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INTRODUCTION

It is often assumed that the impact of similiar noise levels is different
at different times'of day. 1If there are such differences in sensitivity then it
is necessary to identify the particular hours at which there is a heightened
sensitivity.

There is evidence suggesting that it is not possible to measure the
differences in sensitivity between reactions during the day, evening and night
(Fields, 1985). The difficulty arises from the high correlations between day,
evening and night noise levels. Correlations would be even higher for adjacent
hours of the day and thus it would clearly not be possible to measure
differences in sensitivity between reactions in particular hours. 1In short,
direct analyses of people's responses to noise will not aid in determining the
boundaries of noise-sensitive time periods.

One possible basis for establishing the boundaries of noise-sensitive time
periods is the prevalence of noise-sensitive activities during different time
periods. This requires information about the proportion of the total
population and of various subgroups which are engaged in noise-sensitive
actitivies at different times of day.

Several noise studies have published some information about the timing of
sleeping periods in selected areas in France (Aubree, et al., 1971, p.429;
Francois, 1977; p.17), England (Brooker and Nurse, 1983, Figure 2) and around
Heathrow (Second Survey of..., 1971; p. 43).

Other large—-scale, non-noise surveys of people's daily activities have
collected chh more extensive information about the timing of different types of
activities for national populations. Previous analyses of these surveys have

provided information about the amount of time that people are engaged in



different activities (Juster and Stafford, 1985). Such analyses have not
however provided detailed information about the timing of activities.

This report analyses the data from the 1976-76 Time Use Survey conducted by
the Institute of Social Research at the University of Michigan. These analyses
provide information about the timing of noise-sensitive activites of the adult

population of the United States. Detailed hourly data provide estimates of the
proportions of the adult population which are engaged in noise—sensitive
activities. On the bases of these data some broad observations are made about
two issues: the prevalence of noise-sensitive activities and the timing of
(time-period boundaries for) noise-—sensitive activities. Some general trends in
the data are identified, but no attempt is made to develop parsimoneous models
to describe the ways in which patterns of time-use vary with the time of day.

The study methods used in the time—use survey are described in the next
section of this report. The section after that provides the basic information
on the percentages of the population which are engaged in noise-sensitive
activities during each hour of the day. Results are presented separately for
weekday and weekend days. The possibility of seasonal differences is
considered. In the final section of the report, patterns of noise-sensitive
activities are compared for population groups which are defined by age, sex,
section of the country and degree of urbanization.

DATA FOR THE ANALYSES

The data for these analyses come from a large scale, longitudinal time-use
survey conducted by the {mniversity of Michigan's Institute for Social Research.
A representative sample of adults in the United States was interviewed about

their activity patterns at four times during 1975-76. All survey procedures



have been described in detail in previous publications (Juster, et al., 1978;
Juster and Stafford, 1985).

The time~use survey probability sample was désigned to represent the adult
population of the coterminous United States exclusive of those on military
reservations. The 74 sample points are located in 37 states and the District of
Columbia. The sample was stratified by geographical area. A total of 1519
people were interviewed in the first wave. By the fourth wave 947 people were
interviewed. Of the total sample, 975 people were identified for whom there
were interviews on at least one weekday, one Saturday and one Sunday.
Approximately 970 of these respondents provide the data for the analyses in this
report. The data from these respondents have been weighted to provide results
which are representative of the population of the United States. Weights were
applied to account for attrition from the first to fourth wave, the number of
eligible people in the household, and discrepancies between characteristics of
respondents and characteristics of the population provided by Bureau of the
Census data.

The initial interview was conducted in person in October and November
(mostly November) of 1975, Follow-up interviews were conducted by telephone in
three waves: February-March 1976 (mostly in March), May-June 1976 (mostly in
May) and September 1976. Other data, not analyzed in this report, were
collected about activities of spouses and children. A second follow—up study
was conducted with an additional four waves of data in 1981, but is not included
in this report. The bases for these and other decisions about data selection
are provided in appendix A.

The information about activities and the timing of the activities was

gathered using a time diary technique in which the respondent provides a



detailed description of activities during the 24-hours of the previous day.
Each respondent was asked:

"...we would like to know about the things you did on... (DIARY DAY)
At one minute after midnight, the beginning of... (DIARY DAY)...what
were you doing?”

The interviewer then recorded a description of the activity and the time at
which each activity began and ended (to the nearest minute) as well as recording
answers to the following questions:

"Where were you? [HOME, TRANSIT, WORK, OTHER]

"Who was with you?

"Were you doing anything else at the same time

(like talking, reading, watching TV, listening
to the radio, eating, or caring for children)?”

