisiness.
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TABLE II

REDUCTION OF AIRCRAFT NOISE CESSEDV
IN FOUR RRSIDWTIAL ROOMS

Noiise Reductionj,
Type of No. of PNdB
Noise Room Measurements Mean Standard
Signal Value Deviation

Takeoff Living Room 39 20.9 3.4
Bedroom 39 24.1 3.0

I j Approach Living Room 46 22.1 2.6

Bedroom 46 23.8 4.2

These standard deviation values indicate that the varia-
bility in measured noise reduction is generally considera-I bly greater than the variability introduced by usual noise
measurement errors. The values also Indicate the relatively
moderate precision with which the reduction of aircraft
noise provided by a building can be specified. For example*
based upon the rms value of the standard deviation for
motel and school noise reduction measurements (3.7 PNdB
for both propeller and Jet aircraft flyovers), one would
estimate that, for a large sampling of flyovers, 90 per
cent of the noise reduction values would extend over arange of about 12 PNdB.

B. Noise Reduction Curves for Various Rooms

Figures 8 through 11 show noise reduction curves measured
in different rooms. Each figure also has a cross-hatched
band representing the approximate range of noise reduc-
tion values for light residential or commercial construc-
tion expected on the basis of the previous noise reduction
studies of residential and air base buildings. The upper
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limit of the shaded area represents the typical noise
reduction expected for a house with windows closed;
this upper limit also approximates the noise reduction
for an air base office with 0.1% open area due to sound
leakage paths around window frames and doors. The lower
limit of the shaded area represents the typical noise |
reduction for a residential building with windows operi.

Figure 8 shows median noise reduction values measured
in three classrooms in a grade school under the approach
path. The curves are quite similar, reflecting the
similarity of the classroom design and construction,
noise exposure and orientation with respect to the air-
craft flight paths. Figure 9 shows noise reduction
curves for three classrooms located in three different
buildings of varying construction at a high school,
also located under the approach path. Here, differences
in the noise reduction of aircraft approach noise result
primarily from differences in building construction.

Figure 10 shows the median noise reduction measured in
each of four classrooms at a grade school located to
one side of the takeoff path. Three of the rooms,
Rooms 201, 302 and 402 were of similar construction.
These rooms were each located in separate buildings
which were approximately parallel to one another, as
shown in the sketch. However, due to differences in
terrain elevation, Rooms 302 and 402 were partially
shielded from the takeoff noise by the building housing
Room 201.

Comparison of the noise reduction measured in Rooms 302
and 303 is interesting since Room 303 represents a class-
room specially soundproofed for aircraft noise. This
room was located next to Room 302 with a common wall
between rooms. In Room 302, each side wall (facing
towards-and away from the runway) contained large areas
of sirnle pane movable sash windows and doors without
weatherstripping. In contrast, in Room 303, the side-
walls facing the runway was constructed of brick and
had no windows or doors. The wall facing away from the
runway contained double glazed windows and doors with

-20-
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weatherstripping. Roof construction for Room 303 waia
substantially heavier than that for Room 302.

Comparison of the noise reduction values indicate that
the soundproofing measures were moderately effective;
the median noise reduction values increased from, 31
PNdB i, Room 302 to 37 PNdB in 7oom 303. (An incroase
in room noise reduction of 6 PNdB should result in a
25% reduction in loudness of flyovers heard inside the
classroom).

Figure 11 shows the noise reduction for three rooms
located in a motel near the approach path. The wall
construction for all the rooms were the same, stucco
on wood frame. The differences in noise reduction
among the three rooms generally reflect different
degrees of exposure to aircraft noise. Room 115 had
only one wall directly exposed to aircraft noise, while
in Room 216, the roof and one door were exposed to air-
craft noise. Room 110, with only one exterior wall,
showed increased noise reduction compared to Room 115
due to the partial shielding of flyover noise provided
by an adjacent wing of the motel building.

As a final example of room noise .seduction, Fig. 12
shows the median noise reduction for the four residential
rooms measured. Each room had one (or two) exterior walls
with windows which were directly exposed to aircraft noise.

-21-
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IV. SUT.I4ARY AND COXNCLUSIONS

Previous studies of the reduction of aircraft noise by
buildings have shown that the noise reduction (exclusive
of shielding) may be reasonably well estimated by taking
into account noise tran3miasior; paths through (a) windows
(b) cracks and openings normally existing around windows
and doors, (c) the basic wall and roof construction. In
most conventional structures noise reduction is limited
by the transmission of sound through windows and cracks;
thus the noise reduction values measured in the field
usually fall well below those which are calculated on the
basis of basic wall or roof structures alone,

The present measurements generally confirm those findings.
Although there is considerable variation in the detailed
shape of the individual noise reduction curves, most of
the noise reduction curves for rooms for which there was
little or no shielding lie in or near the range of noise
reduction values previously used as estimates of the
noise i-eduction for conventional buildings of lightweight
construction.

The one soundproofed classroom that was measured showed
that a substantial increase in noise reduction could be
achieved by limiting the amount of sound transmitted
through (or around) doors and windows. The measurements
also generally confirmed the fact that there is little or
no benefit from specifying heavier construction for walls
or the roof unless sound transmission paths through win-
dows, doors, or other openings are carefully controlled.

As a measure of the variability in room noise reduction
values, standard deviations were calculated for each set
of noise reduction measurements made in individual rooms.
For jet aircraft flyovers, the rms value of the standard
deviations for the school and motel rooms was 2.TPNdB;
for the four residential rooms, 3.4 PNdB. These rela-
tively large standard deviation values illustrate both
the relatively large variability in noise reduction which
may be observed during successive aircraft flyovers, and
the relatively moderate precision with which room (or
building) reduction of aircraft noise can normally be
specified.

-23-
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ABSTRACT

Computer techniques were employed to generate time
histories of the perceived noise level at various
66rund positions under and adjacent to the aircraft
flight path during simulated operations of Jet and
piston aircraft. The time durations of the noise
signals, taken as the duration of the signal within
10 dB of the maximum level, were analyzed in terms
of the aircraft speed and distance between aircraft
and ground position. Time duration, perceived noise
level and duration-modified perceived noise level
charts are shown for simulated flyovers of turbojetv
turbofan and piston aircraft at a constant altitude,
and for simulated takeoffs of a large turbojet trans-
port. Charts showing both perceived noise level and
duration-modified perceived noise level contours for
the takeoff of a large turbojet aircraft are also
included.

For an aircraft flying at a constant speed and power
setting, time duration was found to be a near-linear
function of the ratio of slant distance to speed.
However for the typical ranges of air speeds encountered
during takeoff and climb time duration may be correla-
ted with slant distance tignoring speed) with a typical
spread in noise data of 2 to 3 duration-modified PNdB.
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I. INTRODUCTION

Most current methods for rating aircraft flyover noise
depend upon the measurement of the maximum noise levels
occurring during the flyover. Common practice is to
measure the maximum noise levels occurring during the
flyover in octave or third-octave frequency bands, then
calculate the perceived noise levels from these data.
The perceived noise level, so calculated, provides a
measure of the relative noisiness or acceptability of
the noise as heard by human observers iV

However, recent laboratory teats concerned with refining
the perceived noise level scale have shown that the time
duration of the signal also influences one's subjective
rating of aircraft noise.y/

For the relatively short time durations often encoun-
tered in aircraft flyover noise, the tests indicate
that a doubling of signal duration increases the noisi-
ness by an amount equivalent to about 4.5 PNdB. Thus,
a more accurate indication of relative noisiness may be
attained by using a duration-adjusted PNdB, or effective
PNdB, defined as:

Leff - L + 15 l 1 01lA (1)
tref

where:

L is the maximum perceived noise level during
the flyover, expressed in P~dB

Leff is the effective perceived noise level

At is the duration in seconds that the noise
level exceeds a level 10 PNdB below the maxi-
mum perceived noise level

tref is a -eference time duration arbitrarily
taken as 20 seconds in this report.

