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ABSTRACT

This report describes the National Roadway Traffic Noise Exposure Model,

This Model s a computer simulation of the national roadway network, the
noise generated by traffic on the network, and the predicted effects of
the nojse on the national population. The Model simulates time-varying
conditions, using input data, to characterize traffic conditions.and popula-
tibn"grawth from the baseline year (1974) to user-defined fufure‘years. Ta
characterize ‘the effects of noise on ‘the natianal popu1ation, the Hﬁde] is
subdivided into two sub-models: the General Adverse_Reﬁponse Model and the
Siﬁg]e Event Model. The report describes éach'suh-moae] and the common data
base used by the sub-models. The structure of the models and the interaction
with the varjous elements of the common data‘base:are'descFibed. Example
vehicle noise emission standards are presented to illustrate the use of
the Mbdel, Predictions resulting from the todel §1mufat15n are compared with
available empirical iata. -
" Keywords
‘Traffic Noise Levels
Traffic Noise Exposure
Roadway Traffic Canditjons
Population Distribution

Vehicle Operating Characteristics
Notse Exposure Simulation
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1.0 INTRODUCTIQON

The noise generated by vehicles operating on the nati-oné'l roaﬁw'ay
network is the most pervasive noise source impacting the popu1aton of the
United States. 'Daily, an individual is expesed to a range of noise levels
-and ambient conditions resulting from roadway traffic operatmns. Thrs daily
noise axposure s a cumulative, life-time experience. Today, comfnun'ity
annoyance and concern with roadway traffic- generated noise has resulted in
continuing efferts to abate noise exposure, both thnough Inghway design and
control of vehicle emissions. The deve]opment of this model is one element
of this continuing effort, K ' -

As described in the following sections, the Natiun;ﬂ Roadway
Traffic Noise Exposure Model simulates the noise generated by vehicle opera-
tions on the 3.586 million miles of national roadway network. The roadway
network services the nation's populatien of 216.7 million people. The
population, roadway network, and traffic CDI‘Id]thﬂS on the natwn 5 roadways
are not static quantities, Population size, roadway char-actemstics, and
traffic conditions on thé aation's roadways will vary from _year to _year‘ ',Th_e
Model* recdgrizes these vamatwns in est1mat:1ng natmnaT noise exposure 1n
future _year's. '

‘The purpose of develaoping the National Roadway Traffic Noise Expo-
sure Model is to sunu]ate. as closely as possible, the mteractmn of the
parameters descr1b1ng roadway traffic noise generation and the national
impact of roadway traffic noise. The Model® aHowsl the 51mu1at_10p of
vehicle nofse reduction scenarios hased upon this interaction. The Model*
is also ‘structured with suff1c1ent flexibility to study the effect of pat:h
and recewer no1se contro] measures,

!
.

In est1mat1ng roadwa_y traffic noise on a nationai bas1s the Model
uses  over 5600 stored data mputs to characterize the 1nteract1on between
popu'latwn, ‘roadway traffic conditions and veh1c1e noise emissions. These

*iModel" refers Lo the National Roadway Traffic Noise Exposure Model.
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-data were developed based on information from the U.S. Bureau of Census, the

U.5, Department of Transportation, the U.5. Epvironmental Protection Agency,
and the open technical literature.

The development of this Model was preceded by a review of previous
studies related to national exposure to traffic notse. This review encom-
passed the following technical areas:

vehicle noise emissions

vehicle operational characteristics

roadway and traffic flow descriptions
poputation and population density distributions
traffic noise models

noise propagation

national noise exposure models.

It was recognized that available traffic noise prediction models
were adequate to describe noise levels adjacent to a roadway segment, The
bnsié ohjective of this study was to develop a national simulation model with
sufficient flexibility to allow sensitivity of real world parameter inter-
actions. Hence, much of the review comprised a search for data upon which to
base the Model, The reports and studies reviewed and used in developing this
Model are referenced in the text. These references are iisted in Section 5,

In order to conduct traffic noise eprsure estimates, 1t is neces-

" sary to relate populatien distribution, roadway configuratian, and vehicle

characteristics, Figure 1-1 1}lustrates the relationship among these basic
parameters, Each of these parameters are placed at a corner of the outer
triangle in Figure 1-1. The dnner triangle of Figure 1-1 represents the
desired noise exposure estimate. ‘Each leg of the outer triangle indicates
the relationship between two of the three basic parameters. To obtain the
notse axposure estimate, the threg carners must be related using the data
indicated in each leg of the outer triangle. The formuiation of the Model
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relates population distribution and vehicle characteristics to rpadway con-
figurations via the statistics describing traffic flow characteristics. Once
these basic parameters are defined, the estimation of the noise exposure is
rather simple. The more difficult task faced in developing a national moedel
is the definition of these parameters, in combination, to simulate thé
national exposure estimates. Based upon the present data hase, the Model
simulates 4320 combinations of population distribution, roadway traffic
conditions, and vehicle characteristics. These simulations are conducted for
specified years of a forty-year time stream to estimate national exposure to
roadway traffic neise and to evaluate the effectiveness of regulations of
motor vehicle noise emissions,

Basic to the literature review was the study entitled: "Population
Distributfon of the United States as a Function of Outdoor Noise Level."l
This report described the results of a noise survey of 100 urban area sites
across the continental United States, and it is commonly referred to as the
"100 Sfte Study." The 100 Site Study defined empirically the day-night noise
Tevel exposure of the nation's popuiation at the place of residence, The 100
Site Study selected sites away from aircraft operations, construction activ-
ity, and major highways, in order to represent community naise environments
not dominated by a single identifiable noise source, Hence, the community
noise levels represent, in generél. the ambieht sound levels attributable to
general community roadway traffic nofse. To estimate the contribution of
urban and ffeéway traffic noise to population noise exposure, the 100 Site
Study uséd results from previous research.? A review of the data base used

“in. the -100 Site Study is presented in Reference 3.

The results of the 100 Site Study have been used to .develop esti-
mates of national roadway traffic noise exposure by scaling specfic scenarios
to a national base. It was not an objective of this Model either to scale
estimates or to reproduce the empirical basis of the 100 Site Study. How=-
ever, the 100 Site Study stands as a source of comparison for any national
noise exposure model.
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Several previous studies have resulted in estinates of the hatipna]
exposure to roadway fraffic noise. To achieve these estimates, these studies
took a "scaling" approach, i.e., the noise exposure estimates were conducted
for a number of scenarios and scaled, or extrapolated to a national base,
References 4 and 5 present details of these methods, The present discussion
describes the basic methodology and the assumptions used in these’ studies.

. Reference 4 presents the results of a study aimed at estimating. the
-effectiveness of neise regulations for new medium- and heavy-duty. trucks.
The study of Reference 4 focused upon the noise emissions of vehicles and the
mix of wvehicle types in the traffic flow. Twa basic traffic conditions, were
considered: urban street traffic (27 mph cruise) and freeway traffic (55 mph
cruise). . Vehicle mix and operating mode (acceleration and cruise) were

" considered. The traffic flow noise model used by the Reference 4 study is. an

Lgqg formulation for traffic flow mix. Sound level distance attenugtion is

.considered only for the freeway scenario and is assumed to be congtant at 9
. dB per distance doubling. The salient assumptions used are:

# Total population of urban street traffic is constant

. on all roadways.

.4 . National.noise exposure estimates are obtained by "
scaling the urban street scenario to match the
100 Site Study results for baseline conditions.

8 freeway noise exposure estimates are based upon a
"7 single traffic flow/population density scenario,
This result is compared to the 100 Site Study to

scale results to the baseline conditions.

s National exposure to roadway noise is the sum of
urban street expasure and freeway noise exposure.

e The traffic flow conditions were "typical" of urban
conditions. 2

. The Reference 5 study focused upon estimating nationh]lexposure to
highway traffic noise for the purpose of developing traffic noise regulation
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strategies., The basic abatement strategies were noise regulation of either
existing or new vehicles, vehicte operation, or a combination of those

strategies.

The Reference 5 study used an Lgq formulation with a constant
distance attenuation rate {4.5 dB per distance doubling) to mode! traffic
noise and propagation. A scaling approach was used in that specific com-
binations of traffic flow conditions and population distribution were modeled
and extrapolated to' obtain national jmpact estimates. The scaling approach
selected, however, was based upon a statistical sampiing of ten-cities in the
United States, detailed analysis of the traffic flow and popuiatibn density
data for these cities, calculatfon of noise exposure for thase cities, and an
extrapoilation to national estimates. The traffic noise model considered a
state-of~the-art mode! with a simplified correction for stop and go traffic
flow near intersections. Roadways were modeled as single-lane straight
segments., Two classes of vehicles were modeled: automobiltes and trucks.
Low speed traffic flow (35 mph} was used to simulate urban streets and
secondary suburban roads. High speed traffic flow (55 mph) was assumed for
freeways, rural roads, and major arteries in 11ghtly populated areas. Noise
impact estimates were conducted for both urban and rural areas. In each
instance, the naoise exposure of inhabitants was allecated to a single roadway
type, It was recognized by the Reference 5 study that this Vimitation might

" affect the urban estimates,

The noise impact estimates presented in Reference 5 were conducted
using the model of Reference 6. Hence, the time stream estimates apparently
included the growth and attrition of the two vehicle types used in the study.
Apparently, the national population was held constant in the noise impact
estimates presented.

The formulation of the Model explicitly avoids "scaling" method-
ology; instead it attempts to simulate the national exposure to roadway
trafffc noise using a data base aggregated from local statistics. Figure 1-2
iliustrates the roadway network through an urbanized area and surrounding
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rural countryside. The Model defines roadway mileage and travel conditions
by the functional classification of roadways comprising the network in this
area. On Figure 1-2, closed curves are overlaid on the roadway network to
indicate homogenecus population density areas. These-areas are indicated by
the bold face type and delineate the distribution of popu]étion‘.pnd land
areas that comprise the total area, Each of these land areas tontaihs_its
own allocation of roadways, traffic conditions, and population. Thq data
base for the Model includes the allocation of roadways, traffic bonditionga

' population and land areas so that. natienal conditions are simulated. Using

this data base, traffic noise exposure simulation is defined by detailed data

inputs and avoids the empiricism inherent with a scaling methodology.
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2.0 STRUCTURE OF THE IMPACT MDDEL

As stated in the Introduction, the National Roadway Trafficlﬂoise
Exposure Model was developed based updn a review of previous national noise
exposure models. This section of the report describes the formulation of and
the methods used hy the National Roadway Traffic MNoise Exposure Model to
estimate noise exposure and traffic noise reduction effectiveness, It s the
intent of this report to decribe concepts and typical results rather than
extensive detail. The Model, however, is hased upon extensive detailed
inputs concerning vehicle noise emissions, roadway traffic conditions and
distribution of population adjacent to roadways, Appendix A describes the
detailed data base, The reader should not allow the lavel of detail to cleud
the Mode! formulation. The reader should relate detail to Madel inpuf data
and rzcognize that input data may he revised based upon the best avajlable

infarmation,

2.1 . Qutline of the Model

The National Roadway Traffic Noise Exposure Model simulates the

.noise generated by vehicular traffic on the nation’s roadway netwbrk._ The

Model does not scale or otherwise "adjust" input data to estimate national
noise impact. The Model's estimation procedure is rather direct in that the
1.S. population is allocated to roadway traffic conditions surrounding‘the

. place of residence. The noise emiSsions generated by the roadway traffic are
then used to estimate the noise exposure of the nation's population.

As with any national simuTation model, input data to the Model are
statistical in nature, The population in the United States is distributed
based upon the Bureau of Census data, The distribution of population rela-

tive to reoadway traffic conditions fs based upon data assembled by the U.S,

Department of Transportation's Federal Highway Administration. The noise
emission characteristics of vehicles are based upon experimental data col-
lected by the Federal Highway Administration (FHWA), the U.S. Enyironmenta]
Protection Agency {EPA}, and sources in the technical Jiterature,

2-1
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The Model is a time stream simulatien, i.e., the Model uses as
input data, factors that alter parameters in time so that the effect of
time-varying parameters or otherwise changing projections of a parameter can
be simulated. Thus, the Mcdel is a tool hoth for estimating national expo-
sure to roadway traffic noise and for estimating the sensitivity of specific
parameter variation. The need for sensitivity to parameter variations and
flexibil1ty in assessing the effect of various source control measures were
essentially the reasons for deveioping the Model, hecause previous studies
had used assumptions and extrapolations to estimate noise exposure., Although
the noise exposure estimates of previous studies appeared to be reasonable,
it was not possible to evaluate sensitivity to certain parameter varfations
and look at alternative noise control measures.

The National Roadway Traffic MNoise Exposure Model is, in reality,
comprised of two separate noise exposure models, These two models are
defined as the General Adverse Response Model and the Single Event Model,
Both models utilize the same data base to conduct their respective predic-
tions of npational exposure to roadway traffic neise. The General Adverse
Response Model describes roadway traffic noise in terms of the average

© 24-hour weighted equivalent noise level, Lgn. The day-night sound level,

Ldps Only considers the average dai]y sensitivity of the population to
noise exposure in that poepie are considered to be "]0 dB more sensitive" to
nofse during nighttime than during the daytime,* Beyond this distinction,
the L4n sound level considers the population to be equally sensitive to
noise irrespective of their activities when they are exposed to the noise.
The Single Event Mode] attempts to estimate the national population exposure
to roadway traffic noise by categories of population activity during the
noise exposure. Further, the Single Event Model considers each vehicle type
as an fjndependent noise source so that each vehicle's contribution to the
overall national population noise exposure may bhe evaluated. The Single

*  Both models assume the same daytime and nighttime periods as follows:
o Daytime - 7:00 AM to 10:00 PM (0700 to 2200 hours)
o Nighttime - IN:00 PM to 7:00 AM {2200 to 0700 hours)

2-2
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Event Model considers the specific distribution of the population's activites
during the day and during the night and the noise-sensitivity of these
activities, :

The Single Event Model further estimates the number of noise intru-
sions imposed upon the national population, the level of these intrusions,
and the effect of these intrusions that may be attributed to each vehicle as
a-nofse source. These three elements are combined into a single number using
the Fractional Impact Methodology. Basically, the Single Event Model esti-

. mates two aspects of noise intrusion: speech interference and sleep inter-
ference, The Singie Event Model classifies speech interference:by Tocation

of the national population when the noise intrusion cccurs, The Single Event
Model classifies sleep interference as to the prebability of being either
disturbed (but not awakened) or of being awakened by the intruding noise.
The calculation scheme used by the Single Event Model daes not assign the
same person or portion of the population to two different activities simul-

-taneously. Hence, the noise impact estimates are not "double counted,”

Together, the General Adverse Response Model and the Single Event
Model represent a single mathod for estimaking the various effects of roadway
traffic noise on the nation's population. Hence, the two models represent
different methodologies required to describhe different effects resuiting from
the same cause, o

The following subsections describe the structure of the Model and
the dinterrelationships among the various Model parameters, The reader -is
encouraged to focus primarily upon the Jevel of detail used by the Madel
rather than the specific values presented as examples of input data. For
gach parameter, the formulation of the data hase and the interrelationship
with other data elements are presented. Appendix A of this repart documents
the specific.values currently used by the Model for each data element,

©2-3
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2.2 Population Model

The Model uses a population model which recoanizes the need to
allecate people to different traffic conditions. The allocation of the
population to roadway traffic conditions is one of the most difficult data
assenbly tasks associated with creating a national medel,

The 1976 National Highway Inventory and Performance Study (NHIPS)
conducted by the U.5. Department of Transportation's Federal Highway Adminis-

- tration, provided the basis for allocation of population to roadway traffic

conditions.?s8+9 Reference 7 contains detailed information concerning
roadway mileage, travel data, and Tand areas related to population place
size, Further, the data of Reference 7 accumulated on a national basis, the
population and land areas allocated to the FHWA functional classification of

roadways.

Figure 2-1 presents the percentage allocation of bhoth mileage and
travel fDai1y Vehicle Miles Traveled, DVYMT) by functional roadway classifica-
tion within each population place size. Two additional subdivisions of this
data were required to formulate the data base for the Model., First, the
distribution of mileage and .travel within each place size and functional
roadway classification by average travel speed was required, Second, this
allocation of miteage and travel by averaqe travel speed had to be related to
the average population density adjacent to the roadway. These two data
subdivisens were perfarmed by the staff of the Procedural Development Branch,
Progqram Mahagement Division of the Federal Highway Administration., This task
was parformed by FHWA at the request of the EPA/ONAC staff and involved a
resorting of the NHIPS data by population density groupings and speed range

groupings.

The population density groupings described above were based upon
gross land areas and populations within these land areas. Hence, the group-
ings were relative within each place size, in that they covered all place
size ranges using four population density groupings (see Appendix A, Sections
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A.2 and. A,3). These relative groupings were related to the Bureau of Census'
population’ density ranges by analyzing the distribution of ‘population by
population density for each urban place size. Figure 2-2 presents the
results for the urban place size metric as defined for the Model. This
metric is closely related to the data hase of Reference 10, Table 20. These
data were analyzed based upon allacation of gross population and land area by
place size and the four population density categories within each place size
(see Appendix A, Section A.2).

As described in Appendix A, Section A.Z,fthe defniniton of "Urban
Place Size", as used by the Model, is slightly different from the varicus
urban place size metrics usad by the U.S. Bureau of the Census. The reason
for this slight difference is related to differeﬁces hetween data collection
and summaries as conducted hy the U.S. Bureau of the CensusliO and the
Federal Highway Administration.” The distribution of population used by
the Model is based on FHWA's data base and, as described in Apbendix A,
Section A.2, is cleosely related to th¢ Bureau of the Census' “urban area"

~ place size metric {Reference 10, Table 20).

" The Model allocates population and land area by efght urban place
sizes and one rural area and within each ‘place size the allocation is dis-
tributed among four homogenous population density categories. The Model uses

cas haseline data, the 1974 population and the land area distribution pre-

sented in Table 2-1. In each year of the time stream, the Model uses the
population and the land area within each population place 512& and density
category to calculate average population densities. The'rbaseIine year™
population density calculated by te Model is also illustrated in Table 2-1.

The results presented in Tahle 2-1 represent gross land area and
gross population assigned to the land area, It is recognized that urban
areas of any size are not totally occupied, i.e., lend is used for purposes

*Baseline Year denotes 1974 values,
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. TABLE 2-1. POPULATION AND LAND BY PLACE
SIZE {J) AND POPULATION DENSITY
CLASS {1ID)
POPULATION PLACE STZE--INDEX
| 2 3 4 4 6 H f g
. M 500k 200k 100k 50k 25k 5k UREAN
PARAMETER S2M -2H -1M -600k -200K -100% 50k -25k TOTAL RURAL
1 | Papulation 5.61 z.10 0,36 .61 1.16 1.07 0.47 1.85 14,23 64,18
Area 1342 217 63 215 279 329 58 220 15702 3,476,930
2 id 64,711 13,451 9,368 9,368 5,m31 4,106 13,00 16,988 - 18.0
»
o . .
2 |z |ropulation 22.28 4.08 2.04 10.43 2.01 2,12 2.98 4.97 51.83 0.0
- ;
g Area 3576 775 ang 4558 1308 ms 896 1261 -13970.0 0.0
f. p 12,638 9,092 6,967 3697,0 1,384 2,863 8,508 n,661 -
el
o § 3 | Population 21.59 1.3 8,40 6.75 f.84 4.53 3.5) 8.46 71.20 0.0
r = Area a358 5080 a426 5790 5266 4195 223G 1527 39872.0 n.0
- 2 P < eyt0r 5,014 3,042 2,260 2010 - | 1ste.0 4,608 §,27) -
=
2 -
‘ E 4 |Population 0.0 5,35 5,30 0.6 0.0 0.0 1.92 2,70 15.27 0.0
’ Area 0.0 4089 a5a4 0,0 0.0 0.0 2760 5820 17262.0 0.0
[ - 2,505 2,336 - - - 2,147 21,673 -
TOTAL POPULATION 19,48 22.06 16,09 18.78 10.93 7.1 6.88 17.98 152,52 54,18
TOTAL AREA 12064.2  |102)6.0 | 9561.0 | I0S61.D { 6H50.0 5619.0 5953.0 11826.0 72674.2 2476938

Tatal Population = 218,70 mitlien
Tatal Land Area = 3,549,612.2 square miles
P* = Population/ [Avea) (Area Factor), Adjwsted Population Density in People por Square Wile



other than residential use. Additionally, as descrihed in the next suhsec-
tion, the Model allocates a finite amount of land area to the national
roadway network, e.q,, road length, lane width, and right-of-way distance.
Thus, the land areas indicated in Table 2-1 must be adjusted to reflect the
uncccupied or unused land area, Based upon the data presented in Reference
11, a regression analysis of total urhan area versus percentage of occupied
land areaz for 14 cities was conducted. The results are presented in Figure
2-3 and indicate that the smaller the urban land area, the higher the per-

centage of inhabited land,

The gross land area presented in Tabhle 2-1 were divided by the
number of places in each category to obtain an average gross land area
associated with each cateqory. The average gross land area obtained was used

to calculate the inhabited land area as a percentage of total land area. .

This percentage is used by the Model to adjust gross population densities
based upon inhabited land area, For the purposes of this study, these

'percentages are expressed as a fraction and are called 'area factors'. For

any place size/population density category combination, the product of gross
land area times area factor results in inhabited Jand area.

The final consideration for characterizing population is the
increase in the number of inhabitants in future years. The Model allows for
population growth by place size category. The growth in the number of
1hhab1tants js considered by adjusting the baseline population using a
“mopulation growth factor" table, The data in this table are based upon the
U.S. Bureau of Census' projections. Figure 2-4 presents growth in the number
of inhabitants of the U,S. from 1900 to the year 205012 and Figure 2-5
presents the gross population growth factor. Table 2-2 presents a summary of
the population growth factors in five-year increments, by place size category
as simylated by the Bureau of Census Series I population projections (Figure

2-5).

The projection of population increase is based upon various assump-
tions concerning birth rates, fTrmigration and death rates. The various
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TABLE 2-2. POPULATION GROMTH FACTORS BY PLACE SI1ZE {J)
FOR EVERY FIVE YEARS IN TIME STREAM

'IABL|I: 11 POPULAYTION GROMTH FACTOR FUR LALH NET YEAR

1 - T 1 |
(I | AREA TYPE 4 | |
| ' | —~ ‘s —— ——— ——— 1 ——d
[ ] 1 | 1 I ] | I 1 1
I | 1. | 2 1" 3 | 4 1 5 ] 6 i 7 1 8 \ & 1 ALL J t
1 R | 1 L I Lo 1 - 1 VU VP S |
1, 1 S | 1 i | 1 1 | 1 ]
] ‘PLACE S)12{, ] OVER | 1220~ {1 &LO- | 200~ |} leg- I 0= | b=~ B i | i
i THOUSANDS | 2c00 | 2000 § 1€00 | 508 | 200 | 1cD | 50 | 25 | RURAL | ]
e I [ I 1o Lo 1 1. I 1 1 1
1) i ) 1 1
I YEAR | VARIADLE PUPLYEARYZPOPIBASEL INE) ] ]
- .1 . e - R -l
[ t 0 1 1 1 ! i [ 1 ) i
P 194 | ] 1.00 [} 1.00 | . 100 | .00 | Y.00 | 1.2¢0 4 1,00 | [ | 1.08 | t
) 1 | 1 S . | i I | | 1 ] i
i | 1960 | N | 1.CR | 1.0t 1.01 ) 1.02 1% 1.02 | 1.2 | 1,02 1 le 21 1.12 | 1
o | | 1 | ! ] | 1 } 1 i ) I
| 19686 | H 1.17 | 1.16 } 1.16 | T+04 ) 1.0% | laCh | 1.04 leta | 1.23 | |
o | I 1 1 1 | 1 | ! ! |
| 1988 | ! 1419 | 1.19 | 1.19 | 1,06 | 1.05 | 1.05 | 1oy | 1erh |} 1.27 | 1
| } ' 1 s | ] ! 1 1 ] 1 | ! 1
1 990 | | 1.22 | 122 1 1.22 1| 1.85 | 1.05 | 1.6 | 1.0% | a6} Je3l | ]
I i | | | | I I | | { |
I 199 | N ] 1.29 1| 1.29 | 129 ) 1.07 | 1.07 | 1.7 | 1.07 1 Let ] 1,39 I
! 1 . ! i I | | | | 1 ! ! |
[} Z?OC [ .. ] 1.36 | 1.36 | 1,36 | 1.08 | 1,08 | 1.09 | 1.09 | Lafa lebl | |
IO LR ] | 1 } i | ; | f S )
1 2005 ¢t 1 1.43 | lakd | IFLLIN| Telo | 1.10 | 1.1C | 1.10 | 1,1C | 1.7 | |
| ) | i 1 j 1 | 1 | I | I
1 2018 |} o150 1 1a51 0 1510 1,02 1 102 1 112 1 132 F dede bt tats |
T 1 | D 1 [ | N i ] ] 1 1
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projections indicated in Figures 2-4 and 2-5 are labeled with Roman numerals
indicating the Bureau of Census projection series.|? Series I, 1I and III
each assume a slight Jmprovement in the mortality rate and a constant immi-
gration rate. Each of these series differs in that Series | assumes an
immigration and fertility rate based upon historical trends, Series II
differs from Series I in that the fertility rate assumed repfesents a ‘re-
placement level', i.e., the population would exactly replace itself in the
absence of net imnigratfon. Series III represents a lower fertility rate as

compared to hoth Series I and II. Series II-X {s identical to Series II

except .that zero net immigration is assumed. In Figures 2-5, the asterisks
denote the population growth factors currently used by the Model, These data
approximate the Bureau of Census Series I projections.

2,2.1 ‘Summary of Population Model

- The Model simulates the distribution of the nation's population
by categorizing it into nine place size classes. The place size classes
are denoted in the Model by an Index "J" and are:

Place Sizé C]aﬁs | Index_J
- Population over 2M _ 1

Population 1M to ZM
Population 500k to 1M
Popylation éUQk:tq 500k
PopuTation 100k to 200k .
Population 50k to 100k

'Population'25k_to 50k
Population 5k to 25k
Rural Areas

WD N Y S W™

The Model further subdivides each place size class into four
homogeneous population density categories, These population density cate-
gories are denoted in the Model by an Index "ID" and are:



Population Density Class® Index, ID
High Density ]
High to Medium Nensity 2
Medium to Low Density 3
Low Density 4

The Medel allocates population and land area based upon the nine
classes of place size and the four population density classes. Hence, the
four population density classes are relative for each of the nine classes
of place size. As indicated in Table 2-1, rur2l areas {J=9) are defined by
a single characteristic population density and this valve is assigned the
"high density" index (ID=1}, The development of these data are described

in Appendix A, Section A.2.

The hrbml areas, the gross land area is adjusted to obtain in-
habited land area. Based upon Bureau of the Census data, the Model allows
the user to simulate population projections in future years., Currently,
the Bureau of Census Series I population projections are used.

2.2.2 Population Activity Model

The Single Event Model considers the population's activity during
an average 24 hour day. This 1s necessary since the Single Event Model must
estimate the effect of traffic noise intrusions for sleep and speech activi-
ties. Hence, the population must he distributed by its activity, This
activity distribution is relative to .the population's place of residence.

The Single Event Model divides the average 24 hour day into two
time perijods: daytime and nighttime, These time periods are denoted in the
model by the Index "IDAY" and are defined as follows;:

*The four population density classes are relative for each urban place
size (see Table 2-1},

2-18
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PAILY TIME PERIOD . L INDEX, IDAY
" Daytime: "7 0700 to 2200 Wours 1
Nighttime: 2200 to 0700 hours. 2

This Index "IDAY* is used also to denote the number of vehicle
operations on a roadway by the daytime and nighttime periods. The Genaral
Adverse Response Model also uses the above definition of day and night to
estimate the population's noise exposure. However, the population's sensi-
tivity to noise is included by:.adding 10.dB to traffic noise generated during
the nighttime period and by assuming traffic to be allocated between daytime
and nighttime periods (Appendix D, page D-15). ' '

The Single Event Model, however, accounts for a vehicle's noise
intrusiveness by daytime and by nighttime. This consideration is'necessar,y
since both population activity and vehicle operations depend upon time of
day. The Single Event Model uses a distribution of population activity that
is based upon statistical averages. Details of the methodology used to
develop this distribution are presented in Appendix B of this report.

Figure 2-B presents the population activity distribution used by
the 3ingle Event Model, The vertical axis in Figure 2-6 is the cumulative
percentage of the population, That is, during any hour of the day the Model
assigns 100 percent of the population.to an activity, The horizontal axis in
Figure 2-6 is the‘hqur of the day based upon a 24 hour clock. The extreme
left hand side of the figure is 2200 hours or the beginning of the Model's
nighttime. Midnight is denoted by 0000 hours and the daytime is denoted by

. time span between 0700 hours and 2200 hours (extreme right side of the

figure), For the daytime period and the nightti_me period, individual
activities are denoted by the. percentage :of the -population engaged in that
activity. The percentages are denoted by the numbers of parenthesis in the

figure. oo
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The interpretation of Figure 2-6 is rather simple in that it
describes - on the average - what the population is doing on a daily basis.
During any hour, ane individual may change his activity from "sleeping" to
"other activities” and, on the averane, another individual will simultane-
ously change his activity from “other activities" to "sleeping" so that the
distributions are adequately described by constants during the daytime and
during the nighttime, )

As described in Appendix B, the activity distributions presented
in Figure 2-6 are esitmated on the basis of weighted averages to include such
diverse segments of -the:population as -employed males and housewives. The
weighting is conducted so that person-hours of activity are conserved for
each segment of the population. -

‘For example, Fiqure 2-6 indicates that "on the average" 14.7 per-
cent of the population is working during the 15 hour daytime period and that
2.25 percent is working during the 9 hour nighttime pericd. For the 1974
national population of 216.7 M people, the average person-hours of work per
day are estimated to be:: :

[15(n,147) + 9{n.,0225)1(216.7) = 521.7 M, persen-haurs,

As described in Appendix B, ‘the 1974 working population is esti-
mated to be 8B.216 M persons comprising 50,668 M employed males and 37.548
M employed females,: Hence, one would estimate the average daily hours
worked per employed person to be: 621.,7/88.216 = 5,91 person-hours per day.
The U.S. Bureau of Census!2 reports that the averagé hours worked per week
in 1974 was 36,6 person-hours, For a seven day week, the census' estimate is
5.23 person-hours per day.

The Single Event Model assumes that the activity distribution pre-

sented in Figure 2-6 applies to the entire national population irrespective

of the assignment of the population to either place size or population
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density area. For example, Table 2-1 indicates that 5.61 M people reside in
high density urban areas with over 2 M total population, The activity per-
centages indicated in Figure 2-6 would estimate that (0.8357)}(5.61) = 4,69 M
people -in this areaz are asleep during any hour of the nighttime and that
{0,0434)(5.61) = 0.24 M people are asleep during any hour of the daytime.
For rural areas, the sleeping population would be estimated to be 2.79 M
during any hour of the daytime and 53.64 M during any hour of the nighttime,

2.3 Roadway Traffic Model

The Model simulates roadway traffic conditions for the purpose of
calculating traffic-generated noise. The Model uses the number of miles of
roadway and travel {OvMT)* categorized by functional class, as the basic
metrics to describe roadway traffic conditions. This basic description is
ilustrated In Figure 2-1. Based upon data furnished by FHWA,” roadway
mileage and travel are allocated by functional roadway class to each popu-
lation place size and population density area used by the Model.

The Model uses the FHWA functional classifications for roadway
mileage and travel, These classifications are denoted in the Model by an

Index "K" and are:

Functional Roadway Classification Index, K

Interstate Highways
Freeways and Exprassways
Major Arterials

Minor Arterials
Collectors

Local Reads and Streets

L2 & ; B S VR S )

*Daily Vehicle Miles Traveled
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The roadway mileage and travel (DVMT or ADT*) used for baseline year con-
ditions by the Model are presented in Table 2-3. The Model allocates
3.586 millfon miles of rcadway to population places sizes representing a
total of 276.7 million people and 2.549 million square miles of land area
(see also Tahle 2-1},

Furthermore, the Model distrihutes mileage and travel by each
roadway functional classification into five average travel speed ranges
from 20 mph te 6O mﬁh. This distribution is at the level of each popula-
tion place size and population density ranqge. The detailed roadway mileage
distribution hy place size (Index J), population density areca (Index 1D},
roadway functional clas (Index K), and average travel speed {Index L)} are
described in Appendix A, Section A.3. In the present version of the Model,
this formulation defines 1080 distinct combinations of roadway traffic
condtions and poputation densities adjacent to the roadways.

" For a qiven'roadway classification in a.given place size and popu-

lation density area, ADT.is held constant for all iravel speeds. Assigning’

specific ADT values for each speed range would, at a minimum, increase the
number of basic traffic conditions recognized by the Model to 5400 distinct
combinations of traffic cbnditions,aﬁd poulation densities. The Model is
structured. so that this feature may he implemented without an appreciable
1ncrgpse in camputing time,

In the pobuTafion distribution used by'the Modéi, unbccupied or
unused Tand area is recognized in adjusting population densities, Rased upon
the land use-classifications adjacent to roadways, as developed by the FHWA,
mileage and travel data for urhan roadways through this vacant land were
estimated. These roadway mileage and travel! data were deleted from the
Model input data at the level of populatian -place size, roadway classifica-
tion, and speed range. Thus, the Model only considers roadway mileage and
travel by speed range through inhabited urban land areas. Rural areas are

" treated as a single area of homogenous papulation density.

*Averaae Daily Traffic
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TABLE 2-3.  DISTRIBUTION OF ROADWAYS MILEAGE, AVERAGE
DAILY TRAFFIC (ADT) AND DAILY VEHICLE MILES
TRAVELED (DVMT) BY PLACE SIZE (J) AND ROADWAY TYPE (K)
RUNDWAY 'TYPL — —
INTEHSTATE LI F 'WAY HAJON Hitk COLLLCTON ENTAL,
b HRETHAY AHELHLALS ANTERTALS
Hiles (R0 1,740 TN} 14,101 12,um4 4,147
*IH AT T4, Uih wh, 470 1o, e 9,158 3,1 Iob2y
hyH? 144,502, 4l 116,256,040 5,071, 244 10,304, 448 $h, L0, 612 95,104,80)
" Hlluy [T 1,527 4,146 10,314 19, 50u 64,670
i A ha,22u 12,440 17,447 [T T 656
] et 113,506,512 9, 00, 96 BY, LIk 932 0,490,061 16,46, 264 42,430,700
SO0k Milea LANn T 4,044 6,320 ERL 47,408
e T A6,U97 14,016 . [[RLY] 1,049 1,00 632
T OVHT G4, 414,569 25,152, 65,942,200 50,144,400 27,434, 00U M, b7, 192
300k Hilus 1,1 1,07 3,500 b, 504 YNy sm,252 |
0 AT 4ft, d6? i b6, 1039 4,47 1,u12 niy
Suok LK 0, 359,600 08k, N2 U9, 17,414 75,439,410 0,304, 164 44,870,428
H 100% Hilus [T 1w 1,51 4,507 5,114 16,4497
uw tu Ab? 12,40 32,904 L9004 IR 1,08 GaY
b 00k livwT 37,400,700 10,456, 152 57,352,940 an,130,1m W, 50 23,416,15)
B fe e [ e r—— ve— . [
ié Atk Hilus 9 wih 1,118 4,445 4,414 PRI
to ar 21,51 14,9 12,396 6,087 T [£1Y
100k HYHT 1,219, 4% 11,942,600 A1,TT), 900 26,933,105 13,285,019 i, UL, Joid
) Miluy ] 447 4, 2u1 5,177 EWIPE] 3,404
1a AITP FY b, U715 I, dua 5.4 H FRET (3]
Sux LvKT 9,730,641 T.543, 1% Al M, 290 29,09, 00 14,476,193 1,109,439
51 Hllus iy )0 4,642 Va4 k10 15,41
tu AT i, 2ut 13,044 432 4,154 I,u40 495
25 vt V6,067,144 | 13,343,006 UG, 115,144 61,507,620 25,5%0,5u0 1,100,148
Miluw 11,744 s, N6 155,547 415,517 T, 917 1,942,713
Hural AT 13,700 4,63) 2,50 auy ' ou
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The Model increases travel on each defined mile of roadway for
future years by considering the increase in the number of vehicles as pro-
jected by the input data, j.e,, vehicle sales and attrition, . This formula-
t_ion '.Qas adopted since projecticns of national roadway travel for more than
a few years into the future are, at best, quesses, Trends in vehicular
sales, particularly as related to vehicle engineering characteristics, are

perhaps more realistic and are, therefore, used by the Model.

In each population place size and population density area, the
Model assigns the number of lanes, tane width, and clear zone distance for
each functional roadway ¢lassification, That is, the Model considers multi-
lane traffic flow and recognfzes that a clear zone (area clear of inhab-
1'tants)' exists adjacent to each roadway type. The DVMT or ADT values as-
sig,ntlad‘to a roadway type are uniformly distributed across ali travel lanes,
Additionaﬂy, the Mode] considers, wusing lane widths, that noise exposure

adjacent to the roadway is coniributed by traffic flows from lanes at dif--

ferent distances from the observer, As an independent audit of the input
data, the Tland area a]‘located to roadways (pavemenl and clear zcne) was
compared to the vacant land area obtained using the area factors described
abave. The result was that for each population place size and population
density .aréa, the ‘].and area allocated_to roadways was less than the total
gstimated vacant Ie‘md' area and appeared to be representative of values
pubifished in the literature.ll Also, the paved roadway network described
by'.'the cur'r‘ent Model input data set represents 0,62 percent of the U.S. Tand
area of 3;549,6]2 square miles, Including areas allocated to clear zones,

the total land area occupied by the roadway network is approximately 3.4 :

percent of the total U.S. land area.

