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ABSTRALT

This report was prepared at the request of the 0fflce of Nolse
Abatement and Control of the Environmental Protection Agency
to review the rationale and evidence for time of day welghting
factors applied to cumulative measures of community noise
exposure such &s the Day-Night Sound Level (Ldn). The nature
of the controversy over “nighttime penalties" was examined, &s

was the evidence of differential human sensitivity to nolse
exposure at different times of day. It was determined that

available information does’not .support rigorous arguments for
or against time of day welghting factors, but that ample grounds
exlst for maintaining time of day welghting factors of some form.
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I. INTRODUCTION

A. The Issues in Dispute

Are nolses heard at different times of day¥® equally disturbing
to people? If not, how should an Index of community nolse expo- ,
sure account for an actual or presumed difference in human f
gensiltivity to nolse exposure as a function of time of day?
two questlions have been a focus of controversy since serious

efforts to formalize communlty nolse measurements began a quarter
Although definitlive answers to these questions :

These

of a century ago.
are not yet at hand, Indlces purporting to reflect community

reaction to overall nolse exposure have proliferated,

A common strategy used to account for a greater presumed poten-
tial of nighttime noise exposure to create disturbance 1s to

treat such exposure as of greater magnlitude than actually measured.
Examples of community noise rating procedures that make an adjust-
ment of this sort (a "nighttime penalty') are the Noilse Exposure
Forecast (NEF), Community Nolse Equivalent Level (CNEL), and the

Day~Night Sound Level (Ldn).

The Day-Night Sound Level is of special interest for present pur-
poses because the U. S. Environmental Protection Agency has
adopted the measure as the preferred rating for noise f{rom

sources of all kinds, in the preparation of Environmental Impact

Statements concerning noise. It 1s deflined as follows:

#1t should be understood from the outset that human activities,
rather than the time at which they occeur, are the substantive
issue in the ensulng discusslon.,’ Time of day is merely a con-

venlent surrogate susceptible to regulation.
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Ly/10 (L, * 10)/10
Ldn = 10 log,qp (1/24) [15 (10 ) + 9 (10 11,
where Ly and Ln represent the daytime and nighttime energy-
equivalent sound levels, respectively.

The "Levels Document" (EPA, 1974) states that the inclusion of a
10 dB nighttime welghting in the Ldn formula "was predicated on
its extensive prior usage, together with an examinatlion of the
diurnal variation in environmental noise". Specifically, accor=
ding to von Glerke (1975), "Justification for the 10 dB penalty
en nighttime nolses 1is derived from ... (conaideratlion of data
that indicate that) ... in quiet environments (Ldn<55), Ly is the
controlling factor determining Ldn; whereas, 1n noisy environments
(Ldn>65), L, is only 3 to 4 aB below Lgy. Therefore, the 10 dB
nighttime penalty is effective in characterizing the need for day
and nighttime noise reduction."

The thrust of von Glerke's argument seems to be that a 10 dB
nighttime penalty has little or no effect on dally exposure
levels experlenced by people who already enjJoy a relatively

low amblent noise environment, and therefore does ne harm in

such cases. At the same time, however, a nighttime penalty
forces attention to nolse reduction at all times of day in

areas in which people are exposed to hlgher ambient nolse levels.
Galloway (1977} characterlzes the latter effect of 2 nighttime
penalty as "increased pressure toward a general reductlon in all
noise levels 1if specified noise criteria are to be met™.

-
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B. The Nature of the Dispute

The controversy over time of day welghting factors, although
carried out at several levels and from a variety of motivations,
has become instltuticonalized. Among the most ldentiflable

parties to the dispute are:

1) Transportation Industries {(including trade association
representing alrlines and other operators of equipment that

generate high nolse levels);

2) Related Commercial Interests (including airport operators
and businesses involved indirectly with transportation and cther

high noise level operations):

3) The Public (as individuals exposed to nolse, civic action
groups, plaintiffs in legal actlons, and also as taxpayers
underwriting the costs of noise abatement);

4) The Government (executive, legislative, and judiecial branches
at all levels from local to federal); and

5) 'The Research Community (both domestle and internationalﬁ.

The interests of these parties are not always apparent, even to
While some of the interests are zero-sum, .

the partles themselves!
alrlines purport to

others conflict less dlrectly. For example,
f£ind energy summatlon Indices that include & nighttime welghting

factor unaceceptably simple (Collier, 1980) and too restrictive

-3-
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(Linn, 1980). Airport operators, on the other hand, welcome

the welghting factor embodied in the Day-Night Sound Level (Ldn)
as providing a clear limit to their 1liability (Connors, 1980).