The study described in this report presents comparisons of
the effective perceived noise level with the (unadjusted) per-
ceived noise level for simulated level flight flyovers of
turbojet, turbofan, and propeller transport aircraft, and for
some simulated takeoffs of a turbojet transport aircraft.



This study forms a part of a larger program concerned with
defining some of the variations encountered in measuring and
describing aircraft noise in the vicinity of airports.*
Computer-aided techniques for simulating aircraft flights
were used extensively in the study, In essence, the com-
puter generated and plotted time histories of perceived
noise level at various ground positions under the aircraft
flight path during the simulated operation of an aircraft.•_/

The computer studies were made on a Digital Equipment
Corporation computer, Model PDP-1. Information input to the
computer was by means of typewriter or by transcribing
graphical information using a special graphical input device,
Graphlcal output was obtained from a paper-ink plotter.

Of the several variables determining the ttie duration of
aircraft flyover noise signals, the effects of aircrafft speed
were emphasized in the study. Speed effects were explored
for two reasons:

a) in many field investigations, information on air.-
craft speed or possible variations in speed Is
difficult to obtain. Thus, an understanding of
the variability in time durations, and effective
perceived noise levels introduced by typical speed
variations, is helpful in interpreting field
measurements.

b) an understanding oi the effect of speed in deter-
mining signal duration will permit better evaluation
of proposed tradeoffs in aircraft takeoff procedures.
For example, a suggested cha-age in procedures may
require an evaluation of the subjective effects of
a change in altitude versus a change in speed at
various ground positions.

Section II discusses some of the parameters determining the
time duration of aircraft noise signals. Succeeding sections
of the report describe the analysis procedures employed, the
results of the analysis, and conclusions. -'

* See Part IV and Part VI of this report.
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II. DISCUSSION OF AIRCRAFT
NOISE TI*E PATTZRNS

A typical time plot of the noise level observed below a
Jet aircraft flight path is sketched below:

UA- Ll _L

z

Details of the shape of the noise plot may vary greatly
from flyover to flyover. Because of such large varia-
tions In shape and because of the relative insensitivity
of psychoacoustic Judgments of noisiness or acceptability
to details of the signal pattern, most descriptions of
the time duration rely on relatively simple measurements
of the time plots. A common measure of time duration
that is used in both laboratory and field studies, and
the one that will be used extensively throughout this
report,, Is the number of seconds the noise signal Is
within 10 dB of the maximun value. This measure Is

/II



indicated in the sketch on the previous page.*

The detailed shape of the time patterns result from a |

number of variables. The four main parameters deter-
mining basic time pattern characteristics are:

a) the noise source characteristics of the air-
craftm

b) distance and geometrical relationships between
aircraft and ground position

*o) aircraft speed

d) atmospheric sound attenuation characteristics.

One way of visualizing the gross relationships between
major parameters is shown in Fig. 1. In this figure,
perceived noise level contours are drawn around a Jet
aircraft In flight. The shape and spacing of the contours £
is determined by the aircraft noise source characteristics,
and the sound attenuation characteristics of the atmos-
phere,

In the figure we have assumed that the aircraft is flying
in level flight. For altitude SA* the maximum perceived f
noise level observed on the ground is 90 PNdB. The time
duration is that determined by the ratio of the distance
LA divided by the aircraft speed. When the maximum noise
level during the flyover is 95 PNdB, a smaller altitude
SB and a lesser distance LB is indicated. Similarlyj,
when the maximum noise level is increased to 100 PNdB, i

" Another measure that has been used in some previous
studies Is the time duration of the pattern above a
given reference noise level.•_< For example, the
length of time that the signal exceeds 80 P1dB might
be selected as a measure of signal duration.

III
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a smaller altitude SC and a lesser distance Lc are
$svolved, With an increase In maximum noise level we
see that the distance L and the altitude S decrease.
We can also see from Pig. 1 that the time duration
would vary inversely with the aircraft speed, since
the distance L is divided by aircraft speed to obtainthe duration,Ž

In practice, of course, interpretations of time pattaers
are complicated by such factors as changing aircraft
speed and altitude during the flyover, changes in engine
power settings during the flyover, and spectrum changes
introduced by Doppler sh-ifts,. Winds and varying air
attenuation characteristics also cause distortion and
fluctuations In the noise signals received on the ground.

Investigation of time patterns solely by analysis of
field measurements introduces major experimental dif-
ficulties in separating and controlling different
variables. Simulation of aircraft flights and genera-
tion of time patterns by a computer which allows major
parameter& to be Independently controlled offers a
convenient means for detailed study of some of the
basic variables determining time patterns. The computer
program and analysis procedures employed in this s:mula-
tion are discussed in the following section.

-6-



III. ANALYSIS PROCEDURE

Time patterns for different ground positions, under and
to one side of an aircraft flight path, were generated
using computer techniques to simulate aircraft flyovers.
Input information consisted of: aircraft flight track
ever ground; aircraft altitude profile; aircraft airspeed
profile*; air attenuation (standard SAE values)V; and
noise spectra, defined at a constant radius about the
aircraft at 100 intervals, The above information wN
entered in the computer by either graphical or tabular
means,8

Th•e output of the computer program consisted of time
histories of the perceived noise level for specified
ground positions. The maximum perceived noise level
reaching the ground positions was determined to the
nearest 0.5 PNdB for every 1000 ft interval along the
flight path. The time of arrival of the maximum noise
signal for each 1000 ft interval was then determined
and plotted to the nearest 0.5 second. Typical computer
plotted graphs are shown in Pigs. 2 and 3.

The maximum perceived noise level and time duration were
read from each time history. These values, together
with the slant distance between ground position and
aircraft flight track, also obtained from the computer
program, constitute the basic data for our study.

A straight flight track over the ground was assumed
throughout the study. Initiallys we simulated flyovers
of aircraft at a constant altitude of 1000 ft and at
constant speeds of 300 ft per second (178 knots) for

* Actually, the horizontal component of the airspeed.
Although the computer progrsm has provision for
introducing wind effects, the studies were confined
to zero-wind conditions; hence, aircraft airspeed
and ground speed are Identical, and will be referred
to simply as aircraft speed.

-B7-
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jet airoraft and 250 fpe (148 knots) for propeller air-
craft*. Simlated flyovers of a large turbojet transport j
airoraftj, a large turbofan transport aircraft, a Boeing
I77, and a large piston transport aircraft were made at
these constant altitude and speed conditions.