'In sumaﬁary, the Model simulates roadway traffic conditions by
miles of roadway with a specified value of Average Naily Traffic and average
travel speed, Roadway mileage is categorized according to the Federal
Highway Administratjon_'f_unctional classification system and is distributed
over pdpufatipn space sizes and population density areas, The present
version of the Model uses 1080 distinct traffic flow conditions in simulating
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national exposure to roadway traffic noise. Roadways are modelad by the
number of lanes, average lane widths, and a clear zone adjacent to each
roadway., The Model recognizes roadway mileage and travel by speed range only
through inhabited urban land areas., Rural areas are treated as a single area
of constant population density. Travel on roadways is increased in future
years proportidnal to projected vehicular sales and survival rate,

2.4 Vehicle Model

The Model recoanizes four classes of vehicles: 1light vehicles,
trucks, buses, and motorcycles., The light vehicle class is subdivided into
seven vehicle types; the truck class into two vehicle types; the bus class
into three vehicle types; and the motorcycle class into two vehicle types,
Thus, the Model recognizes 14 vehicle types, and each type is described by
distinct engineering characteristics as indicated in Tahle 2-4. These
classifications of vehicle types are denoted in the Model by an Index "I",

The number of vehicles by vehicle type is defined for the baseline
year (1974} as input data, and includes a mixture of vehicles from previous
model years.'3,14,15,16  In each subsequent year of the time stream cal-
culation, the number of vehicles by each type is estimated based upon sales
and survivability data stored in the Model's data hase. Details of the
vehicle sales and survivability calculations are presented in Appendix C,
Table 2-5 presents the net vehicle type distribution estimates used by the
Model, Figure 2-7 indicates the trend in total number of vehicle registra-
tions since 1940 and the projections from Tahle 2-5,

In conducting noise exposure estimates, the estimated number of
vehicTes is used in two ways: to adjust traffic flow mix and to adjust
Average Daity Traffic values for roadway traffic conditions. For the base-
line year, the Mode] uses a specified traffic mix by vehicle type, distributed
as indicated in Table 2-6,17 In any future year, the traffic mix of ve-

*hicle types is adjusted on a percentage basis to reflect the net change

in the number of each vehicle type, Also, based upon the net changes in total
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r! TABLE 2-4
2

'CLASSIFICATION OF VEHICLE TYPES USED
BY THE NATIONAL ROADWAY TRAFFIC NOISE EXPOSURE MODEL

E r: Index, I Vehicle Type Engineering Characteristics
f% ra : . . :
S 1 Passenger Car 8 eyl. Gasoline Engine
¥ ' Automatic Transmission
4 !i Z ‘ Passenger Car 6 cyl. Gasoline Engine
g Automatic”Transmissian
if I? 3 Passenger Car 6 & 8 cyl. Gasoline Engine
aoil _ 7 Manual Transmission
j: 2 4 Passenger Car 4 cyl. Gasoline Engine
o1 ‘ ~and Light Truck |  Automatic Transmission
P 7 5 ‘ Passenger Car 4 cy). Gasoline Engine
{, ll ang Light Truck Hanual Transmission
2. 6 Light Truck 6 & 8 cyl, Gasaline Engine
7 PasséngerbCar Diesel Engine
e and Light Truck
[ Y :
ﬁx lﬁ 8 - Med jum Truck . Two Axle (GVWR > 10,000 1b)
?‘ ) 9 . Heavy Truck Three or more Axles
L . (GVWR > 26,000 1h)
i q 0 . Intercity Buses
It
E Li n Transit Buses
B Li 12 School Buses
13 Unmodified
b _ Motorcycle
e Mo Mod if ied
\ Matoreycle
i
1¥
™)
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TABLE 2-6 PERCENTAGE VEHICLE MIX IN TRAFFIC FLOW BY PLACE SIZE

AND FUNCTIONAL ROADWAY CLASSIFICATION; BASELINE CONDITIONS

VEHICLE TYPE
Light Vehicles
Medium Trucks
Heavy Trucks
Intercity Buses
Transit Buses
School Buses

Modified
Motorcycles

Unmodified
Matorcycles

VEHICLE TYPE
Light Vehicles
Medium Trucks
Heavy Trucks
intercity Buses
Transit Buses
School Buses

Modified
Motorcycles

Unmodified
Motorcycles

NOTE: Some columns do not add up to exactly 100 because of rounding.

URBAN PLACE SIZES: Over 2M; 1M-2M; 500k-IM
ROADWAY TYPE { INDEX K)

1 2 3 4 5 6
87.62 87.62  91.82  90.52 90,51  95.76
21 2. 3.0 4.31  3.61 1.6
9.17  9.17 4.03 3.1 3.82 0.9
0.03  0.03 0,03  0.00  0.00  0.00
0.08  0.08 0.08  0.54 0.5  0.54
0.00  0.00 0.00  0.02  0.02 0.02
0.88 0.88 0.88 1.32 132 1.32
0.12  0.12 0.12  1.18  1.18  1.18
100,00 100.00  100.00 100.00 100.00 100.00

URBAN PLACE SIZES:
ROADWAY TYPE { INDEX K)
3 4

200k-500k; 100k-200k; 50k-100k

1 2 5 6

87.64 87.64 91.84 90.71 90.70 95.98
2.1 2.1 3.05 4.31 3.6] 1.16
9.17 9.17 4,03 N 3.82 0,95
0.04 0.04 0.04 0.0 0.0 0.0
0.04 0.04 0.04 0.30 0.30 0.30
0.00 0.00 0.00 0.08 0.08 0.08
0.88 0.88 0.88 1.32 1.32 1.32
0.12 6.12 0.12 1.18 1.18 1.18
100.00 100.00 100,00 100.00 100,00 100.C0
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r: TABLE 2-6 PERCENTAGE VEHICLE MIX IN TRAFFIC FLOW BY PLACE SIZE
AND FUNCTIONAL ROADWAY CLASSIFICATION; BASELINE CONBITIONS

e {Continued)

(s URBAN PLACE SIZES: 25k-5Ok; Bk-25k
. VEHICLE TYPE ROADWAY TYPE (INDEX K)
5 fﬁ 1 2 3 4 5 6
4 Light Vehicles  87.67  87.67  91.87  90.3¢  90.33  95.61
. f: Medium Trucks 2.1 2.1 3.05 431 3,61 1.16
. Heavy Trucks - 9.17 917 403 311  3.82 0.9
r; Intercity Buses 0,03 0.03 $.03 0.00 0.00 0.00
fl‘.‘ - - .
¢ r; Transit Buses 0.05  0.05 0.0 021  0.21 . 0.2
b School Buses 0.00  0.00 0.00 052 0,52 0.5
- P Mod if fed 0.88  0.88 0.8 132  1.32 1,32
ad Motarcycles '

{q Unmodified = © 0.2 0.12 0.12 118 1.8 1.8
t Motorcycles )

o " 100.00° 100.00 100,00 100.00 100.00  100.00
T : .
S RURAL AREAS
S L :
R VEHICLE TYPE ROADWAY TYPE (INDEX K}
i B 1 2’ 3 4 5 6
4 lq Light Vehicles  79.67 . 79.67  85.78 88,27  93.33  96.74
Do ‘ :
: Medium Trucks 2.74 274 3.80 439 0.56 0.4
qoy :
i Lz Heavy Trucks 16.16 16.16 8,99 5.14 3.91 0.85
- Intercity Buses 0.2  0:24  0.24 000  0.00  0.00
i ls Transit Buses’ 0,08 0.00 0.00 0.0  0.00  0.00
o I School Buses 009 019 0.9 070 070  0.70

p Mod if fed - 0.68  0.88  0.88  1.32 132 1,32
Lopa Motarcycles -

e Unmodified 0.12 * 0.12 0.12 118  1.18  1.18

Motorcycles .

| gy

100.00 100.00 100.00 100,00 100.00 100,00

|# NOTE: Some columns do not add up to exactiy 100 because of rounding.
O
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numhber of vehicles, the Model adjusts the values of ADNT to reflect increased
or decreased vehicle usage, This adjustment is applied uniformly over all
roadway categories in each population place size and population - density

area.

Since the Single Event Model considers each vehicle type as an
independent noise source, the data hase is used differently from the method-
ology used by the General Adverse Response Model, The Single Event Model
uses the vehicle data to estimate the number of individual noise events
occurring on each mile of roadway for the type of vehicle being considered.

The aperation of each vehicle type on each mile of roadway is
defined by the percentage of time that the vehicle type operates in one of
four distinct modes. The operational modes considered by the Model are:
idle, accéleration, cruise, and deceleration. This percentage time factor is
currently characterized by vehicle type, roadway category, and average cruise
speed, This input is based upon the best available data,.!8,19 Far the
General Adverse Response Model, the percentage operating time is used to
characterize the vehicle type contribution to the total traffic flow noise
emissions. For the Single Event Model the percentage operating time is used
to estimate the number of operations, hy vehicle type, occurring at the noise
level characteristic of each mode,

In summary, the Model uses 14 distinct vehicle types to simulate
the vehicle mix in a traffic flow. Vehicle mix is specified by input data in
the baseline year by roadway type and population areas. In future years, the
traffic flow mix is adjusted by vehicle type based upon vehicle sales trends
and vehicle survivability rates. Total traffic flow on theAroadways is
adjusted yearly based upon changes in the estimated number of vehicies in
use, The percentage of time that each vehicle type spends in each of four
operating modes is specified to the level of vehicle type, roadway category
and average travel speed on the roadway.
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2.5 Roadway Noise Generation and Propogation

2.5.1 General Adverse Response Model
2.5.1.1 Generation of Noise From Roadways

The basic element of the General Adverse Response Model is the
noise generated by traffic operatioens on a roadway. The pupose of the
traffic flow noise medel is to estimate the average day-night sound level
at a location along the roadway, Traffic, roadway, and adjacent land use
characteristics are combined to estimate noise exposure from complex traffic

conditions. Details of the development of the traffic flow noise model are

presented in Appendix D,

The traffic parameters used by the General Adverse Response Madel
are the percentage mix of vehicle types on the roadway, the fraction of time

each vehicle type operates in a given mode (idie, acceleration, cruise, and .

deceleration), the average daily traffic (ADT) count for the roadway, and
the average travel or cruise speed for the traffic flow. The roadway parame-
ters are the numbef of lanes, the lane widths, and the roadway clear zone
distance, The roadway clear zone is specified by the distance from the
center line of the outside lane to a lipe parallel to the roadway. The
land area within the clear zone 1is uninhabited.

Each population place size 1s subdivided into four population
density areas and rﬁiles of roadway are allocated to each area according
to the functional classification of roadways used by the Federal Highway
Administration. Each functional c¢lass or type of roadway is further sub-
divided into five cruise speed groups. Each speed group covers a 10 mile
per hour range, with the traffic flow assigned an average cruise speed at
the center of the range. The average traffic cruise speeds used by the
odel are: 20, 30, 40, 50 and 60 miles per hour. Considering the above
description of the roadway system of the Upited States, the Model uses 1080

" distinct traffic flow conditions allocated to a total of 3.586 million

miles of roadway to estimate noise exposure from roadway traffic,
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Several assumptions are made in the traffic flow nnise model,
These assumpticns are:

o Traffic is uniformly distributed over all lanes of
roadway

o The cruise speed is constant for all lanes of roadway

¢ The headway or vehicle spacing remains constant

s FEach mile of roadway may be considered as an in-
finite straight roadway relative to a receiver

Traffic is split 87 percent for daytime (0700 to
2200 hour) and 13 percent for nighttime (2200 to
0700 hours)

-
-

o Traffic conditions are constant for each day of
the year.

These assumptions result in the following algorithm for estimating the day-
night sound level (Lgn) metric along the roadway at the specified clear
zone distance:

Lyp = LS9 + 10 Tog(A/S) + 10 log {g );‘nr'ﬁi”f’}+ C, (2-1)
r

| eq
where: L&%= 10 log{z,-: Ny ? fis 10"01’.1'”0}

F is the reference equivalent sound level at a distance
of 50 ft. from a given lane

R is the ADT for the roadway system
§ 1s the cruise speed for the roadway system, mph

n is the number of lanes of width W for the roadway
system
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w8 =B -8

wd =B

Y
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H

Dp is the distance, in feei from each lane to the
edge of the roadway clear zone {a function of Tane
width)

] and Cp are constants (See Appendix D}

nj is the fraction of vehicles of type i of the total
traffic count

fij is the fraction of time that the ith venicle
operates in the jtN mode

Lg?j is the equivalent A-weighted'soundlievel for
the ith vehicle type of the JtD operational mode
‘at’ a distance of 50 ft. from the vehicle line of
travel for any model year, |

J Subé;ript_"i“ denotes one of 14 vehicle types
recognized by the model

’Subécript_"j" denotes one of 4 operational modes
Subscript "r" denotes one of the lanes of traffic

‘Subscr1pt ‘a" _denotes a reference quant1ty evaluated
"at a constant distance of 50 ft. from the traffic
tane,

The constants C1 and Cp represent a variable excess distance
attenuatinn function that is specified for each roadway type and population

density area, and coenversion units, respectively. The excess distance

attenuation rate is to propagate noise generated by each lane of travel to
the edge of the clear zone (see Appendix D).
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The vehicle noise levels used in the noise impact calculaliuns are
the mean reference noise emission level and a standard deviation of the Jevel
for each operating mode and speed combination. The value of the equivalent
reference noise emission level is then calculated as:

eq . eq 2 -
Lodj = Loij + 0-115a0;5 _ . (2-2)

where: Lg?j is the mean sound level.

deviation

wgii is the standard de¥4&4qi of levels,

This relation, of course, assumes that the test data points are normally
distributed in level. \Using this input data format, it is quite direct to
introduce the value of L%%. as obtained by integration of skewed histogram
data.?0  The values given in Table 2-7 are the results of the calculations
using Equation {2-2), which were developed as indicated in Appendix A, For
each of the 14 vechicle types, Table 2-8 presents the representative acceler-
ation noise level for each of the calendar years shown in Table 2-7. The
data presented in Table 2-8 are obtained from the data in Tahle 2-7 using the
methodology described in Appendix A, Section A.5.2. This methodology al)tows
one to develop data in the form of Table 2-7 using "regulation levels" for

each vehicle type.

The Beneral Adverse Response Model uses as stored input data, noise
emission levels for each vehicle type, each vehicle operating mode, and each
cruise speed range. Additionally, for each vehicle type and the zbove
conditions, up to four future year noise emission schedules may be defined.
Future year noise emissions, as specified by the input data, allow the
simulation of implementing a staged noise emission regulation (See Table

2-7).
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TABLE 2-7
VEHICLE REFERENCE WNDISE EMISSION LEVELS BY VEHICLE TYPE,
OPERATING MODE, AWD AVERAGE CRUISE SPEED
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TABLE 2-7

VEHICLE REFERENCE NOISE EMISSION LEVELS BY VERICLE TYPE,
OPERATING MODE, AND AVERAGE CRUISE SPEED {Continued)

TAULE &. 2 HEGULATION LEVELSe IN CBA
VEHICLE TYPE 3!

IVEWICLE TYPE 4
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TABLE 2-7

VEHICLE REFERENCE MOISE EMISSION LEVELS BY VEHICLE TYPE,
OPERATING MODE, AND AVERAGE CRUISE SPEED {Continued)
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VEHICLE REFEREMCE NOISE EMISSION LEVELS BY VEHICLE TYPE,
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TABLE 2-7
VEHICLE REFERENCE NOISE EMISSION LEVELS BY VEMICLE TYPE,
OPERATING MODE, AND AVERAGE CRUISE SPEED (Continuved)
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TABLE 2-7
VEHICLE REFERENCE NOISE EMISSION LEVELS BY VEMICLE TYPE,
OPERATING MODE, AMD AVERAGE CRUISE SPEED (Continued)
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TABLE 2-7

VEHICLE REFERENCE NOISE EMISSION LEVELS BY VEHICLE TYPE,

OPERATING MODE, AND AVERAGE CRUISE SPEED (Continued)
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Tahla 2-8.

REPRESENTATIVE ACCELERATION NOISE LEVELS BY CALENDAR YEAR
FOR EACH VEHICLE TYPE

{See Appendix A, Section A.5.2)

Representative Acceleration Noise Levels by Calendar Y;aar
Vehicle
Type, 1 1974 1978 1981 1982 1983 1984 1985 1937
1 63.4 63.4 63.4 62.0
2 64,6 £4.6 64.0 62.0
3 66.9 66.0 64.0 62.0
4 56;6 66.0 64.0 62.0
5 68.9 66.0 64,0 62.0
6 66.6 66.0 64.0 62.0
7 70.2 66.0 64.0 62.0
8 78.5 78.5 78.0 73.0
9 85.0 81.0 78.0 73.0
10 85.0 81.0
11 81.0 81.0
12 81.0 81.0
13 79.0 78.0 75.0
14 94.2 94.2 94.2
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Vehicle source nnise emissiop levels, Lgjqj» arc defined rel-
ative to the cruise speed of the vehicle., That is, the equivalent A-weighted

sound level describing the acceleration mode is for an acceleration past the
observer from idling to the cruise speed. The cruise mode sound level is one
which 15 recorded at an observer's positijon during a constant speed pass-by
test at the indicated cruise speed. SimilarTy, the deceleration sound level
is for a vehicle coming to rest from the specified cruise speed. The vehicle
id1e mode noise amission is, of course, for the vehicle at rest. All vehicle
source noise enissions are referenced to an observer distance of 50 feet, In
total, the présent version of the General Adverse Response Model may use a
maximum of 1120 distinct vehicle noise emission levels for all vehicle types,
operation modes and future year noise emissions,

For a given‘year. the vehicle types produced are assigned the
noise emission characteristics appropriate to that year. For example, if
noise emission levels are defined in the years of 1974 (baseline year), 1980,
and 1983, vehicles produced and surviving between 1974 and 1980 are assigned
the 1974 levels; vehicles produced and surviving between 1980 and 1983 are
assigned 1980 are assigned 1980 Tevels; and vehicles produced beyond 1983 are
assigned 1983 levels. Each vehicle type may be assigned noise emission
characteristics in any year in the time stream up to a maximum of four
"rggulatory” years. Currently, noise exposure estimates are computed for a
user-specified sequence of yéars out’ to 40-years beyond the baseline year

(1974).
2.5.1.2 Progagation of Noise From Roadway

The General Adverse Response Model considers a line source attenua-
tion of traffic noise in pobu1éted areas. ~ Figure 2-B presents the line
source attenuation curves used to estimate propagation in urban areas char-
acterized by the average population density. These curves were developed
from data and analyses presented in Reference 15 and 22 through 24. As
indicated in Figure 2-8, the curves are further defined by the clear zane
distance in that the zero attenuation value corresponds to the clear zone
distance. Hence, the appropriate attenuation curve is selected based upon
the population place size {Index J}, population density category {Index ID},
and the roadway type (Index K}.
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2.5.2  Single Event Model
2.5.2.1 Generation of Noise From Roadways

To estimate the sound exposure of a receiver resulting from a
di;crete noise event, one requires the determination of the total acoustic
intens ity received from the source during a defined time pericd. The defi-
nition of the time period wusually depends upon the characteristics of the
source. For example, solid waste compactor (i.e., garbage truck) noise may
be éétimated; on a single event basis, using the noise emissions generated

‘during the compaction cycle time. For a discrete event such as characterized

by the passage of an aijrcraft, a railway train, or a roadway vehicle, the
“10 dB down duration" is wused to characterize the vehicle's noise signa-
ture.25 That is, the time reguired for the sound level to rise from 10 dB
below the maximum level to the maximum level and then to decay to 10 dB below
the maximum level is commonly used.

For a single discrete noise intrusion, the total acoustic intensity
received during the defined time perfod is used to define appropriate sound
lavels., One leyel, called the Sound Exposure Level or SEL, is simply a
measure of the .total received acoustic intensity for the duration of the
event, »6ﬁother‘1eve1. called the Equivalent Sound Level or Lqu is a time
average of the total, received acoustic intensity. The equivalent sound level
is a measure of the average acoustic intensity received during any instant of
the event's duration.

The requirement for estimating two sound levels to describe a
single event is based upon the expected effects of this noise on the popula-
tion.?6 The Sound Exposure Level or SEL is used. to estimate the population's
sleep interference. The equivalent sound level, LE&I is used to estimate
the population's speech interference, Since the Single Event Model assigns
one_segment of the population to sleeping activities and another segment of
the population to non-sleeping activities, the itwo sound levels are applied
only to the appropriate segment of the population to estimate the effect of
the single event noise intrusion,
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For & time varying sound level, L(t), of duration of T, the Sound
Exposure Level, SEL, and the single event equivalent sound leved, LeqT, are
defined as:

SEL = 10-1og]grt 10t (t)/104,] @)

1
LegT = 10-1og=T gft IDL(tJ/IOdt% (2-4)

From the definitions given above, the Sound Exposure Level is
related to the single event equivalent sound level by the relationship:

" SEL = LagT + 10-Tog(T) _ {2-5)

E -
As indicated in Appendix g, the single event exposure duration may

be easily estimated for a discrete vehicle pass-by. For a vehicle moving at
& constant speed, V, and a receiver located at a distance, D, from the road-
way the single event " Algg down duration" is expressed as;

T= 2(p/v) [10AL/5(2+Y) 17 172 (2-6)

where ¥ is a site constant describing the acoustic propagation from the lane
centerTing to the edge of the clear zone. For the "10 dB down duration®,
Equation (2-6) estimates the single event exposure time to be:

|
u

6(0/V) for acoustically hard (¥ =0) - {2-7a)

4.61(0/V} for acoustically soft (¥ =0.5) sites {2-7b)

—
"

The important aspects of the above results s that both the SEL and
the Leqr leveis depend explicitly upon the absolute distance between the
source and the receiver and upon the vehicle speed, Hence, the Single Event
Model must calculate the noise exposure of the population adjécent to a
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multilane roadway on a lane-by-lane basis, Additionally, for a single
vehicle type, it 1is necessary to conduct the calculations separately for
each group of vehicles having the same noise emission characteristics.
Hence, the Single Event Model requires approximately 80 times the number
of calculations as the General Adverse Response Model to conduct an estimate
for each year in the time stream.

As indicated in Appendix E, the “SEL propagation” is different from
the "LeqT propagation” due to the fact that the exposure duration is a
function of distance from the lane, The propagation model is consistent,
however, since at any receiver distance, the relationship hetween SEL and
LeqT given by Equation (2-5) is maintained,

The Sound Exposure Level and the equivalent single event level are
used to quantify a vehicle's noise emission for a single vehicle pass by.
The Single Event Model, however, estimates the effect of an average day's
exposure to vehicle noise. To conduct this daily exposure estimate, it fis
assumed that each single noise’ exposure may be estimated and the effect
accumulated for an entire day. Hence, it is necessary to estimate the number
of vehicle operations on a daily basis, To conduct this estimation, traffic
data and vehicle operational data are used, Except as noted helow, both the
General Adverse Response Model and the Single Event Model use an fdentitical
data base.for traffic conditions and vehicle operations.

To estimate the number of single noise events for each type of
vehicle operating on each mile roadway, the Average Daily Traffic (ADT)
assigned to the roadway is used. Currently, the data base specifies values
for ADT by population place size (Index J) and by roadway type {Index K).
To estimate the number of daily operations for the Ith vehicle type, the
specific ADT valve for the roadway is multiplied by the fraction of the
total traffic comprising the Ith vehicle's mix, The data base specifies
percentage mix of vehicles, by vehicle type, for categories of population
place size (Index J} and roadway type (Index K).
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Hence, the numher of operations of the Type [ vehicle, on the
Type K roadway, in the Jth category of population place size is given hy:

NikJ = Pikd x ADTk (2-8}
where Pixy s the fraction of the traffic mix
ADTyg is the Average Daily Traffic
Subscript I denotes vehicle type
Subscript K denotes roadway type
Subscript J denotes population place size.

Since the population's activity varies with the time of day (see
Figure 2-6), it is necessary to estimate the number of daytime and nighttime
vehicle operations in order to conduct the single event analysis. Hence,
it s necessary to estimate the fraction of dajly vehicle operatjons that
occur during the daytime and the nighttime. The General Response Model
assumes that all traffic is uniformly distributed, on a national basis, into
daytime and into nighttime operations. Currently, it is assumed that 87
percent of vehicle operations occur during the daytime (0700 to 2200) and 13
percent occur during the nighttime (2200 to 0700 hours). For the Single
Event Model, however, the user may define, by vehicle type (Index I}, the
fraction of daytime and nighttime operations independent of the above assumed
values,

From Eguation {2-8), the number of vehicle operations far daytime
and for nighttime are estimated using:

Fpr % Nigg = Fpr x Prkg x ADTkg (2-9a)

1]

{N1ka)D

(N1kadn = Fnr x MNigg = (1-Fpr) x Nigg . (2-9b}
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where Fp; is the fraction of daytime operations

. I Fyr is the fraction of nighttime aperations
%‘ |5
ﬂ =] Subscript D denoted daytime
: 4 Subseript N denotes nightt ime
E r: For the General Adverse Response Model, Fpr = 0.87 and Fyp = 0.13
L- for all roadway and vehicle typés. These fractions are,. however, specified
ﬁ fz by vehicle type for the Single Event Model.
% fa : Since the receiver sound level depends upon the absolute distance
?f & from a traffic lane on a roadway to the receiver, it is necessary to distri-

. bute the .number of vehicle operations over each lane of roadway. For both
the Geperal Adverse, Response Model and the Single Event Mode1, it is assumed

that traffic is uniformly distributed aver all lanes. Hence, the number of

' daytime operations of each vehicle type on each lane of roadway is obtained
by dividing the Equation (2-9a) estimate by the number of lanes defined for
the roadway. The number of nighttime operations on each lane are obtained
by dividing the Equation (2-9b) estimate by the number of lanes,

The number of operations obtained in this manner must further be
refined, for each vehicle type, to consider the noise emissions peculiar to
the mode of operation and time stream simulation of "quiet" vehicles entering
5y the traffic flow in future years. These aspects of the operational counting
o [5 scheme used by the Single Event Model are presented in following sections.

2.5.2.2 Propagation of Noise From Roadways

Soia The Single Event Model considers a point source attenuation of
?‘ b traffic noise in populated areas. ' Fiqure 2-9 presents the point source
i attentuation curves used to estimate propagation in urban areas. The
i: koo speciaiized nature of the single event propanation model is described in
i 14 Appendix E. The curves in Figure 2-9 were develeped from data and analyses
R, presented in References 15 and 23.
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2.6 Noise Impact Descriptors

2.6.1 General Adverse Response Descriptors

The basic output descriptor of the General Adverse Response Model
is the'Level Weighted Population, LWP, defined as:26.27

LWPy = PL (Li - 55) Li > 55 dB (2-10)
70

where P; is the population exposed to the sound level Ly,

A1 estimates are performed wsing a defined sound level interval
and assigns the center of the level interval as the exposure level, Lj. The
population exposed to this level interval is accunulated by year, for each
population :place size, roadway type (by primary exposure allocatjons} and
national totals,  Based upon the population exposed to sound levels in an
interval, Equation (2-10) is used to calculate the Level Weighted Population,

‘The specific information and format of the output data are pre-
sented .in Section 3. '

2.6.2 Single Event Descriptors

The Single Event Model provides the user with five neise impact
estimates related to a vehicle's operation on the national roadway network,
Thase noise impact estimates are each related to the various activities
assigned to the population. The Model assigns an activity using the Index,
IPACT. . .The relationship between the activity and the activity index is as
follows:
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Activit Index, IPACT
Activity Andex, raul

Indoor Speech Interference 1
Outdoor Speech Interference 2
Pedestrian Speech Interference 3
Sleep Interference 4

As described in Section 2.2.2, the popuiation's daily activity
is categorized as to daytime and nighttime activity. The Single Event
Mode] denotes the daily activity using the Index IDAY as follows:

Daily Time Period Index, IDAY

Daytime: 0700 to 2200 hours
Nighttime: 2200 to 0700 hours 2

To evaluate the impact of a single event noise exposure, the
Fractional Impact {FI) methodelogy is used. The Sound Exposure Level,
SEL, is used to estimate sleep interference and the single event equivalent
sound Tlevel, LeqTs is used to estimate speech interference, The Single
Event Model estimates the number of people-exposures in dB bands considering
both the population's activity and location. For segments of the popula-
tion assigned to indoor activities, the exposure levels are reduced by the
building exterior skin noise reduction.

Figure 2-10 presents a graphical representation of the relationship
between.vehicle noise generation, population activity, and Fractional Impact
of the noise exposure, This figure presents the "layered" aspect of the
Mational -Roadway Traffic Noise Exposure Model as considered by the Single
Event Model. As illustrated in Figure 2-10, the first level of detail corre-
sponds to the General Adverse Response Model with subsequent detail being the
the considerations necessary for the Single Event Model estimates. Also,
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the reader should recognize that the populelion segments assigned to speech
activities are district sets in so far as noise impact is concerned., For
sleep interference, however, one population set (peeple indoors and asleep)
is used to estimate twe noise impacts: sleep disruption and sleep awakening.
Each of the single event noise impacts estimated by the Single Event Model
are discussed in the following subsections.

2.6.2.1 Population Outdoors

The Single Event Model considers two categories of population
located outdoors: pedestrians and people outside their residences. Both
pedestrians and outdoer residential population comprise a definite fraction
of the total population assigned to a roadway, Pedestrians are assumed to be
located adjacent to the roadway in order to calculate their noise exposure
levels, Outdoor residential population, however, is assumed to be uniformly
distributed over the inhabited area adjacent to the roadways., Hence, the
cutdoor residential population is exposed to single event sound Tevels
determined by the distance attenuation function applicable to the area being

considered.

Qutdoor speech interference is used to estimate the single event
noise exposure effact for population outdoors. For speech interference, the
single event equivalent sound level, Lgqr, 15 used. For pedestrians, only
the primary exposure s used since noise from the roadway is expected to
predominate the exposure estimate {see Appendix F).

Figure 2-11 presents the Fractional Impact array currently used to
estimate the Level Weighted Papulatien for single event cutdoor speech
interference.28 Figure 2-11 indicates that the Fractional Impact for
outdoor speech interference is not a simple function of the single event
leve], Further, the discrete steps indicated in Figure 2-11 {llustrate
the “look-up table" methed used by the Single Event Model! to estimate the
Level Weighted Popuiation, That is, the Model estimates the exposure level
and them "looks up" the Fractional Impact wvalue from a data array. The
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data array assumes that the Fractional Impact is constant over & one dB band
that represents the average value for that band. This method is used so that
conplicated functional relationships, such as indicated in Figure 2«11, may
be accurately estimated with computational efficiency. For example, if
the exposure level were estimated to he LeqT = 69.8 dB, the Fractional
Impact would be estimated to be 0.475, whereas, if the lavel was 70.1 dB the
Fractional Impact would be estimated to be (.600.

As used by the Single Event Model, the exposure level estimated for
the "local" dB bands is used to select the appropriate Fractional Impact
value prior to saorting the resultant calculation into the "global" dB band
arrays.

For single event equivalent sound Tlevels below 55 dB, the Frac-
tional Impact values for outdoar speech interference are zero {j.e., there
is no impact}. For single event equivalent sound levels ahove 75 dB, the
Fractional Impact values for outdoor speech interference are assumed to be
one (i.e., the impact is 100 percent) irrespective of the exposure level,

2.6,2.2 Population Indoors

The Single Event Model considers two categeries of population
located indoors: population awake and population asieep. During the average
day, the vast majority of the United States' population spends their time
indeors (see Figure 2-6). The indoor poputation considered by the Single
Event Model comprises anly the segment expected to remain at their resi-
dential location during the day. To estimate the single event noise exposure
effects for population indoors, indoor speech interference criteria are
applied to the population awake and sleep interference criteria are applied
to the papulation asleep. )

Figure 2-12 presents the Fractional Impact criteria for indoor
speech interference currently used by the Single Event Model. The "look up
table" characteristic of the data in Figure 2-12 emphasizes the technique
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used to estimate the indoor speech interference. The single event eguivalent
sound level, LegqT, 1s used to evaluate the nojse exposure. As indicated in
Figure 2-12, the Fractional Impact for indoor speech interference is taken as
zero below 45 dB and is set to one above 75 dB. Of course, the indoor single
gvent equivalent sound level is attenuated from the outdoor level to simulate
the building exterior skin noise reduction. The current values of building
noise reduction used by the Single Event Model are presented in. Table 2-9.

Figure 2-13 presents the Fractiona)l Impact criteria for sleep
interference, The Single Event Model ceonsiders all sleeping populatijon to be
located indeors. The indoor Sound Exposure Level, SEL, is used to estimate
the intrusiveness of a vehicle's noise emission on sleep, For each sleeping
individual, two values of Fractional Impact are estimated: sleep disruption
and sleep awakening. Hence, a single noise exposure of a single individual
will result in two categories of sleep interference being estimated.

As indicated in Figure 2-13, both sleep disruption and sleep
awakening Fractional Impacts may be estimated as a linear function of the
indoor Sound Exposure lLevel. However, the Single Event Model uses a "look
up table" to evaluate the Fractional Impacts since this approach is computa-
tionally more efficient than conducting the specific calculations. The
Fractional Impact is set te zeroe for indoor Sound Exposure Levels helow
37 dB in the case of sleep disruption and below 45 dB in the case of sleep
aviakening., The Fractional Impact is set to one for indoor Sound Exposure
Levels above 111 dB in the case of sleep disruption and above 135 dB in the
case of sleep awakening.

To estimate the value of the indoor SEL that must be exceeded
to result in a combined Fractional Impact for sleep disruption and sleep
awakening above 1.0, the results of Figure 2-13 may be used, By adding
the two expressions for the Fractional Impacts, setting the result equal
to 1.0, and solving for the value of SEL, it is estimated that the indoor
SEL must exceed 81.4 dB. Hence, by using the Level Weighted Population
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TABLE 2-9
BUILDING EXTERIOR SKIN NOISE REDUCTION, dB8
BY PLACE STZE {INDEX J) AND POPULATION DENSITY AREA (INDEX ID)
{See Table 2-1})

Poputation Population Place Size, Index J
Density : 1 2 3 C 4 S5 6 7 8 9
Area Qver 1M 500K- 200K~ 100K~ 50K~ 25K~ 5K~ Rural
Index, 1D 2M I B 1 500K 200K 100K 50K 25K freas
& | 1 High Density 20,0 | 20.0 20.0 20.0 20.0 20.0 20,0 | 20.0 20.0
2 .
2 Medium to High 20.0 20.0 | 20.0 15.0 15.0 15.0 20.0 20.0 15.0
Density :
3 Medium to Low 20.0 15,0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Density
4 Low Density 20.0 15.0 15.0 15.0 15.0 15.0 15.0 15.C 15.0
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astimaies presented in dB bands by the Single Event Model, sleep disruption

‘and sleep awakening estimdtes for bands above SEL = B0 dB represent an

effective muttiple counting of the noise mpact.
2.6.2.3 Ambient Sound Levels and Cut-Off Criteria

The Tower limits on the Fractional Impact Criteria presented in
Figures 2-11 through 2-13" are generally below 'ambient sound levels in and

‘dround” a person’s residence. Of course, these ambient levels are generally
~attributable to all noise sources., In particular, general roadway traffic

may mask or ohsure a single event noise fntrusion from a specific vehicle
source. However, as used by the Single Event Model, the only roadway noise
source considered is the vehicle type used in the particular scenario.
Hence, in the context used by the Single Event Model, an ambient sound level

is attributable te local nonroadway noise sources. For example, building

interior ambient "sound levels may result from HVAC operation, appliances,
etc, Anhient ‘exterior sound levels may result from activities in and around

buildings, HVAC system noise, etc,

To ‘accommodate physical conditions that would result in the ambient
sound level "masking" an intruding single event vehicle noise, the Single
Event Model uses a "Cut-Off Criterion" for each Fractional Impact function

dafined ' for ‘the Modeél. The Cut-Off Criterion is a total receiver sound

level - that is user defined : below which it is assumed that the single
event noise intrusion is effectively masked by the ambient sound Tevel.

For example, Figure 2-13 indicates that sleep disruption begins
at an dindoor SEL value of 37 dB. This Jevel is several dB helow interior
ambient sound levels of even quiet byildings. Hence, if it is considered
that the receiver's ambient level is acceptahle to the receiver and that
the ambient Tevel is greater than the Tower liwits on the Fractional Impact
functions, single event noise intrusions masked by the ambient level should
be discounted in the noise effects analysis.
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To establish rational Cut-Off Criteria limits applicable to single
event noise intrusions, the Single Event Model assumes that the ambient
sound level effectively masks the intruding noise if the maximum instan-
taneous level of the intruding noise is equal to or less than the ambient
level, The receiver's total noise exposure (SEL and Lgqy) resuiting from
the combined ambient and time varying single event intrusion is used to
define the Cut-Off Criterion. In this manner, the Single Event Model allows
the user to include an ambient sound Tevel in the noise effect analysis. The
details of this consideration are illustrated in Figure 2-14 and presented in
Appendix E, Section E.7.

'For speech interference, the receiver's noise exposure is excluded
if the vehicle's maximum intruding noise level is equal to or less than
the equivalent sound level of the ambient noise. For sleep interference, the
Sound Exposure Level, SEL, s evaluated for the receiver considering the
maximum intruding level to be equal to the equivalent sound level of the
ambient noise. For single event noise exposures equal to or less than this
SEL value, the receijver's noise exposure is excluded. For both the SEL and
FeqT levels, the receiver's total single event noise exposure will he

5,3 dB above the level without ambient using this procedure.

From the analysis in Appendix E and the assumption that the maximum
level equals the equivalent sound level of the ambjent, the following expres-
sions for estimating the Cut-Off Criterion are obtained:

(LeqT)COC = (Leg)ambient * 10+1og [1+1] (2-11)
and '

(SEL)coc = (Leqr)COC + 10-1og(T) (2-12)
where I = (D/VTld’_f c0s(¢)dé

¢ = TAN-1 (vT/2D)
T is the exposure duration given by Equation (2-6)
D is the distance of the receiver from the roadway
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Using the resuils of Equation (2-7), the expressions for the
Cut-0ff Criterion may be simplified to obtain:

1.51 {hard sites)

(LegT)coC = (Leg)ambient *- {2-13)
Il.sz(soft sites)

{9.29 (hard sites)

{SEL)coc = {Leg)ambient *+ 10-Tlog{D/V) + (2-14)

18.16 {soft sites)

These results simply state that for the single event equivalent
sound level, the Cut-Off Criterion is 1.5 dB above the assumed ambient.
The Cut-Off Criterion for the Sound Exposure Level is about 9 dB abpve the
ambient plus a correction for duration given hy the (D/V) term. For example,
with a receiver at 100 feet from a vehicle pass by at 35 mph (51.33 ft/sec),
the duration correction in Equation (2-14)'would be 2,9 dB, In this example,

the Cut-Off Criterion for the Sound Exposure Level would be 2.9 + 9.3 =
12.2 db above the ambient for hard sites and 2.9 + 8.2 = 11,1 dB above the

ambient for soft sites,

Currently, the Cut-0ff Criteria used by the Single Event Mode)
are defined as:

Fractiona! Impact Criteria Ambient* Cut-0ff Criterion
Pedestrian Speech Interference 55.0 dB 56.5 dB, LeqT
Outdoor Speech Interference 55.0 dB 56,5 dB, LeqT
Indoor Speech Interference 45.0 dB 6.5 dB, Leqr
Sleep Disruption 45,0 dB 56.1 dB,. SEL
Sleep Awakening 45,0 dB 56.1 dB, SEL

* Equivalent Level
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2.7 Noise Exposure Estimates

2.7.1 Moise Exposure Calculation Scheme
2.7.1.1 General Adverse Responseé Mndel

g Several metrics are used to quantify the noise impact in terms
of the general adverse response to roadway traffic noise, These metrics are
all hased upon the Fractional Impact {FI) methodoteqy and relate population
noise exposure to the magnitude of the impact.?® Below a lower limit cri-
terion of Lyy, = 55 dB, it is assumed that traffic noise will have no adverse
effect (impact} on the population. No "ambient" noise level is used or
assumed in the noise impact calculations since the ambient noise is pri-
marily generated hy roadway traffic. '

In. order to appreciate the noise impact methodology used by the
feneral Adverse Response Model, it must he remembered that the bhasic require-
ment for the simulation is the allocation of population to roadways. The
natjon's population and land area are distrihuted into 36 categories of
homogeneous population density. . In each land area of constant population
density, roadway mileage and traffic conditions are defined. Since only
roadways within an inhabited land area are considered in the data base, the
tota! land area. is . prorated. among the roadway mileage defined for the area,
Rased upon the roadway mileage and the allocated land area, a maximum width*
is calculated for the strip of land adjacent to each roadway which is allowed
to contaip the population. Hence, a fraction of the total population and the
total Jand area is assigned to each mile of roadway by roadway type and traf-
fic condition. The allocation scheme places the tntal popuTation adjacent
to the total roadway mileage, The maximum width or distance away from the
roadway is called the "cut-off" distance for purpeses of discussion. The

* This-calculation is performed in the haseline year and remains
constant throughout the time stream,
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cut-off distance represents the Timit in the noise exposure calculation
scheme to ensure that the estimates do not represenlt a "double-counting"
of the exposed population.