Similarly, Federal regulatory agencles seek consistency and
universality 1n noise measures that incorporate time of day
welghting factors (Marrazzo, 1980; Wessler, 1980), but federal
courts {cf. Santa Monica Airport Association et al. vs. Clty of
Santa Moniea, C.D. Cal. No. CV 77-2852-~IH} have not felt encum=-
bered by such restraints, and have chosen different nolse measures

for various purposes.

The positions of federal and state legislatures, responding at
some times to constituents! noise complaints but at other times
to special interest groups, can rarely be predicted. Likewlse,
state and municipal executlive agencles have adopted a bewildering
set of positions expressed in lecal nolse ordinances and policles.
The research community is suffilciently divided 1in 1ts opinions
that it can hardly be sald to have a position at all.

As currently conducted in the Unlted States, the debate over

time of day welghting factors is self-perpetuating. There are
strong economic and other reasons for prolonging the debate:
industry sometimes profits in the short run from the paralysis

of indecision; leglslatures have repeated opportunities to placate
different interests from time to time; the research community

has the time to carry out meore research; ete. Further, because
no econceivable voluntary compromise can reconcile the strong
conflicting interests to all parties' satisfaction, there is
little danger that this pluralistic controversy will terminate of

its own accord.
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The persistent search for a compromise minimally painful to the
greatest number of parties to the debate thus seems fruitless.
Not 211 of the arguments raised address sclentific or technical
1ssues, nor are all of them raised in a dispassionate quest for
truth. Indeed, arguments that some parties find compelling have
less to do with effects of nolse on pecple than wlth effects of

regulation on industry (Janssen, 1980).

As the most visible manifestatlion of a neise measure inecluding

a time of day welghting factor, Ldn serves as something of a
lightning rod, attracting constant criticism {(as well as spirited
defense). Much of the criticism 13 misdirected, in that 1t would i
almost certainly be directed at any other nolise measure that ;
might serve as & basis for regulatory action.

€. The Technical Basis for a Nighttime Penalty*

Nighttime penalties imposed on nolse exposure are inferred pri-
marily from three types of studles: case studies, soclal surveys,
and laboratory investipations of noise effects such as sleep
interference, annoyance, and speech intelligibility. Although
complaint studies and social surveys are widely felt to demon-
strate higher sensitivity to nighttime noise, firm data to
support an appropriate magnitude for a nighttime penalty are hard

to find (Galloway, 1974).

It 1s not only the data that are hard to find: carefully
reasoned and loglcally compelling arguments in favor of the

#3trictly speaking, a nighttime "penalty" could equally be consi-
sidered a daytime license, The term "penalty" i1s in such common
use to describe nighttime welghtings, however, that the terms are

used synenymously in this report.

w5
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exlsting procedures are also scarce. What formal argument can
be found tends to be constructed of blts and pleces chosen from
dlsparate studlea of uneven rellability and generalizablllty.
The persuasiveness of such argument depends in part upon the
will te belleve. It 1s important to understand, however, that
there are a number of grounds favoring a nighttime penalty that
have llttle or nothing to do with technlecal Information gleaned
from scientifle studies.

Phis report brings the record up to date by reviewing the contro-
versy about time of day welghting factors. It 1s important to
do so, because, as Ollerhead (1978) puts i1t:

"In theory, the implications of this penalty are far-
reaching. FPFor example, according to Ldn methodology,
one alrcraft departing at 11:05 PM 4s as bad for the
alrport neighbors as ten alreraft departing between
10:45 and 10:59 PM, In practice, noise exposure tends
not to follow such & preclse pattern in any regular
way and, largely because nighttime nolse exposure
levels are usually falrly low anyway, the 10 dB penalty
is never put to a severe test. However, this dcoes not
mean that 1t never will be; since very long term out~
comes of planning declsions may well depend on the
broad validity of composite noilse indices, it 1s impor-
tant that although bullt-in penalties cannot be based
soundly on sclentific principles, they at least repre-
sent the best posslble guesses."
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I11. ARGUMENTS FOR AND AGAINST TIME OF DAY WEIGHTING FACTORS

Many arguments for and agalnst time of day weighting factors
have been offered. The principal arguments, ranging from the
intuitive through the empirical and pragmatic to the deductive,
are categorized below.