Space was provided in the standard interview for the recording of 65
activity episodes in the time—diary. (A sample page is reproduced in appendix
B). The activities were coded into several hundred categories. Forty of these
activity categories were identified and combined with the information about
being at home in order to determine whether people at home were engaged in
either of two noise—sensitive activities, sleeping or aural communication. The
exact code categories are presented in appendix B and briefly described in the
text.

An effort was made to obtain interviews on weekdays as well as on Saturday
and Sunday. The interviews in the first and last waves tended to produce
time—~diary data for weekdays. As a result there is a correlation between the

season of the year. This correlation is discussed later.



The individual interview data were analyzed to provide the aggregated data
records which were directly manipulated in the analyses presented in this
report. The unit of analysis in these analyses is thus the measure of the
proportion of a particular population group which was engaged in a
noise-sensitive activity during a particular hour. A separate data set which
has individual respondents as the unit of analysis was produced but has not been
directly analyzed for this report. Since the presént analyses are based on
complex, weighted aggregated data, no attempt has been made to calculate such
inferential statistics as standard errors or 95 % confidence intervals.

DESCRIPTION OF NOISE-SENSITIVE ACTIVITY PATTERNS

The extent to which people are at home and the prevalence of
noise-sensitive activities have been calculated for each hour of the day on the
basis of people's reports on the time when they were engaged in activites on the
previous day. The results of these calculations can be found in appendix C and
in the figures. Figure 1 reports the activity patterns averaged over weekdays
(Monday through Friday).

The “"percentage of time" which is recorded for each hour in figure 1 is the
percentage of the total minutes in the hour during which respondents reported
engaging in the particular types of activities. This percentage is a good
indicator of the average number of people who are engaged in an activity at any
particular moment in the hour. This is the measure of activity level which will
be used in most of this report. An alternative measure of the .total number of
people engaged in an activity during an hour is briefly discussed later in this
section.

The percentage of time at home ranges in figure 1 from roughly 95% in the

middle of the sleeping period to 35% during the day. The continuing trend



toward higher employment rates for women may have partially decreased the
percentage at home during the day from these rates which come from a 1975
survey. Nonetheless it is clear that these residential areas are not empty
during the normal working day.

In the afternoon there is a steady increase in the proportion of adults at
home beginning at about 1500 or 1600, well before adults would return from
work. This may indicate that adults are returning home to meet school
children. The steady rise in the evening is interrupted after the 1700 to 1800
evening meal for the two hours when many evening activites occur outside the
home. 1In figure 1 it can be seen that virtually all people who are at home are
sleeping at 0300 and that less than 5% of the time is spent sleeping in the
middle of the day. (Codes for daytime naps are also included in the sleeping
periods in appendix B.) The transition periods between these nighttime and
daytime extremes are long enough to be important. The low daytime level is not
achieved until about 0900 and the rates for sleeping begin to increase in the
evening as early as 2100. The standard nighttime period for time-period
weighted noise indices such as Day-Night Sound Level (LDN) begin at 2200 when
approximately a quarter of the population have already begun to sleep and end at
0700 when a quarter of the population (probably a different quarter) are still
sleeping. While the exact percentages of the population which are protected by
a 2200 to 0700 period can not be calculated directly, it does appear that
roughly half of the population has at least some of their sleep period which is

outside of the 2200 to 0700 period.
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The reports of aural communication in figure 1 include interactions with
children, socializing with people at home, any conversations, meals when another
person is present and listening to TV, radio or other audio equipment. Such
communication often was recorded as a secondgry activity (see sub-item 6 for the
interview question in appendix B). The growth in aural communication during the
afternoon parallels that for numbers of people at home. In both cases the
increase begins at 1600. Such communication peaks in the prime television
viewing hours before dropping as people go to bed.

In figure 2 the two noise-sensitive activities have been summed to provide
a curve which shows the combined percentage of time being spent in noise-
sensitive activities. This combined presentation more clearly shows the quite
steady rate of increase in noise-—sensitive activities over the 1600 to 2300 time

period. The daytime low of about 157% extends from oﬁly about 0900 to 1600.

An Alternative Measure of Activity level
In other parts of this report activity levels are measured as the
percentage of time during which people are engaged in noise-sensitive activities
for each hour of the day. For a short—duration noise, such as aircraft noise,
this also provides a good indicator of the percentage of the population which
might be engaged in a noise-sensitive activity during a single noise event. For
more continuous moises, such as road traffic, an alternative measure might also
be considered, a measure of the percentage of the people who were ever engaged
in the noise sensitive activity during at least a part of an hour. This measure

is compared with the percentage—-of-time measure in figure 3.
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The new, ever-engaged—in-activity measure in figure 3 necessarily provides
higher estimates of the number of people exposed than does the time-exposed
measure. The two measures could only provide exactly equal estimates for an
hour if all people engaged in the activity for the entire hour. The gap between
the measures is correspondingly slight for sleep, especially in the middle of
the night, but the gap is much larger for the aural communication activity.
These alternative measures of the numbers of people engaged in noise-sensitive
activities thus yield different estimates of the magnitude of noise-sensitive
activities. The two measures do not differ, however, in respect to the timing
of the noise-sensitive activities. Thus the conclusions which might be drawn
about the boundaries between the highly and less highly noise-sensitive periods
would be similar for the two measures.