Time patterns were calculated for six ground positions
located directly underneath the flight path and at dis-
tanes I0, 2000, 4000, 6000, and 500 ft to one side of ,
the flight track. Figures 2 and 3 show the resultlng
time histories for four ground positions for the simulated
flyover of a large turbojet transport aircraft.

In the second phase of the study, takeoffs of a large
turbojet transport aircraft were simulated. The altitude
profile employed, shown in Fig. 4, is typical of that for
a large, long range jet transport.W/

Several different speed profiles were employed; these are
shown as curves A, B and C in the lower portion of Fig. 4.
They were selected to bracket the range of speeds likely
to be encountered for large turbojet and turbofan aircraft I
takeoffs. However, they do not portray in detail the
characteristics of any specific aircraft.

For each simulated takeoff, time histories were computed I
at 16 ground positions. These positions were located
directly underneath the flight path and 2000, 4000 and
8000 ft to one side of the flight track at distances of
10,000, 15,000, 25,000 and 35,000 ft from the start oftakeoff roll.

The noise spectra for the simulation studies were, with 1
the exception of the Boeing 727, generalized spectra
developed from comparison of the noise spectra of a
number of current transport aircraft. These spectra,
together with the Boeing 727 spectrum, are shown in
Fig. 5. The noise levels are the maximum to be observed
at a distance of 1000 ft from the aircraft during a
flyover.

Information or the in-flight directional characteristics
of noise radiated by jet or propeller aircraft is rather

-10-
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limited. Although numerous measurements of the direc-
tional characteristics of Jet engines during ground runup
operations are available, the noise radiation from engines
in flight may be considerably different from that observed
during ground runupe. As a consequence. the directional
characteristics employed for the flight simulations (other
than for the Boeing 727) are estimates, derived from study
of the rather limited data available. For the Boeing 727,
detailed noise information was availableoy giving octave-
band spectra at 100 intervals, based on analysis of actual
flyover noise measurements.

The directivity patterns used in the simulations are given
in Table I. The directivity patterns are stated in dB
with reference to the noise levels at the angle of maximum
radiation. For all but the Boeing 727, noise levels in
each octave band were changed in accordance with the
directivity characteristics shown in the table. This,
of course, is an approximation since directivity patterns
will vary in the different octave frequency bands. The
727 directivity pattern, interpreted in PNdB at a 1000-ft
radius, is also listed in Table I. It should be noted
that the values shown in the table for the Boeing 727 do
not necessarily indicate the directivity pattern in the
individual octave frequency bands.

Initially, a uniform directional pattern was assumed for
the propeller aircraft. However, this pattern produced
time durations that were unrealistically large compared
with available field data.W_ As a consequence, a non-
uniform directional pattern, based upon known propeller
noise characteristics, was assumed. This pattern pro-
vides values of time duration which agree well with
field data.

-13-.



TABLE X

AIRCRAFT NOISE DIRBOTIVIT! PATTWINS AT 1000 FT
IFR SIMULATE AIRCRAPT MYOVER

AIRRAPt TYPE

(A) (B) (C) (D)
Angle Large Large Large

from Nose, Turbojet Turbotan Piston
degree$ Transportj Transport, Boeing 727# Transport,

dB dB PNdB dB

-.23 -20 -- -520 .020 :11 :1•:
S:1I .z I•.

S-1 -8 -9 -30- -1 -7 -8 62
To 6 -4, Ml-4 M 3 40 25 -M1

90 -3 -2 -1.0 0
100 -2 - 1 -1.0 0
110 -1 0 -1 .0 0
120 0 -1 -0.5 0

0 om-
-6 -2.02o 1 0 .o9 -13 --

S-13 -17 -- -5

For (A), (B), and (D), all octave bands were shifted uni-
formly by the amounts shown. Noise levels for (C), the
Boeing 727 changed in relative spectrum shape as well as
level at dlfferent angles. Thus, the values for (C) show
the relative directivity in PNdB along a 1000-ft radius
and do not necessarily correspond to the directivity
pattern in the individual octave bands.

-14-



IV. TIME PATTENS AT CONSTANT
ALTITUDES AND SPEES

Figure 6 shows, as a function of slant distance, the
time durations for simulated flyovers of the four dif.-
ferent aircraft at constant altitude and speeds. The
plotted points generally form quite smooth straight
lines. The lines have elopes approximately equal to
1.0, thereby Indicating a near-linear relationship
between slant distance and duration. The time dura-
tions for the three jet aircraft fiyovers are all
significantly shorter than the time duration for the
piston aircraft. This difference in duration between
jet and piston aircraft is greater than can be accounted
for by the difference in aircraft speeds and reflects
differences in directivity patterns between the jet and
piston aircraft.

Figure 7 shows, for the same simulated flyovers, plots
of the perceived noise level versus distance for the
four aircraft. Figure 8 shows the effective perceived
noise level based upon the maximum perceived noise levels
of Fig. 7 and the time durations of Fig. 6, modified in
accordance with Equation i.*

SLaboratory explorations of the effect of time dura-
tion on subjective ratings of aircraft noise were
confined to signals of relatively short duration
(12 seconds or less).V/ One might expect that for
larger time durations, perhaps of the order of 30
seconds or more, noisiness judgments would become
independent of the time duration. However in this
report we have not limited application of Equation 1
to any specific time interval, or maximum duration,
since our major purpose is to demonstrate the
dependance of signal time duration upon various
physical parameters.

-15-
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Comparison of Pigs.. 7 and 8 shows that:

a) the differences in noise levels between jet
and piston aircraft is less for effective per-
ceived noise levels than for the unmodified
perceived noise levels, This, of course, is
a consequence of the relatively longer duration
of signals for the piston aircraft.

b) the slopes of the curves relating the effective
perceived noise level with distance are much
less than the slopes of the curves relating
unmodified perceived noise levels with distance.

For example, the curve for turbojet aircraft
in Pig. t shows an average decrease of about
4.5 ANi Ceffective) per doubling of distance,
instead of about 8 PNdB for unmodified per-
ceived noise levels.

-19-
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V. TIC FAfltNS FM VARYING
AL2IE)E AND SPEC) PROPTLES

Figure 9 shows the time durations of noise signals plotted
as a function of distance from aircraft to ground position
for three simulated takeoffs of a large turbojet transport.
The takeoffs employed the three different speed profiles
and the single altitude profile of Pig. 4. Durations for
the three diffeorent speed profiles are identified in the
figure. The shaded area indicates the approximate spread
In duration values. For a given slant distance we note
that the time durations typically varied by a ratio of
abreut 16 -to 1.

If we interpret the time durations shown in fig. 9 in
terms of effective perceived noise level (in accordance
with Equation 1) we obtain the band of effective perceived
noise levels shown in Fig. 10. Also shown in this figure
is the unmodified perceived noise level curve. For a
given slant distance, the variation in duration has resulted
in a spread in effective perceived noise levels of 2 to 3
PNdB.