Everyone is aware that in a typical urban situation, a receiver at
a given location is potentially exposed to several distinct roadway noise
sources during a typical day. That is, a receiver may be living on a local
streaet a few blocks from an interstate highway and although the maximum sound
levels to which he is exposed may result from traffic on the local street,
most of the long-term noise exposure may result from traffic on the inter-
state, To account for this situation, the roadway traffic noise exposure
is divided into two exposure categories, primary exposure and secondary
exposure, Primary Noise Exposure is the noise exposure of the population
assigned to a roadway generated by the traffic on that roadway. Secondary
Noise Exposure is the noise exposure of the population assigned te a roadway
generated by traffic on other roadways defined for the same population
density land area.

The Primary HNoise Exposure calculation is a deterministic scheme
in that all parameters required for the calculation are defined for each mile
of -roadway., The Secondary Noise Exposure calculation is a probabilistic
scheme since the relative alignment of all roadways in a land area {and hence
the noise propagation distances) can only be defined in a random sense. By
calculating cut-off distances to be used with the noise distance attenuation
curves (Figure 2-8), it is assured that the Primary Noise Exposure calcula-
tion will not result in npoise propagation beyond the assigned land area and
that the Secondary Moise Exposure levels are not greater than the levels at
the cut-off distance for the secondary roadway.

The noise exposure of inhabitants is estimated by accumulating the
population exposed to roadway traffic neoise within discrete sound level
intervals {dB bands). The population so exposed is assigned the sound
level at the center of the band., Three-dB bands are used for the purpose
of accumulating population noise exposure. However, the coded format allows
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othér sound level intervals to be specified. For the primary exposure
estimates, population noise exposure below the criteria limit of 55 dB
is accumulated, The secendary noise exposure level for each dB band is
estimated and the total noise exposure for the population in that band is
calculated by adding the primary and the secondary tevels on an intensity
basis,

2.7.1.2 Single Event Model

The Single Event Model estimates the population's noise exposure
and the resulting effect due to a single vehicle type operating on the
nation's roadway network. As indicated in Appendix E, both the SEL and Lgqy
sound Tevels are based upon the vehicle reference sound level, Ly. MNoise
emission tests ‘of fjdentical vehicles result in a set of maximum pass-hy
levels for each mode of operation, These sets of data define a distribution
of reference levels for the type of vehicle tested. Since the Singte Event
Model estimates the effect of noise on the nation's population due to one
event’ {f.e., one value of L) and accumulates the total effect due to all
similar events, the mode) should, properly, include the distributien of the
reference levels. That is, the Single Event Model is basically a counting
scheme of distinct events,

However, to strictly use a distribution of reference sound levels
for the Single Event Model, it would be necessary to conduct extensive
testing to insure that the distribution of levels represented the naise
emission characteristics of the vehicle fleet., When additional data were
intreduced, the distribution of reference levels would be altered and the
counting of the single events would be altered. The average emission level
used by the General Adverse Response Model is obtained by assuming that the
test data are normally distributed. That is, the reference levels follow a
Gaussian distribution.  This assumption could be extended explicitly to the
Single Event Model by assuming that the number of occurrences of a single
reference leve)l followed a Gaussian distribution. However, to do this would
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be prohibitive from a computing standpoint since the program would have to
consider. approximately 12 reference levels for each mode of operation on each
lane of roadway for the vehicle type, Hence, it is assumed that an average
reference emission level can he used for the Single Event Model in the form
defined for the General Adverse Response Model (see Table 2-7 in Section

2.5,1).

The number of operations estimated by Equation (2-9) must be
further distributed hy the specific vehicle reference emission levels,
That s, the nunber of occurrences of each level in Table 2-7 must be esti-
mated for the vehicle type being considered. As described in Appendix E,
definition of the SEL or Leqr levels requires the average vehicle speed,
The data base distributes roadway mileage by average cruise speed, This
average cruise speed is used to estimate the single event duration, T, of a
vehicle's noise intrusion - irrespective of the mode of operation. That is,
the duration of a single event noise exposure - as used by the Single Event
Model -~ is not estimated explicitly for each mode of operation. This ap-
proach f{s consistent for the cruise mode and is an approximation for the
acceleration and deceleration modes. Further, the single event noise expo-
sure resulting from the idle mode of operation is not currently estimated by
the Single Event Model since the source-receiver distance cannot be adequate-
1y .defined (in a .statistical. sense) with the present model formulation.

~ The above approximations, however, are not believed to be too
serjous. - First, the reference-emission levels are equivalent levels defined
for each mode relative to a recejver moving with the vehicle (see Appendix A,
Section A.5, pages A-75 through A-91). Second, the idle mode is the Towest
noise emission leval of each vehicle type. Hence, ignoring the idle mode of
operation may be expected to have a smaller effect on the noise impact
estimate that the higher levels associated with acceleration, deceleration,

and cruise.

To obtain the estimate of the number of vehicle operations in-a
given mode, the percent of time fn each operating mede s used. The data
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base explicitly defines this time fraction for each vehicle type (Index I)
and by roadway type {Index K}. By assuming that an operating mode can occur
at any location along a roadway with uniform probability, then an ohserver at
a location next to the roadway would observe a number of vehicle operations
in a given mode in the same ratio to the total operations as the fraction of
time the vehicle operates in that mode compared to the total time. Hence, to
estimate the number of single events related to a mode of operation, the
Single Event Model multiplies the estimates ohtained from Equation (2-9) by
the fraction of time that the vehicle operates in the mode for the roadway
type being considered.

The Single Event Model estimates, in a future year, the population
of a vehicle type by the noise emissions defined by a scenario {see Table
2-7). Hence, in any future year, the total population of a single vehicle
type is distributed among groups of that vehicle type exhibiting identical
noise emissions. This distribution is assumed to apply uniformly to all
roadways in the year for which calculations are conducted.

The distribution of a vehicle's population by noise emission groups
is dependent upon the user-defined noise emission schedules, the vehicle
sales projects and the vehicle survival curve defined for a particular
scenario. Both the General Adverse Response Model and the Single Event Model
use fjdentical methods for distributing the vehicle's total population by
noise emission characteristics.

Since the General Adverse Response Model considers only the average
noise emissiens of a vehicle type, an equivalent sound level for the vehicle
type is calculated based upon a weighted intensity summation of the vehicle's
noise emissions. The weighting factars are the fractions of the total
vehicle population corresponding to the defined nojse emission Jeve], For
the Sfngle Event Model, however, each noise Tevel category of each vehicle
type must be considered individually, The reasen for this distinction is
that the Sound Exposure lLevel, SEL, and the single event equivalent sound
Tevel, LagT, both depend upon the reference level, Ly, and the absolute
distance from the traffic lane to the receiver.
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To czicuiale Lhe singie eveul nuise exposure efficiently, the

Single Evenc Model uses a “dB Band Sorting Scheme" to accumuiste the number

of exposures of the population to a given level of SEL and Lgg7. This
sorting scheme is used at the highest level of detail within the S5ingle Event
Model, Table 2.10 presents a comparison between the General Adverse Respanse
todel and cne Single Event Model for the level of detail required to estimate
the rspulation's noise exposure., The "dB Band Sorting Scheme" is used to
~wid repetitious calculations that are identical. That is, for a noise
level group of a given vehicle type, the population's naise exposure is
sorted into dB bands depending upon the sound level attenuation from the lane
to the receiver's location and multiplied by the number of events.

First, the population's noise exposure is calculated using a
"local" set of dB bands. The dB bandwidth is a constant AdB attenuation
from the level (SEL or Laqr) calculated at the edge of the clear zone. The
population's distribution with noise exposure level is then multiplied by the
number of évents corresponding to that category of vehicle noise level,
Hence, each "local" set of dB bands contains the product of the population
times the number of events. The "local" set of dB band noise exposures 1is
then sorted into a "global" set of dB hand noise exposures. The "global' set
of dB bands is an ahsolute set of band limits AdR wide, The “"global™ set of
d8 bands are used to accumuiate noise exposures calculated for each.*local®
set of dB bands. For example, suppose that the SEL at the edge of the clear
zone was estimated to be 97 dB., For a 5 dB band width, the "local" dB
band noise exposure would be the product of the number of events times the
population for the hapnds 97 to 92 dB; 92 to 87 dB, etc. For the "local®
exposure jn the 97 to 92 dB band, the estimateslwou1d ha sorted such that
the 97 to 95 “lgcal® dB estimate would be sorted into the 100 to 95 “global"
d8 band and the 95 to 92 "local” estimate would be sorted into the 95 to 90

"glabal" d8 band, etc.

The above procedure is continued for each noise group category of
the vehicle type for each lane of the roadway. Using this method, the dis-
tribution of the product of number of exposures of the population to various
noise levels resulting from the operation of a single vehicle type is accu-
mulated, '
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TABLE 2-10 COMPARISON OF LEVEL OF DETAIL FOR NOISE EXPOSURE CALCULATIONS
(Single Vehicle Type, Singlte Vehicle Noise Group, Single Traffic Lane)

GEMERAL ADVERSE RESPONSE PHYSICAL PARAMETERS SINGLE EVENT
MODEL REQUIRED MODEL
Required Population Place Size (J) Required
Required Papulation Density (1D} Reguired
Required Roadway Type (K) Required
Reguired Average Cruise Speed (L) Required
g; Required Mode of Qperation (M) Required
Indirectly Required Time of Day (IDAY} Required
Not Required Pepulation Activity {IPACT) Required
4,320 . Parameter Combinations* 34,560

* (J) (ID) (K) {L) (M) (IDAY) (IMPACT)
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Since Lhe Single Event Model caonsiders the population's activi-
ties and location when they are exposed to an intruding noise level, it is
necessary to attenuate the noise levels for population assigned to indoor
activities. As described in Section 2.6.2, sleep interference and indoor
speech interference are the quantitative descriptors of single event noise
impact for jndoor activities. Mence, the “local" dB hand levels are uniform-
ly decreased by the building exterior skin noise reductions defined for the
problem prior to accumulating these results into the "global® set of dB8 band
estimates. Currently, building exterior skin noise reduction is considered
to be predominately related to populatian density by considering the general
type of building construction in a given area (see Tahle 2-9). Hence, the
present version of the Single Model allows building exterior skin noise
reduction to be specified by the place size {iIndex J) and the population
density area {Index ID), Building exterior skin noise reduction, of course,
is not required for the General Adverse Response lModel.

2.7.2 Primary Noise Expasure

The Nation's population and land area are distributed into 36
categories of constant population density.,* Foyr each land are of constant
population density, the roadway mileage, traffic conditions, and noijse
attenuation with distance (Figures 2-8 and 2-9) are defined, As described
in preceding sections, a "cut off" distance away from the roadway defines
the absolute Timit for the iand area and/or the population assigned te the
roadway. Figure 2-15 illustrates the basic relatfonship between the
roadway noise source, the noise distance attemuvation and the population
surrounding the roadway. Since populatiaon density is constant at this
level of detail within the Medel, the terms land area and population
are synonymous. As indicated in Figure 2-15, the Jand area (population)

* Population and land area are used to derive population density.
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enclosed between the clear zone adjaéent to the roadway and outer limit for
the noise propagation is divided intoc db bands. The Tand area (popuTation)
defined by the width of the dB band and the roadway mileage define the
exposure to the sound Tlevel at the center of the band. This estimate is

termed the Primary Exposure.

The primary traffic noise axposure calculation does not recognize
the eriteria limit of 55 dB. That s, land area (population) 15 sorted into
dB bands out to the cut-off distance. Depending upon the noise Tevel at the
edge of the clear zone and the distance attenuation function defining the
noise propagation, the noise level at the cut-off distance may or may not
exceed 55 dB. This procedure is used to properly combine the primary and
secondary noise exposure estimates to obtain total exposure.

For each poputation density area, the primary noise exposure
calculation 1s repeated and the results are stored for each roadway before
proceeding with the secondary noise exposure calculations,

. 2.7.3 Secondary Noise Exposure.

The General Adverse Response ModeT'recognizes that population
noise exposure in urban areas is a combination of noise generated on, per-
haps, several roadways. Since population is assigned to each roadway, it
is necessary to estimate the population's noise exposugre contributed by
contiquous roadways assigned to each place size and population density
area, The noise exposure resulting from roadway other than the roadway to
which the popuiation is assigned is termed the secondary naise exposure.

The Single Event Medel estimates secondary noise exposure in an
identical manner to the methodology used by the General Adverse Response
Model with one important difference. The General Adverse Response Model
must combine levels of primary noise exposure and secondary noise exposure
to estimate total noise exposure. The Single Event Model considers each
roadway to be an independent noise source so that an individual will be
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exposed to primary levels independently of the secondary Tlevels. Hence,
the Single Event Model combines an individuai's primary and secondary noise
exposure by accumulating the number of noise events from each roadway al

the appropriate exposure levels.

For example, the General Adverse Re5pahse Mode]l may estimate a
primary exposure level of Lgy = 63 dB and a secondary exposure level of
58 dB so that the total exposure level is L4, = 64.2 dB. The Single Event
Model, however, would accumulate the number of exposures at the primary
exposure level and the secondary exposure level. For a primary exposure
level of SEL = 73 dB occurring 10 times and a secondary exposure level of
SELL = 62 dB occurring 20 times, the individual's total single event noise
egxposure would be accunulated as ten events at 73 dB and twenty events at
62 dB. Hence, the Single Event Model estimates the distribution of an
individual's noise exposure by estimating the nunber of exposures at the
various expasure levels., These exposure estimates are the result of vehiclas
operating on all roadways surrounding the individual's residence. Appendix
F presents the detailed description of the secondary noise exposure calcula-
tion used by the General Adverse Response Model and the Single Event Model,
Except for the distinction of combining primary and secondary exposure levels
to obtain the total level, hoth the General Adverse Response Model and the
Single Event Mode) use the same basic methedoiogy for calculating secondary

noise exposure,
2.7.4 Examples of Primary and Secondary Exposure
2.7.4.1 General Adverse Response Model

To provide the reader with an appreciatfen of the noise exposure
calculation scheme and the significance of the secondary noise exposure
calculation, two examples are presented., These examples result from execu-
tion of the model using the calculation options provided to the user, Al
results are presented as percentages or ratios so that the iliustrations
emphasize relative estimates rather than absolute results tied to a specific

scenario,



The first example considers the effect of secondary noise expasure,
The model was executed considering all populaticn distribution to all road-
ways; however, traffic noise was calculated only for Llraffic on interstate
highways, As described in Section 3, the model provides estimates of the
traffic noise impact by the functional classification of roadways (e.qg.,
interstates, arterials, etc.). Hence, the resultipg estimates of popuia-
tion exposed above 55 dB represent total noise exposure for the population
assigned to interstates with all exposure estimates for other roadways
resulting from secondary noise exposure due Lo the fraffic noise generated
by interstate highways. Fiqure 2-16 presents the result of this example as a
percentage of the national population exposed above 56 dB from enly inter-
state traffic noise. The percentage estimates given in Figure 2-16 indicate,
for example, that only 29.? percent of the national population exposed to
interstate traffic noise abave 55 dB live along interstates.

As a second example, the model was executed so that only the
primary noise exposure estimates were conducted for each roadway type.
For each roadway type, the ratio of the total papulation (primary plus
secandary) noise exposure estimate to the population using only the primary
noise exposure estimate was calculated, These results are presented in
Figure 2-17.

Figure 2-17 indicates that for interstates, the total! noise expo-
sure of the population adjacent to interstates 1is dominated by noisg from
the adjacent interstates. At the other extreme, the total noise exposure of
people Tiving along Tocal roads and streetc is dominated by noise generated
on ather roadways {including other local straets) since the total exposure
estimate is over two and one-half times the primary exposure estimates.

The resuylt given in Figure 2-17 is presented for all roadway types
to indicate the relative significance of noise emissions fromn one roadway
type resulting in noise exposure of population living adjacent to other
roadways.,
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2.7.4.2 Single Event Model

This section presents examples to illustrate the significance of
primary and secondary noise exposure for the various single event metrics
and ta illustrate the Single Event Model's sensitivity to specific vehicle
operational characteristics.

As described in Section 2.6.2, two of the single event metrics
quantify sleep disruption and indoor speech interference. These metrics
use the Fractional Impact (FI) methodeclogy to determine the Level Weighted
Population (LWP) associated with each metric., Further, the Single Event
Model provides estimates for the Level Weighted Population in terms of
"dB bands" of single event noise exposure level. The "dB band" estimates
are used to present the illustrations of primary and secondary exposure,

Figure 2-18 prasents distribution of the single event Level Weigh-
ted Population (LWP) for the 24 hour sleep disruption effect estimated for
transit bus operations (Type 11 vehicles), The distributions are normalized
to the total LWP estimate for all bands. As indicated in Figure 2-18,
primary noise exposure contributes 78.51 percent of the total LWP and
secondary exposure contributes 21.49 percent of the total LWP. Hence, it
appears that for sleep disruption due to transit buses, people 1iving along
bus routes are the most disturbed. Further, the distributions presented in
Figure 2-18 indicate that the prinary exposure is at higher levels of Sound
Exposure Level than the secondary exposure. The primary exposure distri-
butfon is "humped" in shape, whereas, the secondary exposure distribution
is continuously decreasing from low levels to higher levels. These results
are consistent with one's intuition concerning an individval's proximity to
a noise source i.,e., the levels are higher as one is claser to the source,

Figure 2-19 presents the distribution of the single event LWP for

the 24 hour indoor speach interference effect estimated for tramsit bus
operations., .This result is somewhat surprising in that the secondary
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exposure daminates the total exposure for indoor speech interference,
Howaver, one sees in Figure 2-19 that the secondary exposure distribution is
at much Jower exposure Tevels than the primary exposure distribution,
Further, the result of Figure 2-19 is not so surprising when one recbgnizes
that transit buses are not assigned to all roadways., Hence, during the
estimation of the primary exposure LWP, the population assigned to roadways
on which transit buses do not operate are not considered. For the secondary
exposure calculation, however, the Model considers all populatian using only

those roadways on which the transit huses are assigned as noise sources.

SRS e

Figure 2-20 presents the distribution of the single event LWP for
the 24 howr outdoor speech interference effect estimated for transit bus
operations. The result.is similar to the indoor speech distributions in that
the secondary noise éxposure dominates the total exposure.

Figure 2-21 presents the distribution of the single event LWP for
the 24 hour indoor speech interference effect estimated for 8 cylinder
gasoline engine automobiles (Type 1 vehicles).  These dfstributions are
considerably different from the corresponding transit bus distributions
presented in Figure 2-19. For Type 1 vehicles (which operate on all road-
ways), the primary exposure estimate is greater than the secondary exposure
est imate, as one might expect. '

Figure 2-22 presents the distribution of the single event LWP for
‘the 24 hour outdoor speech interference estimated for Type 1 vehicles, For
the outdoor speech interference, it is seen that the secondary exposure is
the major confribution, however, the primary exposure is a significant
caomponent of the total exposure, The interesting aspect of Figure 2-22 fis
that the total distribution of LWP with the single event equivatent sound
Tevel is distinctly bimodal in character. '

The results of Figures 2-19 through 2-22 were obtained using

standard execution options and data for the baseline (1974} year conditions
defined for the Single Event Model.
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3.0 PREDICTIONS OF ROADWAY TRAFFIC NOISE IMPACT

3.1 Genera) Adverse Response Model

This section presents predicted results for a typical scenario rep-
resentative of a staged noise regulation for various vehicle types. Altera-
tion or modification of any of the data will change the predicted results,
which 1is the main feature of the General Adverse Response Model -- sensiti-
vity to details of the input data. Documentation of the data base is pre-
sented in Appendix A,

Both tabulated and plotted {line printer) output data are provided.
The format used for the ouytput data is suitable for direct inclusion in a
report using only photo reduction of the printed results. The tabulated out-
put describes clements of the input data and the predicted results. The
plotted data present the time variation of population and variocus general
impact summaries for the defined time stiream simulation,

The specific outputs are presented below. The example scenario
assumes noise regulation of medium- and heavy-duty trucks, buses, and mofor-
cycles, Light vehicles are, however, uwireyuiated in this scenarioc. The
population of the United States 15 assumed to follow the U.5. Bureau of
Census Series I projections (see Figure 2-5). For continuity of presenta-
tion, all tables and figures are presented at the end of this section in the
sequence printed during output,

3.1.1 Tabulated Cutput

Since any estimates of national roadway traffic noise exposure
using the General Adverse Response Model depends upon the data base used,
output tabulations are printed to document the data used to conduct the
estimates, The basic tabulations of input data are printed as output so
that the user can clearly define the scenario used.

3-1
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3.1.2 Documentat ion of Scenario Input lata

Five basic output tabulations are provided to document the input
data that define the scenario., This documentation covers population, vehicle
and roadway parameters.

A title page and a scenario summary tabulation are printed for each
execution, but these listings are not presented in this discussion since they
are more directly related to user implementation. These tabulations are
described in the User's Manual for the National Roadway Traffic Noise Expo-
sure Model.

The term 'baseline condition' as used in this report means the year
year 1974, when there were no vehicle noise regulations for either new sour-
ces or in-use vehicles, i.e., a 'no-regulation' condition., ‘'Present condi-
tion' ‘means the existing status under the promulgated noise regulation for
new medium- and heavy-duty trucks (including the in-use and new truck regula-
tion}. ‘Future condition’ means the projected and proposed regulations which
include the 75 dB level for medium- and heavy-duty trucks, as well as regula-
ted noise levels for buses and motorcycles, but no reguiations for light
vehicles.

Population Parameters: The population paraneters comprise baseline
year population densities, baseline population, and populatien growth factors
used for a given scenario,

Table 2.1% presents the baseline year population density by popu-
lation place size (Index J) and by population density c¢lass (Index ID),
These population densities are computed from the baseline population (Table
2.2) and land areas allocated to each place size and population density
class.

*Table numbers refer to the computer-printed table pumbers, A1) of the out-
put fs listed sequentially at the end of this section, as Table 3-1.
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Table 2.2 presents the haseline year population by place size
{Index J) and by population density class (Index 1), This table totals
population distribution both by place size (Index J) and population density
class (lndex ID). It should be noted that the total population assigned to
the Index ID = 1 includes the rural population. That is, for the scenario
presented, the urban population assiyned to the high population density class
is 14.23 M out of a total urban population of 152.52 M people.

The pepulation growth factors used as input data to simulate the
annual variation of population by population place size (Index J), summarized
for each Tive years of the time stream, are presented in Table 11 {see Figure
2-5), The scenario presented simulates the U.S. Bureau of Census' Series |
population growth projections.

Roadway Parameters: The documentation of input data related to
roadway parameters is sumnarized in Table 3 as the gross mileage of roadway
type {Index K) assigned to each population place size (Index J).

The tabulated roadway mileage is summarized from the stored data
by summing over the mileage assigned to each of tne five'speed ranges for
each roadway class. Teable 3 totals roadway mileage by functional class and
by population place size, The detailed roadway data are presented in Appen=-
dix A,

Vehicle Parameters: The documentation of vehicle parameters com-
prises the vehicle noise emission schedules defined for the scenario and the
net number of wvehicles by year used to conduct the noise impact estimates.

Table 4 comprises seven pages of tabulations documenting the
noise emission characteristics of each of the 14 vehicle types considered
in the noise impact analyses. FEach page tabulates the input data for two
vehicle t}pes. As indicated in Table 4, sound tevel data are specified by
operational mode, speed range and year. The year denotes the point in the
time stream at which the specified vehicle type exhibits the tabulated noise
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emissjon cnaracteristics, foise emission levels, by cperating mode and speed
range, must be specified for each vehicle type in the baseline year. The
noise emissicn characteristics should Be specified as typical noise levels
at 50 feet in terms of the mean level and the standard deviation.

In addition to the baseline year noise enissions, the user may
specify up to a maximum of four future year noise enission schedules. These
schedules may be introduced for each vehicle type, any year of the time
stream, and any operating mode as related to cruise speed.

The data presented in Tables 4.1 through 4.7 comprise the noise
amission characteristics used to estimate the noise exposure from roadway
traffic operations presented in the following sections,

Table 5 presents tne net number of vehicles by vehicle type (engi-
neering characteristics) for each year of the time stream. This tablie re-
flects both the vehicle sales projections and the vehicle's survival data
used as input parameters. These data are used to alter vehicle mix (by type
and age) ang the ADT values assigned to each roadway traffic condition in
each year of the Lime stream simulation (see Figure 2-6).

3.1.3 Noise Impact Estimates

Five tables are presented to describe the noise impact of traffic
situations., The tables are all interrelated and represent cross tabulations
and/or summaries, as indicated,

Noise Impact by Year: Table 6 presents the noise impact, oy year,
for the nation's population. This impact is accumulated from the estimates
of population noise exposure at the highest level of detail used by the Gen-
eral Adverse Response Madel, i.e., a roadway traffic condition in an area of
homogeneuds population density, For each specifies year of the time stream,
the following national estimates of noise impact are printed:
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Total U.S, Population (kstimated from baseline pepulation)
(Table 2.2} and projected population growth Table 11).

Total U.S. Population Exposed to Uay-Night Sound Levels
from roadway traffic above 55 dBb (see Tables 7, 8, and 10).

Relative Population Exposed to Day-Night Sound Levels from
roadway traffic above 55 dBb. This is the percentage of the
U.S. Population in each year exposed ahove the 55 db cri-
teria.

Fopulation Impacted, This is the tabulation of the popu-
lation exposed above lgy = 55 dB that is used for noise
impact estimates. For the scenario presented, the total
U.S. population exposed above 55 aB is used for the impact
calculations {See Tables 7 and B).

Level Weighted Population. This metric was formerly deno-
ted as Pgq or ENI (see Tables 7, 8, and 9).

Noise lmpact Index. This is the ratio of the LWP to the
total population expressed as a percentage, (The LWP and
total population must correspond to the defined land area.)

Change in Level Weighted Population. This column is the
increase (negative number) or decrease (positive number} in
Level HWeighted Population relative to the baseline year
valug of Level Weignted Population. '

Relative Change in Level Weighted Population. This column

is the percentage change of the level Weighted Population
in each year relative to the baseline year.
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Noise Impact by Papulation sarea: Table 7 presents tire following
noise impact estimites: the population exposed above Lgy = 55 dB, the
Noise lmpact Index [N11) for the area and the Level Weighted Population by
population place size, The accumulation of results presented is over all
roadway types and population density areas defined within each place size.
The NIl is relative to the total population assigned to each area in the
given year,

Woise Impact by Highway Type: Table 8 presents the following esti-
mates of noise impact: the population exposed above Lyy = 55 dB, the popu-
Tation used for impact calculation, and the Level Weighted Population by
functiopal nhighway classification, It must be reemphasized that this accu-
mulation is relative to the allocation of population to a roadway type and
does not necessarily indicate the ranking of roadway types as noise Sources.
The accumulation of results is over all population areas containing the indi-

cated roadway type.

Yearly lmpact: LWP in dB Bands: Table ¥ presents the values of
Level Weighted Population for each specified year of the time stream in 3 dB
bands begipning at 55 dB and ending at Y1 dB., This result is accumulated
fran the population exposure estimates in dB bands at the highest level of
detail, i.e., roadway traffic conditiocn in an area of homogeneous population
density, The LWP estimates presented in Table 9 are obtained fron the popu-
lation exposure using Equation (2-10) and the sound level at the center of
each dB band.

Yearly Impact; Population Exposed above 55 di in dB Bands: Table
10 presents the values of population exposed for each specified year of the
time stream in 3 dB bands beginning at 55 dB and ending at 91 dB. This
result 1s accumulated in 3 dB bands at the highest level of detail, i.e.,
roadway traffic condition in an area of homogeneous populatien density. The
3 g levél intervals and the associated population are a result of cansider-
ing both primary exposure and secondary exposure, as described in Section
Z2.7.
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3.1.4 Plotied Uutput

As directed by the user, plotted output is provided in addition to
the tabulations described in the previous subsection. Using a 1ine printer,
the predictions tabulated jn Table b, National NKoise Impact by Year, are
plotted.

The plots are executed after the termination of the main program. The data
plotted versus year are:

s Total U.S. Population (Frame 1)
» Total U.S. Population Exposed above Lgy = 55 dB (Frame 2)
s Percentage of U.S. Population Exposed above Ly, = 55 dB
(Frame 3}
Total Level Weighted Population (Frame 4)
Nojse Impact Index {Frame 5)
Change in Level Weighted Population (Frame 6)
Relative Change in Impact (Frame 7)

Typical line printer plots are presented following the tables at
the end of this section, These plots correspond to the data of Table & on
page 3-22, ({To obtain plats, the user must specify sufficient points in the
time stream to define the curves. The plotting package interpolates points
between calculated values).

Two features of the plotting package should be mentioned: first,
the user supplies a 16-digit alphapumeric title that is printed following
each title on each plot, which allows the user to jdentify plotted data with
the corresponding tabulated scenario data. This feature was added since the
two Jobs are executed independentiy apd could be separated between output and
delivery. The second feature is thal the vertical axis on each plot will
always be shifted, if necessary, an inteyral number of divisions as indicated
an each plot to ensure that the minimum or maximum value, as appropriate,
will ne plotted. This is done so that piotted resuits from different sce-
narios can be directly aligned and compared without being concerned with
scaled divisions assiyned by the computer,
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3.1.5 Summary of Qutput

The user is provided with both tabulatea output and plotted out-
put,  The tabulated output is in a format with titles so that it may be
included directly in a report. The line printer plots allaw the user to pre-
sent graphic trends without recourse to other plotting methods. The output
generated, documents the data base defining the scenario and the resulting
estimates of naticnal exposure to roadway traffic noise.

3.2 Single Event Madel

As described in Section 2, the Single Event Model conducts a
detailed estimate of the noise interference effects attributable to a single
vehicle's noise emissions on the national roadway network. This section pre-
sents estimates of single event noise intrusion for two vehicle types:
medium trucks and heavy trucks. These two examples are based upon the
existing status under the promulgated noise regulation for new meaium- and
heavy-duty trucks (including the in-use and new truck regulatiocn). This
scenario is also used to itlustrate typical outputs of the General Adverse
Response Model. As presented here, the Single Event Model's estimates are
compared for the two vehicle types, These estimates, however, are not pre-
sented to illustrate the effectiveness of noise regulations, To do this, it
is necessary to conduct baseline estimates for a "no regulation" scenario for
each vehicle and to compare the results over the tine stream from 1974 to

2013.

Hence, this section illustrates and discusses typical outputs of
the Single Event Model within the context of specific scenarios rather than
comparing alternate scenarips. In particular, the discussion focuses upon
similarities eand differences between the two vehicle types considered. So
that the discussion in the text is not interrupted by presenting the tabula-
ted and plotted output generated by the Single Event Model, all outputs are
presented at the end of this section, ‘
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3.2.1 Tahulated OQutput

Since any estimate of national roadway traffic noise exposure using
the Single Event Model depends upon the data base used, output tabulations
are printed to document the data used to conduct the estimates., The basic
tabulations of input data are printed as output so that the user can clearly
define the scenario used. As described in the User's Manual, optional print-
out of all data used is available at the user's request.

3.2.2 Ppocumentat ion of Scenario Input Data

The Single Event Model pravides five basic output tabulations docu-
menting the input data that define the scenarjo. This documentation covers
population, vehicle and roadway parameters,

A title page and a scenario summary tabulation are printed for each
execution. These listings are not presented here since they are mostly rela-
ted to user implementation and are therefore described in the User's Manual.
The term 'baseline condition' as used in this section means the year 1974,
when there were no vehicle noise regulations for either new or in-use vehi-
cles,

Population, Roadway and Vehicle Parameters: The population, road-
way and vehicle input data parameters used in the Single Event Model are
identical to those used in the General Adverse Response Model., However,
since the Single Event Model 1s used to quantify the noise impact of each
vehicle type separately, noise emissions from all vehicle types, other than
the vehicle being studied, are set to zero. Hence, the Single Event Model
only presents output tabulations of noise emissions for the vehicle{s) being
studied. A1l ather wvehicle types are ignored in conducting noise impact
estimates, FEven though the Single Event Model considers only one vehicle
type in conducting the noise exposure estimates, it is necessary to conduct
the complete vehicle population projection. The reason for this is that the
National Roadway Traffic Noise Exposure Model assumes that the Average Daily
Traffic (ADT) on the nation's roadways grows proportional to the total traf--
fic population,
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As described in Section 2, the number of events for any particular vehicle
is obtained from the ADT estiwate for the roadway and the percentage mix of

that vehicle type.
3.2.3 Noise Impact Estimates

Tables 3-2 and 3-3 presented at the end of this section, 1ist the
noise impact estimates printed by the 3ingle Fvent tlodel as stapdard documen-

tation of a scenario.

In particular, the interpretation of any scenario requires the user to always
consider the interrelationship awong population growth, ncise emissions, and
net vehicle population to understand the Single Event Model's estimate of
noise effects on man. A detailed discussion of the cutput format is pre-

sented in Section 4.
3.2.4 Plotted Output

As directed by the user, the tabulated output data may be plotted
using a line printer. Hetails of the pletting package are discussed in Sec~

tion 3.1.4.
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TYPICAL PREDICTION QUTPUTS OF THE NATIONAL

ROADHAY TRAFFIC NOISE EXPOSURE MODEL
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ROADIAY TRAFFIC NOISE EXPOSURE MODEL
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TABLE 3-1

TYPICAL PREDICTION QUTPUTS OF THE NATIONAL

ROADWAY TRAFFIC NOISE EXPOSURE MODEL
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4.0 INTERPRETATION AND COMPARISON COF RESULTS

4.1 General Adverse Response Model

Section 3 of this report presented noise impact estimates for a
specific scenario using the General Adverse Response Model. The user must
always interpret the estimates considering all aspacts of each scenario data
base. This section considers the interpretation of three scenarios: (1) no
regulation, (2) new medium- and heavy-duty truck regulations, and (3) a
"future scenario", Additionally, prediction estimates for the baseline year
are compared to the empirical results of the 100 Site Study.l

4.1.1 Interpretation of a Regulation Scenario

The results in Section 3 defined a noise regulation scenario for
medium- and heavy-duty trucks, buses, and motorcycles. This regulation sce-
nario is defined by the noise emission schedules presented in Tables 4.1
through 4.7* (pages 3-14 through 3-20). These schedules are used to dafine
three scenarios representative of alterpative noise enission regulations,

The "Baseling Scenario" assumes that no vehicle noise emission
regulations are implemented, That is, all vehicle types are assigned the
1974 noise emission schedules presented in Tables 4,1 through 4.7 (pages 3-14
through 3-20). These noise emission schedules remain constant throughout the
time stream,

The "Present Scenario" simulates the existing status under the pro-
mulgated noise regulation for new medium- and heavy-duty trucks (Including

the in-use and new truck regulation), That is, all vehicle types except

Types 8 and 9 exhibit noise emissions as defined for 1974 in Tables 4.1
through 4.7, Type 8 and 9 vehicles are assumed to follow the 1974, 1978,

*Table numbers refer to the numerical sequence used by the Model in present-
ing output data,
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and 1982 noise schedules of Tables 4.4 ahd 4,5*, respectively. Beyond
1982, however, the medium- and heavy-duty truck noise emission sched-
ules remain at the 1982 values.

The "“Future Scenario" comprises the noise regulation schedules
presented in Tables 4.1 through 4.7 (pages 3-14 through 3-20). For this
scenario, noise regulation of medium- and heavy-duty trucks, buses, and

motorcycles is simulated,

The Model was executed for each of the above scenarios. Only
the plotted output is presented and compared. The output of these three
scenarios is superimposed to show the comparison.

Figure 4-1 presents the projected population growth of the United
States from the baseline year {1974) to the end of the time stream (2013).
This population growth applies to all scenarios described, and is based
on the U.S. Bureau of Census Series [ population projections. ‘

Figure 4-2 presents a plot of the population exposed above
Ldn = 55 dB for each of the scenarios for the 40-year time stream. This
comparison indicates that population growth, as projected in Figure 4-1,
will eventually result in an dincreasingly larger population noise exposure
in future years relative to the baseline noise exposure., Howaver, both
the "Present" and the "Future" scenarios provide definite reductions in
population exposure throughout the time stream relative to the "Baseline"
scenario. As might be expected, fewer people are exposed above 85 dB

‘for the "Present Scenario" relative to "Baseline” and still fewer people

are exposed for the "Future Scenaria®,

Figure 4-3 presents the population exposure to roadway traffic
noise above 55 dB as a percentage of the U.,S. populatien in each year,
Here it is seen that the "Baseline" Scenario results in an ever-increasing
percentage of population exposure, Both the "Present" and the "Future"
Scenarijos, however, indicate that the percentage exposure may be expected

*See tazbulations at the end of Section 3.
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to decrease from 1980, Lo redch a minimum about 1930 and then begin to
increase. This result is, of course, dependent upon the regulatien level,
vehicla sales and attrition, and the allocation of truck traffic to the
roadways (see Table 2-6, pages 2-30, 31; and Table 5, page 3-21).

Figure 4-4 compares the growth of Level Weighted Population (LWP)
for the three time stream scenarios, as expected, it is similar in shape to
Figure 4-2.

Figure 4-5 is a comparison of the Noise Impact Index (NII)} for
the three time stream scenarios. Being a percentage metric it is similar
to Figure 4-3. This figure indicates that the "Future Scenario" would
minimize the Level Weighted Population at about 11.1 percent of the 1990
projected population of the United States of 259 million people (see Tahle
6,'page 3-22}.