A, Arguments in Favor of a Time of Day Weighting Factor

1. Arguments Based on Intuition

A nighttime penalty has undeniable Intuitive appeal. Who has
net been disgruntled after having been awakened in the night by
an intruding noise? Who could be churlish enough not to imagine
that the nelghbors were lilkewlse bothered? What adminlstrator or
agency would risk public wrath by suggesting removal of an
existing nighttime penalty sanctloned by custom?

Intultions of thils sort are based on personal experlence rather
than quantitative evidence. They do not glve due consideration to
countervalling influences of nolse exposure on pecple at other
times of day. Nonetheless, thelr appeal 1s so strong that they
may render consideration of more rigorous argumenta moot.

A number of taclt assumptlons underlle these intultive arguments.
Not all of them are readlly identified,Apartly because they are

so fundamental that they form the framework within which people
conceive of the need for a nighttime penalty. It may be helpful,
however, to consider the implications of two of these tacit assump-

tions.
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a. A Nighttime Penalty 1s Intended to Provide Rellef F;om
Noise Exposure to the Residential Population

The intultlve focus of attention of a nighttime penalty is
clearly the residential setting. The residential population

is virtually always larger at night than during the day, by a
factor of perhaps two to four. All other things belng equalh,
greatest~good-for-the-greatest-number thinking (akin to the
"equlvalent fully impacted populatien'" concept of the Nolse
Impact Index (von Glerke et al,, 1979)) suggests the need to
compensate a 24 hour measure of noilse exposure for the inereased
slze of the nighttime resldential population.

The assumptlon that a nighttime penalty ig intended to confer
beneflts primarily upon people in a residential setting seems
to be entirely reasonable. One (arguably) receives compensation
for ocecupaticnal nolse exposure, and can more or less control
recreatlional nolse exposure, but cannot escape involuntary
residential nolse exposure. 'Besides, why else would a nighte-
time penalty be ugeful if not to help support the sanctity of
the home?

Since this assumption deals more with values than matters of
ocbjective fact, 1t is unprofitable to challenge 1ln any event.

®ps usual, 2ll other things are probably not equal in this
Instance, since differential sensitivity to nelse exposure
of human populations engaged in different activitles at
different times of day also warrants consideration.

-8~
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; gm b. Sleep is Highly Susceptible to Interference From Qutdoor
j; 1 Community Noise Exposure
;; r; It is popularlx assumed that sleep i1s a fraglle activity,
readily degraded in quallty by necturnal nolse intrusilons.
fg As carollaries to thils positlon, it is further assumed by many
that occurrences of sleep interference are among the most
lg annoylng consequences of nolse exposure; and that even small

amounts of degradation of sleep quallty can have potentially
gserious influences on health.

Assumptions of this sort are in principle amenable to sclentific
study, and are in fact readily challenged. They alsc misdirect
attention away from other effects of nighttime nolse
exposure, notably speech interference and annoyance.

2. Arguments From Moral or Ethical Considerations
The home 1s commonly viewed as an "acoustilc sanctuary" to
which people may retreat at night to escape involuntary daytime
nolse exposure. In this vliew, pecple are thought to be entitled
to0 an extra measure of peace and quiet In the home, irrespective
of the at~home activitles in which they may voluntarlly choose
to engage. This 1s the view of the home implicit in hearing
. damage risk criteria that posit a dailly 16 hour recovery period
*Eig following 8 hours of occupationsl exposure. More collogquially,
if a man's home 1s his castle, ought 1t not be a castle in
whleh he can peacefully repose and converse without undue vocal

; 43
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Knowledge of the exidstence of such an acoustie sanctuary may
render more tolerable the annoyances of non-resldential expo-
sure. It might therefore be argued that if nighttime nolse
levels were permitted to rise unchecked, community reaction
to daytime exposure might become more Iintense.

3. Arguments Based on Sleep Interference Effects

Perhaps the most common Justification offered for a nighttime
penalty is the potential of nocturnal noise to disturb sleep.
Although 1t 1s widely belleved that small amounts of chronic sleep
Interference may pose health hazards, reliable emplrical infor-
mation of the sort needed for systematic assessments of dosage-
effect relatlonships for nolse and sleep interference is almost
totally lacking. Tradltional means of studying the effects of
nolse exposure on sleep are, ror reasons discussed below, not
able to produce the amount and kind of Iinformation needed to
establish sleep interference nolse eriteria upon which rigorously
defensible decisions about nighttime noise penalties can be based.