In many field investigations of aircraft noise, the par-
ticular speed at which the aircraft was flown, or the
extent of speed changes during the course of the flyover,
are unknown. In such cases, correlations of time durations,
or effective perceived noise levels with distance, as
illustrated in Figs. 9 and 10 represent a practical limit
in analysis. However, when speed information is available,
the band of duration values shown in Pig. 9 can be sub-
stantially reduced by plotting-the data in terms of the
ratio of distance to speed as shown in Fig, 11, In
plotting this graph, the speed was taken to be that
existing at the time the aircraft was nearest the obser-
vation point. For a number of positions, particularly
for those located only 10,000 ft from the start of takeoff
roll, aircraft speed was changing for a significant portion
of the time history. These speed variations during the
flyover account for some of the "residual" spread of values
shown In Pig. 11.

-20-
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Figure 11, and the unmodified perceived noise level curve
in Pig. 10* can be used to estimate changes in duration
cr effective perceived noise levels for various-speed and
altitude tradeoffs. As an example. let us consider the noise
levels directly under the aircraft flight path during a
flyover at an altitude of 1200 ft and a speed of 180 knots
(30&& fps). We wish to evaluate the effects of an increase
in air speed to 220 knots (3?2 fps). At a distance of
1200 ft,, the ratios of distance to speed for the air
speeds of 180 knots and 220 knots are 3.95 and 3.23 res-
pectively. Using these two quantities to enter Fig. 11,v
we can determine that the time duration of the flyover
signals is 9.1 seconds at 180 knots and 7.6 seconds at
220 knots. By use of Equation 1 (Page 1) this reduction
in time duration with an increase in air speed is found
to decrease the effective perceived noise level by approxi-
mately 1.2 PNdB.

Now, from the unmodified perceived noise level curve in
Fig. ".0, one can determine that 1.2 PNdB is equivalent
to a change in altitude of about 150 ft about the refer-
enced altitude of 1200 ft. Therefore, if the increase
in aircraft speed from 180 to 220 knots resulted in a
reduction in aircraft altitude to less than about 1050 ft
(1200 - 150) then the increase in aircraft speed would
not result in a lower effective perceived noise level
heard on the ground directly beneath the aircraft.

For positions to one side of the path, changes in noise
levels due to altitude variations will be less than
observed directly under the flight path. This is due to
the fact that the relative changes in distance to the
aircraft are less. However, changes in the effective
perceived noise level resulting from speed changes will
be equally effective at positions to one side or directly
under the flight path.

I



VI. EFFECTIVE PECEIVED
NOISE LEVEL CONTOURS

Perceived noise level contours are often used to depict
the maximum levels expected at various ground positions
near an aircraft flight path.§/ In a similar manner,
contours of effective perceived noise levels may be devel-
oped. As shown previously in Figs. 8 and 10, a major
effect of the time duration correction is to decrease the
slope of the curve relating perceived noise level with
distance between aircraft and ground positions, This
results in an increase in the distance between contour
intervals,

This situation is graphically illustrated in Fig. 12
where contours for the takeoff of a large turbojet trans-
port aircraft are depicted. (These contours are based
upon speed profile curve A and the altitude profile of
Fig. 4.) The upper portion of the figure shows perceived
noise level contours at 5-PNdB intervals for distances
from 8ooo to 68,ooo ft from start of takeoff roll. The
middle portion of Fig. 12 shows the time duration cor-
rections in 2-PNdB intervals. The lower portion of Fig.
12 shows the resulting effective perceived noise level,
reflecting the addition of the contours shown in the
upper portions of the figure. Clearly evident is the
increase in spacing between 5-PNdB intervals.

-25-
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VII. CONCLUSIONS

This study has shown the following:

a) for a given type of aircraft flying at a constant
power setting, the time duration of the noise sig-
nal received on ground may generally be represented
by a near-linear function of the ratio of slant
distance to speed.

b) for the typical ranges of airspeed encountered
iMOediately after takeoff and during early phases
of climb out, the time duration may be correlated
with slant range with a typical spread in data of
2 to 3 PFdB for a particular aircraft.

c) interpretation of time duration in terms of
effective PFdB produces a reduced slope of the
curve relating PNdB with distance reflecting a
lessening in the change of "noisiness" for a
given slant distance range, This results in a
marked lengthening of the interval between
perceived-noise level contours,

-27-
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IF
r ABSTRACT

Variations In noise levels, observed at ground positions
under and adjacent to aircraft flight paths, are examined
by means of computer-simulated takeoffs of a large turbo-
Jet transport aircraft. Variations in noise levels arising
from variations in flight track over ground and in altitude
profiles and from changes in sound transmission character-
istics of the atmosphere (due to temperature and humidity
changes) are reviewed. Prom calculation of maximum flyover

VF noise levels at 63 ground positions, charts are presented
Si showing the range in noise levels produced by eight flight

paths spaced about a mean takeoff flight path. Similarly,
charts are presented showing ranges in noise levels result-
Ing from four temperature-humidity combinations differing
from the standard conditions of 59PO-70% relative humidity.
Flight path variations produce the maximum range in noise

* •levels at ground positions near the mean flight path.
Noise level variations due to air attenuation changes
increase with distance between aircraft and ground posi-
tions. Noise levels, at temperature and humidity extremes
a•e generally lower than those calculated for standard
temperature and humidity conditions.
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I. INTRODUCTION

This repozrt examines, by means of computer-aided tech-
niques, some of the variations in maximum noise levels
observed on the ground during takeoffs of Jet transport
aircraft. Of the many factors contributing to observed
variations in noise levels, variations arising from
differences in flight paths and from changes In sound
transmission characteristics of the atmosphere (due to
temperature and humidity changes) are briefly reviewed.

In seeking to describe the very complicated noise envi-
ronment existing in the vicinity of airports, most
engineering descriptions consider noise in terms of
aircraft noise characteristics and flight paths. Noise
level estimates are often based on calculations using"typical" flight paths and standardized atmospheric
conditions. This is a very useful approach since it
permits defining a complicated physical environment in
a meaningful, relatively clear manner which can lead to
the understanding and solution of many aircraft noise
problems. However, such simplifications in description
can lead to difficulties when we seek to define bound-
aries for zones of expected community or individual
behavior.

In practice, people in a community are exposed to a
large number of flyovers with maximum noise levels at
any given ground position varying over a considerable
range. Thus, people are exposed to a distribution of
noise levels rather than to a simply-defined single
level of noise. This variability in flyover noise
levels may limit the accuracy with which discrimination
in subjective response can be reliably expected (or
predicted from laboratory experiments) in real life air-
craft noise environments.*

*This topic is discussed in more detail in Part I of
this report.

I



For example, differences in suiJective response, result-
ing from relatively small changes in the flyover noise
levels, may be easily and consistently detectable in
laboratory J3dgment tests. However, comparably small
differences in the mean values of large samples of fly-
over noise signals, occurring over an extended time
period, may not be roticeable. Thus some understanding
of the variability in noise levels expected in real life
aircraft noise enviro!ments Is helpful in interpreting
the results of noise judgment tests.

The sources of noise level variations observed in field
measurements are many. Contributing factors are: dif-
ferences in aircraft fliSht performance; differences in
aircraft noise characteristics; differences in operational
procedures and pilot techniques; differences in aircraft
weights; and variations in weather conditions. Of these
factors, this report considers only the variability which
may arise due to variations in aircraft flight paths, and
changes in atmospheric sound transmission characteristics
arising from temperature and humidity changes. These are
not necessarily the most sigrificant variables; other
sources of variability may, in many instances, be equally
or more important. However, the two sources of variation
discussed in this report lend themselves to analysis by
computer-aided techniques. Thus, this study provides
information which may be helpful in later exploration
of other sources of noise level variations.