Figure 4-6 is a comparison of the change in Level Heighted Popula-
tian (LWP) for the three time stream scemarios, The negative numbers indi-
cate an ever-increasing value of the Leve) Weighted Population (LWP) relative
to the baseline year of 1974. This figure is essentially a reflection about
the time axis of Figure 4-4 with a zero value in 1974. The "Future" scenario
1ndi§étes'an absolute reduction in LWP of about 3.2 million people in 1990
(see Table 6, pages 3-22).

Figure 4-7 is a comparison of the Relative Change in Impact (RCI)
for the three time stream scenarios., This is a percentage metric based upon
Figure 4-6.

The results presented in Figures 4-2 through 4-7 indicate the noise

exposure trends based upon the input data simulation for the three scenarics.
In both -absolute and relative terms, the population growth projection of
Figure 4-1 eventually dominates the trends. Apparently, the noise regulation
scenaries postulated can result in an ﬁmprovemant of pobulation expasure to
roadway traffic noise. As an additional consideration, it is necessary to
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examing the noise levels at which the population is exposed, 7o consider
the roadway traffic noise levels to which the population is exposed, cne may
utilize the estimates provided by the National Traffic Noise Exposure Modetl
in Tables 9 and 10 {pages 3-25 and 3-36) of the output,

Using the Taple 10 {page 3-26) estimates it is possible to develop
the distribution of population with exposure level for any scenario. Figure
4-8 presents a comparison of the three scenarios on the basis of the cumuia-
tive distribution of population with day-night sound level. The vertical
axis of Figure 4-8 is the cumulative population exposed to day-night sound
levels greater than the Ly, values defined by the horizontal axis. The
curve labeled "Baseline Scenario: 14Y74" repraesents the distribution of the
1974 population of 216.7 M with the day-night souna level., The curve label-
ed “Baseline Scenario: 2000" represents the distribution of the 2000 popula-
tion of 285.11 M with day-night sound tevel. The curve labeled "Future Sce-
nario:  2000" represents the distribution of the 2000 population assuming
the defined noise regulations have been implemented.

For the "Baseline 1974" conditions, the population exposed above
Ldp = 55 dB is estimated to be 81.78 M or 37.74 percent of the national
population of 216.7 M. The estimateq value of the Level Weighted Popuiation
in 1474 is 25.56 M. By the year 2000, it is estimated that the national
population will have increased to 285.11 M. For thne "Baseline Scenario;
2000," it s estimated that 148.48 M peaple will be exposea to sound levels
above Lgp = 55 dB, This estimate represents 52.04 percent of the 2000
national population. The estimated value of the Leve] Weighted Population
in 2000, assuming no noise regulations, is 49.84 M. Hence, for Baseline
Conditions, the natjonal population increases 31.57 percent between 1974 and
2000; the population exposed above 55 dB increases 81.56 percent; and the
Leve]l Weighted Population increases $4.49 percent.

For the “Future Scenario" in 2000, it is estimated that 113.16 M
people are exposed above a day-night level of 55 dB. This estimate repre-
sepnts 3Y.69 percent of the 2000 national population. The estimated value of
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the Level MWeighted Population is 34.49 M, Hence, the "Future Scenario"
estimates a 2000 noise environment slightly worse than the 1974 environnent
although both total population and vehicle usage have increased.

As indicated in Figure 4-8, the impact, in terms of the number of
people expased to day-night sound levels greater than 55 dB, for the "Future
Scenario" is greater as compared to the 1974 Baseline due to the increase in
population. For the "Baseline Scenario: 2000" the impact is significantly
greater, as compared to the 1974 Baseline.

4,1.2 Comparison of the Model Predictions to the 100 Site Study

Figures 4-9 and 4-10 present a comparison of the baseline year
{1974) population distributions to exposure sound level as estimated by
the National Roadway Traffic Noise Exposure Model and the empirical resuits
of the 100 Site Study.l

Figure 4-92 presents curves of the population expased to values
exceeding a given day-night sound level for the Model predictions and the 100
Site Study results. As indicated in the figure, the National Roadway Traffic
Noise Exposure Mode) estimates that in 1974 the population exposed to roadway
traffic noise greater than Lgy = 55 dB was B81.78 million with LWP = 25.56
million. The corresponding 100 Site Study results are: Population Exposed =
93.43 million and LWP = 34.22 million,

Figure 4-10 presents the distribution of population exposed above
55 dB with average annual day-night sound level. These results were obtained
from the "dB band" estimates of the Model and values quoted in the 100 Site
Study using the methodology of Reference 1. As indicated by the comparison
of Level MWeighted Population, the National Roadway Traffic Noise Exposure

4-13
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Model estimales a population exposure at stightly lower expoture levels then
the results quoted in the 100 Site Study; however, the results appear con-

sistent.

It must be emphasized that the National Roadway Traffic Noise Expo-
sure Model represents a defined estimation methodology resting on a consise
tent data base, wnile the 100 Site Study is an empirical result,

4.2 Single Event Model

4.2.1 Interpretation of Single Event Noise Estimates

The Single Event Model provides estimates of a vehicle's noise
intrusiveness for a baseline year (1Y74) and for user-defined future years.
These estimates are presented in both tabular format and plotted format,
Additionally, both absolute estimates and percentage estimates of the noise
effects are presented, The reader will inmediately notice one salient aspect
of the Single Event Model output when compared to the General Adverse
Response estimates: Single Event noise impact estimates are much larger num-
bers than General Adverse Response estimates. The reason for this is simply
that the Single Event estimates represent an accumulation of single intru-
sions on a pational bpasis. For a single vehicle type the number of intru-
sions is usually a few percent of the Average Daily Traffic for a roadway.
The ADT is typically a number on the order of 100 or 102, For a national
population on the order of 200,000,000 or 2-108 the product of number of
single events times national population is on the order of 2-1010, The
variation of the sound level of the population's noise exposure is a fraction
{due to the Fractional lmpact Methodology) between 0 and 1.0 and is hence on
the order of 1/10 or 10-1. Thus, the Level Weighted Population times the
number of events is a number on the order of 2-10¢ or 2,000,000,000.
Using & similar argument, the impacts determined from the General Adverse
Response Model are numbers on the order of population times the Fractional
Impact or (2-108) (10-1y = 2.107.
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Since the Single Event Model represents an accumulation of noise
exposure estimates over many variables ({see Figure 2-10 of this report) it
is difficult te look at the estimates from as many viewpoints as is possible
for the General Adverse Response Model. For exanple, the General Adverse
Response Model provides the user with noise exposure estimates by place size
(Index J), roadway type {Index K), and hy level of noise exposure. The noise
exposure estimates are provided both on the basis of population exposed and
Level Weighted Population. The $ingle Event Model uses five noise exposure
criteria to evaluate the effect of a vehicle's noise emissions and further
classifies these criteria by daytime, nighttime, and 24-hour totals. Hence,
ninety tabulations of estimates would be required to provide the user with
output of single event noise exposure to the same level of detail as is stan=-
dard practice for the General Adverse Response Model., It was felt that this
level of detail would be too extensive to he of practical value.

To simplify the output problem for the Single Event Madel, only
national totals for the number of Level Weighted Population exposures are
presented, These estimates are accumulated and presented, however, for day-
time, nighttime, and 24-hour totals For each of the five single avent noise
exposure estimates conducted, When one is interpreting a scenario output,
it must be constantly remembered that the estimates area national totals of
the preduct of Level Weighted Papulation and the number of events estimated
at each single event noise exposure level.

The condensed form of the output used by the Single Event Model
does not, however, 1imit its flexibility. By using "masking" features de-
scribed in the User's Manual, it is possible to conduct single event noise
anatyses that identify a vehicle's noise exposure effects down to the Jjevel
of population ptace size {Index J) and roadway type {Index K). Hence, the
Flexibility of the National Roadway Traffic Noise Exposure Model is main-
tained for both the General Adverse Response Model and the Single Event

Model,
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4.2.2 Single Event Noise Exposure for Medium-Duty Trucks

Table 3-2, presented at the end of Section 3, is & listing of
both the tabulated and piotted data of a typical single event naise exposure
scenario. The vehicle type being considered is a medium-duty truck {Type
8 vehicle). From the listings presented in Table 3-1 in Section 3, it is
seen that the scenario presented here stipulates an increase in future years
of both medium truck population and inhabitant population., By the year 2013,
the medium truck population will increase by a factor of 2.5 and the inhabi-
tant population will increase by a factor of 1.4. Since the medium truck
noise emissions do not decrease significantly, it may be expected that by the
year 2013 single event noise exposure estimates for this scenario will all
increase by a factor on the order of (2.5) (1.4) = 3.5 above the baseline
year (1y74} estimates.

Table 5.1* presents the single event sleep distruption estimate for
maedium-duty trucks for every five years between 1974 and 2013. As indicated
in the tabulation, estimates are presented for the daytime, nighttime, and
the 24-hour total. The estimates are Level Weighted Population (LWP) times
the number of events at each exposure level accumulated over all exposure
levels. For 1974, it is estimated that the LWP is 5.937-108 apd that for
the year 2013 the LWP is 1,933-109. To help in interpreting these results,
the following tabulation is presented for the average daily estimates:

Sleep Disruption Vehicle Inhabitant LWP per LWP per
Year LWP Population Population Vehticle Person
1474 5.437.108 2.41-1ub 2.167-108 296.3 2.74
2013 1,933-10% 5.96-108 3.109-108 324,33 6.22

*Table numbers refer to the computer-printed table numbers for output listed
in Table 3-2 at the end of Section 3.
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These results indicate that, on the average, one mediwn truck
operating in 1974 completely disrupts the sleap of 246 people per day and
in 2013 is estimated to disrupt the sleep of 324 people per day.* Alter-
nately, in 1974 each person is estimated to have their sleep disturbed
approximately three times per day and in 2013 the average number of sleep
disruptions rises to 6.2 per day. As indicated in the first paragraph of
this section, due to increases in both vehjcle operations and inhabitant
population, one would expect the haseline estimate to increase by a factor
on the order of 3.5 by the year 2013, For sleep disruption, the LWP in the
year 2013 is 3.26 times the baseline year estimate, This comparison i1lus-
trates the sensitivity of the Single Event Model to parameter variations
related to vehicle and inhabitant population projections.

As indicated in Table 5.1, the Single Event Model provides the
user with the Level Weighted Population (LWP) estimate and two additional
parameters: DLWP and RCI. These parameters are estimated for the daytime,
nighttime, and the 24-hour total. The parameter OLWP is the change or "delta"
in the Level Weighted Population relative to the 1974 estimate of the LWP., A
negative value of DLWP indicates that the neise exposure is increasing. The
Relative Change in Impact or RCI is the DLWP value divided by the 1974 LWP
estimate, The RCI is expressed as a percentage, If the RCI value is negative,
the noise exposure has increased by the indicated percentage above the haseline
year (1974) estimate,

Table 6.1 presents the sleep awakening LWP for the defined medium
truck scenario. The interpretation of the outputs in Table 6.1 s similar
to that discussed above for sleep disruption. From the Table 6.1 estimates
it is seen that the 2013 LWP is 3.25 times the 1974 estimate. Further, the
1974 astimate corresponds to an average of 129 sleep awakenings per day per
madium truck or 1.4 sleep awakenings per day per person.* For the year 2013

*0n an equivalent or level weighted basis,
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these averages are 169 sleep awakanings per day per medium truck or 3.2
steep awakenings per day per person.

As described in Section 2 of this report, the sleep disruption
and sleep awakening estimates apply to the same segment of the population
{i.e., people asleep). The other cstimates of single event noise intrusion,
however, apply strictly te individual segments of the populatien.

Table 7.1 presents the indoar speech interference LWP for the
defined medium truck scenario. The format of this tabulation is identical
to that described for the sleep interference estimates in Tables 5.1 and
6.1. From this table it is5 seen that the indoor speech interference is
dominated by the daytime contribution, Considering the population's average
dajly activity as presented in Figure 2-6, the indoor speech interference
is based upon the segment of the population engaged in "Other Activities".
As indicated in Figure 2-6, 73.8 percent of the national population is engaged
in "Other Activities" during the day and only 12.9 percent 1is so engaged
during the night. Additionally, medium trucks are assumaed to operate 87
percent during daytime hours and 13 percent during nighttime hours (see
Equation (2-9)). Hence, during the daytime a majority of the population
is allocated to the activity related te indoor speech interferences and
the vehicles operate predeminately during the daytime. Based upon the 1974
estimates of 2.41 M medium trucks and a national population of 216.7 M people,
the LWP estimate for 1874 given in Table 7.1 corresponds to an average LWP of
11.9 1indoor speech finterferences per day per vehicle or an average LWP of 0.1
indoor speech interference per day per person. For the year 2013, the corre-
sponding average LWP values are 15.5 indoor speech interferences per day per
vehicle or 0.3 indoor speech interference per day per person, In estimating
the indeor speech interference, the indoor value of Lggy is obtained from the
putdoor level 1less the building exterior skin noise reduction., The noise
reduction values used are presented in Table 2-9.

Table B.1 presents the outdoor speech interference estimates for
medjum duty trucks. This estimate applies to the segment of the population

engaged in activities outside their homes, As indicated in Table 8.1, no
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outdoar speech interference is estimated for the nighttime period from 2200
hours to 0700 hours, The reason for this is that no population is assigned
to the activity category "Qutside Home" during the nighttime. The interpreta-
tion of this table is identical to that discussed above for Tahles 5.1

through 7.1,

Table 9.1 presents the pedestrian speech interference estimates for
medium-duty trucks. This estimate is based upon the primary exposure of the
pedestrian population. Pedestrians are assumed to be located along the road-
ways at the edge of the clear zone, The pedestrian population is estimated
as a fraction of the working population as described in Section 2 and Appen-
dix B of this report.

The tabulated data discussed above represents the national totals
for each particular single event noise metric. In order to provide the user
with additional descriptive information, the distribution of the single event
LWP values with the single event sound Tlevel metrics is also presented.The
distribution is provided in & dB bands for Sound Exposure Level (SEL} for
sleep distruption and sleep awakening intrusions and in 5 dB bands of the
single event equivalent sound level (Le T) for speech interference intru-
sjons. Tables 10.1 through 14.1 in Table 3-Z present the dB band distribu-
tion of LWP values for the indicated activity interference. These distribu-

tions are for the 24-hour total single event noise exposure. That is, sum-

ming the dB band data over all the indicated bands yields the corresponding
24-hour estimates for each year. For exanple, sumning the dB band estimate
for sleep disruption in 1974 (Table 10. 1), ane obtains a total 24 hour sleep
disruption LWP of 5.937'108. In Table 5.1, the 24-hour sleep disruption
is jdentically equal to this value. The discussion in Section 2.7 concerning
primary and secondary noise exposure may assist the reader in interpretation
of the dB band data for any particular vehicle type.

The reader should note that the dB band data are numbered as well
as identified by an absolute level range. For example, band 15 always cor-
responds to the range 55 to 60 dB, The reason for this is that the user
may desire fo alter the single event noise exposure cut-off criteria for



any metric. Altering the cut-off criterion may shift the lowest dB band
interval printed in these tables. The LWP estimate presented in the lowest
hand is the result of all exposures equal Lo or greater than the cut-off
criterion. For example, if the cut-off criterion was set at 57 dB for a
metric, the LWP estimate given in the 55 to 60 dB band would include only
those single event exposures from 57 to 60 dB. The cut-off criterion is
based upon an assumed relationship for “"masking" of the intruding sound by
the ambient sound. This topic is discussed in Section 2.5.2 of this repaort,

Comparing the distributions of Tables 12.1 and 13.1, it is seen
that the highest dB band for outdoor speech interference is band 12 (70 to 75
dB) and the highest band for indoor speech interference is band 16 (50 to 55
dB), The 20 dB difference is abttributable to the building exterior skin
noise reduction values assigned as indicated in Table 2-9. Further, the low-
er limit for outdoor speech interference i5 based upon an ambient of 55 dB
and the Tower limit for indoor speech interference is based upen an ambient

of 45 dB.

Table 14.1 presents the distribution of pedestrian speech inter-
ference values for medium truck operations as defined for the scenario. Here
it is seen that the highest level band corresponds tov the 70 to 75 dB range.
For any vehicle type, the highest Tlevel dB band indicated for pedestrian
speech interference represents the highest exposure levels predicted by the
model since pedestrians represent the segment of the population ptaced clos-

est to the noise source.

The final listings presented in Table 3-2 represent computer line
plots of the data presented in Tables 5.1 through 8.1, These plots are the
24-hour LWP and RCI estimates versus years of the time stream. These ten
plots are a standard output option of the Single Event Madel. However, as
described in the User's Manual, the years specified for output estimates
must be uniformly spaced over the time stream to obtain reascnable interpola-

tions between calculated points.
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The plots in Table 3-2 are rather unimpressive. Each plot is
a continuously increasing curve of impact measure versus year, This resuit
was anticipated at the beginning of the discussion since the wvehicle noise
emission levels for medium trucks did not change significantly due to the
stipulated noise regulation scenario, The following scenario dealing with
heavy-duty trucks, however, indicates mare interesting results,

4.2.3 Single Event Noise Exposure for Heavy-Duty Trucks

Table 3-1 in Section 3 presents the tabulated output defining the
hasic scenario for the heavy-duty truck analysis presented in Table 3-3. The
user-defined nojse emission schedules correspond to the existing status under
the promulgated noise regulation for new heavy-duty trucks (including the in-
use regulation).

The noise emission schedule presented in Table 3-1 indicates a
rather significant noise reduction due to the simulated regulation, especial-
1y when compared to the medium truck levels. Hence, it is expected that the
noise exposure estimates will vary with yeer of the time stream more drasti-
cally than was the case illustrated for medium trucks. Since a single scen-
ario is presented for heavy-duty trucks, it is not possible to compare the
regulatory benefits with a *“do nothing" baseline scenario., The intention
here is to present typical prediction outputs of the Single Event Model
rather than judge the value or benefits of a particular noise regulation
scepario.

Tabte 3-3 presents the single event noise analysis for heavy-duty
trucks. Tables 5,1% through 9.1 of the output present the single event LWP
and RCI estimates for each defined year in the time stream. The interpreta-
tion of these results js fdentical to the disucssion for the corresponding
metrics for medium-duty trucks presented in Section 4.2.2. However, it is
noticed that each LWP metric reaches a minimum impact value around the year
1990, As indicated in the noise emission schedule for heavy-duty trucks, the

*Table numbers refer to the computer-printed table number for
output listed in Table 3-3 at the end of Section 3.
§-23




first stage of noise regulation is implemanted in 1978 and the final stage
in 1982. From the Model's data base the estimated mean life for trucks
is 10.4 years and the age for 100 percent attrition is 19,1 years. Hence,
about 23 years after the beginning of the time stream (1997) all heavy-trucks
are essentially "regulated vehicles" with the older (and nojsier vehicles)
having been removed from the streets, Thus, in 1997 the poputation first
sees a heavy-duty truck fleet comprised totally with "regulated vehicles."”
In the year 2002, the heavy-duty fleet has been replaced totally with vehi-
cles exhibiting the lower 1982 noise emissions. Hence, around the year 2000,
the total benefit due to the regulation has been achieved and the noise
impacts increase monotonically due to projected increases “in hoth vehicle

fleet size and iphabitant population.

The distribution of single event LWP by dB baads of exposure level
is presented in the output tables numbered 10.1 through 14.1 for the heavy-
duty truck estimates of Table 3-3. By reviewing this estimate of LWP by dB
bands, the estimated significance of vehicle noise contrel is realized. For
all single event noise metrics, the noise regulation scenario defined for
heavy-duty trucks results in removing population from exposure jn the highest
dB band, That is, the source noise control (which is on the order of 5 dB)
results in an estimated reduction in population exposure (which is alse on

the order of 5 dB),

The remajnder of Table 3-3 presents the plotted LWP and RCI out-
puts for each of the five single event noise metrics, These outputs cor-
respond to the 24-hour single event estimates of Tables 5.1 through 9.1.
The time stream plots are provided to assist the user in evaluating the
significance of a noise reduction scenario.

4.3 Ranking of Vehicles as Noise Sources

One obvious use of the National Reoadway Traffic Noise Exposure
Mode]l 1is to estimate the ranking of vehicle types as individual sources
of environmental noise. To do this, both the General Adverse Response Model
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and the Single Event Model are used. Only baseline year 1974 results are
discussed for this example. However, one could just as well use future years
to ililustrate the rapkings and/or changes in ranking due to noise regula-
tions,

In order to rank venicles as neoise sources, the individual vehi-
cle's noise effects are required. Further, the ranking must be relatea to
the measure of the noise effects. In order to be consistent, it was decided
to use the Level Weighted Population (LWP) as the measure of the vehicle's
noise effect. Using this approach, both the General Adverse Response Model
and the Single Event Model were executed using each vehicle iype, Outputs of
these 28 runs were assembled so that the 14 vehicle types were categorized
based upon the general adverse response LWP and the five single event LWP
noise metrics., Recognizing that the single event LWP estimates are highly
dependent upan the vehicle's total useage and population, it was decided to
rank the vehicles on the basis of LWP per vehicle. That is, the LWP value
estimated for each vehicle and each metric was divided by the vehicle's popu-
lation., The results of this estinate are presented in Table 4-1,

The format of Table 4-1 ranks vehicle types using the vehicle
index I. The correspundence between the vehicle index and the engineering
characteristics of the vehicle are presented in Tablte 2-4. The ranking pla-
ces the most intrusive vehicle as first (15T) and the least intrusive as last
{14TH). As indicated, in Table 4-1, heavy-duty trucks (Type 9 vehicles} rank
consistently as the most significant noise sourceé on the natienal roadway
network. (Thnis position is also held by heavy-duty trucks in terms of the
absoiute LWP). with the exception of the general adverse response LHWP
{based on Ldp), the four vehicie types that are hiyhest ranked are: heavy-
duty trucks, medium-duty trucks, transit huses, and modified motorcycles.
Diesel 1light vehicles (Type 7) exhibit rather high noise emission levels
but comprise the smallest segment of the national vehicle fleet. Hence,
based upon an LWP per vehicle, they rank rather high in the single event sim-
uTation but rank as insignificant in the general adverse response simulation,
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TABLE 4-1
RANKING OF VEHICLE TYPES AS NOISE SOURCES

{Baseline LWP Values Divided by Baseline Vehicle Population)
(See Table 2-4 for Vehicle Nomenclature)

VEHICLE RANK AS A NOLSE SOURCE

CRITERIA FOR NOISE IMPACT 15T 2ND 3RD 4TH 5TH 6TH 7TH BTH 9TH 10TH 11TH 12TH 13TH 14TH
SLEEP DISRUPTION 9 8 14 613 1 51 2 10 4 3 12 7
SLEEP AWAKENING 9 4 6 13 1 5 11 2 10 4 3 12 7
INDOOR SPEECH INTERFERENCE 9 5 8 14 6 1 13 2 11 4 3 7 10 12
- QUTDOOR SPEECH INTERFERENCE 9 8 1 6 514 213 4 11 3 7 10 12
g
o PEDISTRIAN SPEECH INTERFERENCE 9 1 g8 6 5 2 13 4 14 11 3 10 12 7
GENERAL ADVERSE RESPONSE g 14 8 1 6 5 2 13 4 (3, 7, 10, 11, 12)*

* Impact too low to rank these vehicle types
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A detailed discussion of the ranking indicated in Table 4-1 is
beyond the scope of the present example, To understand why certain vehicles
are ranked differently by different noise criterion would involve consid-
eration of the LUP distribution with the noise expnsure level and the popula-
tian's primary and secondary exposure. However, the ranking of vehicle
types, as oresented in Tahle 4-1, does indicate that aenerally, trucks,
buses, and motorcycles are pradicted to he the noisier roadway traffic
sources, This prediction is based upon the National Roadway Traffic Noise
Exposure Model simulation and appears to aqree with the puhlic's opinion of
the noise annoyanrce attributahle to various catenories of vehicles,

427
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APPENDIX A

DATA BASE DESCRIPTION

This appendix describes the common data base used by both the
General Adverse Response Model and the Single Event Madel, It documents
the sources used, analyses conducted, and the explicit results which com-
prise the complete data base for the National Roadway Traffic Noise Exposure
Model.

Al Organization of the Data Base

.

The organization of the data base for the National Roadway Traffic
Noise Exposure Model is directly related to the computational structure of
the computer codes, Data elements are identified by subscripted arrays.
Each subscript denotes one of the basic physical parameters used by the Model
to simulate national noise exposure to roadway traffic noise. Basically, the
orgahization of the data comprises three distinct groups:

¢ Population Data,
8 Roadway and Traffic Data, and
s Vehicle Data.

Implicit in the above growpings is the time varfation of the data,
That is, the Model varies population, traffic, and vehicle data in future
years in a defined fashion using time stream data. For example, the Model
uses statistical projections for the national population in future years to
simulate population growth. The population growth is defined by input data
so that future population is estimated on an annual basis, The Model vses a
baseline year in which all parameters are defined by explicit values. The
baseline year is 1974. A1l time variations of the data are taken relative

to the baseline year value.
A-1
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The subscripts used by the computer codes to organize and mani-
pulate the data carrespond ta physical conditions. For each of the three
basic data groups defined above, the specific subscripts or indices used are

as follows:
¢ Population Data:

- Index J, Population Place Size (Nine categories)
- Index ID, Population Density Range (Four categories)

o Roadway and Traffic Data

- Index K, koadway Classification (Six categeries)
- Inoex L, Average Travel Speed (Five categories)
- Index M, Vehicle Uperating Mode (Four categories)

o Vehicle [ata:
- Index I, VYehicle Type (Fourteen categories)

Each year in the time stream is denoted by the index IYRN. The
current version of the Model allews the user to estimate conditions for 40
consecutive years from the baseline year of 1974,

As an example of the structure of the data base, reference vehicle
noise emission characteristics are dependent upon vehicle type (I}, wvehicle
operating mode (M) and average travel speed (L). Hence, to characterize
completely the reference noise emissions from all vehicles types one must
define, as a minimum, 280 noise emission Tevels (14 x 4 x 5 = 280), Further,
the Model allows the user to define noise emission characteristics for each
vehicle type for future years to simulate a noise emission regulation.
Currently, the user must define levels for the haseline year {1974) and may
optionally define levels for four future years for each vehicle type. Hence,
the current version of the model ailows the user to define 1400 distinct
noise emission characteristics to simulate a noise regulation scenario. [f
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the user desires, either an equvalent continuous noise level. Lo%9, or a
vehicle poputation mean level, L. and standard deviation, o, may be used.
For the Tatter simulation, the user may define 1400 reference mean levels and
1400 corresponding standard deviations.

The following sections of this appendix describe the detail data
base. In particular, the structure of the elements of the data base are
emphasized. This approach is taken since elements of the data hase are
related through common subscripts or indicies, Hence, the user must recog-
nize this relationship and the model formulation to appreciate the char-
acteristics of the current data base and to expand an/or revise elements of
the data base in the future,

A.2 National Populatioen Data

The National Roadway Traffic Noise Exposure Model defines combina-
tions of population, Tand area, roadway mileage, and traffic conditions to
simutlate the Lraffic nofse environment and the noise exposure of the United
States' populatfon. The accurate simulation of these conditions requires
that data be related in combination to reflect the national conditibn.
Indeed, the structure of the nalional population data as described here, is

based wupon the functional classification of roadways used to define the
roadway mileage and travel data base.

As described in Section A.3, the data hase assembled by the U.,S,
Department of Transpartations' Federal Highway Administrationl.2.3 provided
the basis for allocation of pepulation and land area to the appropriate
roadway traffic conditions. Reference 1 contains detailed information
concerning roadway mileage, travel data, and land areas related to population
place size. Further, the Reference 1 data accumulated an 2 national hasis,
the poputation and Tand areas allocated to the FHWA functional classification
of roadways. The FHWA data basel, was subdivided to a further level of
detail to define, by functional roadway ¢lassification and by average popula-
tion density adjacent to the roadways, the distribution of mileage, travel,

A-3




and average travel speed by populalbion place size., This data subdivision or
sorting was performed by the staff of the Procedural Development Branch,
Program Management ODivision of the Federal Highway Administration. This
task was perfbrmed by FHNA at the request of the EPA/ONAC staff and involved
a resorting of the original NHIPS* datal by popuiation density groupings
and speed range groupings, Further, the FHWA data sorting identified roadway
mileage and travel through vacant tand contained in urban areas. Hence, the
data base was established so that roadway traffic conditions could be defined
by functional classification, average travel speed, population place size and

poputation density.
A2.1 Distribution of National Population

Although the FHWA data sorting grouped all of the roadway and
traffic parameters according to population place size and population densi-
ties, the distribution of the population and population densities was not
detafled. First, the FHWA population density data used to conduct the
sorting were defined in terms of total population and total land area,
aggregated on a npational basis. As a result, the population density data
geperally appeared to be teo low compared with the U.S. Bureau of Census
data.4 For example, the FHWA data estimated the maximum populatien density
for all urban areas to be on the order to 6,000 people per square mile.l
The Census data? indicated that over 25 percent of the urban population
resides in urban areas characterized by population density values greater
than 6,000 pecple per sgquare mile. Hence, it was necessary to refine the
population density estimates for the data groupings.

In order to refine the population density data on a consistent
basis with the group FHWA roadway and traffic data census data% from 1970
were used, The Tink between the Bureau of Census data? and the FHWA datal

was the definition of the "urban place size".

*National Highway Inventory and Performance Study
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Tha FHWA oata grouped roadway and travel characterislics by nine
categories of place size. FEight of these categories are used to describe
urban areas and one category is used to describe rural areas, The total
urban population for this data set is 152,52 M people residing in a total
land area of 72,674.2 square miles in the baseline year 1974, The averaga
urban population density is 2,099 people per square mile. The total rural
population in 1974 is 64.18 M people residing in a total land area of
3,476,938 square miles. The average rural population density is 18 people
per square mile.

Since the urban population densities could be refined using census
data, it was decided to focus attention upon the distribution of urban
population and urban land area and to consider rural areas to be homogeneous
with an average population density of 18 people per sgquare mile.

As emphasized in Section A.l, all data used in the Model are
arrayed using subscripts or indices denoting a physical parameter. The
index "J" is used in the Model to denote the population place size category.
As used by the Madel, the nine population place sizes are related to the
index J as follows:

Population Place Size Category Index, J

Populaticn over 2 M
Population from 1 M to 2 M
Population from 500 k ta 1 M
Pepulation from 200 k to 60U k
Population from 100 k to 20U k
Population from 50 k to 100 k
Poputation from 25 k to 50 k
Population from 5 k to 25 k
Rural Population

L D~ 0 th & W D

With the above categories of population place size, it is necessary
to always distribute the poputation and the land area on a consistent basis.
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In order to refine the population dehsity distributions for each population
place size as aggregated by FHWA, the various data classifications used by
the Bureau of Census? were reviewed. As a result of this review, the urban
population place size as defined in Table 20 (pp 1-74 Lhrough 1-86) of
Reference 4 appeared to correspond most closely with the FHWA place size
definition. That is, the place size is defined by the pepulation and the
land area contained in a contiguous geographic area rather than, for
exanple, an area defined hy a legal boundary such as city limits.

The Bureau of Census Table 20 data% for 1970 were stored on a

-computer file so that both population and land area could be sorted by
,alternative definitions of place size and alternative definitions of popula-
tion density groups. In total, this data comprises 560 distinct sets of pop-

ulation, and land area to distribute over place size and population density.

JA.2,.1.1 . Urban Poputation Distribution

The Bureau of Census Table 20 data allowaed definition of population
and land area to a level of “inside central city” and "outside central city.”
For example, the Norfolk-Portsmouth, Virginfa data are classified as indi-
cated in Table A-2.1, To distribute this data, the total place size is
668,259 people with the population densities distributed as 1,147 (outside
ceniral cities); 3,826 (Partsmouth); and 5,855 {Morfolk).

The corresponding FHWA datal indicate a 1975 population of 728,280
people in 630 square miles for the Norfalk-Portsmouth, Virginia area. The
average FHWA population density for this area is 1,156 people per square
mile. Hence, it 1is seen that the FHWA data contain more land area for this
place size than the Census data, but the total place size would be grouped in
the 500 k to 1 M range {J=3} for either data set. Further, it is seen that
the average FHWA population density of 1,156 corresponds reasonably well with
the "outside central city" value of Table A-2.1. Hence, it was decided to
distribute the Bureau of Census Table 20 data on the basis of total wurban
place size for purposes of cmnparisons with the FHWA data. Since the Census
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TABLE A-2.1

EXAMPLE OF POPULATION, LAND AREA, AND POPULATION
DENSITY SORTING: BUREAU OF CENSUS TABLE 20 DATA
{Reference 8 page 1-81)

Tahulated Census Data

Population Land Area
Area (1970) Sq. Mile
Norfolk - Portsmouth Va. 668,259 289.0
Inside Central Cities 418,914 81.6
Norfolk 307,951 52.6
Partsmouth 110,963 29.0
Outside Central Cities 249,345 217 .4
Sorted Census Data
Place Size 668,259
Area Population Land Area
{1970) Sq. Mite
Norfolk 307,951 52.6
Portsmouth 110,963 29.0
Outside Central Cities 249,345 217 .4
Total 668,259 299.0
A-7

Population
Density
2,235
5,154
5,855
3,826
1,147

Paputation
Density
5,855
3,826
1,147
2,235
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data corresponded to 1970 and the FHWA data correspond to 1975, the distri-
hution was accomplished on a percentage hasis rather than on an absolute
hasis.

For both the FHWA data and the Census data, the urban population
values were sorted hy population place size and grouped into intervals of
population place size, For this sorting, a legaritihmic function was used
in the form:

Urban Place Size: x = 1Dloe (P/62.5). {A-2.1)

That is, all place size data were normalized to an wrban place size of 62.5
thousand pecple. In grouping the data, equal intervals of 4x = 3 were used,
j.e., each place size was grouped into intervals such that the higher 1imit
of each interval was twice the lower limit of the interval. The reason for
doing this was the large range of urhan place sizes being considered. The
result of this analysis was to develop histograms for wrban population for
the urban place size metric indicated in Equation A-2.1.

These histograms were then used to derive continuous functions of
percentage distribution of urban population as a function of the urban place
size metric, x, The technigue used to develop these continuous distributions
is described in detail in Reference 5. The rationale for using this approach
was to compare the two population distributiens with urban place size to
indicate similarities and differences. It was expected that the two distri-
butions would be different since the FHMA data grouped pltaces from % k to 10
M population and the Tahle 20 Census data grouped places from 50 k to 16.2 M
population.*

*New York City is a problem, Based upon the total place size as given in the
Table 20 Census data, the New York area has a population of 16.2 1, Hence,
the Table 20 data is weighted towards larger urban place sizes.
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The distribution functions or frequency curves from the national
urban population were integrated numerically to obtain cumulative distri-
bution curves. This result is presented in Figure A-2.1. As expected, the
cumulative distributions presented in Figure A-2.1 do not exactly agree.
However, for the targe urban place sizes (above 1 M population) the twa
curves agree reasonably well, Hence, for the purpose of refining the popula-
tion density estimates for the FHWA data, it was assumed that distributions
of population density for urban areas of a given place size, as defined by
the Tabie 20 Census data} would apply equally to the FHWA place size descrip-

tion.
A.2.1.1  Urban Area Distribution

For the data base sorting described above, the tand areas used in
the FHWA data were also sorted by the urban place size so that for each urban
place size interval, 4%, the populations and land areas were accumulated.
This was done so that the distribution of population density for each urban

place size could he developed.

In addition to this grouping of land area, it was recognized that
within an urban area defined by a land area and population densily, not all
of the land is occupied., Whereas the FHWA data and the Census' data delete
large areas devote to bodies of water, airports, etc., the land areas do
incTude small parks, streets, and commercial areas not devoted to continued

human hahitation.

To estimate the adjustments necessary to calculate occupied Tand
area knowing the total wrban land area, data presented in Table 5.2, pages
142-144, of Reference 6 were used, These data present distributions of land
area by land use category for 14 urban areas. Using these data, land areas
were categorized into occupied areas and unoccupied area. Unoccupied areas,
for example, comprised land use cateqories such as streets and alleys,
parking and open spaces. For each of the 14 urbhan areas, the total area
occupied was calculated, The data then comprised 14 points of occupied land
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area and total land area. For each data point, the occupied land area was
expressed as a percentage aof the total land area, Using these data, a
regression analysis was conducted using total land area ds the independent
variable. The results of this regression analysis are presented in Figure
h-2.2,

This result is used, as described below, to adjust aggregated urban
land areas assigned to an urban place size and populatien density range to
obtain occupied land areas. As indicated in Figure A-2.2, the percentage of
agccupied urban land area decreases with increasing total" land area, The
National Roadway Traffic Neise Exposure Model uses these data explicity
in that an “area factor" {is assigned for each population place size ang
population density category. The "area factor" is defineg as the fraction
of the total urbanm land area that i5 occupied. Hence, stoering total land
area explicitly allows the Model to retain the national physical simulation
of land area distribution and by using defined area factors, the land areas
assigned to urban categories may be adjusted explicitly tp obtain occupied
Tand areas. The details of this adjustment are described he1ow in relation
to the population density distribution used by the Model.

A.2.1.3 Urban Population Density tHstribution

The above two subsections descrine the basic hpproach used to
distribute both urban population and urban land area by. a definition of
urban place size. The objective of this approach was to estimate the distri-
bhution of population density for each urban place size category used by the
FHWA roadway data base,l

The FHWA roadway data base was sorted into four population density
categories. These categories are denoted by the index ID in the Model
structure, The FHWA data were sorted, necessarily, on an absolute poputation
density basis for zach urban place size category, For the eight urban place
size categories, four poputation density ranges were used. Hence, a matrix
of 32 cells was formed distributing roadway data by urban place size and
population density., To refine the distribution of population density for
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gach urban place size, it was assumed that the distribution of poputation
densities, as determined from the Bureau of Census Table 20 data, also
applied to the FHWA data. Hence, histograms based upon the TabTe 20 Census
data were developed for each of the eight urban place size categories. These
histograms distributed urban population and the corresponding urban Tand area
by population density groups or ranges.

Due to the wide range of population densities required to encompass
all of the data from all urban place sizes, a logarithmic population density
variable was defined as:

Urban Papulation Density: y = 10log (P/2.0) (A-2.2.)