The two major sources of information about the relationship be-
tween nolse exposure and sieep disturbance are real-time laboratory
data on indlvidual sleep hablts, and post hoc soclal survey data

on the prevalence of disturbance. There 1s alsoc a small body of
information derived from fleld studies of sleep quality.

Laboratory study, although capable in principle of generating
detailed dosage~effect relatlonships (beceause of the opportunity
for precise control of exposure), is so expensive that large-
scale studies are simply not eccnomical. Typical laboratory

-10-
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3t y

studles invelve only a handful of self selected volunteers,

' s: from whose behavior it requires a slzeable act of failth to
generalize meaningfully to the American population {although
rf this has, of course, heen tried)}. Furthermore, in the absence
! of genulne theoretilcal understanding of human sleep habits, 1t

'rn is not clear that the elaborate assumptlons and statistical

!

# treatment of electrophyslologlcal data can be interpreted use-
fully for public health and welfare analyses.

In a dellberate attempt to combine the rigorous control of
laboratory measurements and the naturalism of the home environ-
ment, several studles of sleep electrophysiology and behavioral
awakening in the fleld have been conducted, some using telephone
lines to connect laboratory equipment to people sleeping in

their own homes. Even thls hybrid technlque has not yet, for
reasons of cost, provided enough information to establish reliable

dosage-effect relationships of the desired kind.

Social surveys, on the other hand, offer the opportunity for
callection of information about large numbers of people 1n a
representative manner, but cannot link nolse exposure and the
corresponding sleep effects very closely. Besldes, most socizl
surveys on nolse effects have concentrated on factors other
than sleep disturbance, assigning cnly one or two general ques-

ticns to the assessment of sleep interference.
In summary, avallable Information about the relationships

between noise exposure and sleep quallty are both scarce (for
reasons of cost in the case of laboratory study and inattention

h -11-
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in the case of social surveys) and incomplete (for reasons of '

diffieculty of interpretation in the case of laboratory study
and lack of speecificity in the case of soclal surveys).

Fundamental questions about the relationships between noise
exposure and sleep dilsturbance thus continue to go unanswered.
These lnclude such matters as whether cumulative measures of
exposure (e.g., Ldn) are useful predictors of sleep quality in
communities of varying lifestyle and population density:

whether sleep quality is similar in communities with similar
exposure but different numbers of intrusive events; and so forth.

Thus, there 1s room for argument about whether the scilentific
information about sleep interference from nolse exposure under
real world condltions Justifies the need for a nighttime nolse
penalty. There 1s little prospect that manipulations of this
literature can provide specifiec guldance for the size of a
nighttime noise penalty, even if a declision is made on other
grounds that such & penalty 1s lndeed desirable.

Appendlx A contains a review of the sclentifiec llterature in
this area. No fully consistent interpretation of the findings
reviewed in Appendlx A can be made. Although sleep interference
is a sacred cow (because of the likelilhood that it may have
adverse impacts on health), mean and median responses of ncise
surveys to questions about effects of nighttime noise intrusions
are surprisingly mild. Many people, in fact, respond to the
effect "I don't know, I was asleep at the time" when asked
about their experiences with nighttlime noise.

]l
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- On the other hand, there ls some reason to belleve that there

. “; are large individual differences In susceptlbllity to sleep
Interference, and 1t can be argued that environmental necise

ratings should be structured to confer protectlion on the nolse

1 sensitive portion of the population, rather than a fictional
Tﬂ "ayerage" person.
K

As Bryan (1973)'notes,

"Until recently 1t was thought that everyone reacted

;‘ in much the same way to noise. Indeed, our nolse

i laws assume this by saying, effectively, that there

1s a noise level when the average and reasonable perscn
is annoyed and this is the level at which the public
must be protected. However, there is evidence from
both laboratory and fleld studies that this first order

approximation ls inadequate."

The existence of extreme groups was mentioned as long ago as
a 1963 in & Central 0ffice of Information survey of attitudes of
' people living near London Heathrow Alrport to the nolse of the
E? aireraft. This survey (Nolse~Final Report, 1963) found that
4

even at the lowest nolse levels, 10 percent of the sample inter-

viewed was intensely annoyed. (It is also true that thirty

percent of the sample was unconcerned whatever the noise levels
were.)

lj, p Thus, even though the percentage of noise survey respondents

: who report that noise disturbs thelr sleep is relatively small,
there may be reasen to argue against abandonment of a night-
time nolise penalty in order to protect nolse sensitive people.