The following section reviews briefly the magnitude of
noise level variations that have been observed by direct
measurements at two major airports in this country.
Section III then describes the computer analysis proce-
dures employed, while the following sections of the
report present results of the analysis and conclusions.

! ! ! ! ! -2-



II. OBSERVED NOISE LEVEL VARIATIONS
UNDER JET AIRCRAFI FLIGHT PATHS

Before discussing the variations arising from simulated
aircraft flyovers, it is helpful to review the magnitudeof variations found in field measurements. Figure 1
shows the distributions of noise levels observed in recent
measurements at two locations at each of two major air-
ports. Shown are distributions measured at three positions
under takeoff paths, and at one position under a landing
path. Locations for the various measurements are given
in the accompanying Table I.

Figure 1 shows the standard deviation and the 25th, 50th,
and 75th percentile of the distributions observed at each
position. The standard deviation values range from 5.2
to 8.8 PNdB; the range for 50% of the measurements (semi-
quartile range) vary from 7 to almost 10 PNdB. The meas-
urements reported in Pig. 1 are for positions near well-
defined landing or takeoff paths. One would expect to
find even greater variations near airports where flight
paths are more divergent.

The distributions shown in the figure res,•lt, of course,
from noise produced by a variety of types of turbojet
and turbofan aircraft. The distributions would be
broadened if noise from propeller transport aircraft
had been included. On the other hand, one would expect
that if measurements were confined to a single type of
aircraft, the distributions would be somewhat less,

The data shown in Fig. 1 were obtained from measurements
at several intervals within several week time periods.
Measurements at intervals over an extended time period
might well show even greater variability as a result of
aircraft operations over a wider range of weather con-
ditions.

IM3
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TABLE I

LOCATION OF AIRCRAB"T NOISE
MEASUREMMT POSITIONS

(See Figure 1)

Position Airport Location

A John P. Kennedy 19,400 ft from start of
International Runway 13R, 900 ft to
Airport, New York side of projected runway

centerline

B John F. Kennedy 24,000 ft from start of
International Runway 13R, directly
Airport, New York beneath flight path

C Los Angeles 14,000 ft from start of
International Runway 25L, 800 ft to
Airport side of projected runway

centerline

D Los Angeles 8100 ft from landing
International threshhold of Runway
Airport 25L# directly beneath

flight path
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II. ANALYSIS PROCEDURERI Computer techniques were used to simulate the takeoffs
of a large turbojet transport. In this simulation, the
maximum noise levels occurring for different aircraft
flights were collected at a grid of ground positions
located under and to one side of the aircraft takeoff
path. Lnput information consisted of: aircraft flight
track over the ground; altitude profile along the flight
track; air attenuation values; and noise spectra for the
aircraft specified in octave frequency bands at 100
intervals about the aircraft.

The computer studies were made on a Digital Equipment
Corporation computer, Model PDP-l. Information input
to the computer was by means of typewriter or by trans-
cribing graphical information using a special graphical
input device. Graphical output was obtained from a
paper-ink plotter.

For each simulated aircraft flight, the computer calcu-
lated and collected the maximum perceived noise level
(to the nearest whole PNdB) for each grid point. Output
of the program consisted of sets of perceived noise
levels, one for each flyover, at each of the grid points.
The computer also tabulated the maximum and minimum noise
level observed for the set of flyovers at each grid point.
The reference noise spectrum for the simulated aircraft,
described in terms of the maximum octave band noise
levels observed at a distance of 1000 ft from the aircraft
during a flyover, is shown in Fig. 2.

A straight flight track over the ground and an altitude
profile, defined as the geometric mean of the "long range"
and "short range" profiles given in Reference 1, was
chosen to define the mean flight path for the simulated
takeoffs. This mean path is sketched in Fig. 3. Eight
additional paths, also shown in Fig. 3, were chosen to
explore flight track and altitude profile variations.
These eight paths were spaced about the mean path to
approximate the boundaries of an ellipse as indicated in
Section A-A in the figure. The standard air attenuation

-6-
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Loaino h ih

a - Flight Paths Defining
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FIGURE 3. FLIGHT TRACK AND ALTITUDE PROFILES FOR
SIMULATED TURBOJET TRANSPORT AIRCRAFT TAKEOFFS



values recommended in Ref. 3 (and tabulated in Table II) for
590 P temperature and 70% relative humidity were employed in
the computer calculations.

In attempting to select realistic values for the magnitude of
deviations about the mean altitude profile, we reviewed the
altitude variations observed at four positions near the take-
off path from Runway 13R at the John P. Kennedy Airport in
New York.2/ Since the aircraft noise levels ezpressed in
decibels tend to vary linearly with the logarlthm of the altii-
tudes, the observed altitudes were plotted on a logarithmic
scale. At each position, we found that the standard deviation
for the observed altitudes, expressed as a logarithm, approxi-
mated 0.15, equivalent to an altitude ratio of 1.A. There-
fore, in selecting the extent of deviations from the mean
altitude profile, we chose a value of 1.4 for the ratio of
maximum to mean altitude and for the ratio of mean to minimum
altitude (i.e., for a mean altitude of 1000 ft maximum and
minimum altitudes were 1400 ft [1400/1000 w 1.4] and 714 ft
[1000/14 - 1.4]).

In considering deviations of the flight track, similar de-
tailed experimental information was not available. Therefore,
a maximum deviation from a straight flight path of +5j, be-
ginning at 6000 ft from start of takeoff roll was assumed.
This assumption may be somewhat "m.realistic In that It is
likely that the angular devlati.,axs from a straight-out flight
path would increase with distance from takeoff, and would not
remain constant, as assumed in this study.

Noise levels were computed at 63 ground positions. These posi-
tions were located at intervals of 5000 ft over the range from
10j,000 ft to 50,000 ft from start of takeoff roll, and at
intervals of 2000 ft from the man path centerline to a dis-
tance of 12,000 ft to one side of the mean track.

To obtain an indication of the variation in noise levels re-
sulting from changes in air attenuation due to changes in
temperature and relative humidity, we simulated the (single)
mean flight track and altitude profile of Fig. 3 and intro-
duced air attenuation values for four additional temperature-
humidity combinations of 90OFP-O%, 900F-90%, 30OP-10%, and
300 P-90%. These air attenuation values, computed from
Ref. 3, are tabulated in Table 11. These temperature limits
do not necessarily coincide with limits at any particular
airport, but rather represent deviations from standard values
that were felt not to be unusual.

-9-



TABLE 11

AIR AfTTOATION VALUE

USED INuMATED AICAT AKEPP

AIR ATTIUATICW N dB PER 1000 OT

59% 90°P 3001?i ~octave lf-equewm .. ... -
! ~Band,, cpso,

S70% R.H. 10% R.N. 90 R.H. 10% R.H. 90% R.H.