That is, all population density data were normalized to an urban population
density of 2,000 people per square mile. In grouping the population and land
area data for each urban place size interval, equal intervals of Ay = 3 were
used. Hence, the urban population, and land area data were distributed into
32 cells with each cell having an area of 4x Ay = 9 units. Additionally, the
number of data points (population and land area sets) in each cell was
obtajned from the sorting so that an average Jand area could be calculated
from the cell data, '

The FHWA roadway data were sorted into four absolute population
density ranges for each urban place size., The absolute intervals used in
this sorting were 0-1499, 1500-2999, 3000-4499, and 4500 plus people per
square mile. As indicated ahove, the FHWA data used gross pepulation and
gross land area to obtain population density. However, the FHWA datal did
indicate the roadway milezge per square miie of Tand area in each urban place
size. Hence, knowing the roadway mileage in each of the FHWA population
density categories implied & defined land area for that category of popula-
tion density and urban place size,

Usfng the distribution of urban land area with population density,
as described ahove, the land areas and populations were reported for each

urban place size such that the land areas of the FHWA data base corresponded

A-13




with the tand areas from the Census' data, Hence, for each of the 32 rells
distributing urban place size and populatien density, the following data
were agareqated:

. Popu.1 ation
¢ Land Area
¢ Number of Data Points,* and

¢ Roadway, Miteage by Reoadway Type and Average Cruise
Speed

The average population density for each cell was obtained by
dividing the total population by the total land aresa. Hence, as used by
the National Roadway Traffic Noise Exposure Model, the four categories of
averane population density are relative categories for each urhan place
size, The classification is denoted by an index, 1D and is categorized as:

.Population Density Catenory Index, ID

High Nensity

Medium to High Density
Medium to Low Density
Low Density

o N

Based upon the FIIWA data sorting by population density, there were no data
points in the 0-1499 pecple per square mile category for some of the urban
place sizes., For those casaes, the low density category (ID=4) was assigned
no population, no land area and no roadway mileaqe.

* A data point denotes the paired combination of land area and papulation.
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Once the population and land area in each cell were determined, the
average land area for one "place” in each cell was estimated by dividing the
total land area by the total number of data points in the cell. \Using the
average land area, the "area factor" for the cell was estimated using the
regression equation for the mean line given in Figure A-2.2,

Table A-2.2 presents the results of these data manipulations. For
gach row or population density category, the distribution of population, Tand
area, and population density are presented. The indicated population density
values are the result of dividing the total population in each cell by the
occupied land area. The total occupied land area is calculated by multiply-
ing the total area by the area factor for each cell. Each colunn in Tahle
A-2.2 presents the distribution of population and land area within each
population place size category.

The classification of popuTation place size and population density
as presented in Table A-2.2 is the basic structure of the National Roadway
Traffic Noise Exposure Mouel, A171 data is structured and/or distributed by
this classificatfon scheme. Hence, the model always assigns roadway traffic
caonditions, and the resulting noise generated to & finite land area contain-
ing a finite population. At any time in the simulation, the land area and
the traffic noise sources countained in that land area expose only the
populaticn assigned to that land area., Hence, as a basic assumption, the
National Roadway Traffic Noise Exposure Model considers each cell in Table
A-2.2 to be independent. That is, noise exposure and impact estimates are
conducted on the basis of the conditions defined for each cell and are summed
over all cells to estimate national conditions.

As an audit of the data manipulations resulting from the distri-
bution of the urban population and land area, two additional comparisons of
the data are presented. The comparisons are on the basis of urban population
density distribution and the joint distribution of population density with
urban place size. The comparisons are between the original Burea of Census's
Table 20 data and the aggregated data summarized in Table A-2.2.
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TABLE A-2.2

DISTRIBUTION OF POPULATION AND LAND AREA BY PLACE SIZE
(INDEX J) AND POPULATION DENSITY CATEGORY {INDEX ID)

POPULATION PLACE SEZE--TUDEX J

1 2 3 1 5 6 7 & 9
M RODK 200k 100 S{k 25k ok [IRDBAN
PARAMETER »2H =-2H =M =h0{k =00k =100k =60k =25k TATAL RURAL
1 Population 5.61 2.1n 1,36 1.61 1.1 1.n7 0,47 1.85 12,21 64,18
Area 1347 272 63 26 7y 379 5e 220 1870.2 1,476,930
= P 64,711 13,451 0, 360 9,165 583 a6 13,001 16,908 . 18.0
&
1) 2 Papulat ion z22.28 a.08 2.04 6,423 2.4 ¢.1? 2,08 4.97 51.83 0.0
::'; Arca 3576 74 ans ELEH] 1ng [ARK] aag 1261 13970.0 0.0
E p* 12,63R a.n9e? 6,967 g7 .0 I.am ?.0A] f,E06 1,681 - '
by
5 3 |Population 21.59 .13 $.40 £.75 f.0a .53 1.5) b.46 .20 0.0
= Area 1158 5080 4406 LYatidl hihh 4195 kit AR27 39372 .0 1.0
£ p* 6,107 5,014 1,087 2,764 201 etz | a,on #,271 -
-
g e fropulation 0.0 5,35 5.0 0.0 0.0 .0 1.97 2.0 I15.27 0.0
hrea a.n anfia Ah1a n.n n.n 0.0 2769 AR20 17262.0 n.o
p* - 2,605 2,330 - - - 7,147 1,673 -
T0TAL FOPULATION 19,48 27,66 TR I BT T 10.93 7.1 g.88 17,98 157 .52 84,00
TOTAL AREA ' 12064.2 | I0706.0 ysh1.n | tose3.e | Gran.n i639.0 | 59536 nepr.o || rrera.r 3476938

Total Papulation « 216.70 millfon
Total Land Area » 1,549,612.2 sguare miles
™ = population/ {Area) {Area Factar), Adjusted Population Density In Peeple per Squdare Mile
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Figure A-2.3 presents tite comparison between the distridution
of urban population with population density for all urban place sizes based
upen the original Bureau of Census Table 20 data and the data aggregated to
construct Tabhle A-2.2. As seen in Figure A-2.3, the distributions are
quite similar, These distributions were integrated numerically to obtain
cumul ative distribution curves for the two data sets. Figure A-2.4 presents
this result. [t is evident thal these distributions are essentially
jdent ical,

As a further comparison, the joint distribution of wrban population
with population density and population place size was considered. This
comparison is made on the basis of a regression analysis of population
density versus urban place size for the distribution of the urban population
with both population density and with place size. Figure A-2.5 presents the
results of this analysis. For both emphasis and for comparison, the analysis
of the Bureau of Census Table 31 data (Reference 4, pp 1-122 through 1-170)
is presented in Figure A-2.5 along with the Table 20 data and the Model data.
The interesting result is that all three mean lines exhibit essentially the
same slope. That jis, population density varies, on the average, at the same
rate for each urban place size description. This comparison also emphasizes
the significance of the definitfen of "place sijze." The Table 20 data is
based upon populations contained within contiguous urban areas. The Table 31
data is based upon populations contained within district urban boundaries.
The place size designation used by FHWA and adopted for this study is similar
to the Table 20 census data., Based upon the results presented in Figure
A-2.1 and Figures A-2.3 through A-2.5, the distribution of urban population
wilh urban place size and population density, as used hy the National Roadway
Traffic Noise Exposure kodel, appears consistent with National census data.
For completeness, the results of the regression analysis presented in Figure
A-2.5 are detailed in Table A-2,3.

A.2.1.4 Rural Pepulation and Population Densities

Neither the FHWA datal nor the Bureav of Census data% was
sufficiently detailed to refine the distribution of population, land area,
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URBAN PLACE SIZE METRIC

Urban Area Place Size

1e-v

Urban Boundary Place
Size

National Roadway Traffic
Noise Exposure Model

p is populatien density in

SUMMARY OF RESULTS:

TABLE A-2.3

REGRESSION OF p AGAINST P

STANDARD ERROR

EQN. OF —MEAN VALUES THOUSANDS OF PEOPLE
REGRESSION LINE _rP B PER SQ. MI.
p = 0.60111(p)0-2646 1312.2  4.068 3.750
p = 1,17070(p)0-2802 90.763 4.141 4.090
p = 0.69126(p)"+2290 §72.8  2.959 3.839
thousands of people per square mile.

P is the appropriate urban place size metric.
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and roadway data for rural areas, As indicated in Tahle A-2.2, the distri~
bution of population between urban and rural categories allocates 70.4
percent of the national population to urban areas. The national distribution
of land area allocates Z2.05 percent of the nation's land area to urban areas

with populations greater than 5,000 people, Hence, as used hy the MNational

Roadway Traffic Noise Exposure Medel, the "rural® place size categary
comprises urban places with population less than 5,000 people and distinctly

rural areas as usually imagined,

The Model's structure allows for refinement of the "rural" place
size cateqgory with respect to population density distribution. In the
future, data may become available to allocate--on a consistent basis--
population, land area, and roadway data to refine the rural noise dmpact
estimates. Present]y, howaver, the Model considers all rural areas to he
characterized by a constant population density, in 1974, of 18 peaple per
sguare mile, uniformly distributed along the roadwav network, and traffic
conditions defined by the FHWA datal for rural areas.

A.2.2. Growth of National Population

The National Roadway Traffic Noise Exposure Model allows the user
to vary the national population with time. This feature simulates future
chanoes in the population and may be varied to the level of the urban place
size (Index, 1), That is, the user may simulate population projections for
each urban place size and the rural place size. This similation is con-
straipned only in the sense that the future fotal national population sihould
correspond to the various Bureau of Census projections.”

As manipulated by the Model, a "peopultation arowth factor" is
defined as a fraction of the 1974 population. Hence, for each population
place size, future population is estimated by multiplying the 1974 population
hy the population growth factor. Figure A-2.6 presents the natignal popula-
tion growth projections from 1975 through 2050 based upon the various Bureau
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of Census scenparfos, The vertical axis of Figure A-2.6 is the -composite
national populatien growth factor. The stars indicated in Figure A-2.6 are
the data currently used by the National Roadway Traffic Noise Exposure Model.
Hence, it is seen that the current data base simulates the Bureau of Census’
Series | population projections. Table A-2.4 presents the population growth
factors currently used by the Model by the place size Index J. These data
were obtained from Reference 8, and as indicated in Figure A-2.6 simulate the
Series I projections.

The projection of population increase is based upon various assump-
tions concerning birth rates, immigration, and death rates. The various
project ions indicated in Figure A-2.6 are labeled with Roman numerals indica-
ting the Bureau of Census projection series.’” Series I, II, and III each
assume a slight improvement in the mortality rate and a constant immigration
rate, Each of these series differs in that Series I assunes an immigration
and fertility rate based upon historical trends. Series Il differs from Ser-
ies [ in that the fertility rate assumed represents a "replacement level,"
i.e., the population would exactly replace itself in the absence of net immi-
gration. Series III represents a Jower fertility rate as compared to hoth
Series I and II, Series II-X is identical to Series II except that zero net
immigration is assumed.

Hence, the Model allows the user to simulate changes in the
national population in future years to estimate future noise exposure. The
future noise exposure is, of course, dependent upon tiie data used to estimate
future neise source emissions, [n the allocation of population to roadways
and, hence, naise sources, the Model assigns the future population to the
1974 land areas on the level of place size (J) and population density cate-
gory {ID). The 1974 land areas are presented in Table A-2.2. The future
populatien density, for each {J, ID} combination is calculated by dividing
the future population by the 1974 land area. That is, the Mode] does not,
currently, vary land area with time. Consistent with this assumption is the
fact that the Model does not presently increase roadway mileage in future
years, The rationale for this assumption s that urban areas generally

A-24

PR OIE O )

Iy

T

| N Sy



peorom B e B o B e

TABLE A-2.4

faoman  peam pees opeen e T T TTO

POPULATION GROWTH FACTORS BY PLACE SIZE {INDEX J)

FOR EVERY FIVE YEARS IN THE TIME SYSTEM

AREA TYPEs)

———

Se-v

i

!

I e —————————

[ | | |
! | 4 -] | [} 7 !
1 1 IR | 1
{ I | I
| PLACE STZE | 200~ 108- | 50~ 25~ |
I THUUSANDS | %00 200 | 100 50 |
1. | S PR (VN S — 1 I 1
| {

| YE&R ] POP(YEARI/PUP(RASEL INE)

1 ) R -

| | l | ] | i
| 1974 I I | I l1.00 | 1,00 100 | 1,00 |
| | ! | | | | I
| tyac | ] I I l.0z 1 1.02 1.2 | 1.02 |
| | t | | 1 [ 1
| 1y8e ! ] t i 1.C4 | 1.G4 1.04 | 1,04 1
! | | I | | ! I
1 1964 1 i ! I 1.66 1 1.05 1.P5 1 1.05 |
] t I | ] | i I
I 1990 | 1 | boM.05 L 1.05 1,45 | 1.65 |
| | | | | ] 1 [
I 1995 ! | | f 107 I 1,07 1.07 1 1.67 |
| | I ! ] i | !
} zeoo | t | | 1.048 1.0 1.09 § 1.69 |
| i ] 1 | 1 ] |
| 2ocy 1 | I 1 1.1¢ 1 1.11 1.10 ¢ 1,40 |
) t | | I | | I
| anio | 1 1 I 1,12t 1.12 1.12 ) 1.2 |
1 1 1 1 } 1 ] 1

————

[N

P v o —



contain sufficient Tand area to allow for increased population witholUt vastly
increased land areas. The structure of the Model, nowever, allows for the
time variation of both land area and roadway mileage to be included if future
data sources provide for such detailed considerations.

A.3 Roadway Mileage, Configuration, and Travel Data

The structure of the National Roadway Traffic Noise Exposure Model
is based upon the requirement to relate noise generation (traffic conditions)
to population. The FHWA data basel»Z,3 structured roadway characteristics
by their functional classification. The functional classification is a pro-
cess by which roadways are organized into classes or systems according to the
characier of service they provide. Most travel involves the movement through
a roadway network and the functional classification defines the nature of
this channelization pracess ny defining the part that any particular roadway
plays in serving the flow of trips through a highway network.

Related to this chanpelizatijon is the dual role the roadway network
plays in providing two services:

¢ Access to Land Uses,
“'s Travel Mobility,

Land access is needed at both ends of a trip, and mobility is needed along
the path of a trip. The mobility is provided at various levels of service.

The concepts of travel channelization and levels of mobility lead
to a hierarchy of functional classes and the relative travel distances served
by these classes, This hierarchy can he re]éied to the functional speciali-
zation in meeting both access and mobility requirements, For example, inter-
states, expressways, and arterials emphasize a high level of mobility for
through travel. Local streets ewphasize access to adjacent Tand, Collector
roads offer a balance between mobility and land access, Since urban and
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rural areas differ as to population density, types of land use, deﬁsity of
roadway networks, travel patterns, and their interrelationship to the defini-
tion of highway function, rural and urban functional systems are different

in nature.

Reference 1 presents the detailed definitions of the functional
classification of the national roadway network, The relationship between
this classification scheme and the National Roadway Traffic Neise Exposure
Model, however, forms the basic structure of the Model. As described in Sec-
tion A.2, the Model assigns population and land area into distinct categories
for the purpose of estimating traffic noise exposure. Each of these popula-
tion/area categories is a distinctly independent unit in that noise sources
in one category do not directly expose population in another category.

However, by assianing explicit travel data for each mile of roadway
in each popuiation/area cateqory, the Model indirectly accounts for exchanges
of traffic (i.e., noise source interaction) between categories of population
and land area. The allocation of roadway mileage and travel data to differ-
ent categories of population/area was accompiished by the FHWA staff in a
special sorting of the NHIPS datal to a level of detail sufficient to
define traffic noise generation in these areas.

A3l Ciassification of Roadway Mileage

The basic structure of the Model data hase relating to roadways and
travel encompasses the population place size, Index J, and the peopulation
density cateqory, Index ID. The next two levels of data are the roadway
functional classification, Index K, and the average travel speed, Index L.

The National Roadway Traffic Noise Exposure Model uses six func-

tional cateqories of roadway to define the data hase. These functional cate-
gories correspand to the FHWA categories,l and are:
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Functional Roadway Classification: Index, K

Interstate Highway
Freeways and Expressways
Major Arterials

Minor Arterials
Collectors

Local Roads and Streets
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The Model allocates 3.586 million miles of the national roadway network to
population place sizes representing a total aof 216.7 million people and a
tand area of 3.549 million square miles. The roadway mileage, by Index K,
is determined solely by the FHWA highway fnventory data.l In order to con-
duct detailed traffic noise estimates, it is necessary to include vehicle
speed and traffic volume as additicnal parameters.?:10 Hence, the roadway
mileage and travel are distributed over the population categories according
to the functional classification amd further distributed over average Lravel
speeds for each functional classification.

A.3.2 Uistribution of Roadway Mileage and Travel with Population

Table A-3.1 presents the sunmary of the distribution of baseline
year (1974} roadway mileage and travel by population place size (Index J)
and functional roadway classification (Index K). For example, the data 1in
Table A-3.1 indicates that 1.998 miles of interstate highway (K=1) are
assigned to urban areas with total popylation exceeding 2 milTion.

The FHWA data basel alsc accumulated Lthe Daily Vehicle Miles
Traveled (DVMT) on each functional class of roadway in each population place
size. The DVMT value describes the total vehicle travel on the roadway. By
dividing the DYMT value by the roadway mileage, the Average Daily Traffic
(ADT} is estimated for roadway., Table A-3.1 presents the distribution of
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TABLE A-3.1

DISTRIBUTION OF RDADWAY MILEAGE, AVERAGE DAILY
TRAFFIC (ADT) AND DAILY VEHICLE MILES TRAVELED
{DVIT) BY PLACE SIZE (J) AND ROADWAY TYPE (K)

BOADUAY 'I'YEH

PUTERETATE OTIKIL 1t RAY Lk HINak COLLLETONRS LOCAL
b LXE"HAY ANGEMIRLS ACILRIALYS

Hilen 1, 0uu 1,749 9.l 14,103 17,6454 84,247

»m e 4, UGG 6h, 410 1, Pl 4,35 1,78 1,429

LYNT 149,502, Ty 136,250, 1310 s,071, 940 111, 3w, 4% 41, 020,642 95,114, 86)
14 Hilds .y 1,817 FPR TS LY ] 10,308 04,47y
e AT L, 14 32,544 17, 109 [T 3,446 b6
m v RPN TEANR 3 ) 44, 700, M uy, &Y0,932 0, 49 L2 16,036, Teb 43,420,460
400k Jtlles LT Y 4,004 6, 10 7,140 47,406
to AOT 40,947 3,00 . 16, o4 [INTH 3,160 L2
" e 9,814, W | 25,152,004 Bh, 4992, P 50,644, JUD 27,04, 400 MN,097, 152
2008 Miley [INLT L.ute 5,4t , 5ul o7 5,251
to Aley 40,3161 2,012 16,02 o, 470 1,002 uyy
Luok e T0, 304, L) e, N2 69,217,414 5,579,410 30,103, 14 44,871,470
100K Hiluy u94 B0l Iy 5,504 5,704 36,647
ta ALT IE,1un T}, v 14,914 7,80 3,207 LaYy
ik (B 37,800,200 i, 45L, 152 47,352,944 40,170,103 14,783,410 23,816,151}
50% ey 512 s 3,048 £,048 4,513 29,704
wn AUT 1,0k 19, 4% 1 LY 2,917 11
Lk LwHr 11,219, 4% 10,9082, wui 41,273,960 26,921,304 13,235,400 18, 021k, T
5 Hilus ot i 4,42 8,1 b, B 31,4354
w AUt 23,241 1, 878 1, g 5,4 3,484 (37
S0% LT 9,230,437 7,541,118 6,746, 9y 29,197,110 14,4, 142 1,109,419
B Hilus ' IRTT] v,us2 12,14 11,130 1,418
to Aar 141, 206 13,29 0,922 4,255 1456 aus
Wk i 16,167,144 13,043,016 ub, 415,043 61,507,020 24,550,500 31,330, 045
Hilen 1,14 65,7146 155,547 435,417 207,917 1,942,1
Husal AR 11,700 4,613 2,50 69 170 o0
I 434,092,600 | 396,265, Qo0 192,445,001 187,174,611 V13,919,290 190,307,034




both DVMT and ADT for each roadway type and each population place size. The
ADT value is the quantity used by the Model in calculating traffic noise gen-

eration on the roadway.

Tahle A.3.2 presents a detailed distribution of roadway mileage as
a function of average travel speed. This distribution is defined to the lev-
el of population place size (Index J), population density cantegory (Index
IDY, and average travel speed (Index L). The Model uses five average travel
speeds to distribute roadway mileage. The average travel speeds are taken as
the center of a consecutive set of speed ranges, These speed ranges and the
tarresponding value of the speed Index L, are:

Average Travel Speed Range Averaqe Speed Index, L
Less than 25 mph 20 mph 1
25 to 35 mph 30 mph 2
35 mph to 45 mph 40 mph 3
45 mph to 55 mph 50 mph 4
Greater than 55 mph 60 mph 5

The Model presently considers the ADT to be constant for all travel speeds,
Hence, roadway mileage s categorized into 1,080 distinct combinalions of
popualtion place size, population density, roadway type and average travel
speed. This data is derived from sorting the original FHWA data.l

The FHYA data sorting also indicated the roadway mileage in each
population place size that passed through vacant land, Since the Model
structure used an "area factor' to account for vacant land in urban areas,
it was necessary to mechanically delete roadway mileage through vacant land,
This is accomplished using a "“roadway factor'" that represents the fraction of
the total roadway mileage, by roadway type, that passes through occupied
land, Based upon the HWA data,1 it was possibie-to define the “roadway
factor" only te the level of place size (Index J), and roadway type
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TABLE A-3.2

ROADWAY MILEAGE DATA

AYERAGE TRAVEL SPEED 20 MPH

D=1
HIGH POPULATION DENSITY AREAS
IV K1 2 3 4 5 6 ALL K
1 0 3 16 1 37 94 191
2 0 7 21 71 'R 172 342
3 B 1 4 11 12 kE 59
4 0 3 17 45 42 119 226
5 0 5 24 58 61 149 297
5 0 5 29 57 €5 171 341
9 0 1 6 14 15 33 69
8 0 3 27 56 £3 190 292
g 0 0 0 8698 6159 215859 230716
ALL J> 0 28 144 9064 6529 216768 232533
=2
MEDIUM TO HIGH POPULATION DENSITY AREAS
Jv x 1 2 3 4 5 6 ALL K
1 6 78 438 1085 989 2494 5090
2 1 19 59 201 203 491 974
3 1 6 31 84 55 242 459
M 7 69 360 963 £86 2514 4799
5 2 23 110 273 283 6§99 1390
6 1 18 39 229 213 579 1153
7 1 10 97 210 226 504 1050
8 1 16 154 3134 364 804 167¢
9 0 0 0 0 g o 0
ALL I> 20 239 1348 3381 3281 8327 ° 1659¢
A-31
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TABLE A-3.2

ROANWAY MILEAGE DATA
(Continued)

AVERAGE TRAVEL SPEED 20 MPH

D=3
MEDIUM TQ LOW POPULATION DENSITY AREAS
o 1 2 3 4 5
14 182 1025 2540 2314
7 125 3ge 1321 1333
7 51 280 761 BE6
9 88 458 1223 11:¢S
7 92 448 1100  1tuz
4 67 372 860 877
1 25 241 523 568
3 58 554 1206 130€
0 0 0 0 Q
52 688 3758 9534 9531
10 =4
LOW POPULATION DENSITY AREAS
>R 2 3 4 5
0 0 0 0 0
6 104 309 1063 1073
7 53 290 788 897
0 0 0 0 0
0 a 0 0 0
0 0 0 0 0
2 31 299 650 708
4 75 712 1551 1678
0 0 0 0 0
19 260 1610 4052 4334

)

5837
3216
2197
3193
2821
2178
12583
2887

23582

0
25849
2276

1556
37z

10133

ALL K

11912
638¢
b162
6096
S60¢€
4354
2611
6014

47148

ALL R
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7733
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TABLE A-3.2

ROADWAY MILEAGE DATA
{Continued)

AVERAGE TRAVEL SPEED 30 HPH

[0=1
HIGH POPULATION DENSITY AREAS
J ¥V K> 1 2 3 4 5 6 ALL ¥
1 1 8 43 83 76 422 633
2 1 16 54 144 148 175 113¢
3 0 2 10 22 25 141 2040
4 1 5 44 92 ES 534 76&
5 1 13 61 119 123 673 99¢
6 1 14 76 137 e 169 1137
7 Q 2 16 28 3Q 47 223
8 1 .7 70 120 126 631 95¢8
g 0] 1114 3311 43489 30792 863437 42543
ALL 3> & 1785 3485 44234 31545 867529 suas584y
=2
MEDIUM TO HIGH POPULATION DEMSITY AREAS
J v 1 2 3 4 5 8 ALL K
1 18 202 1138 2213 2017 11225 16813
2 L 44 152 411 41z 2208 3234
3 2 15 80 171 195 1090 1553
4 22 182 937 1958 1608 113N 1621%
5 5 560 286 556 5717 J146 463¢
€ 3 46 257 466 47s 2606 3853
7 2 26 251 429 4g = 2266 J439
3 3 42 807 685 qz 3618 5492
9 0 ¢ ] 0] 0 0 q
ALL 1> 39 617 3502 6589 6691 37471 85229

A-33




TABLE A-3.2

ROADWAY MILEAGE DATA
(Continued)

AVERAGE TRAVEL SPEZD 30 MPH

A-34

AREAS
5

$72¢
2717
17€S
2252
2328
1987
11Z€
2EEY

¢

t9u20

5

L - R
F=g & Mm _a
Ly N o
ainmnoomqo

D=3
. VEDIUM TO LOW POPULATION DENSIT
J¥v% 1 2 3 4
1 42 472 1662 5179
2 28 291 999 2693
3 20 133 728 1551
4 29 241 1191 24387
s 20 4 1154 2242
6 1 174 967 1753
7 4 66 523 1083
8 10 150 1441 2459
9 Q 0 0 J
ALL J> 164 1758 9767 19512
3 =4
LOW PCPULATIGN DENSITY AREAS
Jd T 1 2 3 4
1 0 0 0 a
2 22 234 848 2167
3 21 138 754 1606
4 9 Q 0 J
= ¢ 0 0 )
& 0 J o ¢
7 ] g1 775 135
8 13 193 1852 318
S 0 0 o G
ALL J» €2 646 4187 8260

8878

6

26264
14473
9888
14384
12695
9803
5639
12992
0

106122

11645
10241
9

7002
16792

45594

ALL R

3933¢
21201
1408¢%
2059¢
186810
tugy9 s
§55¢é
1971 ¢

156873

ALL X

¢
1706 4
14588

1662
2534

OoOhuooo

6762¢
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TABLE A-3.2

ROADWAY MILEAGE DATA
(Continued}

AYERAGE TRAVEL SPEED 40 MPH

in =1
HIGH POPULATION DENSITY AREAS
Jv & 1 2 3 4 5 6 allL &
1 1 5 29 24 21 422 502
2 2 10 36 41 i1 775 905
3 0 1 7 6 1 141 162
4 1 6 29 26 3 534 620
8 1 g 41 34 kE: 673 793
6 1 3 51 39 4o 769 309
7 0 1 11 8 g 147 17¢€
8 1 5 47 34 17 631 755
9 0 10286 18666 130468 92375 863437 1115232
ALL J> 7 10332 18917 130680 92589 867529 1120054
D=2
MEDIUM TO HIGH POPULATION DENSITY. AREAS
J v B 2 3 4 5 6 ALL X
1 24 134 759 626 571 11225 13339
2 6 30 102 116 117 2208 2579
3 3 10 54 48 55 1090 1260
4 30 121 624 555 11 11311 13152
5 6 40 191 157 163 3146 3703
6 4 31 172 132 134 2606 3079
7 2 18 168 121 13z 2266 2707
8 4 28 268 194 21¢ 3619 - 4323
g 0 0 0 0 g 0 0
ALL 3> 79 312 2338 1945 18931 37471 44142
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TABLE A-3.2

ROADWAY MILEAGE DATA

(Continued)

AVERAGE TRAVEL SPEED 40 MPH

MEDIUM TO LOW POPULATION DENSITY AREAS

1

55
37
27
3a
26
16
"B
T4
0

219

— B L
CLNOOODOO

o]
L]

2

315
194
89
154
151
116
54
101
0

1174

T2
0

156
g2

54
129

431

10 = 3
3 4 5
1776 1465 1336
667 762 169
486 439 499
793 705 6EC
769 835 659
646 495  5C6
517 302 327
961 696 - 754
0 0 ¢
6515 5499  55CC
10 = 4
LOW POPULATION DENSITY AREAS
3 4 5
0 0 0
537 618 €15
503 455 517
0 0 0
0 0 0
0 0 ¢
518 375 407
1235 895 €9
0 0 0
2793 2339 2512
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26264
14473
9888
14368
12685
9803
5639
12992

106122

11649
10241

7002
16702
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31211
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TABLE A-3.2

ROADWAY MILEAGE DATA

(Cantinued)

AVERAGE TRAVEL SPEED S0 MPH

D=1

HIGH POPULATION DENSITY AREAS
4

&> 1 2 k|

3 15
& 21
1 4
3 17
5 24
5
1
3
7

— b ok
Oh = O f e~

29
6
27
5079 3342

5148 33454

MEDIUM TO HIGH POPULATION DENSITY AREAS

=2
K> 1 2 3

201 78 438
43 17 59
26 & 31
256 69 360
5 23 110
34 18 99
20 10 97
33 16 154
0 0 0

673 237 1348

A-37

4

1
1

Wi =2 wo s m

11

209
39
16

185
52
44
40
65

0

650

5

5

14
2
g

12

13
3

12

60663 178931 12624¢€

6£0807 179002 126317

1

—s a1 10
MW —

170
54
4z
44
1¢

Q

631

6

6

[*FoNolaleleleNol e

ALL &

4z
72
12
45
64
70
T4
5%
40434 ¢

4ok728

RLL &

1117
202
97
104G
294
240
211
338

3539
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TABLE A-3.2

ROANKAY MILEAGE DATA
{Cantinued)

AVERAGE TRAVEL SPEED 50 MPH

me3

MEDIUM 7O LOW POPULATION DENSITY AREAS
1 2 3 4 5
470 182 1025 g8 448
317 112 384 254 2E¢
233 51 280 146 166
325 g8 458 235 217
224 92 yh4 21 22¢
129 67 372 165 16§

51 25 241 101 109
117 58 554 232 281

] 0 0 0 ]

18€8 €75 3758 1832 1834

ID =14

LOW POPULATION CENSITY AREAS

1 2 J 4 5
0 0 0 0 Q
255 90 309 2053 2C¢€
241 53 290 152 172
Q Q 0 0 ¢
0 0 0 0 Q
0 0 0 0 C
€3 a1 299 125 iz
151 75 712 298 323
a 0 ¢ 0 ¢
710 249 1610 780 BJE
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TABLE A-3.2

ROADWAY MILEAGE DATA

{Continued}

AVERAGE TRAVEL SPEZD 60 MPH

HIGH POPULATION DENSITY AREAS

MEDIUM TO HIGH POPULATION DENSITY AREAS

[0=1
1 2 ]
13 1 ]
29 2 7
6 ] 1
21 1 6
20 2 8
17 2 10
2 Q 2
10 1 9
266£2 40289 73107
26763 40298 73156
D=2
1 2 3
43 26 147
E3 6 20
44 2 10
437 23 120
s4 7 37
59 6 33
35 3 32
E5 5 51
0 0 o
1150 78 450
A-39
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TABLE A-3.2

ROADWAY MILEAGE DATA

{Continued)

AVERAGE TRAVEL SPEED 60 MPH

MEDIUM TQ LOW POPULATION DENSITY AREAS

1

gez
541
397
555
381
222
87
199
0

3184

435
an

107
256

1209

2

60
37
17
28
30
22

19

222

2

— L)

N =
oMo ocoocomoo

o4
[ ]

ID=3
3 4 5
343 g8 940
128 51 =8|
94 29 33
152 47 44
148 42 by
123 33 34
80 20 22
185 47 LB
0 0 0
1253 367 349
D=4
LOW POPULATION DENSITY AREAS
3 4 5
0 0 0
103 41 i
97 30 34
0 o ¢
0 0 Q
0 0 ¢
100 25 27
238 a0 €S
0 0 0
538 156 1€7
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(Index K), Hence, the distribution of roadway mileage through occup%ed urban
land is assumed constant for all population density cateqories (Index ID),
and all travel speed ranges {(Index L). The "roadway factors" currently used
by the Model are presented in Table A-3.3. For example, the total interstate
mileage in urban areas with population exceeding 2 millijon people is 1,898
miles (Table A-3,1). From Table A-3.3., the roadway factor for K=l (inter-
states}, and d=1 (urban places over 2 million population) is 0.764. Hence,
the interstate mileage through occupied Jand in this urban place size is
1,526,5 miles. The rodel uses the roadway factors at the level of detail
presented in Table A-3.2 for roadway mileage distribution with population
density category, and average travel speed.

To simutate future growth of roadway traffic, the National Road-
way Traffic Noise Exposure iodel uses total vehicular population. As
described in Section A.4, the Model allows the user to define vehicle sales
projections and, with the vehicle survivability data, project the future
vehicle population. The Model uses the ratia of future total vehicle popula-
tion to the 1974 vehicle population to vary the baseline ADT valuaes in future
years, That is, it is assuwed that future changes in AQDT are prnportidna1
to total venicle population, and that these changes are uniformiy distribu-
ted over all roadways. Further, it is assumed that all roadways remain at
their average travel speed assigned in 1474, The assumption of constant tra-
vel speed imp]%ES that the level of service for all roadways remains at the
1974 conditions., It appears that this assumption is more sensitive to the
roadway surface roughness than it is to the present design capacity of the
national roadway network.3 The dominance of highway funding in the future
appears to be allocated to maintenance activities rather than new construc-
tion.3  Hence, the Model allows for increased travel, but holds roadway
mileage constant in future years

A.3.3 Traffic Mix on Roadways
The Model assigns a baseline traffic mix for 1974 by population

place size {Index J) and roadway type (Index K). These data are presented
in Table A-3.4. Tiis data set was developed from FHWA datall ana data from

A-41




TABLE A-3.3
FRACTTON OF ROANWAY MILEAGE THROUGH OCCUPTED LRBAN LAND
(Reference 5 Data Sorting)

Fopulation Place Size, Imlex J

8 9

“n
=}
—

K 1 2 3 1

1 0.764  0.764  0.764  0O.764  0.764  0.704  0.656  .0%  1.000
2 0.¥38 0.738 0 0.738 0 0738 0.738 0 0.738  0.679 U.679 1,000
3 0.860  0.866 0.866 .06 0.866  0.HGL  0.843  0GL843 1,000

ey

1 U.84%  0.845  U.B4AS  G.845 0 0,845 0845 0.H84Y 0.849 1,000
b 0.852  O0.852  0.8b2 0.8 0,88  U.8b2 0,867 0.867 1,000

6 U.852  0.852  0.852 07852 0.8%2  0.8%2 D867 U.867  1.000

J is Population Place Size Index

K is Roadway Type Index

R
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TABLE A-3.4
PERCENTAGE VEHICLE MIX IN TRAFFIC FLOW BY PLACE SIZE AND
FUNCTIOHAL ROADWAY CLASSIFICATION BASELINE CONDITIOGNS

URBAN PLACE SIZES: Over 2M; IM-2M; 500k-1M

VEHICLE TYPE ROADWAY TYPE (INDEX K)

Light Vehicles 87?62 87?62 91?82 90?52 90.51 85.76
Medium Trucks 2.1 2. 3.05 4.31 3.61 1.16
Heavy Trucks 9.17 9.17 4.03 3.1 3.82 0.99
Intercity Buses 0.03 0.03 0.03 0.00 0.00 0.00
Trangit Buses 0.08 0.08 0.08 0.54 0.54 0.54
School Buses 0.00 0.00 0.00 0,02 0.02 0.02
Modified 0.88 0.88 0.88 1,32 1.32 1.32
Motorcycles

Unmadified 0.12 0.12 0.12 1.18 1.18 1.18
Motorcycies

100.00  100.00 100.00 700.00 100,00 100.00
URBAN PLACE SIZES: 200k-500k; 100k-200k; 50k-100k

VEHICLE TYPE ROADWAY TYPE (INDEX K)

Light Vehicles 87?64 87?64 9]?84 90?71 90?70 95?98
Medium Trucks 211 2 3.05 431 361 1.6
Heavy Trucks 9,17 8,17 4.03 N 3,82 0.99
Intercity Buses 0.04 0.04 0.04 0.0 0.01 0.01
Transit Buses 0.04 0.04 0.04 0.30 0.30 0.30
School Buses 0.00 0,00 0.00 0.08 0.08 0.08
Modified 0.88 0.88 0.88 1,32 1.32 1.32
Motarcycles

Unmodified 0.12 0.12 0.12 1.18 1.18 1.18
Motorcycles :

100.00 100,00 100.00 100.00 100.00 100,00
NOTE: Some columns do not add up to exactly 100 because of rounding,
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VEHICLE TYPE
Light Vehicles
Medium Trucks
Heavy.Trucks
Intercity Buses
Trans it Buses
School Buses

Modif ied
Motorcycles

Unmodified
Motorcycles

VEHICLE TYPE
Light vehicles
Medium Trucks
Heavy Trucks
Intercity Buses
Transit Buses
School Buses

Modified
Motorcycles

Unmedified
Motorcycles

TABLE A-3.4
{Continued)
URBAN PLACE SIZES: 25k-50k; 5k-25k
ROADWAY TYPE (INDEX K)

1 2 3 4 5 6
87.67  B7.67 91.87  90.34 90,33  95.61
2.1 2.1 3.05 4.31 3.6 1.16
9.17 9.17 4,03 3 3.82 0.99
0.03 0.03 0.03  0.00 0.00 0.00
0.05 0.05 0.05 0.21 0.2 0.2
0.00 0.00 0.00 0.52 0.52 0.52
0.88 0.88 0.88 1.32 1.32 1.32
0.12 0.12 0.12 1.18 1.18 1.18

100.60 100,00  100.00 100.00 100.00 100.00
' RURAL AREAS
ROADWAY TYPE ({INDEX K)

1 2 3 4 6
79.67  79.67 85.78 88,27  93.33  96.74
2.74 2.74 3.80 4.39 0.56 0.41
16.16 16,16 8,99 5.14 3.9 0.65
0.24 0.24 0.24 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.19 0.19 0.19 0.70 0.70 0.70
0.88 0.88 0.88 1.32 1.32 1.32
0.12 0.12 0.12 1.18 1.18 1.18

100.06  100.00  100.00 100.00 100.00  100.00

NOTE: Some columns do not

add up to exactly 100 because of rounding.
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EPA documents,12,13  This section describes the procedures and assumptions
used to define the data contained in Table A-3.4.