]33~
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4y A non-negligible proportion of the population;

The following list of arguments provides a gulde te reasoning
that supports the need for modification of exlsting time of day

may be of such susceptibility to sleep inter-
ference and annoyance due to nighttime nolse
exposure that 1t enjoys little beneflt from
regulations Intended to confer protection on
a hypothetical average person.

weighting factors:

1)

2)

3)

Community noise ratings that currently impose
time of day weighting factors lack face validity
because they are simplistie and in large measure
arbltrary. They are not supported by a syste-
matic rationale or a conslstent data base to
Justify thelr necessity or magnitude,

The mode of Implementation of exlsting time of
day welghting factors 1s awkward and inflexible,
They do not directly accomplish the goal of
lowering nighttime exposure levels, do not
faithfully reflect contlnuous changes in human
sensitivity to exposure, and may produce uh-
desirable slde effects.

More reasonable bases for time of day weighting
factors can probably be constructed to accomplish
useful goals of reducing nighttime exposure in a
more direct fashion:

a. More people are home at night than at
other times of day, so that oppor-
tunities for annoyance and speech

-2y
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11

{ - communication interference are commen-
"."g‘ i surately greater at night.

The well established trend toward lower

S
: H nighttime background nolse levels
renders intruding noises more detectable,

Y o
T |_; and hence, more annoying at night.
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IIT. EXPERIENCE WITH TIWE OF DAY WEIGHTING FACTORS

A. Some Examples of Extant Time of Day Weighting Factors*

The first formal proposal of a nighttime penalty (Rosenblith et
al., 1953) was accompanied by this explanation: "Time of Day.
Most residents agree that the intruding noise 1s more tolerable
in the daytime than during the evening. During the night, the
background noise levels from traffic and other sources are usually
lower than the correspondlng daytlime levels and hence an intru-
ding noise 1Is sublJect to less masking. Therefore, the nolse 1s
mere notilceable. We estimate that a correctlon number of -1
should be applled to the level rank I1f the intruding noilse occurs
only in the daytime. No correction is applled for round-the-
clock operation or for operation after, say, ten o'clock at
night." This entirely ad hoc correctlon of -1 in level rank
permits "daytime only" nolses 5 dB higher in level than round-
the-clock or nighttime nolses.

The nilghttime welghting factor of 10 dB used in the current CNR
and civil NEF methods of rating aireraft noise 1s based on
annoyance ratings derlved from one sccial survey. It was estl-
mated in the 1961 London soclal survey (Nolse-~Final Report, 1963)
that a reduction of 17 NNI units was required to achleve the same
acceptabllity for nighttime aircraft coperatlons as for day
operations, (For a fixed nolse level, this 1s equivalent to 11
units in CNR or NEF.)

Ollerhead (1978) comments as follows on this reasoning:

¥This section draws heavily on Galloway (1977).

-2 G



| Report No. 4216 Bolt Beranek and Newman Inc.

3
¥ .
e "In faect, this (17 NNI) inecrement was the estimated
'y difference between typlcal daytime (0800-2300)} and
' nighttime (2300-0800) values of Noilse and Number
Index (NNI) then in exlstence. Since 28% of the
r' respondents sald that they were most bhothered by
i aircraft noise at night and 24% were most bothered

during the day (the remainder elther were not bothered
at all or did net directly discriminate between these
| s two perieods), it was assumed that daytime and night-
time nolse exposures made roughly equal contributions
to evoked annoyance. Superficially, this seems logi-
iy eal enough. However, one might wonder what conclu-
slon would have been reached if the survey had been
rerformed at an alrport where the nolse exposure dif-
ference was not 17 NNI and/or where the day-night per-
centages were very different. Certainly, it 1s not
posslble to infer from these results what percentage
of people would bhe most bothered at night If, for
example, the day and nilght percentages wele very
different. Certalnly, it is not possible to infer
from these results what percentage of people would be
most bothered at night if, for example, the day and

night NNI values were equal.

It must also be polnted out that of the 24% bothered
during the daytime, 19% were referring specifically
to the evening period between 6:00 and 11:00 PM (that
1s, only 5% were most bothered during the day between

8:00 AM and 6:00 BM)."
The other exlsting aircralft nolse rating methods that make adjust-

?i?ig ments for day/night nolse levels have significantly different

jﬂ computational approaches, Both CNR and NEF assess nighttime

‘?ilg exposure, on an energy basis, to be 12 dB more disturbing than

" daytime, The French, however, have developed a complex adjustment

?;lzﬁ applied to a three-period day, in which daytime (0600-2200), early
! nighttime (2200~0200), and late nighttime (0200~-0600) are welghted
I[: according to the expression:
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where Ny, Nl’ and N, are the numbers of operations in the three
time periods (Galloway, 1974).