37-75 -- --

75-150 0- 0.21 0.21 o.4 0.01

150-300 -# 0,42 0.42 1.1 0.22

300-600 0.6 0.9 0.9 2.0 0.5

600-1200 111 2.5 1.6 3.3 1,1

1200-24o00 2,5 7.5 3.6 4.0 3.5

2400-4800 6.2 20.7 7.5 5.6 9.8

4800-9600 11.3 39.0 11.2 7.0 15.0

-10-



The resulting noise levels at the 63 ground positions were
then computed for these temperature-humidity combinations
based on the turbojet noise spectrum of Pig. 2* and the
(F Rle) mean flight track end altitude profile of Pig. 3.

*Actually, noise levels for the different temperature-
humidity calculations were calculated from a reference
spectrum defined at a radius of 200 ft from the aircraft.

-11-



IV. ANALYSIS OF FLIGHT PATH AND TEMPEEATUR-HUMIDITY CHANGES

figure 4 shows the range of perceived noise levels at
ground positions directly underneath the mean path, and
at ground positions displaced 8000 ft to one side of
the mean path resulting from the nine simulated flight
paths of Fig. 3. Also shown are heavy lines representing
the values observed for simulated flight along the mean
path. Figure 5 Shows, in a similar manner, the range in
levels observed at ground positions perpendicular to the
mean flight track along lines 10,000 ft and 40,000 ft
from the start of the takeoff roll,

We note from Fig. 4 that the range in noise levels directly
under the mean flight path is relatively constant, varying
from 7 to 10 PNdB. For positions displaced 8000 ft from
the mean flight path, we note that the range tends to
Increase with distance from takeoff roll, increasing from
1 PNdB at 10,000 ft from start of takeoff roll to a maxi-
mum of 7 PNdB at 50,000 ft from start of takeoff roll.

FrOM Pig. 5 we note that the range in noise levels is
less for positions displaced well to one side of the
flight path. For instance, along the line 10,000 ft
from start of takeoff roll, the range decreases from
7 PNdB directly under the flight path to 1 PNdB for
positions 8000 ft or more from the main flight path.
Variation Is less pronounced at a distance of 40,000 ft;
in this case, the maximum range of 10 FPdB is observed
not directly under the mean flight path, but at 4o00 ft
from the mean flight path. At greater distances to the
side of the flight path the range in values is less.

This decrease in noise level range at large distance3 to
one side of the flight path is, of course, expected. At
relatively large distances from the flight path sizeable
variations in flight path altitude or ground track result
in relatively small changes In the actual distance between
the aircraft and ground positions. However, the maximum
variation may not necessarily occur directly under the
flight path, but at some intermediate distance.

"-12-
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The relative size of noise level variations may be visu-
alized by display in terms of contours. Pigure 6 shows
contours of the range in noise levels dran at 2-PNdB
intervals, based on the variations observed at the 63
ground positions. These contours clearly show that the
meximum variations tend to occur near the extreme flight
track deviations, not directly under the mean track.

As might be expected, we may also note from Figs. 4 and
5 that noise levels for flyovers following the mean path
fall near the middle of the noise level range. Hence
path variations produce noise levels ranging well above
and below those calculated for the mean path.

We can now examine in a similar manner the variation in
takeoff noise levels due to temperatu1re and humidity
changes, Figure 7 shows shaded bands, depicting the
range of noise levels, measured at ground positions
parallel to the mean flight track for the five tempera-
ture-humidity combinations of 590 P-70%, 90 00-lO%, 900P-
90%s, 300 F-O1% and 300?F-90%, The upper shaded band
depicts noise levels for positions directly below the
mean flight path the lower shaded band for positions
displaced 8000 A to one side. Figure 8 shows shaded
bands for noise level ranges observed at positions per-
pendicular to the mean flight path at 10,000 ft and
50,000 ft from the start of takeoff roll. (These figures
may be compared with corresponding Pigs, 4 and 5 for path
variations.)

We would expect the variation in noise levels due to
changes in atmospheric attenuation to increase with
distance between the aircraft and a ground position,
since the excess attenuation is a linear function ofdistance.

This expectation Is confirmed in the figures. For examplep
in Pig. 7, the spread in noise levels observed 8000 ft from
the mean path is greater than that observed directly under
the flight path. This variation is also clearly evidenced
in Fig. 8., where the variation Increases from 1 PN'B to
13 PNdB for distances perpendicular to the flight track

-15-
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FIGURE 8. PERCEIVED NOISE LEVELS RESULTING FROM AIR
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at lOO00 ft from the start of takeoff roll. At 40,000
ft from start of takeoff roll, where the aircraft has
attained a considerably higher altitude, the variation
increases from 5 PNdB directly under the flight path to13 PNdB at a distance 10,000 ft from the flight path,

In PFig. 7 and 8 we have also shown the noice levela
observed for the standard conditions of 59°F and 70%
relative humidity by heavy dashed lines. The noise
levels for these "standard" temperature and humidity
conditions form the upper boundaries of the variations.
Thus the standard-day condlt ions seem quite conservative,in that they lead to higher estimates of noise levels thanwill often be encountered in many field situations.

It should be emphasized that the above simulations do not
include the effects of temperature and humidity changes
on engine thrust or engine noise generation, For example,
under "hot-day" conditions, the engine would produce less
thrust. Thus, climb gradients would be less, resulting
in lower altitudes (and higher noise levels) at a given
position from start of the takeoff. Tending to offset
this condition is the reduced noise output from jet
engines at the higher temperature. The relative amounts
of noise reduction and altitude profile differences will
depend on details of specific types of aircraft and engines.

In manner similar to that used in Fig. 6, the variation
in noise levels due to atmospheric changes may be dis-
played by means of contours. Figure 9 shows contours of
equal-PNMB variations, due to variability of air attenua-
tion, Note here that the contours resemble the contours
showing maximum noise levels, (i.e, the maximum variation
tends to increase with distance from aircraft to ground
positions).

Another way of displaying the extent of variations due
to flight path and atmospheric attenuation variability
is to display the maximum and minimum noise levels in
the form of noise contours. Figures 10 and 11 show
110-, 100- and 90-PNdB noise contours for maximum and
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minimum values of the computed noise levels. Figure 10
shows the contours for flight path variations. Figure
11 shows the contours for the air attenuation variations.
Also shown are the heavy dashed lines representing noise
contours for the mean flight path and standard-day
attenuation values* The shaded areas in both figures
show the range in area corresponding to changes in the
noise contours for the variations studied.

Clearly evident here are the trends in variations previ-
ously discussed. For example, in Fig. 10 we see that the
variations tend to be as great under the flight path as
for distances well off to either side, However, in Pig.
11, we see that the contour variations tend to increase
as distances between aircraft and ground positions
increase.

-23-
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Vo SUMMARY AND CONCLUSIONS

In this report we have demonstrated, by means of a
number of computer-simulated flyovers of turbojet
transport aircraft, typical variations in noise levels
produced by variability in flight paths and in atmos-
pherio attenuation of noise signals. The demonstration
shows that:

a) path variations produce the maximum range in
noise levels at ground positions near the
mean flight tracl; this range in noise levels
decreases with increasing distance between
the aircraft and ground positions

b) noise level variations due to air attenuation
variations (temperature and relative humidity
changes) increase with distance between air-
craft and ground positions. Comparison of
noise levels at temperature and humidity
extremes, with those computed for standard
temperature and humidity conditions, indicates
that the standard air attenuation values
result in conservative (i.e., high) values
of noise levels.
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ABSTRACT

Technical approaches in applying the methods for rating
land use compatibility, given in Part II of FAA Report
No. RPD64-148, are demonstrated. Actual generalized
land use information for the vicinity of four airports
has been utilized to determine the approximate extent
of land uses, under and adjacent to various takeoff and
landing paths which may be judged "marginal" or "unsat-
isfactory", with respect to compatibility with aircraft
noise.
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I. INTRODUCTION

This report summarizes results of some applications of
the method for rating land use compatibility w-ith air-
craft noise, developed in Part IT of FAA Report No.
RD-64-148,1_/ The applicationa involve actual land use
and flight- ±nfonrmation at four airports. Huowever, since
the purpose of the study was to demonstrate methods and
illustrate technical approaches, the analysis has been
purposely limited in detail and scope.