The FHWA datall provided estimates of the percentage of traf-
fic mix for urban and rural areas and the type of highway system. The per-
centage mix was, however, expressed in terms of passenger vehicles and truck
categories (page 8 of Referemnce 11). In order to correspond with the Nation-

~al Roadway Traffic Noise Exposure Model, however, it was necessary to assume

a correspondence between roadway categories and to estimate the allocation of
truck traffic on the basis of the vehicle categories used by the Model (see
Section A.4 of this report),

Using the data from Figure 2, page 4, of Reference 11, the dis-
tribution of truck traffic by the ftruck categories used by the Model was
obtained. The percentage of truck traffic as a component of the total traf-
fic was allocated among the three truck catgeories (i.e., light-, wedium-,
and heavy-duty trucks). The allocation for light trucks was added to the
passenger vehicle category since the Model considers light trucks to be one
component of the Tight vehicle class. Hence, the traffic mix was detailed
to the level of passenger vehicles, medium trucks, and heavy trucks,

The next distribution of the traffic mix comprised the estima-
tion of bus mix and motorcycle mix on the roadways, These vehicle types are
included in the FHWA passenger vehicle category estimated as described above.
The mix of bus traffic was estimated using the data of Reference 12 and the
mix of motorcycie traffic was estimated using the data of Reference 13. The
percentage mix of light vehicle traffic was assumed to equal the passenger
vehicle mix less the percentage mix attributable to buses and motorcycles.
The results of this analysis are presented in Table A-3.4

The data presented in Table A-3.4 represents the baseline per~
éentage traffic mix for 1974. The model alters this mix in future years in
two ways, First, the future year traffic mix is adjusted based upon the
sales data for each vehicle type used as input to the Model, Second, since
the Model allows the user to define noise emission characteristics to
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simulate future year regulations, the vehicle mix in a future year is further
categorized by the percentage of vehicles exhibiting defined noise emission
characteristics. These adjustments are coded into the Model so thal the
input data is properly manipuiated.

As indicated in Table A-3.4, the dominance of the traffic mix is
comprised of light vehicles for all roadways. The Mcdel, as presently struc-
tured, defines seven categories of light vehicles. The distribution of light
vehicle traffic mix in terms of these seven categories is presented in Sec-
tion A.3.

A3 Roadway Configuration Data

The National Roadway Traffic MNoise Expasure Model calculates
noise emission from traffic conditions on the roadway. The basic traffic
parameters are the average travel speed, the Average Daily Traffic (ADT),
and the traffic mix on the roadway. The Model additionally considers details
of the roadway c'onﬁguration to simulate multilane traffic flows. The two
basic parameters used by the Model are the number of lanes and the average
width of a single lane, These data are used to distribute the traffic condi-
tions and the Jocation of the noise saurce relative to the edge of the pave-
ment system. As described in the main text of this repert, traffic is
assumed to move along a straight line, The Model assumes that the total ADT
for the roadway (see Table A-3.1) is uniformly distributed over all lanes,
Further, the traffic mix for each roadway (Table A-1.4) is assumed to apply
to each lane. The Model considers al) tanes to be adjacent to each other
(i.e., no medians are defined for any roadways}).

Based upon summary data presently available,ls3 the number of
traffic lanes and the lane widths were assumed te be constant for each road-
way type (Index K} for all population place sizes (Index J) and population
density (Index ID) catgegories. These data are arrayed, accordingly, by
roadway type {Index K) and population place size {Index 2} and held constant
at these values for each population density category (ID) and average travel
speed (L).
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Interstatae highways (K=l) are characterized as four lane roads
with a 15-foot lane width for all population place sizes (J=1, ..., 9)., Al
freeways, major arterials, minor arterjals, and collectors (K=2, ..., 5) are
characterized as four lane roads with a l2-foot lane width for all population
place sizes {J=l, ..., 9}, A1l local roads or streets (K=6) are character-
jzed as two lane roadways with 12-foot lane wiaths for all population place
sizes [J=1, ..., Y).

A.3.5 Vehicle Operating Characteristics

The National Roadway Traffic Noise Exposure Model! considers each
vehicle type to spend a percentage of its total operating time on a roadway
in one of four operating modes. The operating modes are denoted by an Index
M in the Model and are defined as:

Vehicle Operating Mode Index M
Acceleration from Idle 1 .
Deceleration from Cruise 2

Cruise 3

Idle 4

The vehicle operating mode (Index M) and the vehicle cruise
speed (Index L) are used to define the vehicle noise emissfons. The percent-
age of time ip each operating mode is used to weight these levels to obtain
an equivalent emission tevel {General Adverse Response Model), or to estimate
the number of occurrences of a given mode of operation (Single Event Model)
at the emission level for the mode,

The percentage of time in each operating mode is defined in the
Model's data base by vehicle type (Index 1), roadway type (Index K}, and
operating mode (Index M). The data is constant for these conditions for all
population place sizes (Index J), population density categories {Index ID),
and average travel speed (Index L} of the roadway. The estimates of percent-
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age of time in an operating mode are hased upon the hest available data.12,14
Basjeally, interstates (K=1}, expressways (K=2) and major arterials (K=3) are
assumed to exhibit identical operating characteristics and minor arterials

- (K=4), collectors (K=5}, and local roads (K=6) are assumed to exhibit identi-

cal operating characteristics.14 For the vehicle types recognized by the
Model, light vehicles (I=1, ..., 7) and motarcycles (I1=13, 14) are assumed
to operate in the same manner.13, 14 Mediun trucks {1=8), heavy trucks
(1=9), and intercity buses (I=10) are assumed to cperate in the same man-
ner,12,16  Transit buses (I=11) and school buses (1=12) are each assumed to
operate in a defined manner.12

The data array defining the percentage of time that a vehicle
operates in a given made on a given roadway with a defined travel speed in a
specified population density area and populatien place size is, potentially,
the largest data array that may be used by the Model. If data were availahle
to extend the level of detail to the highest category possible, the array
would contain 60,480 data elements for the present mode]l structure.

The current data used hy the Model to define the percentage of

time that a vehicle operates in a given mode on a given roadway is presented
in Table #4-3.5.
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 1

S A L g L A B B e ke b 8 AL e e e et B o e e e L g e o T Rt e m o e T k7 g e P H B o e e e e e e T e e R e e e

! l
! | OPERATLIRG #OUE ! |
A I e e e ot 2 e e e b e i e e e o £ et e e e e e d
| | | | | 1 !
I | ACCELERATION | BECELERATIOMN | ChULSE ) 1rLe | TOTAL i
| ROADMAY | ! ! | | |
| TYPE | H=1 I n=¢ I H=13 ) H=y | |
} N e B ) N 1
! | i | | ! i
- 1 1 | .o } S, 30 [ Eti. Y t 1.04 | 100,00 |
1 1 l l ! i | |
& ! 2 | 4.70 | 5. 30 i Ehi. td ] 106 | 106,00 ]
l [ | i | ! l
| 3 t n. 70 | 5.3u ! fu, 040 | 1.0 | 100,00 i
l | ! I ! I |
| 1 | 1,00 ] 1h. U0 | 85.10 ! 13.50 I 100,00 |
b I ! I | | |
| 5 I 15.u0 ! 16.00 | 455.10 | 13,50 | 100.00 |
I | | I | | |
| & | 15.490 l Th. 00 ] 55. 10 | 13,50 | 100, 00 [
A e e e

14 s b e T D TIPS RNy o PO TV ]




TABLE A-3.5

{Cont inued)
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE:

{Continued)

VEHICLE TYPE 3

i
) OPERATING HODE
T g U S
| t | |
| ACCELERAILON | DECELERAYTIOK | CRUYSE | 1CLE
KOADWAY | i I ]
TYPE | M= } H=4 | M=4 [ N=4

d e S ) B
I [ | ) !

1 ) 4,70 I b, 36 ! £y, a4 1 1.06
| { | I

2 ! .70 | 5.34 i El. gt I 1.06
i ! | I

J | .70 l 5. 36 | fu.an | 1.06
i | i i

i | 15.490 1 16. 00 | 55. 10 | 12,50
| t | !

5 | 15. 40 | 16.00 | 55.10 | 12,50
i I | l

f I 15.40 | L. 00 | 55,10 { 123,80

1

..-—...——.-—.a—l.._......"._.__ - ————

100,00
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 4
{Continued)

Ty e e YT

i | CPEKATTIHNG PCRE I |

N P — e e ettt e v e o e o e e o e e e 7 o e e 5 1

; I i ! ) | |

] i ACCELERATICN | LECELENATION | CHUISE I 1CLE | TOTAL i

| ECALHAY | I [ | I |

| TYPE |} M=1 | H=2 ] =1 | Mzl | |

! . e d A e 1

» | I } | | I ]
o | 1 | fh.70 I 5.6 I . Bu | 1.00 i 106.00 |
~ I ! t | | [ )
| 2 ! n.70 | 5. 36 I EU. 84U | 1. 06 ! 100.00 |

i | ! ! } I |

1 3 ] h.70 i 5. 36 | L. up | 1. 06 ! 10C. N0 i

1 ] | | | | I

! 4 i 15,40 ! Tu. Uy | 5610 | 13.50 ! 100, 00 [

-t ! | ! l | |

I 5 | 15.40 | .00 ! 55,11 i 13,50 I 100. 80 !

| | | ) | | l

| & ) 15. 40 ! 1600 ! 85.10 | 13,40 | 100,00 [
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEMICLE TYPE 5

{Continued)
I
) | GUPERATLING ¥ODE 1 |
{ﬁ______u_l_____h,_-____H___,______-_-_,,______,,_______,__,__-___,___1..____~_______l

| |
1 | ACCELERATION | DECLLERATIOM | CHUISE [ ILLE | TOTAL }
| GOADWAY ) 1 | I | H
| 1YPE | k=1 | n=2 I M=) I n=y I I
: {,____~_““__-__1_________“4__ml______________J ______________ S %
| 1
> | 1 [ .70 ] 5.0 ! En.au | 1.06 | 100,00 [
o 1 I I ! | ! |
| 2 | 4.0 [ G.36 | 2u. 40 1 1.06 i 10¢.00 |
1 i | | | | |
| 1 | N0 i 5.3b I £8.88 ! 1.06 | 100.00 |
| I { l l | [
] it i 15.40 | 1o, 00 i 55.10 | 11.50 | 100.00 !
i | ) | | | I
| 5 | 15.40 1 16, DD t 55.10 i 13.50 | 100,00 t
1 | | | | | |
I 6 I 15.40 | 16.00 | 55. 10 [ 13.50 { 10€.00 |
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 6
(Continued)
e A |
| | OUERATING FCQOE ! |
d - e e e = e m e ) il
i | | [ | | !
| i ACCELERATION | DECELENATIOM | CRUISI I ICLE | TOYAL !
| FGADRWAY | | i i i |
! TYPE | =1 { n=2 | M= i B=4 ! !
| e e ]
| i | | [ ] !
| 1 I .70 i 5.06 | Eu. 48 i 1.06 [ 100. 00 [
l t ! ! | I |
i 2 | H.70 1 H. 316 | Etr. A4 ! 1. 06 I 100.00 ]
| | | ! ! | |
! 3 I u.1e t 5.6 I Eil. b ] 1,06 I 10C.060 |
l | | { ! | |
| 4 | 1540 | 16.00 | 55,10 ! 13,50 i 100.00 |
A ) | ] I ] |
| 5 [ 15,40 ! 16.60 I 55.10 | 13.50 | 100.00 |
l | I i | I |
I 6 | 15. 40 | 16.00 | 55.10 | 13,50 | 100.00 }
1 { 1 3 N D — | O — d
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 7

S5y

{Cantinued)

1 T

i OPERATING MODE | i
i S e e e e e e e e e l i
| o | ) | | |
I | ACCELEWATICHN | DECELERATLION | CHULSE i ICLE | TOTAL |
| KOADWARY | | | | | |
i 1YPE | n=1 ] =2 | [TE] | H=h | |
i e e e e ]
i I | } | | i
} 1 ! ha 70 ] 5.30 | 8. 00 | 1.06 i 100.00 |
i t | | | | |
| 2 | 4.70 | 5.36 | E4. BN | 1.06 ] 100,00 i
| ! 1 | { ! |
1 k) ( 4.70 | %9. 30 | E0, 0N | 1.06 ! 101.00 |
| ! | | } | B
| i | 15,40 | 16. 00 | 55.10 ) 13.50 ] 10C. 00 |
| | | | | ! |
| 5 i 15. 40 | 10,00 I 55.10 | 13.50 ! 100.00 |
I | l | | | i
| & | 15.40 ] 16. 00 ] 55. 10 | 12.50 | 100.00 !
i P ——— | ) S, | ] el




TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 8
{Continued)

e et e T e i T T Tt I = . o g B oy e e e o . e SR e e R o S

T 1 i 1
| [ OPELATLING PCDE | |
4 S S O, 4
! | | I | | i
! | MCELEKRATION | DECLLERATION | CRULISE i LE | TUTAL |
I FOACKAY | f | ! i !
| TYPE | H=1 ! H=2 f K= ! H=i | !
! S TR ) S S | A
! | ! i ) ] |
» t 1 | s.00 [ 5. 00 J 05.00 ) £.00 | 106.00 i
b4 | | | | ! | l
| 2 { 5.00 | 5.00 | f#5.00 { £, 0U i 100. 00 |
| | | | | f t
| 3 | 5.00 ] 5. 00 i #5.00 i £, 00 ! 100.00 |
| | | | i | |
{ y l 13.00 1 17.00 ! S5b. 40 | W00 | 100,00 !
i [ | | ! i |
| 5 ! 13.00 i 17.00 I 56.00 i 1400 I 100,00 |
| I | [ | | |
! [ | 11.d0 { 17. 00 l 5¢. 00 ( 14,00 1 100.00 t
| 1 N SN PR S 1 I
i
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 9
(Continued)

L5y

! | [ |
i [ OPERATLNG KODE 1 ]
1 e e e e e ————— J— -1
| ! t } I ! [
I | ACCELERATLCH | DECELLRATION | CHUISE ] ICLE l TOTAL

i ROADLAY | ) | l ! [
I IYPE | M=1 ! n=2 I #=13 [ K=l | |
i ) O, | ) N ! - -1
| | | | | | |
1 1 | 5. 00 [ 5.00 I 115.00 ] £.00 I 100.00 |
! l l | | [ i
[ 2. | 5.00 i 5.00 | B5.00 ] £.00 [ 106.00 |
| | | ! | ! !
I 3 i 5.00 I 5. 00 } 85.00 I L. 00 } 100,00 }
| | ! | | | i
I 4 | 1).00 | 17.00 ! 56.00 i 14,00 } 100.00

| ! | | | | |

g 5 1 13.00 | 17.00 i 56.00 ] 14,00 t 100.00

| ! | | | | |
I 6 ] 13.n0 i 17.00 ] 56.00 | 14.00 | 100.00 J
1 L _— 1 - —-l - e e 1




TABLE A-3.5 PERCENT OF TIME IN OPERATING HODE:

(Continued)

VEHICLE TYPE

10

Inne————

5 B T ]
| ! OPENATING FODE ] |
) S U PV i U i
| | | ! ] | !
[ | ACCELENATIUN | DECELENATION | CHULSE ! ILLE t TOTAL }
| FOACHAY | | } | I !
i 1YPE | #=1 th H=2 | M=1 l EY ( |
| Y U 1_ _— % ____________ %__ _________ —d
i | l 1
bl ] 1 ; 5.00 | 5.00 | 5. 00 i 5.00 | 100,00 i
& i ! I ! ! ! |
| 2 ! 5-00 | 5.00 ! 85,00 ] 5. 00 ] 100.00 }
} i l | I . | |
| 3 ] .00 | .00 | 15,00 I B, 00 i 106.00 !
| | | I ) I f
| i | 13.00 i 17.00 | 56.00 ! 1400 { 108.00 !
! | | | | i |
| [ ! 13.00 i 17.00 | 56.00 i 4. 00 | 100.00 1
I | o i | | !
| 6 i 13.00 | 17.00 I 56.00 ] 14.00 ] 100.00 i
i dee —_— d | S | D | T |
3o by 1o L ed Loomas




65-v¥

i S

ROADUAY
TYPE

[ %)

£t

(%]

fon Tt pees) PR g pusd) paen paes e Y OMTR My TS Pucesy
TABLE A-3.5 PERCENT OF TIME IN OPERATING MDDE: VEHICLE TYPE 11
{Continued)
1 T - T T T T T T T
| UPERATING KODE [ {
: e e
l { I
| ACCELERATIGH | DECELEHATION | CHUISE I ITLE [ TOTAL
i i | H I |
| H=1 | n=2 i M=l | M=l ] ]
1 _— b e o 1
l | | | l |
| 5.00 I 5.00 I 85,00 | £.00 } 100.00 |
| | ! I I |
] 5.00 t 5.00 | B85.00 | £.00 i 100.00 H
| ! | { I }
| S5.00 | 5.00 1 as.on 1 c.00 1 100.00 {
| l t | I |
] 20.00 1 20. 00 | 26. 00 i 314,00 i 100. 00 I
| | | I { |
! 20,00 I Au.0u | 26.00 | Ju.on ] 100.00 |
| | | i | |
| 20.00 | 20.00 I 2600 i 3400 1 100.00 |
) U B i N 1
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 12
{Continued)
T T S Y |
l | UDPENATING FGDE i !
i S e e O J
| | | { | | |
| | ACCELERATICN | DECELERATLON | CHUISE I 1LLE | TOTAL I
| ROACHAY | | | | | |
I TYPE | H=1 | H=2 i LER] I LET | |
I i£L e e e
| | } | | I !
| 1 ] 5.00 | 5.00 | 85.00 I £.00 ! 100,00 I
! ! | i t I I
i 2 I 5.00 i 5.00 l 85.00 I 5.00 | 1wo.00 !
} | i [ I I |
] 3 | 5.00 | 5.00 [ 85. 00 ] £.00 I 100060 |
1 | J l | | |
[ i ] g.04 I 9.00 | 21.00 i 61.00 I 100.00 ]
| i | | ] | |
I 5 I 9.040 | 9.00 | 21.00 i 61,00 | 100.00 I
] | | | | | !
] G | 9.00 ! Y. 0o ! 21.00 I 61.00 I 100.00 I
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MOOE: VEHICLE TYPE 13

(Continued)
i B e
| 1 DPERATIHG MODE | |
o L e e e e e e i ot et =t e e e e 1t = e e s = 2 it o £ o et N J
| | | i | ! !
| | ACCELEWAMLCIH | DECELEWATION | CRUISE i 11LE | TOTAI |
| ROAUKHAY | } ] | |
[ TYPE ) p=1 ! n=2 | H=1 { M= i |
t J SR L e B Ao e o ]
! | | | l | ]
- | 1 | 4.0 | 5..006 | Lu.gn I 1.06 | U 00 |
o t } | ! i i |
t 2 | T L] | 5. 36 | G v ! 1.00 | 106.00 |
{ | I | | | i
| 3 | IV t A ! I FTIIY; | 1.06 i 1000, 00 !
! ! | | l 1 |
| i i 14,00 | 16, 00 I 55,10 | 13,50 | 100.00 f
| | i I | | |
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A4 Vehicle Data

The National Roadway Traffic Noise Exposure Model defines 14
vehicles types to simulate noise emissions from the national roadway network.
Each vehicle type is defined by its engineering characteristics and its noise
emission characteristics. Each vehicle type is a distinct characteristics of
the Model in that the vehicle population and noise emission characteristics
are allowed to vary with time as defined by the input data to the Model.

A4, Classification of Vehicle Types

The National Roadway Traffice Noise Exposure Model groups vehicles
into four major categories. These four categories are further subdivided
into classes of vehicles according to distinct engineering characteristics.
The four major cateqories of vehicles are:

s Light vehicles kpassenger cars and light trucks}

¢ Trucks (medium and heavy trucks)

s Buses {intercity, transit and school buses)

o Motorcycles (unmodified and modified motorcycles).

Data related to the vehicle type is denoted, in the Madel, by an
Index I. The correspondence between the iIndex [, the vehicle type, and
the engineering characteristics are presented in Table A-4.1.
A.4.2 Raseline Year (1974) Vehicle Population

The Model simulates vehicle sales and survival from the baseline
year (1974) to estimate future size of the nation's traffic fleet. To

conduct this simulation, it is necessary to initiate the ca]culations.with
the distribution of vehicle population for the model year 1974 and previous
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model years., To do this, historical data is used., For automobiles, the
data of Reference 17, page 38 was used. For trucks, the data of Reference
17, page 39, was used. Data for buses ana motorcycles were obtained from

EPA backyround documents, 12,13

The 1974 distribution of vehicle population, by model year is
hased upon the total 1974 registrations and the vehicle survivability data
used by the Model. The 1974 venicle populations used as stored data in
the Model are grouped jinto major categories based upon the best available
data.l” That is, light vehicles {Isl, ..., 7), trucks {I=8, 9}, intercity
buses (I=10), transit buses {I=11), scheol buses (I=12), and motorcycle
(I1=13, 14) populations are the basis of the data set, These data are pre-
sented in Table A-4.2. As indicated in Table A-4.2, data for light vehicles,
trucks, and motorcycles encompass vehicles of ages out to 16 years with the
last group comprising vehicles of 17 years of age or alder. Bus datal?
allowed the distribution to be estimated only for modal years between 1471
and 1974 with the last group comprising buses five years of age or older.

To estimate the distribution of vehicle population by its engineer-
ing characteristics (Index I}, the Model uses a distribution factor for each
of the vehicle categories given in Table A-4.2, These distribution factors
are listed in Table A-4.3 for the 1974 vehicle populations. For example, to
estimate the 1972 modal year Type 1 vehicle population in 1974, the Model
multiplies 0.4673 (Table A-4,3} by 13,145,420 (Table A-4.2) to cbtain
6,143,088 Type 1 vehicles. The populations, of course, represent vehicle
registrations which include vehicles produced for domestic sales and imports.
The distribution factors for light vehicles presented in Table A-4.3 were
estimated for the U.S. Environmental Protection Agency.l8 The truck
distribution was estimated from FHWA datall and from vehicle registration
data.l7 The motorcycle distribution was estimated from Reference 17 data.
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A.0.3 Survival of Vehicles with Age

To simulate the mixture of vehicles by medel year in any future
year, the Madel continuously removes vehicles from the traffic stream and
introduces new vehicles. The noise emissions for a given vehicle type

correspond to the made]l year and the noise regqulation defined for that model
year.

The National Roadway Traffic Moise Exposwre Model uses vehicle
survivability arrays to simulate the number of vehicles of a model year
remaining in operation on the nation's roadways in a future year, These
data were developed from the best available data sources. The procedyres
used are described in Appendix G in this report, Currently, the Model! uses
two survivahility arrays. One array is strictly based upon passenger cars,
and is assumed 1o apply equally to motorcycles, This other array is based
upon truck data and fs assumed to apply equally to buses,

The passenger car survivahility data was developed from registra-
tion data presented in Reference 17, page 38, The truck survivability data
was developed from registration data presented in Reference 17, page 39,
The results of the data analysis described in Appendix & are presented in

Tahle A-4.4. The survivahility curves corresponding fo the data in Table
A-4.4 are presented in Figure A-4.1.

For example, using the data in Table A-4.4, a passenger vehicle
tvpe with a model year production of one million units would have 987,700
units surviving after 5 ynars; 657,000 units surviving after 10 years; 85,700
units surviving after 15 years; and 5,700 units surviving after 18 years.
After 19 years, the exanple model year vehicle type would be estimated to be
effectivety removed from operation (i.e., no vehicles of the type and model
year survive beyond 19 years of age,).
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TABLE A-4.1

CLASSIFICATION OF VEHICLE TYPES USED
BY THE NATIONAL ROADWAY TRAFFIC NOISE EXPOSURE MODEL

Index,

I

Vehicle Type

Engineering Characteristics

10
11
12
13

14

Passenger Car
Passenger Car
Passenger Car
Passenger Car

and Light Truck

Passenger Car
and Light Truck

Light Truck

Passenger Car
and Light Truck

Mediun Truck

Heavy Truck

Intercity Buses
Transit Buses
School Buses

Unmodified
Motorcycles

Modified
Motorcycles

B cyl. Gasoline Engine
Automatic Transmission

6 cyl. Galolipne Epgine
Automatic Transmission

6 & B cyl. Gasaline Engine
Manual Transmission

4 cyl, Gasoline Engine
Automatic Transmission

4 cyl, Gasoline Engine
Manual Transmission

6 & 8 cyl. Gasaline Engine

Diesel Engine

Two Axle {GVWR >10,000 1b)

Three or more Axles
(GVWR >26,000 1b)
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TABLE A-4.2
BASELINE YEAR (1974) VEHICLE POPULATICHN
BY MODEL YEAR AND VEHICLE CATEGORY

Model Light Intercity Transit Schoo!

Year Vehicles Trucks Buses Buses Buses Motorcycles
1974 13,959,524 447,576 1,479% 12,571 58,226 518,315
1973 14,599,524 457,770 2,246 6,706 47,511 579,971
1972 13,145,920 387,705 1,886 4,819 38,378 622,226
1971 11,107,210 281,879 1,084 3,319 28,263 443,740
1970 11,003,084 274,759 13,905 42,057 184,460" 437,103
1969 11,161,141 291,911 - - - 443,380
1968 10,274,987 229,451 - - - 408,177
1967 8,581,706 211,166 - - - 340,911
1966 8,461,220 211,814 - - - 336,125
1965 7,397,576 185,276 - - - 293,871
1964 5,151,096 152,266 - - - 204,629
1963 3,658,626 121,684 - - - 145,340
1962 2,348,827 97,573 - - - 93,308
1961 1,167,288 69,094 - - - 46,317
1960 883,563 70,227 - - - 35,063
1959 506,559 59,871 - - - 20,129
1958 2,100,082 370,391 . - - 83,436*

* Population includes all vehicles in this model year and older,
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DISTRIBUTION OF VEHICLE POPULTION RY VEHICLE TYPE
FOR MODEL YEARS 1974 AND EARLIER

Vehigle

Type
Type
Type
Type
Type
Type
Tvpe

Type
Type

Type
Type
Type

Type
Type

1

T Y oW o

ABLE A-4.3

Fraction of VYehicle Category Population

Total

Total

Total

0.4673
0.1420
0.0167
0.0168
0,1603
0.1514
(.0005
1.0000

0.6146
1.3854
1.6000

1.0000
1.,0000
1.0000

0.8800
0.1200
1.0000
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A.4.4 VYehicle Sales Projections

The Nationa)l Roadway Traffic Nojse Exposure Model allows the user
to define total vehicle sales in future years in order to estimate the fleet
mix, by vehicle type. The Model 1is structured so that vehicle sales are
expressed, in a future year, as a multiplier of the 1974 vehicle productien.
The data base for vehicle sales is defined by the future year (Index IYRN)
and the vehicle type (Index 1}. The technigue used to define future year
sales is based upon the current availahility of projections in terms of the
14 vehicle types used hy the model.

As described in Section A.4.2, the Model groups vehicles inte

six basic population categories as fallows:

¢ Light vehicles {I=1, ..., 7)

& Trucks (I=8, 9)

o Intercity Buses {I=10)

¢ Transit Buses (I=11)

o School Buses (1=12)

s Motorcycles (I=13, 14}

To further define the vehicle population, by explicit vehicle
type, distribution factors are defined. Table A-4.3 presents the vehicle
distribution factoers for 1974 and earlier model year vehicles, To define
future year vehicle populations, hy explicit vehicle type, vehicle sales
distribution factors are defined for specific years in the time stream.
These factors simulate the future year distribution of vehicle sales by

vehicle type, The Model uses linear interpolation between the baseline year
and defined future years in which the vehicle sales distribution factors are
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TABLE A-4.4

PERCENTAGE OF VEHICLES SURVIVING AFTER X YEARS

Yehicle

X

Years

Less than 1

1
2
3
4
5
6
7
8
5

10
11
12
13
14
15
16
17
18
19
20

Greater than 21

to
to
to
to
to
to
to
te
to
to
to
ta
to
to
to
yo
to
to
to
to

T oo™

L= = =T I - )

10
11
12
13
14
15
16
17
18
19
20
21

Percentage of

Passenger

Cars

Surviving

100.00
99,98
99.90
99.60
98.77
96.83
93.07
86.77
77.56
65.70
52.14
38.34
25.83
15.75

8.57
4,10
1.68
0.57
0.00
0.00
Q.00
0.00
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Percentage of
Trucks
Surviving

100.00
100.00
99,98
99,27
97,11
93,29
87.83
£0.89
72,72
63.64
54,02
44,24
34,69
25.76
17.40
11.13
5.98
2,48
0.62
0.13
0,13
0.00
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defined, For years beyond the last specified sales distribution, the
Model holds the sales distribution constant at these values,

Hence, the six basic vehicle population categories are used to
define future vehicle sales for each category in each future year, and the
sales distribution factors are used to estimate the explicit sales for the
appropriate vehicle type within that category.

Currently, the Model's data base defines the 1974 vehicle distribu-
ticn as presented in Table A-4.3 and allows the user to define sales distri-
butions for two future years. Figure A-4.2 presents sales growth projections
currently used in the Model's data base. The sales growth curve for light
vehicles, trucks, and motorcycles is based upon an anpual compounded growth
rate of 2 percent.lB Tne curves for buses are based upon EPA estimates,1?

Table A-4.5 presents one set of Tight vehicle sales distribution
factors useo by the Model to simulate decreased sales for Type 1 vehicles
and increased sales of other light vehicle types. Currently, sales distribu-
tion factors for trucks, buses, and motorcycles are held constant at their
1974 values.

Figure A-4.3 presents total vehicle registration trends based
upon Bureau of Census datall and projection {indicated by the dots) estima-
ted by the Medel using the data and methodology described above. Table A-4.6
presents an output listing of the projected vehicle populations. The results
presented in Tables A-4.5 and A-4.6 are stanoard output data provided by the
Madel with each execution to document completely the scenario used.
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LIGHT VEHICLE SALES DISTRIBUTICN FACTORS:

TABLE A-4.5
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A.§ Vehicle Noise Emission Data

The definition of vehicle noise emission data is a basic user-
defined data set for the National Roadway Traffic Noise Exposure Model, As
used by the Model, noise emissions are defined on the basis of:

¢ Vehicle Type (Index I)
8 Vehicle Operating Mode {Index M}
e Average Cruise Speed (Index L)

Yehicle noise emissions are assigned to vehicles sold in a given year based
upon the temporal sequence in which the vehicle noise emissions are defined.
The main text of this report describes the theories upon which traffic
noise enissions are calculated., The noise emission data described here
represent equivalent (time averaged) A-weighted sound levels at a distance of
50 feet from the vehicle path, Strictly speaking, the levels are represen-

tative of what an observer would measure if he {or she) were to move with
the vehicle at a distance of B0 feet during the vehicle operating mode.

At first thought, one may be disturbed with the concept of levels
measured at a fixed distance and moving with the source., This strict condi-
tion 1is to emphasize the significance of the interface betwsen the Model
theory and the Model input data. For a vehicle operating in an idle mode,
both the source and receiver are stationary and the noise source s steady
{i.e., does not vary with time}. For a vehicle operating in a steady noise
mode (1,e, constant cruise speed and sound level), an observer traveling with
the vehicle would measure a constant level whereas an observer standing at a
fixed point would measure a time-varying level due to the time varying
source-receiver distance. The stationary observer would measure a maximum
pass-by Tevel identical to the continuous level measured by the observer
moving with the vehicle. (Both observers are located at 50 feet from the
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vehicle.} The Model's theory accounts for the time-varying source-receiver
distance and steady source sound level as described in the main text of this

report,

For venicle acceleration from idle to cruise and for vehicle
deceleration from cruise to idle, however, the vehicle's sound level is
nonstationary (i.e., varies with time), and the source-receiver distance
varies with time for an observer along the side of a road. Hence, for a
stationary observer, the Jocation of the vehicle during an' acceleratian or
deceleration mode of operation relative to the stationary observer is,
strictly, required to estimate the observer's noise exposure.

The Model's theory encompasses the consideration of an acceleration
mode and a deceleration mode by distributing the vehicle's passible location
along a roadway in a statistical sense, and averaging the time-varying
noise exposure over the time of operation. The result of this approach is
that all observers aleng the side of a roadway have equal probahility of
observing any moude of operation. Hence, for an acceleration mode or a
deceleration mode of operation, the source noise emission fs taken as a
constant equivalent (time averaged) level as measured at a constant distance
(50 feet) from the side of the vehicle and moving with the vehicle. For the
stationary observer at the side of the road, the acceleration or deceleration
equivalent sound level is used with the time varying source-receiver distance
to calculate the observer's noise exposure.

A.5.1 Definition of Vehicle Noise Emission Data

The National Roadway Traffic Noise Exposure Model uses the maximum
pass-by sound level for a given vehicle type as the basic sound level data,
The Model uses data in the form of a reference level for each vehicle type
{Index 1), each operating mode {Index M), and each average cruise speed
(Index L). All.levels are referenced to a 50-foot distance from the vehicle

path.9,10
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The sound level data are population averages resulting from
measuremants of several identical vehicles operating in their specific
mode, The Model accepts sound level input data in the form:

eq_ | €q ‘ .
Lgl= Lot +0.11502 (A-5.1)

where

qu is the population mean level

a, is the standard deviation of the levels,

This relationship, of course, assumes that the Jevels for the defined condi-
tion are normally distributed. Hence, the users may define both the mean
level and the standard deviation of the levels in describing a vehicle's
noise emissions.

A.5.2 Baseline Vehicle Noise Emission Data

The baseline vehicle noise emission data represents the basis
from which the National Roadway Traffic Noise Exposure Model conducts its
estimates, The data describes the noise emission characteristics of all
vehicles in operation on the national roadway network up to the point in time
at which new emission data is defined as input. The details of defining
noise emission level input data for the Model are presented in the User's
Manual, This section describes the source of the baseline noise emission
data used by the Model. Future year noise emission schedules are user-defined
inputs to simulate vehicle noise regulations,

Table A-5.1 presents the baseline vehicle noise emission data
currently defined as part of the Model's data base, These emission levels
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were developed for the U.S. Environmental Protection Agency based upon
extensive vehicle noise tests and appropriate data reduction methods . 24

The baseline vehicle noise emissfon data are plotted in Figures
A-5.1 through A-5.14, The solid 1ines in these figures represent the cruise
enission level as a function of cruise speed. The solid squares represent
the acceleration emission levels for a uniform acceleration from rest to
the indicated cruise speed, The solid squares represent the deceleration
emission levels for a uniform deceleration from the indicated cruise speed

to rest.

The methodology developed in Reference 24 allows the calculation
of vehicle noise emission data for each operational mode and c¢ruise speed
range given a "regulation level", As described in Reference 24, the regula-
tion level 1is based upon the regulation test method for each vehicle type.
This Methodology is used to develop noise emission schedules for the Natijonal
Roadway Traffic Noise Exposure Model using future year regulation levels.
The methodology also considers this noise for the acceleration and carrier
modes.
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A.6 Traffic Noise Propagation. -~

This section documents the source references for the traffic
noise propagition models used by the national Roadway Noise Exposure Model,
The hasic description and references contained in this section apply directly
to the General Adverse Response Model, The Single Event Model requires a
different propagation mode]l due to the particular characteristics of the
single event sound level metrics. The references presented in this sectiom,
nowever, form the basis for the single event propagation models.

The basic readway configuration used by the Model comprises a
pavement system and a clear zone adjacent to the pavement. The clear zone 1is
an uninhabited area between the pavement and the inhabited area along the
roadway. The inhabited or populated area is characterized by a constant
population density. The clear zone and the inhabited area are assumed to be
identical on each side of the roadway.

The pavement systemn and the clear zone simulate the roadway width
and the adjacent land, The clear zone, for examle, simulates parking lanes,
sidewalks, and front yards in urban areas for local streets, collectors,
and arterials., For interstates and freeways, the clear zone would simulate
the right-of-way adjacent to the pavement. The Model simulates noise propa-
gation over the pavement/clear zone areas as a distinct consideration,

To simulate noise propagation through the inhabited areas, empir-
jeal distance attenuation functions are used. This propagation simulates
the effect of shielding provided by buildings, etc. representative of the
inhabited areas.

Figure A-6.1 presents the overall roadway-clear zone-inhabited
ared configuration and the two propagation models used,

A.B.1 Roadway/Clear Zone Configuration
The definition of the pavement geometry requires an average lane
width and the number of lanes comprising the roadway. These data are de-

scribed in Section A.3.4 of this report, The clear zone geometry is defined
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by a distance from the edge of tha pavemept, The definition of “the clear
zone distance in gquantitative terms is based upon the best available informa-
tion, 1:3,21 Table A-6.1 presents the clear zone distances currently used
by the Model, The data is arrayed by population place size {Index J),
roadway type {Index K), and population density category {Index ID).

The data for interstates (K=1) and for freeways and expressways
{K=2) was estimated from References 1 and 3. For arterials {k=3, 4}, col-
lectors (K=5)}, and local roads and streets (K=6), the clear zone distances
were developed from Reference 21 data by EPA staff. From Reference Z1,
explicit urban site geometry is presented with respect to microphone measure-
ment locations from the edge of Jocal streets and reoads. These data were
used to define the ciear zone distances by average population density cat-
egories (ID=1, ...,4). It must be emphasized that the clear zone distances
apply to populated areas rather than averages hetween populated areas and
vacant land. The reason for this distinction is that the Model excludes
vacant land and miles of roadway through vacant land in urban Jand areas (see
Section A.3).

For traffic noise propagation over the pavement system and the
adjacent clear zone, a variable distance attepnuation model is used, The
basic theory describing this model is presented in Appendix J of Reference
10. Figure A-6.2 presents the basic configuration for the pavement/clear
zone system and the attepuation parameters corresponding to the pavement and
to the clear zone. For the pavement system, it is assumed that the distance
attenuation 1is characterized as propagation over an acoustically hard sur-
face. That is, noise attepnvates at 6 dB per distance aoubling from a point
source and at 3 dB per distance doubling for a line source. For the clear
zone, it assumed that the distance attenuation is characterized as either
propagation over an acoustically hard surface (gama = Q) or an acoustically
soft surface (gamma = 0.5). Acoustically hard clear zones would correspond
to sites with paved parking lanes and/or sidewalks and little vegetation from
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NOTE: LAND AREA AND POPULATION IS UNIFORMLY DISTRIBUTED ON BOTH SIDES OF THE ROADWAY,

FIGURE A-6.1 ROADWAY TRAFFIC NOISE EXPOSURE OF LAND AREA

el 4 7 o i e e L o} 48 e B 8 i 5 A s e e et e e A



TABLE A-6.1

CLEAR ZONE DISTANCES (IN FEET) BY ROADWAY TYPE (K),
POPULATION DENSITY CATEGORY (ID), AND POPULATION PLACE SIZE (J)

Index

Paputation Place Size, Index J
K| ID 1 2 k! 4 5 6 7 8 9
1[ALL 6o, &50. 50. 50, 500, BO. 50, 50. 50.
2| Al 30. 30. 3. 40, 40. 40. 40, 40, B0.
311 6. 10, 10, 1o, 10, 10, 10, 10, 40,
2 15. 18, 16, 20, 20. 20. 20. 20. 40.
3 20, 20, 20, 30. 30, 30. 30. 30. 40.
4 30, 30. 30. 40. 40, 40, 40, 40, 40,
4 1 16, 10, 1n. 10, 10. 1O0. 10, 10. 40.
2 15, 15, 15, 20. 20. 20. 20. 20. 40.
3 20, 20, a2n. 30. 30. 30. 3n. 30, 40.
4 30. 30. 30. 40, 40, 40, 40. 40. 40.
5 1 5. 5. 5, 10, 10. 10. 10, 10. 40.
2 10. 10, 1o, 20, 20, 20. 20, 20. 40.
3 5. 15, 15, 30, 30. 3n. 30. 30. 40.
4 20, 20, 20 40, 40, 40, 40, A0, 40,
6] 1 5, 5. 5. 1lo. 10, 0. 10. 10. 40.
2 10. 1o, 10, 20, 20, 20, 20, 20, A0,
3 15, 15, 15, 30. 30, 30. 30. 30. 40.
4 20, 20, 20, 40, 40, 40, 40, 40, 40.
K denotes highway type; Index ID denotes population density category
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the pavement to the edge of the populated area, Acoustically soft sites
simulate grass covered areas adjacent to roadways such as rights-of-way next
to interstates and freeways.