The remainder of the discussion in the text will refer to only the
percentage—of-time measure. Appendix C, however, includes a complete set of
tables for both measures. Estimates of the percentage of the population which
would be engaged in noise sensitive activities for at least a short time during
any particular hour can thus be obtained from appendix C.

The size of the gap in figure 3 between the numbers of people at home and
the numbers of people who ever engage in any aural communication during an hour
at home implies that roughly half of the people at home have no aural
communication at all in each hour during the daytime. It could be that people
under-report the amount of aural communication they are engaged in. This might
be especially likely if they had short communications or if they fail to
continue to report the presence of background music. The gap does suggest that
the absoluté magnitudes of aural communication activities should be interpreted

cautiously especially for the measures of the percentages of people ever engaged
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in an activity during an hour. It is assumed that any such underreporting would

not, however, distort the conclusions which might be drawn about the boundaries

for time periods based on analyses of the time engaged in different activities.
Patterns for Different Days of the Week and Seasons of the Year

Noise-sensitive activity patterns for the two combined weekend days are
presented in figure 4. General differences between weekday and weekend days can
be observed from a comparison with figure 1. Howe?er, a better understanding of
activities on different days of the week is obtained by comparisons of four
different sets of days (Friday, Saturday, Sunday and Monday through Thursday) in
figures 5, 6, and 7. The comparison reveals both similarities and differences
in the timing of activities and the incidence of noise-sensitive activities on
different days.

With respect to the timing of activities, figure 7 shows that the sleep
period is extended by approximately one hour on the two weekend mornings. Other
more moderate differences in sleep patterns show that the similarities are
between Friday and Saturday or between Sunday and Monday through Thursday. Only
the sleep activity displays such differences in the boundaries for
noise-sensitive activities on different days of the week. Thus for the purposes
of setting boundaries between noise-sensitive periods of the day, the weekend
might best be defined as the period from early on Friday evening to early on
Sunday evening. The boundaries between noise—sensitive periods could remain the
same for weekdays and weekends except that the sleep-sensitive period should be

extended by about one hour on Saturday and Sunday mornings.
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With respect to the prevalence of other noise-—sensitive activities there
are substantially more people at home and more aural communication activities on
weekends. The number of people at home increases by nearly half. This brings
the numbers of people at home or engaged in communication activities during the
day on weekends up to the numbers which are observed on weekdays at about 1700,
but not up the weekday numbers for later in the evening. In the middle of the
day on Saturday or Sunday the percentage at home is still less than 60%. The
fact that fewer people work on weekends seems to be at least partially offset by
the prevalence of other activities away from the home on weekends. Friday
differs from the average for the other four weekdays in that there is noticeable
less time spent at home and in aural communication activities.

In this study the day of the week is related to the time of year for the
interview. In table I it can be seen that most of the weekend diary days came
from the February-March and May-June interviewing waves, while most of the
weekday time diary days came from either the first wave (October-November 1975)
or the last wave (September 1976). The percentages have been calculated in two
different directions in table I. The percentages in the upper left corner of
each cell are the percentages of the interviews in a wave which are for each
diary day (eg. 61% of the November interviews were for Monday-Thursday). The
percentages in the bottom right corner are the percentages for a diary day which
come from each wave (eg. 44% of the Monday-Thursday dairies come from the
November interviews).

Interviews were thus conducted’in three seasons of the year, but not in the
summer months when activity patterns might be affected by summer vacations or by
children being home from school. The time at home and activity patterns for the

four interviewing waves are compared in figures 8, 9 and 10. 1In general
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differences between the interviewing waves are small (less than those for the
day of week) and difficult to interpret because of the correlation in the study
design between day of week and season of interview. The sleep patterns for the
different seasons are virtually identical in figure 10. There is a weak
tendency for the November wave to be home more in the evening, however, this
pattern may be at least partly inflated by the fact that the November wave had a
small proportion of Friday and Saturday interviews (20%). The other waves
resembled one another in that from 41 to 48% of the diaries were for Friday or
Saturday. This at least suggests that the slightly reduced time at home in May
could indicate that there is generally less time at home in warmer months in the
evening. The policy implications for noise control are not, however, clear.
People may be engaged in less aural communication at home in the evenings in
warm months, however, the remaining aural communication may take place under
conditions which are more sensitive to the presence of noise, i.e., out-of-doors

or with the windows open.