Nine sets of takeoff or landing operations at four air-
ports were considered in this study. The procedure
followed in the study consisted of four major steps:

a) from information concerning aircraft flight
paths and type of aircraft, noise contours
were constructed for land areas under and
adjacent to the flight path. The noise con-
tours were developed either by hand calcula-
tion prrcedures, using the generalized aircraft
noise characteristics given in Reference 2, ,r
by computer techniques.

b) from estimates of the number of aircraft
operations, and runway utilization, Composite
Noise Rating (CNR) contours were established
from the perceived noise level contours.*

c) Noise Sensitivity Zones were defined by means
of the appropriate CNR cont-urs, in accordance
with Table I (reprinted from Reference 1).

* Correction factors, dependent upon number of opera-
tions and runway utilization, are applied to the
perceived noise levels to obtain the Composite Noise
Ratings.



tTsIaCflPtZI 0) ( 0 04.Q-
14 0 4)0 00 r4

4)30 1.

fce~eao&U Jopn 4) P
co cu---

02 a -0 4)a 0 :34
o rf

-0 0r ~0 o 00v
0 wl~ 0 ~0 0r

00 0 0 t-4 10 b 04

fwT10Tn -Po-4,,- o- 4vH r
+ . 0.00 Q 0

ie~w re~g 0C 0, 40

0) > 0 4)3

-' 4 4Cl A tv 400

0 M 0 c.oo ) 4.) 0
OT~qna ego~ijo >a - -V-.I 0>c 11

4.4 ,- 00 , W0 W 004

E-4P C~ 0J1 043 10 04-A W ~0

cd P4 04

Z L'4 0t 4 0~0 co 0

a0 0 u A0r1
I t4 VIqC

4.) H0 4 0) 3
TV~~Ta 90 m0 4r

_____ _____ ___ 0 -q 0 1
-2 13ý4 0

4v . t,-CD -4 0 z ;



d) Noise Sensitivity Zone charts were overlayed on
land use maps. The areas of principal land uses
lying in the Noise Sensitivity Zones I1, 11 and
IV were then determined.

in addition to the above, in several Instances the popu-
lation lying within the Noise Sensitivity Zones was deter-
mined from available census information.

Section II of this report su•tarizes the analysis proce-
dures; Section III discusses the interpretation procedures
followed in this study. The following section summarizes
the results of the specific airport and runway situations.

-3-



I
Il. ANALYSIS PROCEDURES

As mentioned previously the noise contours were developed
either by hand calculation procedures?/ or by comlputer.3/
After overlay of the contours upon the land-use maps, tX
problem arose of determining the areas of different land-
use categories ralling within the different noise contour
bowndaries. For this studsy, the areas were determined by
tracing over the boundaries of the land areas and noise
contours with a planimeter.

Originally, we had planned to use a computer to calculate
land areas using a graphical input device3/ to trace the
land areas and noise contour boundaries. The computer
approach has the advantage that once the land-use infor-
mation is stored in the computer, it can be quickly recalled
for subsequent manipulations. However, the time required
for initial input of this information into the computer was
found to be approximately equal to the time required to
obtain the land areas by using a planimeter, since both
methods depend upon manual tracing of the land boundaries.
Since we did not need to recall the land-use information
for subsequent manipulations, there was no advantage in
our using the computer, hence the areas were determined
with a planimeter.

.I
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III. LAND USE INTERPRETATIONS

Table I shows the four Noise Sensitivity Zones, together
with an interpretation of the sensitivity in terms of
major categories of land use. ?or most of the land use
categories, the compatibility rating for Noise Sensitivity
Zone I is rated as "yes", indicating that there should be
no adverse effects from the aircraft noise. As noise
exposure is increased, denoted by an increasin§ CNR rating,
some of the land use columns have the word "no printed.
"No" indicates that uless extensive (and often expensive)
construction precautions are taken, noise will constitute
a severe interference to land use. Between the "Yes" and"no" rating, there is usually a range of ONR values where
noise may introduce noticeable interference of varying
degrees of importance. Depending on particular circum-
stances, such interference may give rise to moderate or
even severe objections to the aircraft noise.

One major limitation of our study should be mentioned.
The generalized land use maps available to us categorized
land use only in such broad categories as: residential,
commercial, industrial, and (depending upon the particular
map) such other categories as undeveloped, agricultural,
recreational, etc. The land use maps did not usually
denote the location of schools, hospitals, libraries,
churches, auditoriums or other buildings where work
activities may be particularly sensitive to aircraft
noise. Nor did the broad classification of "commercial"
allow us to identify hotels, motaliz wnd theaters which
may have much greater sensitivity to noise than super-
marketas, garages or various other commercial establish-
ment s.

More detailed land use maps are often available (or can
be compiled) for many communities. Such detailed land
use information should, of course, be utilized in inten-
sive st.dies of land use compatlbility at individual
airports and communities.

Use of generalized land use information, with consequent
reduction in detail as mentioned above, permitted us to

-5-
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iII
simplify the interpretation of Table I as follows:

a) in the Noise Sensitivity Zones I and I1, no land
use need be termed "unsatisfactory" with respect
to aircraft noiseJjj

b) in t-,se Sensitivity Zone III, residential land
use vey be termed "marginal" p

a) in Noise Sensitivity Zone IV, residential land
use may be termed 6unsatisfactor-'y", and both
industrial and commercial land use are judged l I'%mrsumnlIt". I

Figure I illustrates the methods of obtaining the land use a
data listed in the table. This figure shows CNR contours
for a takeoff path from Runway 5 at the Municipal Airport
in Bimingham, Alabama. These contours (generated by
computer, in this instance) are displayed on a generalized I
land use map.4/ From the land use map with superimposed
contours, areas of various land uses falling within the
different Noise Sensitivity Zones were determined by
planimeter.

For the Birmingham, Alabama area, population information
was available in the form of a map with dots distributed
over the map, with each dot representing a given unit of
population. For other localities, population estimates
were obtained by first determining the average densityI
of population per unit area in various census tracts.*
Then, the area of each census tract lying within the
various Noise Sensitivity Zones was determined. The
product of the land area and average density yielded
estimates of the population for each census tract lying
within the given Noise Sensitivity Zone. ,

U, S. Censuses of Population and Housing: 1960" reports 3
were used as sources for this information.

lii
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IV. RESULTS OF STUDY

Land use compatibility studies were conducted for aircraft
operations in four citie3: Los Angeles, San Francisco,
Birmingham. Alabama, and Miami, Florida. Table II shows
the results of the analysis for the different airports.
The aircraft operations considered and the corresponding
runways are noted on the takle. Also listed is the total
land area within Noise Sensitivity Zones II, II, and IV,,
and the percent of this land area lying within each of
the three zones. The percent of land usage considered -

marginal or unsatisfactory is also listed in the table.
Not all flight operations or flight paths were studied
for the various airports. Situations were selected at
each of the airports for various comparison purposes.