The acoustically soft sites defined by gamma = 0.5 simulate an
attenuation of 7.5 dB per distance doubling for a point source and 4.5 dB
per distance doubling for a line source. The theory used by the General
Adverse Response Model simulates traffic noise propagation in terms of the
hard pavement/hard or soft clear zone using a line source. The theory used
by the Single Event Model simulates vehicle noise propagation in terms of
the hard pavement/hard or soft clean zone using a point source.

The attenuation parameters currently used by the Model to simulate
noise propagation over the pavement/clear zone system are presented in
Table A~6.2. These data are arrayed by population place size (Index J) and
highway type (Index K). For targe urban areas (J=1, 2} all clear zonmes are
assumed to be hard (i.e., essentially paved surfaces), For all other urban
areas {J=3, ..., 8), clear zones are described as mixed hard and soft con-
figurations, For rural areas (J=9), all clear zones are assumed ta be soft.

A.6,2 Propagation of Traffic Noise in Populated Areas

To simulate traffic noise propagation in populated areas adjacent
te roadways, the Natfonal Roadway Traffic Noise Exposure Model uses average
attenuation functions related to the population density of the area.l2,22,23
Three population density ranges are used to specify the types of buildings

in the area and hence, the noise attenuation with distance from the pavement.

The relationship between these parameters is:

Housing Type Population Density Range
Dense Urban Apariments Greater than 13,000 people/mi?

Urban Row Apartments
and Surburban Duplexes 6,500 to 13,000 people/mi2
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Single Family Detached Less than 6,500 people/mi2

As seen in Figure A-2.4, approximately 7.5 percent of the urban populatien
reside in areas exceeding 13,000 people/miZ; approximately 12.5 percent
reside in areas with population density between 6,500 to 13,000 people/miZ;
and 80 percent reside in areas of less than 6,500 peop]elmiz.

The General Adverse Response Model considers a line source attenua-
tion of traffic noise in populated areas. Figure A-6.3 presents the line
source attenuation curves used by the Model to estimate propagation in urban
areas characterized by the average population density. These curves were
developed from data and analysis presented in References 12 and 22. As in-
dicated in Figure A-6.3, the curves are further definad by the clear zone
distance in that the zero attenuation value corresponds to the ciear zone
distance. Hence, the Model selects the appropriate attenuation curve based
upon the population place size (Index J), population density category (Index
1D), and the roadway type (Index K}.

The Single Event Model considers a point source attenuation of
traffic noise in populated areas. Figure A-G6.4 presents the line source
attenuation curves used by the Model to estimate propagation in urban areas.
The specialized nature of the single event propagation model is deseribed in
the main text of this report. The curves presented in Figure A-6.4 were
developed from data and analysis presented in References 12 and 22,

The population densities used by the Model for each population
place size and each population density category are presented in Table

A-2.2,
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TABLE A-6.2
CCLEAR ZONE DISTANCE ATTENUATION CONSTANTS (¥2)
RY ROADMAY TYPE (K) AND POPULATION BLACE SIZE (J)

Population Place Size, Index J

K 1 2 3 4 5 f 7 8 g
. 1 0.0 0.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5
2 0.0 0.0 05 0.5 0.5 0.5 0.5 0.5 0.5
3 0.0 o0 0.0 0.0 0.0 0.0 0.5 0.5 0.5
4 0.0 0.0 00 00 0.0 0.0 0.5 0.5 0.5
5 g.0 0.0 0.0 0.0 0.0 0.0 0:5 0.5 0.5
6 0.0 00 0.0 0.0 0.0 0.0 0.5 0.5 0.5
NOTE: ¥2=00.0 simulates propagation over acoustically hard surfaces

¥»=0.5 simylates propagation over acoustically soft surfaces
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APPENDIX B

ESTIMATES OF POPULATION ACTIVITY

The Single Event Model estimates the intrusiveness of noise by
considering a person's activity when they are exposed to a given level of
noise. Appendix E of this report describes the theory and defines the ter-
minology for the equivalent single event sound level, LeqT: and the Sound
Exposure Level, SEL, for a vehicle operating on a roadway.

To estimate the intrusiveness of this noise, it is necessary to
relate a person's activity when he is exposed to the neise. This appendix
deseribes the data sources and the methodology used to estimate the average
daily activity on a national scale, of the United States’' population. ‘The
approach taken is based upon the simulation capabilities of the Single Event
Model and the categories of health/welfare criteria availahle to estimate the
effect of noise on man. Bas1ca11y, the National Roadway Traffic Noise
Exposure Model considers only the nofse exposure and the population activity
surrounding the place of residence. The activity categories described in
this appendix, however, include activities away from the place of residence
(i.e., working and traveling). Hence, the Single Event Model excludes a
partion of the national population from the noise impact estimate that corre-
sponds to activities away from heme. The methodology used is based upon the
requirements to conserve person-hours of activity and to insure that no two
segments of the national population are simultaneously allocated to different

activities.

B.1 Basic Activity Categories and Population Distribution

For estimating the effects of noise on the national population
The Single Event Model basically considers sleep interference and sﬁéech
interference. Hence, it is necessary to estimate the fraction of the popu-
lation that is asleep and awake during the daytime and during the nighttime.
Although a person spends, on the average, a significant pertion of his
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non-sleeping time at homa, it is also necessary to estimate the distribution
of the non-sleeping populatfon with respert to activities hoth at home and
away from heme, This distribution must also recognize that the average
person's activities are different during the daytime and during the night-
time, Additionally, it is necessary to consider that different segments
of the population exhibit different daily activity patterns, For example,
employed men exhibit different activity patterns than housewives., Hence,
it is necessary to distribute the nation's population by specific segments
for which activity patterns have been established,l

To-develop an average national activity pattern suitable for the
purpose of estimating noise exposure, activity patterns for population sub-
groups must be combined and averaged., The resuTting national average activ-
ity pattern, used by the Single Event Model, 1is based upon six activities
distributed by time of day and four categeries of populatian,

The six activities considered by the Single Event Model are:

¢ Sleeping e Walking
¢ Working ¢ Qutside Home
¢ Traveling ¢ "Other"

The four categories of the national population used to develop
the average national activity pattern defined for the Single Event Model
are:

¢ Employed Males ¢ Housewives
e Employed Females ¢ "Other"

In the above classification of activities, "Other" activities com-
prise T,V. viewing, Other Media (radio, newspapers, etc.}, Other Leisure,
Semi-Lejsure, Home and Family, and Eating, These categories are a condensa-
tion of the categories and the appropriate data contained in Reference 1.
In the above categories of population, the national population is distribu-
ted as indicated in Table B-1.
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Activity Pattern

Employed Males
Employed Females

Housewives

Other

*In millions of

TABLE 8-1
CATEGORIZATION OF UNITED STATES POPULATION
) Percentage of Total
Statistical Category Jotal Population Population*
{Reference 2) {1975) {1974)
Male Workers 22.385 48.508
Active Military 0.997 2.160
Female Workers 17.327 37.548
Females Not in Labor
Force {16 years to 65 :
years old) 18,132 39.292
16 Years 01d or Younger 27.086 58,695
Institutional Population 1.063 2.304
Not inm Labor Force (Over 65) 9,357 20,277
Unemployed 3.653 7.916
Total 100,000 216.700
people
B-3
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8.2 Activity Patterns By Time of Day and Population Calegory

The data base used to estimate activity paiterns for the United
States' population is described in detail in Reference 1, Section V, Tables
5.2-1 through 5.2-9. These data -present percentages of a sample population
engaged in nine activities for each hour of a weekday, a Saturday and a
Sunday. For the Unjted States, the “Forty-four City" data was used {See
Reference 1). The sample populations comprise the following population
categories: ‘

e Employed Men
¢ Employed Women
o Housewives .

For the purposes of this analysis, the nine activities presented
in Section V of Reference 1 were condensed to four calegories as follows:,

s Sleeping s Traveling
¢ Working s '"Other"

As indicated in the Section V data of Reference 1, the "Other" activity
used above comprised the following activities: Eating, Home and Family,
Semi-Leisure, Other Leisure, T.V. Viewing, and Other Media. Reference 1
presents a detail description of each of these activities. For the purposes
of this study, however, it is sufficient to recognize that the "Other"
activities category includes activities outside and possibly away from the
home. Hence, using the Reference 1 data base it was possible to develop
detajl activity profiles for the above three categories of population. How-
ever, it is not necessary, for the purpose of the National Roadway Traffic
Noise Exposure Model, to consider these activities on an hour-by-hour basis.
[t is sufficient to condense the data, on a weighted basis, to estimate
average daily activities during the daytime and during the nighttime. Hence,
the weighting used must recognize the hour of the day and the day of the week
for each of the population categories. Once these average activity patterns
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are ohtained, thoy must bs averaged over the population categeries to obtain
an "average person” activity.

To conduct the weighted averaging, two constraints were imposed:
for each hour, the total population must be distributed over the four activ-
ities of sleeping, working, traveling, and "other"; and for each daytime
period (i.e., day and night) the averaging must conserve person-hours of
activity,

B.3 Arithmetic Used for Developing Weighted Averagas

The Reference 1 data are in the form of percentages of a popula-
tion category engaged in an activity during an hour of the day. Hence, the
arithmetic used to derive a weighted average simply deals with manipula-
tions of percentages. Additionally, activities are presented for weekdays,
Saturday, and Sunday.

The notation used to define a single data point (percentage) is
as follows:

P1jk is the percentage of the ith population category
engaged in the jth activity during the kth
hour of the day

(Pjx)WD is the weekday percentage data
(PyiK)SAT is the Saturday percentage data
(Pijk)SUN is the Sunday percentage data

i denotes a population category (e.g., Employed Men, Employed
Women, and Housewives)

J denotes activity (e.g., Sieeping, Working, ete.).

k denotes hour of the day (k=1,...,9 denotes 2200 hours to
. 0700 heours and k=10,...,24 denotes 0700 hours to 2200 hours)

For ‘any hour of the day, the weighted hourly percentage of‘bopur
lation engaged in an activity is obtained using:
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Pijk = S(PijkIHD + (Pijk)SAT + (Pijk)SUN (R-1)
- .

For the nighttime period cf 2200 hours to 0700 hours, the we'ighted
nighttime hourly percentage for a weekly time period is obtained using:

9
(PijkIn = (1/9) Z

] -P-jk (B-2)

For the daytime period from 0700 hours to 2200 hours, the weighted
daytime hourly percentage for a weekly time period 1is obtained using:

24
{Pijk)p = (1/15) =30 NIk (B-3)

The data insure that the populaticn is distributed over all activi-
ties during each hour of the day. That is, the data are normalized so that:

’?" Pijk = ? (Pijk)wp + ;‘ {Pijk)saT +>J; (Pijk)suny = 100.0

The only "gap" in the data of Reference 1 is that the percentages
of the population were not reported for the following hours of the day:
0100 through 0400 hours and 0600 to 0700 hours. Hence, it was assumed for
these time periods that the percentage quoted in the next successive hour
applied to the previous unlisted hours. For example, the data of Reference 1
states that 95 percent of employed women were asleep during the period of
0400 to 0500 hours and 28 percent during the period 0700 to 0800 hours.
Hence, it was assumed that 95 percent of employed women were asleep d'ur'ir]g
the period 0100 through 0400 hours and 28 percent during the period 08600 to
0700 hours.
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TABLE 8-2

AVERAGE HOURLY ACTIVITY DISTRIBUTIONS
(Developed from Reference 1 Data)

DAYTIME ACTIVITY, (Pyjx)D NIGHTTIME ACTIVITY, (Pyjx)N
0700 Hrs, to 2200 Hrs. 2200 Hrs. to 0700 Hrs,
Population '
Category Sleeping MWorking Traveling Other Sleeping Working Traveling Other
Employed Men 7.68 40.14 8.47 43.71 70.70 6.48 3.30 19.52°
Employed Women 7.50 30.73 7.13 54.64 71.51 4,21 2.03 22.25
Housewives 6.84 N/A* 5.57 87.59 74.43 N/ A* 0.86 24,7

*This does not imply that housewives do not work. Since the working activity is
to be deleted from the noise jmpact assessment, it was deemed to consider house-
wives in an activity around their homes and hence included in the papulation
exposed to roadway traffic noise.
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Using the forty-four City data in Section V of Reference 1, the
weighted daytime (Equation (B-3)) and the weighted nighttime (Equation
(B-2}) hourly distributions of population activity were calculated. The
results of these calculations are presented in Table B-2,

B.4 Qutdoor Activities

The health/welfare criteria used by the Single Event Model con-
sider the poulation activity of outdoor speech interference. Hence, it is
necessary to estimate the percentage distribution of the population’s
activity associated with outdoor locations. As indicated in Section B.2 of
this appendix, the general category of "Other" activities includes outdoor
activities. Further, traveling activities include time that people are
walking. To estimate average outdoer activity of the national population,
two assumptions are made. First, it is assumed that pedestrians comprise
only people working, This assumption is based upon practical considerations
in that data describing the average walking time for workers s available.
It is recagnized that this assumption will underestimate the number of
pedestrians, However, to estimate more accurately pedestrian populations
consistent with the other data of the National Roadway Traffic Nojse Model
was beyond the scope of the present effort. The basis for refining the
estimate of the pedestrian population would require an analysis of urban
demographic data consistent with the population data base of the Single Event
Model and the data reported, for example, in Reference 3, Chapter 5. Next,
it is assumed that the pbpulation's activity outside their residence may be
considered as a fraction or component of "Other" activities indicated in

Table B-2,
B.4.1 Pedestrian Activity

As indicated above, the estimation of pedestrian activity, as used
by the Single Event Model, is confined to the warking population of the
United States. From Table 4, page 122, of Reference 1 it s indicated that
the average duration of time spent walking by a worker when travelling to and
from work for the United States is 30 minutes per day. This estimate has
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been weighted to ensure equality of days of the week: As indicated jin Table
B-2, the working pouiation is comprised of Employed Males and Emplayed
Females and that the hourly percentage varies between the daytime period and
the nighttime period. UsingFﬁngRREHﬂgtion distrihut%on in Table B-1, it is
seen that the total employed peulatiey in 1974 is 88.216 million people. For
each employed person spending 0.5 hour per day walking this represents
44 .11 W person-hours of walking per day. Assuming that this estimate corre-
sponds to a G-day work week, the average person-hours of waiking per day
for a 7-day week is 44.11/7 = 31.51M person-hours per day, From the data in
Table B-2, the total worker travel per day is estfmated as 148,31M persan-
hours with 104.53M person-hours during the 15-hour day and 43.78M person-
hours during the 9-hour night. Distributing the 31.51M person-hours of
walking in the same day-night ratio as the total travel, one estimates that
22,32M person-hours occur during the 15-hour day and %.30M person-hours cccur
during the 9~hour night. For each hour of the day this represents 1,488
million pedestrians and for each hour of the night 1,033 million pedestrians.
For a population of 216.7M, the pedestrian activity represents 0.6867 percent
of the national population for each hour of the daytime period and 0,4767
percent of the national population for the nighttime period,

B.4.2 Population Qutdoors Around Their Home

To estimate the time spent outdoors around one's residence, the
data of Reference 4 are used. Table 2-2, page 2-11, of Reference 4 indicates
that for all population categories, the average person spends 0.1 hours per
day outside their own home. For the purpose of the Single Event Model, it is
assumed that this activity occurs during the 15-hour daytime period from 0700
to 2200 hours. Hence, it is assumed that percentage of the natfonal popula-

tion outdoors and around their own home is given by (0.1/15}(100) = 0.667"

percent. This percentage is assumed to be applicable to all segments of the
United States' population. -

B-9
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B.5 Average Activity Patterns for Categories of the U. S. Pnpu]atioﬁ

The above results estimate activity patterns for the following
population categories:

¢ Employed Males
¢ Employed Females
¢ Housawives

As indicated in Table B-1, the above three population categories are included
in the pational total. However, the national total also includes "Other"
population comprising almost 41.2 percent of population. The data described
ahove does not indicate the activity patterns of the "Other" populatien
category., This population category comprises the following groups:2

People 16 years old or younger

People aver 65 years old and not in the labor force
Institutional Population

Unenployed

Hence, an assumed activity pattern for this pupulation category is
used. The assumptions are: everyone in this category is asleep during the
9-hour night and is5 awake during the 15-hour day; the daytime activity of
this group is identical to the percentage distribution estimated for house-
wives neglecting the daytime sleeping distributien. '

With the above analysis and assumptions, the population's activity
pattern for an average 24-hour day is estimated. These results are pre-
sented graphically as indicated in Figures B-1 through B-4. These figures
present time-of-day as the horizontal axis and cumulative percentage of
population as the vertical axis. The left-hand edge of the figures cor-
respond to 2200 hours {10:00 PM) and continue to 2200 hours at the extreme
right edge. The dashed vertical line at 0700 hours denotes the separation
between the 9-hour "EPA Night" and the 15-hour "EPA Day." Comparing Figures
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CUMULATIVE PERCENTAGE OF POPULATION CATEGORY
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FIGURE B-2. AVERAGE ACTIVITY PATTERN FOR EMPLOYED WOMEN
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CUMULATIVE PERCENTAGE OF POPULATION CATEGORY
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FIGURE B-3. AVERAGE ACTIVITY PATTERN FOR HOUSEWIVES
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B-1 through B-4 with the data presented in Table B-2. it is seen that the
Youtside home" activity percentage in the figures has been subtracted from
the "Other" activity percentage 1isted in the Table.

The horizontal dashed lines in Figures B-1 through B-4 separate
the various activity categories as indicated. The percentage listed in
parenthesis with each activity is the percentage of population engaged in
the activity during the hour. These results jndicate the average percent-
age distribution of population during the daytime and the nighttime perieds
used by the Single Event Mode)l. They indicate that during any hour of the
day, the total population is assigned, on the average, to a distinct activ-
ity. That is, during any hour, one individual may change his activity from
one category to another and, on the average, another individual may exchange
activities so that the percentage distributions indicated in Figures B-1
through B-4 remain constant. These figures are condensations of the more
complete distributions presented in Reference 1.

B.6 Average National Activity Pattern

In the context used by the Single Event Model, the results of
Figures 8-1 through B-4 must be further condensed to estimate a single
national activity pattern for the United States’ population. To do this,
the percentage data of Figures B-1 through B-4 must be weighted by their
respective absolute populations and combined into an average national total.
The population distribution presented in Table B-1 is used for this weight-
ing. Hence, the Employed Male population of 50.668M is multiplied by the
percentages given in Figure B-1 to obtain the Employed Male population
engaged in each activity during the day and night. This is repeated for the
Employed Females, Housewives, and "Other" population categories. The person-
hours of activity are summed and divided by the total natienal population
of 216.7M people to obtain the percentage distribution of activity for an
“"average” person in the United States. The results of this methodology
are presented in Figure B-5. The distributions presented in Figure 8-5
apply to the total U. S, population whereas the distributions in Figure B-1



AVERAGE DAILY ACTIVITIES OF THE UNITED STATES POPULATION
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through B-4 correspond to subcategories of the natienal population, For
example, Figure B-5 indicates that during any hour of the daytime {0700 to
2200) hours) there are 31.86M people working (216.7 x 0.1470). From Table
B~1 and Figure B-1, it is estimated that there are 20.33M men working and
from Table B-1 and Figure B-2 there are 11.53M women working any hour of

the daytime.
The distribution of population activity presented in Figure B-5
is the basis for allocation of population activity used by the Single Event

Model to estimate neise fntrusion due to single event roadway traffic noise.

B.7 Allocation of Activities for Single Event Model

The Single Event Model allocates the total national population to
various activities to estimate the effects of roadway traffic noise. This
allocation 1is conducted on the basis of average hourly activity during the
daytime period 0700 to 2200 hours and the nighttime perjod 2200 to 0700

hours. The Medel, however, assumes that certain activities are excluded

from the noise intrusion analysis since these activities place the appro-
priate population segments away from the noise environment estimated for
the place of residence.

Table B-3 presents the activities in Figure B-5 and activities
used for noise intrusion estimates by the Single Event Model. As indicated
in Table B-3, the Single Event Model excludes 20.53 percent of the U, S.
population from nofse intrusion during the daytime and 3.06 percent during
the nighttime, The exclusions result from segments of the population travel-
ing and working during an average hour,

Finaily, the relationship between the various activity categories
and the Fractional Impact criteria related to each categery are as follows:



TABLE B-3

DISTRIBUTION OF POPULATION BY ACTIVITY FOR SINGLE EVENT MODEL

DAYTIME NIGHTTIME
ATl Activities Activities Used by A1l Activities Activities Used by
Activity Figure B-5 Single Event Model Figure B-5 Single Event Model
Sleeping 4,34 4.34 83.57 83.57
Other 73.77 73.77 12.90 12.90 f
Traveling ‘
s Walking* 0.69 0.69 0.47 0.47
¢ Other Modes 5.83 Excluded 0.81 Excluded
Outside Own Home 0.67 0.67 0.0 0.0
Working 14,70 Excluded 2.25 Excluded
TOTAL 100.00 79.47 100,00 96.94

*Estimate Based Upan Working Population
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Activity Fractional Impact Criteria
Sleeping Sleep Disruption and Sleep Interference
Other Indoor Speech Interference
Walking (Pedestrians) Qutdoor Speech Interference
Qutside Own Home Qutdoor Speech Interference

For each hour of the day and the night, the Single Event Model uses the
activity distributions given 1in Table B-3 to estimate the population in
each place size (Index, J) and each population density category ({Index, ID)
engaged in the respective activities. Only these segments of the popula-
tion are used to conduct the respective noise intrusion estimates indicated
by the above relations between activity and Fractional Impact. This approach
does assume, however, that the population activity in varijous urban areas and
the rural areas are ijdentical. Further, as the Single Event Model alters
total population in future years to simulate population growth, the percent-
age distribution of population activity remains constant. That is, the dis-
tribution of population, by population categories, presented in Table B-1;
remains constant throughout the timestream. These limitations are based upon
the present availability of data in a form necessary to relax the assumptions
used to develop the national activity pattern.
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APPENDIX C

CALCULATION OF VEHICLE POPULATION
FROM SALES AND SURVIVABILITY DATA

This appendix presents a description of the methodology used by
the Natjonal Roadway Traffic Noise Exposure Model to estimate the number of
vehicles by vehicle type and production year. This estimate is conducted
for each year in the time stream simulation. The data are used to simulate
two time variations in the Model:

e Varijation of Average Daijly Traffic on Roadways,
¢ Variation of Vehicle Mix on Roadways.

Each of Lhese variablos js based upon the percentage changes of ADT and

vehicle mix so that the absolute numbers estimated ars not used by the

Model, only the percentages, That is, ADT {s increased on each roadway

proportional to the increase in total vehicle population. The percentage mix
of vehicle types on the roadways, by production year is altered from the
baseline conditions proportional to the changes in vehicle population by

vehicle type.

The simulation of noise emission regulations is, of course, .

extremely sensitive to the estimating procedure used to predict the mix of
regulated vehicles to older unregulated vehicles on the national roadway
system in any future year., The Model conducts this simulation by using
historical vehicles salesls2 and projections of future vehicle sales., To
account for attrition of each vehicle type with age (years from production),
the Model uses survival or attrition data developed from historical
trends.}s2  The structure of the computing scheme is such that any simu-
lation of vehicle sales and suyrvivability {is possible for each vehicle type

used by the Model.

c-1




C.1 Baseline Conditions

In the haseline year, the National Readway Traffic Noise Exposure
Vegts, funnnnosht 8 rninn Luhaiaht LriLin: ianicias of predusticn
year 1974 and earlier. These population data represent vehicles produced
from 1945 through 1974 and surviving at the end of 1974. Based upon vehicle
registration data,}»Z the total vehicle population in the United States in

1974 comprised approximately 135 million vehicles of all types.

c.2 Estimating Vehicle Population Beyond 1974

The procedure used by the Model to estimate the number of vehicle
types 1in any future year is rather simple. First, the aoriginal production
value of the vehicle type is calculated. If the production year is 1974 or
earlier, the Mode)l estimates the original production by using the stored
value of the population existing in 1974 and the stored value for the vehicle
survivability corresponding to the age of the vehicle. [f the production
year is a future year heyond 1974, the Mode) estimates the future year
production based upon the vehicle sales projections over the time stream,
The Model uses tabulated data expressing any future year's sales as a ratio
of the 1974 sales value. Hence, the Model is capable of either growing or
terminating production of any vehicle type over the time stream simulation.
Using this pracedure, the Model estimates the number of each vehicle type
produced or to be produced during the time interval from 1945 to the year
2014.

Using the annual production estimates, the Model then estimates,
by production year, the number of vehicles surviving in any calendar year of
the time stream, This estimate is conducted using the survivability data
stored in the Model's data base. That s, the age of each vehicle in the
calendar year is determined and the corresponding survivability factor is
selected, The survivability factor is the fraction of original vehicle
production surviving by years of age. The number of vehicles surviving in
the calendar year is estimated by multiplying the original production number
by the survivability factor. Using this scheme, the Model estimates the
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number of vehicles by vehicle type and production year in each calendar year
of the time stream simulation.

C.3 Noise Emission Requlation

By estimating the number of vehicles by vehicle type and produc-
tion year in any calendar year of the time stream, the Model allows the user
to introduce a vehicle roise emission regulation in any calendar year of the
time stream for any vehicle type. The MHodel considers a noise regulation
to be effective with the. production year and subsequent years until the
regutation is redefined in a future year. Based upon the mix of unregulated
and requlated vehicles of a given type in any calendar year, the equivalent
A-yweighted sound level for the vehicle type is calculated for each calendar
year. The percentage mix of unregulated and regulated vehicles is calculated
by the Model using the vehicle population data estimated as described above.
That 1is, as older, unregulated vehicles retire from the vehicle mix, and
newer regulated vehicles are introduced, the equivalent A-weighted sound
level is decreased based upon this change. Hence, the Madel attempts to
simulate vehicle noise regulation in a manner consistent with vehicle sales
and syrvivability characteristics.

Table C-1 presents a forty-year time stream simulation of net
vehicle populations by year and vehicle fype. This simulation was conducted
using the data base described in Appendix A of this report.
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EXAMPLE OF VEWICLE POPULATION PREDICTIONS

TABLE C-1.
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APPENDIX D
TRAFFIC FLOW NOISE MODEL

This appendix presents the traffic flow noise model used by the
National Roadway Traffic Noise Exposure Model. The ohbjective of this pre-
sentation is to detail the steps and assumptions used to develop the Madel.
Basically, the noise emission algorithm estimates the day-night equivalent
spund level at a distance from a multi-lane roadway that carries a traffic
flow camprised of several vehicle types, '

As considered by the Model, each vehicle type is sub-categorized
by the number of wvehicles produced and/or surviving in a given year with

" identical noise emission characteristics. The vehicle noise emission charac-

teristics are further defined in terms of vehicle eperating modes; idle,
acceleration,.deceleration, and cruise.

The basic approach used by the Model in calculating traffic flow
noise emissions assumes an infinite straight traffic lane. Noise propagation

from the traffic lane is considered in terms of classical {3 dB/DD)} and a

constant “"soft site" excess distance attenuation.l Multi-lane traffic flow
is obtafned by considering the lane spacing in estimating the traffic noise
levels at a location adjacent to the roadway.

D.1 Basic Definitions

Throughout the development presented in the appendix, certain ha-
s5ic definitions are used. These definitions are presented here for clarity.

Time Averaged Mean Acoustic Intensity: The time;averaged mean
acoustic intensity for a time interval t] < t < tz is defined as:

1 fa '
T-m [ ‘ (5-1)
t]

D-1

e e e e e o i et et it +e A eoen o,



where

or

I(t) = 1o10-{t}/10, Lhe time-varying acoustic intoasity {D-1)
Ig = pgeffpc. reference acoustic intensity
L(t), time-varying sound level (usually A-Heighted)

Equivalent Sound Level: The equivalent sound level is defined as:

Leq = 10 log (1/1¢) (0-2a)

Legk = 10 Tog (Ix/Io) (D-2b)

where the subscript 'k' denotes a time interval
tg £ t < tk+1 of a sequence of intervals tp, t2. ..., ty.

The 24-Hour Equivalent Sound Level: The 24-hour equivalent sound

level is defined as:

—

L{t)/10 }
10 dt {D-3)

2
oy

Leq(ij = 10 ]Og{ 4

where time is measured in hours,

The Daytime Equivalent Sound Level: The daytime eguivalent sound

Tevel is defined as the equivalent sound level calculated for the 15-hour
periad 0700 to 2200 hours.

Ly = 10 Tog f_l_ 2200 lo:.(t)/mdtl (D-4)
215 0700 J
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The Nighttime Equivalent Sound Level: The nighttime equivalent
soupd level Js defined as the equivalent sound Jevel calculated for the
9~hour period 2200 hours to 0700 hours.

f1 g0 L(t)/1o ) (D-5)
Ln = 10 log ]- ' 10 dt

fe]

2200 §

Night
The Day-?é%e Equivalent Sound Level: The day-night equivalent
sound Jevel is defined in terms of Lq and Ly as follows:

Lg/10 -
Lgn = 10 109{%§—10 of + 2 10{Ly*10)/10 (D-6a)
Lg/10
as Lgn = 10 log[%g 10td/ +3% 10 Ln/1o} (D-6b)
D.2 The Equivalent Sound Level for Random Noise Sources

For traffic noise emission models, it is usual to formulate the

equivalent sound level, Lgqk, for a time period tg < t < tks+l as an average

of nolse sources random in nature. That is, both the time sequence of occur-
rence and the type of occurrence, i.e., a vehicle type, are assumed fo be
random in nature.

Formally, the equivalent sound level, Lagk, for the kth. time
interval is a time-averaged level defined as an acoustic intensity ratio {see
equation {D-2)):

Lk+] t
joteak/10 _ 1 1oHE 0 <10L(t)/10>k (D-7)
thel-tk ¢y
where ¢ >k denotes the time average aver the kth time interval,
b-3
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The levei variations from many time-varying recards, L{t;) = Ly,
resulting from the same source characteristics define a statistically

expected value of the acoustic intensity ratio., The statistically expected

value is defined as:
Li/10 Li/10
E (10 i/ ] = fp(L1)10 i/ dL {D-8)

where p({Li) is the probability density function of the sound level varia-
tion L(tj) = Li for the collection of records characterized by a

local variation tj,

The randem sound Tevel variations L(t;) occur over a global time
span comprised of intervals of local time t;. If it is assumed that the
random process described by the sound level variations is statistically sta-
tionary, then p(Lj) is independent of the time interval tj. For a stationary
random process, the statistically expected value of the acoustic intensity is

expressed as:
e (1010 - oy (0-9)

Further, within the class of stationary random processes is a sub-
class called an ergodic random process which implies that p{Lj) is identical
to the probability density function p{L) determined feor any single member
{event) of the random process.

Assuming that the sound level variation is represented as an ergo-
dic random process, it can be shown that the expected value {Equation {D-9))
is equal to the time-averaged value (Equation (D-7)),

Hence, the equivalent sound level formally defined as a time aver-
age may be ekpressed in terms of a weighted level average as:

10L$€/1° <t BI0, gy pttEIA0, ' (D-10a)
Leik
D-4

Iy

2

o

Y

T

T

"

"

L ==
ir z



X

-

N |

i

=¥ 3

D

—
-

PRIy =

Py

5 532

s %

{

PR

[

|

and
1
1o-eak/10 =ﬁ(L)10L/ % (D-10D)

The result of Equation (0-10b) is usually quoted without discussion concern-
ing the underlying assumptions,

Further extension of the result of Equation (D-10) is possible,
This extension, for the National Roadway Traffic Noise Exposure Model, recog-
nizes that noise emission field test data for a given vehicle type result
in data related to operation of that vehicle type. The data usually are

“obtained in the form of peak levels, L, at a reference distance, D, from

the vehicle operating in a specified mode.

‘For a given vehicle type operating in a specified mode, p(L)
denotes the probability density function resulting from field test data on
many identical vehicles. If one assumes that pfL) is a Gaussian or Normal
Distribution, then the result of Equation {0-10) becomes:

Leqk = Lo + 0.115 %2 (0-11)
where

Ib is the mean {expected) value of the data points Lg

vy is the standard deviation of the data points Lo

0.115 = 1n{10}/20 = loga(10}/20
p.3 Ray-Night Sound Level for Single Lane Traffic Flow

In the development of the traffic flow noise model, it is necessary
to clearly keep track of the time of day, the vehicle type and the vehicle
operating mode. To do this, the folltowing notation is utilized:

subscript i denotes a vehicle type

subseript j denotes an operational mode
subscript k denotes an hourly time period.

D-5
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With this notation the following parameters are defined:

Loij(t) The time-varying A-Weighted sound level for
vehicle type i operating in made j as measured
at the distance Dy,

Pij(L) The probability density function of the peak
vehicle sound levels for a vehicle type i
operating in mode j as determined at the dis-
tance By.

1613 The mean value of the peak A-Weighted sound
levals of vehicle type 1 operating in mode J
as determined at a distance Dy.

Toij The standard deviatjon of the peak A-Weighted
sound levels of vehicle type i operating in
mode j as determiped at a distance Dg.

Nijk The source concentration of vehicle type |
operating in mode § during the k hour,

Do A standard reference distance for determining
vehig]e noise emissions (wsualty 50 feet or
15 m),

Basically, all highway traffic noise prediction modals rely upon
the concept of a source concentration parameter, A, that is usually con-
sidered to be constant over the length of the roadway segment. The dimensiaon
of the source concentration parameter is the number of vehicles per unit
length of roadway. '

For a mixed traffic flow condition, the instantaneocus acoustic
intensity at the receiver, I{t), is the summation of intensities contributed
from each vehicle type on the roadway:

1{t) = }? I (t) ’ (D-12)

For the roadway~receiver geometry defined in Figure D-1, the
instantaneous intensity at the receiver for a single vehicle type is:

L(E) =€ I n(8) 10b1(E)/10 (D-13)
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where 1p is the reference acoustic intensity (See Egquation (D-1))

&= .]T-D:E('Dofb‘)fi(-plxa/ Di;.‘i' |>1 G_‘l { él.léz)
Y. Y +1
¢ =m? [nai/n 2 ] By, (21,22) for %20

P
?
1
6 {dy,d,) == osh (dyde
-8512) n‘i)rc‘()

The parameter C in Equation (D-13) is a site parameter dependent only on the
recejver distance, D, from the roadway; the relative orientation of the
receiver to the roadway (angles @1 and ®p); and the excess distance attenua-
tion parameter ¥.¥

For the kth hourly time period, the time averaged mean acoustic
intensity at the receiver is for all vehicular sources and all operating
mades :

T = 1. I(t)dt = = = Tjjk (D-14a)
Clp kel Los.(t)/10 i
Tik = 2 t{ Njj(t)10%01] dt (D-14b)

In the above result it fs assumed that the vehicle concentration and the
reference emission levels are functions of time during the kM howr,

Then considering the accumulated fime during each hour that the
vehicle type -i operates in the jth mode, the hourly time interval [tg, tg+1]
is subdivided into cperational time intervals such that:

3

* See Appendix J of Reference 4,
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ftk“l( ) jdt =3 .[i’j ()t (D-15)
3

Assuming that the vehicle source concentratfon Ajj(t) does not change during
the kth hour, i.e., Aij(t) = Njjk, then the average mean acoustic intensity

is:

Aty [ 1 jxi.i+110Loij(t)/10dtz

Tik = Clo Jzk'ijk BTN (0-16)

k
tij

where Atjj = ty j+¢1 - ty,j is the accumulated time (during the
kth hour that the vehicle type i
operates in the jth mode). (Note
that the subscript k is fmplied.)

Assuming that the sound level Lyjj(t) is an ergodic rendom process, then the
term in braces in Equatjon (D-16) is identical to the definitfon of the
equivalent sound level for the jth operating mode of the vehicle and may be
alternately defined as:

139, /10 Lo/10
10 013K L {ﬁau (Lo) 10 ° dLo}k (D-17)

Then, using the results of Equations (D-16) and (D-17) in the
gxpression for the time-averaged acoustic intensity at the receiver {Equation
(D-14)), one cbtains:

eg

where  Nijg .is the source concentration for the ith yehicle type
operating in the jth mode during the kth hour.

fijk = Atjj/Ty is the fractien of time during the kth
hour that vehicle type i operates in mode j.



ti,j+1 Loij(t)/10 ?
eq { 1 f' 10 dt
LOijk 1o ]oglm-j _E'i ; . Jk

ar,

189, = 10 Tog '];..(L )IOLD/IOdL
oijk iji-o of k

Finally, using the result of Equation (D-18) in Equation (D-14), the expres-
sion for the time average acoustic intensity at the receiver due to all
vehicle types on the roadway is:

' Leq. /10
— k .
Ti/ly = CIE- ? k«;jkfijklo oul (D-19)

and the hourly equivalent sound level far the traffic flow during the kth
hour of the day is:

Lege = 10 Toa{ T/1, } (p-20)

where TRIIO is given by Equation (D-19).