The ICAQO index, WECPNL, permits elther two-peried or three-perlod
days. Usling the two-period day, 0700-2200 and 2200-0700, the
nighttime nolse levels are adjusted by 10 4B.

The Internatlonal Standards Organization also allows elther a
two=periocd or a three-period division of the day in assessing
nolse with respect to community response (ISC R-1996, 1971). The
corrections to the criterion level, against which the nolse in
queation is to be compared, are zerc for daytime, -5 dB for
evening, and ~10 to ~15 dB for nighttime; for the two-period
verslion, the corrections would be zero and -10 te ~15 dB. The
international standard does not specify the hours defining the
varioug perlods, but leaves 1t up to the individual country to
set 1ts own limits in accordance with 1lts idiosyneratic life-
style.

The CNEL measure adopted for rating airport noise environments in
California adopts the ICAO specification for three perdods in the
day, 0700-190C, 1500-2200, 2200-0700. The evening and nighttime
perieds, respectively, are given 5 dB and 10 4B adjustments on
noise level, not nolse exposure. Day-night average sound level
uses the same two-period day and 10 dB adjustment as the WECPNL
megsure,

There i8 clearly little detailed agreement about the time periocd of

applicatlon or the appropriate magnitude for a time of day weighting

factor among the various communilty nolse rating procedures in
current use.

=28~
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B, Does a 10 dB Nighttime Penalty Lower Nighttime Noise
Levels 10 dB?

In the heat of argument about the necesslty and appropriate
slze for time of day welghting factors, thelr actual effects are
sometimes overlooked. They can be surprisingly small. This
sectlion examines some of the influences of nighttime penalties
on general urban nolse and aircraft nolse exposure.

One vay to examine the effects of time of day welghting factors
on a cumulative measure of noise exposure 1s to consider the
inerease in weighted noise exposure they provide relative to a
straight energy summation. For the case of general urban noise,
a relationship between Leq and Ly, derived from 24 hour noise
measurements at 100 sites arcund the Unlted States (CGalloway

et al., 1973} is:

Lan - Leq = 3.38 dB; o = 1,32 aB.

n
In other words, the real world distributlon of nolse sources
over times of day is such that a 10 4B nighttime penalty pro-
duces only a 3 dB difference in levels vis & vis an unweighted
energy summation. Thus, i1f the goal of a nighttime penalty 1is
to reduce nighttime urban exposure levels, incorporation of a
time of day welghting factor into an energy summation i§ among
the less direct ways to accomplish this geal.

Table I presents two simllar analyses for the case of aireraft

nolse exposure. The first case assumes a uniform distribution

~20-
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Two examples of field experimental procedures are worth comment
in passing. The first, Galanter's (1980) "elock rating" proce=-

dure, requires people exposed to aircraft nolse in their homes
to maerk time perlods of nolse exposure during which they are
annoyed in varying degrees by inking in hours on a clock face
wilth colored pens. The technique is an interesting variant of
Titchener's (1905) stimulus error ("confusing sensations with
thelr stimuli"), since 1t requires test partieipants to rank
order time periods of exposure (dosage) rather than indicate
annoyance at the time of occurrence (response). Responses may
also reflect conventlonal social wlsdom rather than attitudes.

But for the immediacy of collecting such informatlon at a parti-

cular time of day In the home, the same rating procedure could
equally well be undertaken in the laboratory.

The second procedure provides an operationally definable beha=-

vioral response at the time of annoyance. Most recently employed

by Horonjeff and Teffeteller (1979), the procedure instructs
test participants to press a button on a personal anncyance
counter whenever they hear a sound they would rather not have
heard. Response rates per unit time may be calculated for
whatever intervals totals are recorded and nolse exposure mea-

surements are avallable, The same index cof annoyaﬁce (the overt
act of pressing a button) may be used for comparing reactions at
all times of day. Although fuller development of thils technique
requires more sophlsticated hardware than 1s currently in use,
meaningful data have already been collected by this technique in
several studles,
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B. Meaningfulness of Exposure Conditions

Regardless of what form of design is adopted for fleld experi-
mentation, it 1is necessary that test participants from whose
behavior one wishes to infer time of day welghting factors

actually be exposed to nolse in the environment of interest at
This 1s necessary both for face valldity and

all times of day.
One cannot loglcally

for logical conslstency in inferences,
put together the reactions of people exposed only to nighttime

nolse with the reactions of people exposed only to daytime noise
and then claim to derdve a meaningful sebt of time of day
welghting factors. There are no convineing a priorl reasons to
ignore the very real possibllity that reactlions to nighttime
exposure, for example, interact with menmory of daytime exposure
conditions. By the same token, one cannot credibly claim to
stitch together a consistent set of time of day welghting factors
from the reactlions of people who do not have any experience with

exposure at some times of day.