The areas and percentages given in Table I were determined
with respect to some arbitrary land boundaries that might
well be modified in a more detailed study. For takeoffs,
we considered land areas beginning at distances 10,000 ft
from the start of takeoff roll. Thus land areas lying to
either side of the runways (or beyond the end of the runway-
where the runway was less than 10,000 ft long) were omitted.
For landings we considered land areas only up to the landing
threshold. We also limited our consideration of noise
exposure from takeoffs and landings to land areas lying
within 58,000 ft from start of takeoff roll, or in the
case of landings, 58,000 ft before touchdown.

Although from such a limited study one would not expect
to detect any consistent trends, it is of interest to
discuss each case, pointing out some similartties and
dissimilaritios that are pertinent in studying land use
problemo near and around airports. In sever~al of the
cases, one can also detect patterns in land use that will
serve to illustrate and confirm the existence of "known"
noise problems existing at the given airfields.

A. Los Angeles International Airport

Landing operations at two runways, Runway 25L and Runway
24, were considered. Runwsy 25L currently handles most

-8-
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TABLE II

SIU4FARY OP LANI USE CIASSIFICATIOHS UN= AIRCRAFT TJGRT PATHS

AIRCRAFOT RUJWAY WISE TOTUL %LAND USE ILA= USE
AIRPORT OPFA'TION F'IG{T 3NSI- I-

PATH 0IVITY COMMER. UNDEV.
IONE AREA POUIATION RESID. and PARKC DOUBT-

(acres) IN__DUST, RR. FUL UNSAT.

Birmingham Takeoff R/W 5. II 2,010 8,100 58 2 40 0 0
Municipal, turn
Alabama to N III 380 2,400 75 1 24 75 0

1
Takeoff RAi 5, II 2,010 8,200 57 3 40 0 0

turn
to E III 380 2,400 75 1 24 75 0

1
IJ nding R , 5 1 1,86o 22,100 72 13 15 0 0

from N 111 525 4300 65 18 17 65 o
IV 45 tz00) 59 8 33 33 59

Landing VwI 5. II 1,910 23,500 70 15 15 0 0
from S III 525 4,300 65 18 17 65 0

V 4 4(00) 59 8 33 33 59
2

Los Angeles Landing R/W II 2,900 65,100 74 -- -- 0 0
Int-rnational, 25L I11 2,900 52,500 68 21 11 68 0

California IV 510 7,700 65 19 17 18 65
2

Landing RIW 24 11 2,900 7, 7oo 59 - .-- 0 0
III 2,900 45,600 ' 29 16 55 010 5.84o 64 32 4 32 64

Miami Takeoff 93., II 6,380 -- 60 28 12 0 0
International, atraighl II1 3,690 46 50 4 46 0
Florida IV 455 -- 15 62 23 62 15

Takeoff 9L., II 4,510 -- 50 42 8 0 0
i.traighl II 1,025 -- 16 67 17 16 0

IV II -- 5 90 5 90 5
3

Snera o Takeoff 28R II 11,300 86,800 8 0 0
Inentoa,3,4' a 300

Caltfornia V t200) 4-8 43 9 43 48

Medium Rag Turbofan Transport Aircraft
2

Turbofan and Turbo.4t Transport Aircraft3
Large. LOn Range Turbofan Transport Aircraft

Large, Medium Range Turbofan Transport Aicrgaft
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111
landing operations. However, with a proposed extension
of Runway 24, there is possibility of handling a large " I
number of landings on Runway 24. Thus we chose to compare
the land use under landing paths for each runway, assuming
the same number of operations on each runway.

Comparison of the land use data tabulated in Table II
shows that percentages of residential land lying in Noise
Sensitivity Zones III and IV vary over a relatively small
range of 55% to 68% for either runway. Slightly less
residential land Is exposed to noise from landings or.
Runway 24, than to noise from landings on Runway 25L.
The total number of people living in Noise Sensitivity
Zones III and IV is approximately 15% less for Runway 24
than Runway 25L.

Also to be noted for both landing situation* are the
relatively small percentages of undeveloped land, or
other land uses that might be termed noncritical with i
respect to noise. On the basis of land use similarities
and the large number of people in residential areas under
either landing path, one would therefore expect that the
noise problems now encountered for current landing opera-
tions on Runway 25L would also be encountered to the sameextent by a shift of landing operations to Runway 24.

B. San Francisco International Airport

This study covered takeoff operations from Runway 28, a
runway that handles approximately 40% of Jet takeoffs.
The Noise Sensitivity Zones are based upon operations
of long range turbofan Jet aircraft. Note the large
increase in land areas falling in the different Noise
Sensitivity Zones compared to the Los Angeles figures.
This reflects, of course, the generally larger areas of
land exposed to the same type of noise environment for
takeoff operations compared to landing operations.

One 4ll also note that, in comparison with the Los
Angeles landing operations, there is a smaller percent-
age of land devoted to residential use and a much greater
proportion of land that is undeveloped or devoted to
noncritical land uses.

-10-1
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C. Bimi nham Munici al Ai art Alabama

Takeoffs and landings on Runway 5 by medium-range turbo-
fan aircraft were studied. For takeoffs we considered
an initial straight-out path, with either a turn to the
left or a turn to the right. For landings we considered
aircraft approaching either from the north or from the
south, then turning to make an approach on Runway 5.

In comparison to the previous cases, the amount of land
In the different Noise Sensitivity Zones is considerably
less. In fact, no land falls into Noise Sensitivity
Zone IV; this results from our arbitrary boundary con-
ditions, as discussed earlier. The smaller land area
reflects the lower volume of traffic operations and, in
the case of takeoffs, the steeper climb profile typical
of medium-range transport aircraft.

D. Miami International Airport& Florida

Takeoffs from Runway 9L for two types of aircraft were
compared:

a) long-range turbofan aircraft

b) medium-range turbofan aircraft

Thus the differences in Noise Sensitivity Zone areas
primarily reflect differences in takeoff altitude pro-
files rather than differences in noise characteristics
or volume of flight operations. Note that with the
medium-range jet operations there is a much lower per-
centage (and in absolute area, an even smaller amount)
of residential land exposed in Noise Sensitivity Zones
III and IV as compared to the long range turbofan oper-
ations.

-11-



V. SUMMARY

This study demonstrated the application of aircraft noise
information and methods for rating land use compatibility
with aircraft noise to determine the extent of "tmarginal"
or "unsatisfactory" land uses existing in land under and
adjacent to aircraft takeoff or landing paths. Actual
land use and flight information for varied flight opera-
tions at four different airports were utilized to illus-
trate the technical approach. J

Noise contours were calculated either by hand or by com-
puter. Land areas were computed by plantmeter because
the computer computations, originally planned, were found
to offer no advantages for the limited handling of land-
use data encompassed in this study. j3
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