COMPARISONS OF PATTERNS FOR DIFFERENT POPULATION GROUPS

Weekday activity patterns are presented in figures 11 through 22 for
sectors of the population which are defined by sex, age, urbanization, and
region of country. Tables in appendix C provide the supporting data as well as
the same breakaowns for weekend patterns and for the measure of the percentage
of people ever engaged in the activity during each hour.

In figures 11 and 12 it is seen that women are home more and engaged in
aural communication much more than men during the day and slightly more than men
during the evening. Sleep patterns are virtually the same. Presumably these
differences between men and women may have been reduced some since 1975-76 with

the increased employment of women outside of the home.
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In figures 14 and 15 there is evidence that people over 65 are home much
more and engaged in much more aural communication. They are also more likely to
take naps during the middle of the day (figure 14). A rather high proportion
attempt to nap at some time during the middle of the day. Table C-9 shows that
in the four early afternoon hours (1200 - 1599 on weekdays) the percentages of
those over 65 attempting to nap during each hour are 12%, 18%, 15% and 12%.

Activity patterns are compared for three degrées of urbanization in figures
17 to 19. Activity patterns do not appear to systematically differ in the
figures. There is no support for belief that people in urban areas are at home
less or have later sleeping periods. The lack of any patterns could be

partially due to the choice of Standard Metropolitan Statistical Areas to define
urbanization; a choice which results in considerable overlap in the types of
communities which are included in the different urbanization categories (see
appendix B).

Activity patterns are presented separately for each region in figures 20 to
22. There appears to be a weak tendency for people to be at home and engaged in
aural communication more in the South. There is somewhat less than a one hour
difference in the timing of sleep between the two most extreme regions (South is
earliest, North—east is latest).

CONCLUDING REMARKS

Data from a 1975-76 nationally representative sample survey have been
analyzed to provide estimates of the percentage of the population which is
engaged in noise-sensitive activities during each hour of the day on weekdays,
Fridays, Saturdays and Sundays. Estimates are provided of the percentage

engaged in aural communication activities at home, sleeping at home, or simply
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at home. The day can be roughly divided into four noise sensitivity periods
consisting of two relatively steady state periods, night (2400 to 0500) and day
(0900 to 1600), and the early morning and evening transition periods. Weekends
differ from weekdays in that the morning transition period is one hour later and
the numbers of people engaged in aural communication during the day at home is
approximately one-half to three—quarters greater.

The percentage of the population engaged in either of the two
noise-sensitive activities on weekdays varies from a nighttime high of 95% to a
daytime low of about 15%. The low daytime activity level extends from
approximately 0900 to 1600. The percentage of the population engaged in aural
communication activities increases from 1600 and the percentage sleeping
increases from 2000. Even during the daytime on weekdays there is a substantial
proportion of the population which is at home (over 35%).

The extent and timing of noise-sensitive activities was found to be
similiar for all parts of the United States, for different sizes of urban areas,
and for the three seasons surveyed (September through May). Women and people
over 65 are much more likely to be home during the daytime on weekdays. The
timing of activity periods does not differ greatly by sex or age. There was

less than a one hour difference for even the strongest pattern (people under 25

years of age go to bed earlier and arise later than people over 651
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APPENDIX A: OPTIONS SELECTED FOR PROCESSING TIME-USE DATA

Five major decisions relating to the processing of the data in the time-use
data file are described in this appendix. The decisions relate to the (1l)study
year (2) inclusion of secondary respondents from households (3) weighting of the
sample (4) division by day of week (5) division by season of year. The
day-of-week and season-of-year issues are discussed because these two variables
are correlated with each other and with sample attrition. About 3/4 of the
Monday through Friday interviews were conducted in September or May while about
3/4 of the Saturday and Sunday interviews were conducted in the two remaining
waves. The characteristics of the sample, if no weights were used, would be
expected to change from the first interview to the last interview due to higher
attrition rates for the more mobile sectors of the population. For this
particular survey design this means that attrition is related to season of

survey and day of week.

1. Year of survey
Time use data are available for both the first phase (4 waves in 1975-76) and
the second phase (4 waves in 1981-82). The first (1975-76) phase sample was
selected to represent the population of the United States and is thus more
useful for this report. The 1981-82 sample is largely a subset of the
earlier sample which could provide information about any changes in the
intervening years. The 1975-76 sample also has the advantage of being

larger.