1t does not suffice, for example, to draw Inferences about night-
time sensitivity tec nolse exposure from a sample composed of
some people who hear a log of nighttime nolse but little or no

daytime nolse, other people who hear a lot of daytime noise but
or other sets of people with pecullar

1ittle nighttime noise,
In such a procedure one never has an

exposure circumstances.
cpportunity to learn how the opinions.of people who do not ex-

perience noise exposure at some time of day would be affected if

they did hear noilses at such tlmes., The problem with such a

research design 1s not that different individuals are exposed to
different nolse environments, but that no indlviduals are exposed

to a realistic 24 hour cycle of nolse.
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€. What May be Gained from Addi.tional Research

Kryter (19B0) asserts that additional social survey research in
the area of differential sensitlvity to noise exposure at
different times of day is unliikely to reveal radically different
findings from those currently avallable, and that the most that
can be expected from additional research i1s a strengthening of
exlisting information about time of day welghting factors. He
also makes the point .that some degree of uncertainty in quantifi-
catlon of human response is inevitable,'thus {by extension) not
worth a major effort to reduce.

Van Os (1980) reinforces this view by noting that additional
research can be expected to be afflicted by additional nuisance
variables, and that there 18 something to be saild for quitting
while ahead. According to Van 0s, the sclution te the problem
of divining time of day welghting factors 1n Helland has been
"to stop worrying about the problem”.

Many of the same peolnts may be made with greater force in the
cage of fleld studles of physlologlcal effects of noise exposure
at different times of day. Does the heart beat slightly faster
when alrplanes fly overhead in the moraing than in the afternoon?
Would it matter if 1t d41d? Are different hormones released

into the bloodstream while sleeping and waklng people are exposed
to ailreraft nolse? Can potential differences of this nature be
sald to have health conseqgueénces?

Effects of this sort are encrmously expensive to study even with
caged infra-human primates. The cost of conducting a meaningful
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study on a respectable sample of unrestralned humans exceeds

all reasonable bounds. Physlological time of day effects
attributable to nolise exposure are so subtle and uninterpretable
that they could not serve as the basis for systemtlc arguments

about time of day welghting facters In any event.

As noted by Flelds (1980}, the greatest payoff for continued
research 1s likely to come from field experimentatlon in which
as much control (or at least observation) as is economically
feasible 1s exerclsed over the temporal linkage between exposure

and response.

It should not be expected, however, that even this new type of
research will be able to satisfy the essentially insatiable
demands of some partles tc the controversy over time of day

welghting factors for "more information".
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V. SUMMARY AND RECOMMENDATIONS

As with many 1ssues of socilal policy, the case in favor of some
form of time of day welighting factor for measures of community
noise exposure is untidy, but strong enough to persuade most
people of the reasonableness of the position., It does not
follow that the present implementation of time of day weighting
faetors in a measure such as Ldn 1s optimal. Unfortunately, the
search for an optimal scheme, like the guest for the Holy Grall,
1s predestined to fallure. No scheme complex enough to incopr-
porate welghting factors that reflect alleged differences in
human sensitivities to nolse exposure at various times of day

1s likely to galn acceptance.

Consider, for example, the likellhood of acceptance of a scheme
that penalized weekday nolse exposure 1) rather heavily during
the dinner hour to minimize interference with family conversation;
2) somewhat less so in the remaining evening hours to permit un~
impaired televislon viewing; 3) guite severely around 11 PM so
that people could fall asleep quickly without Intruding noises;

4) relatively lightly again during the early AW hours when

people tend to be in deep sleep, and §) fairly heavily again

around 5-6 AM te prevent premature awakenings from light sleep.
On weekends, of course, ...

Much of the controversy about time of day welghting factors
concerns thelr magnitude and manner of implementation rather
than their necesslty. Another large portion of the controversy
deals with quibblings over the chain of reasoning leading from
nolse effects research to any specific weighting factor. The
controversy 1s fueled by conflicting interpretations of the
research findings summarized in Appendices A and B, and by other
extra-sclentific motivations as well.

-38-
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Much of the controversy can be avolded i1f an effort is made to

f u"f infer an appropriate magnitude for a time of day weighting
{ factor from first principles, rather than from arguments drawn
i {? from a data base that will contaln gross uncertainties for the
; foreseeable future.

r: The following reasoning modifles the "equivalent fully impacted
B ] population' concept of the Noise Impact Index to suggest
ot deductive arguments in favor of a time of day weighting factor.

The goal of the suggested time of day welghtlng factor 1is to
maintain a constant “equivalent fully impacted residential
population” throughout the day. Compensation is thus necessary
for any objectively definable factors that would tend to produce
& change in the equivalent fully impacted resldentlal population

at any time,

Note that this line of reasoning does not even address the ques-
tion of differential human sensitivity to nolse exposure as a
function of congolng activity at different times of day, and hence
15 not challengeable on grounds of inconclusive or confllieting

evidence about such sensitivitles.

- Two dominant factors can be identifled that, unless compensated,

if'lf would tend to produce larger evening and nighttime equivalent
fully impacted residential populatlons. First, since the resi-

dential population swells by a factor of at least two to four

© 194
iﬁ!i’ during evening and nighttime hours, a weighting factor of about
- three to six decibels during these hours is justifiable to main-
Jt! tain a constant equivalent fully impacted residential populatlon
s throughout the day.
M
T -39-
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Second, slnce nolse from most human activities diminishes at
night, nighttime background neilse levels tend to drop in most

communities. If it 1s assumed that the detectabllity of intruding

nolses governs both thelr direct annoyance and their abllity to
delay the onset of sleep, yet another weighting factor is Justi-
fiable to preclude a greater nilghttime equlvalent fully impacted
residentlial population.

Time of day welghting factors necessitated by these two effects
should be additive, and preferably expressed in terms of stricter
levels of tolerable exposure to a non~welghted 24 hour cumulative
measure {(l.e., a straight energy summation). If neceasary for
the sake of a conservative margin of safety, a nominal early
morning weighting factor may be added to acknowledge the poten-
tially adverse health effects of nolse exposure on sleep.
Ideally, time of day welighting factors composed as suggested here
should reflect local residentlal patterns and changes 1n back-
ground nolse levels. Furthermore, the welghting factors should
be gradually, rather than abruptly, applied.

This level of complexity will doubtless railse objectlons of
administrative 1nconvendence, For the sake of slimplicity, com-
promises may be worked out from careful studles of nationwide
residential patterns and nolse exposure clreumstances. These
compromises would be based on estlimates of average dlfferences
in residential population slzes at varying times of day, and
average differences in background noise levels at varyling times
of day.
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V1. CONCLUSIONS

A. The followlng answers are suggested to the two gquestions
posed at the beginning of this document:
Are nolses heard at different times of day equally dis-

1)
turbing to people?

There 1= good reason to believe that nolses occurring during
daytime hours may be less disturbing than noises occurring at
cther times of day. This belief has no necessary basis in
differential humian sensiltivity to nolse exposure at different
times of day, but is related to the greater detectabllity of
intruding noises in the presence of generally lower nighttime
background nolse levels, and the greater numbers of people at

home to be disturbed at night.

2) How should an index of community nolse exposure account for
an actual or presumed difference in human sensitivity to
nolse exposure as a functlion of time of day?

An index of communlty nolse exposure should incorporate time of
day welghting factors that maintain a constant equivalent fully
impacted resldentlal population at all times of day. This goal
may be accomplished without reference to the noise effects

llterature by simple compensations for demographlec and exposure

patterns.

The debate over time of day welghting factors is pluralistic

B,
The two most effective resolutions of the

and self-sustalning.
debate are 1) to stop worrying about 1t, and 2) to wleld a sword

capable of cutting through the Gordlan Xnot of the controveray.

]



Report No. 4216 Bolt Beranek and Newman Inc.

C. There are good and suffieclent reasons for includiné time
of day weighting factors in metrics of community nolse exposure
that have nothing to do with differential human sensitivity to
nolse exposure at different times of day.

D. A 10 4B nighttime penalty, whlle undoubtedly not exactly
correct, may well be tolerably close to the truth for mest
purposes,

E. The struggle necessary to establish widespread acceptance
for an alternative time of day welghting factor may jeopardize
the credibility of measures {(such as Ldn) that currently incor-
porate a 10 4B nighttime penalty, while gaining only a small
increment in precision of quantification of human response to
community nolse exposure.
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