It is now assumed that the vehicle concentration on the roadway
remains constant at the value defined for the cruise condition. That is, the
vehicles do not group together for the idle, acceleration, and deceleration
modes, With this assumption (See Equation (D-19)):

Xijk = (Ni/Sc)k = (N/Sc)k nik {p-21)
where Ni is the number of vehicles of type i in the traffic count
for the kth haur ’

S¢ is the cruise speed for the kth hour

Ny = {Ni/N)k 1s the fraction of type i vehicles
in the total traffic count N during
the kth hour.
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Now, for each hour of the day a traffic noise condition }s defined
by the equivalent level given by Equation {D-20). Using the definitions for
the daytime equivalent sound level (Equation D-4), the nighttime equivalent
sound level (Eguation D-5), the nighttime equivalent sound level (Equation
D-5}, and the day-night equivalent sound level (Equation D-6b), the expres-
sion for the day-night sound level from tha flow of traffic is obtained in

the form:
15 Leqk/10 24 Legk/10
1 10 10 D-22
Lyq = 10 ag {?T Y 1o P (D-22)
k=1
where Lo /10 Ne > Lgﬁ.‘jk/w

o[ Yo Yo+l

7
1

: 1
Gyldgrby) = 3 {, cosY(¢)ds

The result of Equation (D-Z2) is quite general in that if the
vehicle mix (njg), vehicle operating characteristics (fyjk), hourly traffic
count {Ng) and average nourly cruise speed (Sck) are all defined, then the
calculation of Lgy, for the finite roadway segment at a distance (b) and
orjentation (41 and 42) from the receiver for a site characterized by excess
distance attentuation (Y) is very straightforward. Unfortunately, national
data for roadway traffic conditions are not available at this level of
detail. Hence, the general result of Equation (D-22) must be reduced to a
level compatible with the best available data related to national traffic
characteristics. It is recognized that for any specific roadway sufficient
data could be obtained to utilize Equation (D-22) without further assumptions,

D-11
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The reduction of the result of Equation (D-22) to the Jlevel of
available data will be taken in stages. First, it will be assumed that
traffic conditions are constant during the daytime (0700 to 2200 hours) and
are constant during the nighttime (2200 to 0700 hours). Hence, in.general,
the daytime conditions will include an averaging of the morning and evening
rush hour periods and the nighttime conditions will exclude rush hour
periods.

With this assumption the day-night equivalent sound level for the
traffic flow is expressed as:

f FLE a 11 L U Eq/m’ CH |
= 3 T H-

where N is the average hourly traffic count for 24 hours
(equals (15N, + 9Nn)/24J

gg'is the average hourly cruise speed for 24 hours

W = N /N is the fraction of the average hourly
traffic count during daytime hours (r=d) or
nighttime hours (r=n)

S = Sp/Sc is the ratio of the average hourly daytime
cruise speed (r=d) or nighttime cruise speed
(r=n) to the average hourly cruise speed for
24 hours.

er'/m L8 /10

oijr
z}yr z:f13r

1

r = d denotes average hourly daytime conditions
r = n denotes average hourly nighttime conditions.
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The result of Equation (5:23) is too general for use in & national
simuldtion model., Generally, only average daily {24-hour) data are available
to define the traffic conditions on the roadway, However, data are available
to estimate the fractfons of the total traffic count for the daytime and
nighttime periods. A1l other data must be assumed constant aver the 24-hour

period,

Assuming that the average cruise speed (Scp), traffic mix (njp}s
and the vehicle operating parameters (fij.) are constant for each hour of the
day, then qu = Lﬁq and the daynight equivalent sound leve] is expressed as:

Lan = L&Y + 10 tog{N/Sc) + 10 Tog (10 - 9Fy) + 10 Tog(C) (D-24)

where Fy = (15Ng)/24N) is the fraction of the traffic count
eccurring during the daytime

Frp = (9Nq}/ (24N} is the fraction of the traffic count
occurring during the nighttime

Fd+Fn=1

Finally, national data were not avaitable to estimate &n average
roadway orientation defined by the angular coordinates (b1, $2). However, it
is assumed that the location at which the traffic noise aestimate is to be
made is at the edge of a clear zone adjacent to the roadway. The clear zone
is assumed to be uninhabited but to possibly exhipit an excess ‘distance
attenuation described by the constant Y» (see Figure D-1). Hence, &t the
edge of the clear zone, it will be assumed that a receiver would view the
roadway as an infinite line source. Further, it is assumed that the pavement
surface is acoustically hard., With these assumptions, thé following para-
meter values are: %1 = ~uf2, $2 = +n/2, and Y] = 0. These parameters are
contained in the term denoted by "C" in Equation (ft-24). The parameter C is
defined in Equation {D-23} and for an infinite roadway with acoustically hard
pavement, one ogbtains:

L A F = A AR 7 e e £ g A A 2 e e VA ok P e pemps
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10 Tog(C) = 10T0g(Dgl/De2™) + 10 Tog(mid) (D-25)

where D is the propagation distance over the acoustically
hard pavement

Der s the propagation distance from the rth jane
centerline to the edge of the clear zone

Y2 is the excess distance attenvation constant
for the clear zone. Distance Dgp - Oy,

Substituting the result of Equation (D-25) into Equation {D-24),
one obtains for the rih roadway Jane:

Ldnr = Lgd + 10 10g(Np/Sep) + 10 1og(10 - 9Fg)p

Yo Yo+l .
+ 10 Yog(Dy2/ber ) + 10 log{wD) (0-26)

The first term in Equatjon {D-26) is the reference traffic noise
source term. This term is the weighted equivalent sound tevel of the traffic
defined for the roadway lane. It coinprises the traffic mix, the fraction of
time that each vehicle type operates in each mode, and the reference vehicle
noise emission levels. The vehicle noise ewission levels are referenced to
the distance Dp and depend upon the traffic speed. This term is defined in
Equation (D-23).

The second term in Equation {D-26) is the traffic source concen-
tration (number of vehicles per unit length of roadway). The third term
accounts for the split of the total traffic between daytime and nighttime.
The fourth term is the noise distance attenuation considering an acoustically
hard propagation across the pavement and an excess attenuation over the clear
zone. The last term incorporates the reference distance, Dy, and the inte-
gration for the infinite length line source,
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Equation (D-26) applies Lu a single trartic lane and may incorpor-
ate any consistent set of dimensional units for length and time. Expressing
length in feet, speed in miles per hour, and traffic count in terms of the
Average Daily Traffic (ADT) count, Equation {D-26) becomes:

Yo Yo+l '
Lane = L& + 10 log (Wp/Scr) + 10 Tog(DgZ/0cF ) + € (D-27)

where €)= 10 log {nD5(10 ~ 9Fq)r/(24-5280)

* On a national basis, it appears reasonable to assume that 87 per-
cent of the total traffic operates during the day and that 13 percent of the
total traffic oparates during the n'lght.3 Further, it is reasonable to
assume that this day-night traffic split applies for each traffic lane. With
these assumptions, the expression for the day-night sound level for the rth
traffic lanas becomes:

Yo Yol
Lanr = LSY + 10 Tog (Re/Scr) + 10 Tog(De?/Dck ) - 8.71 (D-28)
where Do = 50 feet
- 8.71 = 10 log [r(50)2(10 - 9{0.87))/24.5280)]

Equation (D-28) applies to a single lane of traffic of infinite
extent at a Distance Dqp feet from the edge of the clear zone to the center
Yine of the lane. The distance from the lane centerline to the near edge of
the pavement is denoted by D.. The Parameter Y2 denotes the excess distance
attenuation for the traffic nofse propagating over the clear zone. This
propagation distance is (Do - D) feet,

D.4 Day-Night Sound Level for Multi-Lane Traffic Flow

To extend the result of Equation (0-28) to multi-Tane roadway
traffic conditions, it is only necessary to sum the sound level contributions
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from each lane on an intensity basis, Estimates for the number of lanes,
avarage lane widths, and clear zone distances are possible. The traffic
parameters appearing in Equation (D-28) apply for each lane. National data
are not available to estiméte a non-uniform distribution of traffic over ail
lanes, Hence, it must be assumed that the total AUT for the roadway is
uniformiy distributed over each lane and that the average cruise speed for
each lane is equal to the cruise speed for the roadway. With these assump-
tions, the expression for the day-night sound level at the edge of the clear
zone 1is;

eq - 0o Y Voul
kgn = Lg' + 10 log (W/(nSc)) + 10 log 2%(U.P/Dcr )] -8.71 (t-29)
r=

where 1§q is the weighted eguivalent sound level referenced
L‘if\ to Dg = 50 feet for the defined traffic flow mix,
e vehicle operating characteristics, and speed S¢

W is the ADT for the roadway
n is the nunber of lanes

D is the distance from the rth lane centerline to the
near edge of the pavement

Der 15 the distance from the rth lane centerline to the
edge of the clear zone.

Figure D-2 presents the roadway/clear zone gecmetry and the assump-
tions used for excess distance attenuation from the source to the edge of the
clear zone,

The first term in Equation (0-29) is the source reference noise
emission level, This term is the equivalent sound Tevel of the traffic noise
source weighted by the vehicle mix and the vehicle operating characteristics.
This quantity is defined in Equation (D-23}, The second term is the traffic
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noise source concentration for each lane defined in terms of the total road-
way ADT (W), the number of lanes (n), and the average cruise speed. The
third term is the traffi¢c noise propayation term for the varying distances
from each lane to the edge of the clear zone,

Equation (D-29) is the algorithm used by the National Roadway
Traffic noise Exposure Model to estimate noise emissions for the specific
traffic conditions and roadway configurations as defined by the Model. As
used by the Model, the aistances in Equation (D-29) are calculated from lane
width data and clear 2one distances defined as input. The Model uses Equa-
tion (D-29} to estimate the traffic noise level at the outer edge of the
clear zone, The distance attenuation functions used by the Model for noise
propagation into populated areas are described in Section 2.5 of the main
text of this report.
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APPENDIX E
SINGLE EVENT TRAFFIC HOISE THEORY

E.1 Pefinition of Single Event Sound Levels

To estimate the sound exposure of a receiver resulting from a dis-
crete nojse event, one reguires the determination of the total acoustic

intensity received from the source during a defined time period. The defini-,

tion of the time period usually depends upon the characteristics of .the
source, For example, solid waste compactor (i.e., garbage truck) noise may
be estimated using the compaction cycle time in order to characterize the
source's noise emissions. For a discrete event, such as characterized by the
passage of an aircraft, a railway train, or a roadway vehicle, the "10 dB
down duration” is used to characterize the vehicle's noise signature.1 That
is, the time required for the sound level to rise fram 10 dB bhelow the maxi-
mum level to the maximum Tevel and then to decay to 10 dB below the maximum
Tevel is commonly used.

For a single discrete noise intrusion, the total acoustic intensity
received during the defined time period is used to define appropriate sound
levels. One level, called the Sound Exposure Level or SEL, is simply a mea-
sure of the total received acoustic intensity. Another level, called the
equivalent sound level 1is a time average of the total received acoustic
intensity. The equivalent sound level, is a neasure of the average acoustic
intensity received during any instant of the defined time period,

For a time varying sound level, L{t), that is symmetric about the
maximum level at t = 0, the following definitions apply for the defined time
period - T/2 < t < T/2:

e Sound Exposure Level*

T/2 .
SEL = 10109 {f 10””“%} (E-la)

-T/2

*Tnis may also be denoted as Lag (see Reference 1}.

E-1
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8 Equivalent Sound Level (for the time T)

/2
Leq = 10-Tog {% [ 10"(””%1:} - (E-1b)
-1/2

From the definitions given in Equatfon (A-1), the following relationships
between the Sound Exposure Level and the equivalent sound level is obtained:

SEL = Leqr + 10-og (T) ' (E-1)

Using the result of Equation (E-2), one may relate the two sound
1eﬁe1s rather easily provided that the noise exposure duration, T, at the
receiver is known. Generally, the duration depends upon the source's operat-
ing characteristics and the closest pass-by distance between the source and
the receiver, The purpose of this Appendix is to present explicit expres-
sions for SEL, Leqr, and T in terms of the source operating characteristics
and the sound leve) attenuation between the source and the receiver.

E.2 Single Event Noise Analysis for a Vehicle Pass-hy

Figure E-1 presents the source-receiver geametry for a single
vehicle noise source moving with speed V along a straight roadway. ° The
receiver's distance from the roadway is denoted by the parameter D. Time is
measurad relative to the instant that the source s at the distance D from
the receiver. Alternately, the source may be located at any instant by using
the time-varying angle, ¢(t), as indicated in Figure E-1,

R(t) = [0% + (v£)211/2 = prcosa(t)) - (E-3)

where ${t) TAN'l(Vt/D)
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At any instant, t, the source sound level propagates towards the
receiver and attenuates as a function of the time varying source-receiver
distance R{t), Hence, the time-varying sound level at the receiver may be
axpressed in the general form:

L{t) = Lg + 10-1og [FR{R)] (E-4)

where Ly is the vehicle's reference level
10-10g [F{R)] is the distance attenuvation

For the moment, the function F(R) is considered to be general, but it must
satisfy the following conditions:

(1) F(R) = 1.0 when D = Dy and t = 0 (i.e., L(O) = Lo @ D = Dg)

(2) O<F(R) < 1.0 for D > Dy {f.e., the sound level attenuates)

The first condition simply states that with the receiver at a distance Dg,
the maximum level at the receiver is the vehicle reference level, Lp. The
second condition simply states that the sound level attenuates with increas-
ing distance from the roadway beyond the reference distance 0p.

Using the time varying sound level, L{t), as presented in Equation
{E~4), the definftions given in Equation (E-1), and transforming the time
integration to an angular integration, one obtains:

)
SEL = Ly + 10+10g {D/V) + 10-109{ l]éEC2¢-F(¢)d¢} (E-5a)
-
il
LeqT = Lo + 10.70g (D/VT) + 10-]09; SEC2¢-F(¢)d¢g : (E-5b)
-
» = TAN"1(yT/2D) (E-5¢)

In Equation (E-5), the sound exposure duration is taken as T. The above
results are the basic functional farms for calculating the Sound Exposure
Level and the equivalent sound level for a single event vehicle pass-by.
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E.3 Propagation of Sound for Single Event Analysis

The propagation of sound through an wrban area is not an ideal
process. For a single point source, aone would ideally assume that acoustic
intensity varies inversely as the square of the distance from the source.
Hence, one aspect of urban noise propagation is to simulate attenuation of
acoustic intensity in excess of the inverse square relatjonship., Further,
urban areas are built up with buildings of various heights with various
widths between the buildings. Hence, one must use empirical results to
simulate distance attenuation of vehicle noise in urban ar‘eas.2

Based upon the available empirical data,2:3:4 however, it
appears reasonable to assume that urban noise propagation may be simulated,
approximately, by defining an appropriate distance attenuation function. The
approach taken here is to assume that the empirical distance attenuation
function may be described using a connected series of straight 1ine segments
when presented in the form of attenuation versus the logarithm of the dis-
tance from the source. Figure E-2 presents the general concept of the
assumed form of the attenuation function.

As an extension of the roadway traffic noise model developed
by FHWA and descrihed in Appendix J of Reference 5, it is assumed that the
distance attenuation may be simulated by a series of adjacent regions
parallel to the roadway. Each region is characterized by a width and by an
"excess attenuation" parameter,?. This configuration is illustrated in
Figure E-2,

E-5
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The attenuation function may be expressed mathematically as a
nroduct of distance rabiuvs raised to an appropriate power. The functional
form used for the attenvation function is:

|

g 2+ ey, (rcl)

Y. 2+y
Ge(D) = (Do/D1) Y (Dp/D) T - TT1 ( Di/Djsy) 11
i=

(E-6)

i

o [? where Dy is a reference distance for the vehicle reference
] 3 level, Lg.

:f FQ Dy is the distance from the roadway to the far edge

of the rth strip
D i5 the receiver distance from the roadway
Dr.1 £ D £ D r=2,3,..

The sound level attenuation as a function of distance from the
roadway js given as:

Attenuation, dB = 10-leg [Gp(D}] (E-7)
for the distance D in the range Dp.; < D £ Dy.

The result of Equation (E-7) is extended to the moving vehicle source using
the relationship of Equation (E-3):

R(t) = D/COS(&(t)) ) (E-8)

Similarly, the distances, Dj, used to define the attenuation function,
Gr(D}, given by Equation (E-6) are expressed as:

Ri(t) = Dy/COS((t}) {E-8b)

E-7
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Using the result of Eguation (E-A) nna ohtains the relationship
Di/D441 = Ri(t}/R41(t) =1, 2,... (E-9)

Hence, ether than the ratio, Dy/Dj, appearing in Equation {E-6), all other
terms are independent of time and/or the vehicle’s position relative to the
closest pass-by location, Substituting, the relationships of Equations (E-8)
and {E-9} into Equation (E-G), the distance attenuation function for an arbi-
trary vehicle position relative to the receiver is obtained, The result is:

Fp(d) = Gp(D)[COS(6(t))12* (E-10)

Hence, the time varying sound level at the receiver is obtained hy substitut-
ing Equation (E-10) into Equation (E-4):

Lp(t) = Lo + 10+10g [GA{D)] + 10(2 +¥)-log [COS(d(t)}] (E~11)

The Sound Exposure Level is obtained by substituting Equation (E-11) into the
SEL definition of Equation (E-la) or substituting the attenuation function of
Equation (E-10} into Fquatign (E-5a). Using either approach one obtains:

»
SEL = Lo + 10-log [Gp(D)] + 10-109% ﬁ:US‘yl d¢} + 10-log{D/V) (E-12)
-&
where Dp.p < DX Dp
& = TAN1(v1/20)

From Equation (E-12), it is seen that the Sound Exposure Level is a
function of the vehicle reference level, Lg; the distance from the roadway,
0; the vehicle speed, V; the exposure time, T; and the excess attenuation
parameter, 3'1.'- From ejther the relationship between SEL or LeqT (See Equa-
tion (E-2)) or Equation (E-5b) one sees that the single event equivalent
sound level, Leq7, depends upon the same parameters as the Sound E£xposure
Level., The only parameter yet to he estimated is the exposure time T.
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£.4 Single Event Exposure Time

As mentioned in Section E.l, the single event exposure time must
be known to evaluate either the Sound Exposure level or the single event
equivalent sound level, Lgqr. In this section, the analytical estimation
of the axposure time, T, for a single event is obtained, The result if
dependent upon the form of the distance attenuation function assumed for the
problem as described in Section E.3. ‘

The time-varying sound Tevel 1is given by Equatian (E-11). The
maximun sound level at the receiver for the single event pass-by occurs at
time t=0. The " AL dB duration" is obtained from Equation (E-11) by sub-
tracting the time varying level from the maximum level. The result expresses
the level variation between the maximum level and the level at the time
t = :_T/Z. The result is simply:

L = «10(2 + ¥1)+10g-[COS(H(T/2})] (E-13)

To determine the single event nojse exposure duration, T, Equation
(E-13) must be solved for the duration. Using the definition of the time-
varying source-receiver distance given by Equation {E-3), one ebtains:

AL/5(2+Y
T = 2(D/v) [10 ( 1)»111’2

(E-14)

The result of Equation (E-14) expresses the single event noise
exposure duration, T, in terms of the distance, D; the vehicle speed V; the
level difference, al; and the excess attenuation parameter 77.

To complete the discussion, it is necessary to evaluate the inte-
gration limits appearing 1in Equations (E-5). Substituting the result of
Equation {E-14) into Equation (E-5¢), the subtended angle swept by the
source as it passes by the receiver is simply:

-1 AL/E(2+Y
®=TAN ([10 ( 1)-1]3"'2)

{E-15) -
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This 1is, perhaps, the mo;t revealing aspecl of Lie enLi}e discus-
sion. That is, the angular view that the receiver *sees" as the vehicle
passes by depends only upon the level difference, al, and the-parameter ¥1.
This result is, of course, dependent upon the form of the attenuat{un'func-
tion assuwed in Equation (E-6).

E.5 Summary of Results

The main results of the singie event noise analysis are summarized
in this section. Basically, the results are the quantitative evaluation of
the Sound Exposure Level, SEL, and the single event equivalent sound level,
LeqT- in terms of tne vehicle qperating parameters and the site characteris-
tics. The results, of course, present the quantitative evaluation of the
single event exposure time or duration, T. The results apply to a single
vehicle moving along a roadway with constant speed, V, and the receiver
located at a distance, U, from the roadway.

The Sound Exposure Level for the single event is given by:

2 7

SEL = Lg + 10-T0g{D/V) + 10-log [Gp(D)}] + 10'109{ cos l(¢)d¢} (E-16a)

The single event equivalent sound level is given hy:
(2
Leqr = Lo + 10-Tog (0/¥T) + 10-Tog [Gp(D)] + 10-logl .]Eos (8)dd}  (E-16b)
-

The single event duration, T, and the anyular limit & are given by

AL/b(2+Y
2 (0/V)[10 (271} 171/2

—
H

{E-16c)

al/s(2 +7)
1 (110 Vol (E-16d)

e
’ .

= TAN
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E.6 Application of Results

For .a single vehicle pass-by noise event, the summary of resulis
presented in Section E.5 may be condensed te practical application by assign-
ing representative values to the varjous parameters, First, the value of AL
required to estimate the exposure time, T, is set to 10 dB. Next, the physi-
cal interpretation of the parameter Y] is required, If the distance, D is
defined as the "clear zone distance", the site is either Mhard" {1 =0) or
"soft" (¥4 0.5).5 With these conventions and the results of Equations
(E-16c) and (E-16d} one obtains:

-
n

6(D/V} and ®= 1.2490 radian for a "hard" site (E-17a)

4.6085(D/V) and ® = 1.1613 radian for a "soft" site {E-17b)

—_
1

For the single event Sound Exposure Level and the equivalent sound
level, it is required to evaluate the integral appearing in Equations (E-l6a)

and (E~16b), The results are5:
2o ; + 3.98 dB for a "hard" site (E-18a)
106+log .IEOS (d) db;p =
-3 l + 2,87 dB for a "soft" site (E-18b)

The result of Equation (E-18b) is obtained from Figure 7, page 23,
of Reference 5.

Using these resuits, the Sound Exposure Level is expressed as:

SEL = Ly + 10-T0g [Gp{D)] + 10-10g{D/V) + C; ’ (E-19)

and the sing1é event equivalent sound level 1s expressed as:

LeqT = Lo *+ 10-T0g [Gp(D)] + Cz (E-20)
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The constants Cy and ngin Equations (E-19) and (E~20)‘basfca11y
depend upon the “10 dB down duration® and the values of 3 corresponding to a
"frard" or a "soft" site, Using the results of Equations (E-17) and (E-18)
one obtains:

( +3.98 dB for a "hard" site
Gy = l (E-21)

+2.87 dB for a "soft" site

~3.80 dB for a "hard" site
Cp = (E-22)

-3.86 dB for_a "soft" site
This result is the basic algorithm used to estimate the Sound Exposure Ltevel,
SEL, and the single event equivalent sound level, LeqT‘ used by the Single

Event Model of the National Roadway Traffic Nojse Exposure Model,

E.7 Single Event Noise Exposure With Ambient Sound Present

In orager to estimate the single event noise exposure in terms of
realistic conditions at the receiver, it is necessary to consider the ambient
sound Tevel present during the noise intrusion. If the maximum Tevel of a
time-varying intruding noise exceeds the receiver's ambient level by several
dB, the receiver will be able to distinguish the jntruding noise above the
ambient. However, if the maximum level is equal to or iless than the ambient
Tevel, then the intruding noise will be "masked" or obscured by the ambient
level., Hence, exprassions for the Sound Exposure Level, SEL, and the single
event equivalent sound level, LeqT, in terms of both the intruding noise and
the recefver's ambient sound level are required.

Assume that the time-varyinyg ambient level at the receiver is given

by Lalt), From Equation {E-11), the time-varying intruding sound from a
vehicle pass-by is given by

£-12
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L(t) = Lmax * 10(2 +71)-10a[COS(¢(t)] " (£-23)

where Lpax = Lgtl0-log Ge{0} is the maximum sound level at the receiver
during the pass-by.

For the receiver simultaneously exposed to the time-varying ambient and the
vehicle's pass-by noise, the total exposure Jevel at the receiver is:

La(t)/20  L{t}/10}
+10 ‘ (E-24)

L(t) = 10-109] 10
Using Equation (E-23), one may estimate the Sound Exposure Level and the
single event equivalent sound level in terms of the ambient level and the
vehicle's noise emission characteristics. Substituting Equation (E-23) inte
Equation (E-24) and using the definitions for SEL and LeqTs one obtains the
recejver's total single event noise exposure., The receiver's Sound Exposure
Level, with aubient, is:

+ 10

' e
SEL = 10-Tog %10 (D/V)+ fCOSylct»d:#} (E-25)
-B

La(t}/10
10 alt) at!

J

T/2
where S5ElL = 10+log J.
-T/2

The receiver's single event equivalent sound exposure level, with ambient,
is:

Leqa/w . loLmax/lU

: &
LeqT = 10-10g {10 (p/yT) - ﬁ;os%@} {E-26)
_ =&

where Legga = 1070g -% ,
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In Equation {E-25), SEL, is the Sound Exposure Level of the ambient. In
Equation (E-26), Leqa is the egquivalent sound level of the ambient, The
averaging time, T, is the vehicle's single event duration given by Equation
(E-14). From the above results, jt is seen that the Sound Exposure Level
attributable to the ambient is realted to the amhient equivalent sound level

as:
SELa = Leqa *+ 10-10g(T) ‘ (E-27)

Substituting Equatien (E-27) into Equation (E-25), and factoring out the

terms containing L and T, the receiver's total Sound Exposure Level is

max
expressed as:
(L. .-L )/10 -
SEL = Lyax + 10-log(T) + 10-Yog {10 gqa max™ Lo q (E-28)
"
where: I = (D/VT). JEos lods {E-29)

-
Similarly, the receiver's total single event equivalent socund exposure level
is expressed as:

(L. L. )/10
LeqT = Lmax + 10+Tog {10 €qa maxtt oy (E-30)

where I is defined by Equation (E-29)

Now, suppose that the maximum intruding sound level, Lmax,'exactly equals
the receiver's ambient equivalent sound level, Thus, the receiver's total

Sound Exposure Level 1is:
SEL » Lega + 10-T0g(T) + 10-log {1+ I} (£-31)

E-14
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and the receiver's total single event equivalent sound level is:
LeqT = Leqa + 10’]09 }1 + I} (E-32)

The usefulness of Equations (E-28) through (E-32} is that the receiver's
total noise exposure may be estimated in terms of an ambient level and an
intruding level. Hence, by establishing a TJevel difference between the
ambient level, Lgqa, and the maximum value of the intruding time varying
Tevel, Lpax, that results in an acceptable "masking" of the intruding sound,
the corresponding values of the receiver SEL and Lggr may be estimated.
These values are criteria 1limits below which the intruding sound 1is not
distinguishable above the ambient level. Unfortunately, however, there does
not appear to he a recognized level difference Al = Leqa -lmax to quantify
"masking." As a rule-of-thumb, acoustical engineers may use 3 dB to 6 dB as

deemed appropriate.

Figure E-3 presents an illustration of the combination of amhient sound level
with the intruding single event sound level and the assumption used to define

"masking."
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Loga - Lmax = =3 SEL = (SEL) ;q¢ + 1.9
{INTRUDING LEVEL NOT MASKED)

Loga - Lmax = 0: SEL = {SEL} o
(INTRUDING LEVEL ASSUMED MASKED)

Leqa™Lmax = +3: SEL = (SEL}of - 2,3
{INTRUDING LEVEL MASKED)

91-3

v

DIMENSIONLESS TIME, t/T

FIGURE E-3, COMBINATION OF SINGLE EVENT INTRUSION WITH AMBIENT SOUND
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APPENDIX F

SECONDARY NOISE £XPOSURE CALCULATION THEORY

F.l Noise Exposure Calculation Scheme

In order to appreciate the noise ijmpact methodology used by the
National Roadway Traffic Noise Exposure Model, il must be remembered that the
basic requirement for the simulation 1is the allocation of population to
roadways. The Mcdel distributes the nation's population and land area into
36 categories of constant population density. (The Model uses population and
land area to define population density.) In each land area of constant
population density, roadway mileage and traffic conditions are defined.
Since the Model's data base recognizes only roadways within an inhabited land
area, the total land area is prorated among the roadway mileage defined for
the area. Based upon the roadway mileage and the allecated land area, the
Model calculates a maximum width® for the strip of land adjacent to each
roadway which is allowed to cantain the population. Hence, the Model assigns
a fraction of the total population and the total land area to each mile of
roadway by roadway type and traffic condition. The allecation scheme places
the total population adjacent to the total roadwﬁy mileage, The maximum
width or distance away from the roadway is called the "cut-off" distance for
purposes of discussion. The cut-off distance represents the limit in the
noise exposure caleulation scheme to ensure that the estimates do not repre-
sent a "double-counting" of the exposed population.

Everyone is aware that in a typical urban situation, a receiver at
a given location is potentially exposed to several distinct roadway noise
sources during a typical day. That is, a receiver may be living on a Tocal
street a few blocks from an interstate highway and although the maximum sound

*This calculation is performed in the baseline year and remains constant

throughout the time stream,

F-1

bk L e bt kg et e

2R S laE St o



levels to which he is exposed may result from traffic on the local street,
most of the long-term noise exposure may result from traffic on the inter-
state, The National Roadway Traffic Noise Exposure Model recognizes this
aspect of the problem hy classifying roadway traffic noise exposure into
primary exposure and secondary exposure, Primary Noise Exposure is the noise
exposure of the population assigned to a roadway generated by the traffic on
that roadway, Secondary Noise Exposure is the noise exposure of the popula-
tion assigned to a roadway generated by traffic on other roadways defined for
the same population density land area,.

The Madel conducts a two-stage noise exposure calculation. The
Primary Neise Exposure calculation is a deterministic scheme in that all
parameters required for the calculation are defined for each mile of road-
way. The Secondary Noise Exposure calculation is a probabilistic scheme
since the relative alignment of all roadways in a land area and hence, the
noise propagation distances, can only be defined in a random sense, By
assigning cut-off distances to be used with the noise distance attenuation
curves (Figure F-1), the Model insures that the Primary Noise Exposure
calculation will not result in double-counting and that the Secondary Hoise
Exposure levels are not greater than the levels at the cut-off distance for
the secondary roadway.

F.1.1 General Adverse Response Model

The General Adverse Response Model estimates the noise exposure
of iphabitants by accumulating the population exposed to roadway traffic

noise within discrete sound leval intervals (dB bands)}. The population so-

exposed is assigned the sound level at the center of the band. The current
version of the General Adverse Response Model uses 3 dB bands for the purpose
of accumulating population noise exposure. However, the coded format allows
other sound Jevel intervals to be specified. For the primary exposure
estimates, population noise exposure below the criteria 1imit of 65 dB is
accumulated. The secondary noise exposure level for each dB band is esti-
mated and the total noise exposure for the population in that band is cal-
culated by adding the primary and secondary levels on an intensity basis.
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F.l.2 Single Event Model

The Single Event Model estimates the noise exposure of inhabitants
by accumulating the population exposures within discrete sound level inter-
vals or dB bands. Currently, the Single Event Model uses 5 dB bands for this
estimation procedure. Since the Single Event Model must consider the pop-
ulation's activity and use appropriate Fractional Impact Criteria, the
population defined for an area is first sorted into activity categories.

The pedestrian population is estimated and subtracted from the
total population, Pedestrians are assumed to be located along the roadway
used for the primary noise exposure estimate and hence, they are only exposed
to primary roadway noise, For the remainder of the population, it is assumed
that they are uniformly distributed over the inhabited area and are thus
exposed to both primary roadway noise and secondary roadway noise. For
indoor activities, the sound Jevel estimates are attenuated to simulate
building exterior skin noise reduction. For each activity category, the
appropriate segment of the population is sorted into a "local" set of dB
bands. The expaéure tevel is assumed to be the center of the "local” dB band
and the appropriate value for the Fractional Iimpact is used to estimate the
value for the Level Weighted Population, Since this distribution of Level
Weighted Population corresponds to a single event, each LWP value in the
"local" or dB bands is multiplied by the number of identical events for each
lane of roadway., These products of events times LWP are then sorted and
accumulated into "global" dB bands as described in Section 2.7.

For the Single Event Model, the primary noise exposure estimate
and the secondary noise exposure estimate are independent calculations. That
is, an individual will be exposed to a distribution of single event noise
Tevels both for vehicles an the primary roadway and vehicles on the secondary
roadways. These exposure levels and their distribution are estimated based
upon the mix of vehicles of the same type but with different noise emission
characteristics, the various operating modes, and the distance variation due
to lane separation. Of course, the single event estimates are conducted for
both daytime and nighttime periods.
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F.2 Secondary Noise Exposure: Overview

The Model simulates the multiple-source roadway traffic noise
exposure of the population using a probabilistic approach. This approach for
estimating secondary noise exposure was selected to simulate the randon

- orientation of roadways within an area and the resuiting random propagation

distances from one roadway noise source into land area assigned to another

roadway.

As used by the Model, a roadway is more properly considerad as a
noise source. That is, a roadway is defined by its functional classification
{e.g., interstate, collector, etc.) and by the traffic conditions on the
roadway (e.g., ADT, vehicle mix, cruise speed, etc.). Hence, when consid-
ering multiple-sources in conducting the secondary exposure calculation, the
Model uses all combinations of roadways on a paired basis. That is, each
roadway is considered to be a primary roadway with its assigned population
sorted into dB bands and all other roadways are considered, one at a time, to
contribute secondary noise to the primary roadway.

The Model begins a secondary noise exposure calculation by seleckt-
ing a primary roadway and a secondary roadway. The primary roadway defines
the land area {population) exposed to levels of nojse from the primary
roadway, The secondary roadway is considered to be an additional noise

source,

. For the secondary roadway, the Model propagates the traffic noise
generated by the secondary roadway beyond the cut-off distance of the secand-
ary roadway. The land area exposed to secondary noise thus excludes the land
area (population) assigned to the secondary roadway. This land area is
subdivided into dB bands with the secondary exposure level assigned to the

center of the dB band.

Considering all roadways to be randomly uriented‘within the total
land area of constant population density, the probability of " the secondary
noise exposure level is estimated. This estimate is calculated as the ratio

F-5
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of the area of the dB band assigned to the secondary exposure level te
tha total land area assigned tn the total roadway network. This probahility
represents the likelihood of the secondary noise exposure level occurring
at any location in the totalt Jand area.

The Model then considers the intensity sumnation of the secondary
noise exposure level with the primary noise exposure level (primary dB
band). This summation defines the total noise exposure level. However, since
the roadways are assumed to be randomly oriented, only a fraction of the
population in the primary dB band will be exbosed to the total Tevel. This
fraction of the population is calculated by multiplying the poputation in thé
primary dB band by the probability calculated for the secondary noise expo-
sure level, The population exposed to the total noise level 1is subtracted
from the population in the primary dB band and sorted into a dB band of total

exposure,

The population exposed to the secondary single event levels are
multiplied by the appropriate Fractional Impact values to estimate the
LWP distribution for the secondary exposure. This LWP distribution is then
multiplied by the number of identical single events estimated for the vehicle
operating on the secondary roadway, Once this calculation is completed,
the estimates are sorted and accumulated in the "global" set of dB bands as
described in Section 2.7.

The Model continues the above scheme until all combinations of
primary and secondary noise exposure have been considered that resuit in a
total exposure Tevel exceeding the cut-off criteria for the Fractional Impact
Functions., The Model then selects the next combinaticn of primary roadway
population and secondary roadway noise expasure until all combinations have
been considered. Finally, the Model sorts the remaining fractions of the
ariginal priﬁary roadway population into the total noise exposure bands by
considering the primary noise exposure levels to be total levels.

The above scheme is repeated for each of the roadway networks
defined for the 36 areas of constant population density recognized by the
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Model. The reader rocognizes that the dB band width used by the scheme has
an extensive effect on the computing time required to conduct a simulation.
It is estimated that the computing time varies inversely as the squara of the
ratio of two different band widths. For example, a simulation using 1dB
bands would require approximately nine times the computing effort using 3dB
bands, The reader must also recognize that these calculations are repeated
for each year in the time stream that is specified by the user.

F.3 Secondary Hoise Exposure: Theory

The theory used to calculate the secondary noise exposure is
quite simple, The Mode] estimates the probability of a segment of the
population heing exosed simultaneously to a given primary level and a sec~
ondary level. Figure F-2 presents a plan view illustrating the conceptual
geometric relationship between a primary roadway and a secondary roadway.
The primary roadway variables are denoted by an Index, K. The secondary
roadway variahles are denoted by an Index, k.

For the primary roadway, the population exposed to noise generated
by the primary roadway has been calculated with the population sorted into dB
bands, Figure F-2 illustrates a dB hand of primary noise expasure. The
land area contained in the dB band is Ag, and the exposure level s Lg.

For the secondary roadway, a dB band of area Ay, at a secondary
exposure level Ly, is determined by the Model based upon the traffic noise
generated on the secondary roadway and the noise distance attenuation func-
tion assigned to the total iand area, A. The total land area is alseo
assigned a constant population density. As indicated in Figure F-2, the
secondary dB8 band is estimated at a distance beyond the cut-off distance for

the secondary roadway. Hence, the population assigned to the primary roadway

cannot be exposed to a secondary noise level greater that the levels used for
the population assigned to the secondary roadway.

It s assumed that all roadways within the total land area are
randomly oriented with respect to each other., Since the total land area is

F-7
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inhabited, it is assumed that the probability of being exposed to a second-
ary noise level, Ly, is equal to the ratio of the secondary dB band area,
Ak, to the total land area, A. Hence, the probability of secondary noise
exposure at a level L) is:

Probability of Secondary.EprSure B Ly = A/A {F-1)

This probability is assumed to be uniformly distributed over the total
land area.

The population assigned to the primary exposure dB band of Jevel
Lg is simply the area of the band, A, times the population density. The
population within the primary dB band simultaneously exposed to the primary
level, Lg, and the secondary level, Ly, is the product of the population
in the primary dB band times the probability of the secondary exposure
given by Equation (F-1).

Hence, the population originally assigned to the primary land
area is classified two ways: the population exposed to the primary level,
Lgs and the population exposed to the secondary level, L,. The results
are;

Population Exposed to Secondary Level = pAgAx/A (F-2)
Population Exposed to Primary Level = pAg (F-3)
where p 1is the population density
Lx is the secondary exposure level
Lk is the primary exposure level.
The Model repeats the caluclations for all primary exposure dB bands so
that all of the population assigned to the primary roadway is sorted into dB

bands of exposure, The caleculations are continued so that all roadways are
considered, an a paired hasis, as primary and secondary roadways.
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APPENDIX G
VEHICLE SURVIVABILITY

This appendix describes the'procédures used to develop the vehicle
survivability data used in the National Roadway Traffic Noise Exposure Model.
These data are developed from national annual vehicle registrations for pas-
senger cars and trucks.l As described in the main body of this report, the
syrvivability data for passenger cars i5s assumed to apply to all light
vehicles and motorcycles. The survivability data for trucks is assumed to
apply to all trucks and bus categeries recognized by the Model,

G.1 Basic Approach Used

The basic approach used to develop the vehicle survivability data
was to estimate vehicle attrition with age and to define vehicles surviving
in a future year as the original mode! year sales less the cumulative attri-
tion up te that year.

The vehicle attrition was obtained in the form of a histogram of
average percentage of model year vehicles retired for each year of age., The
histogram data was used to develop contipuous functions of age defining the
percentaye of model year vehicle retired. The methodology used to develop
the continuous frequency functions or distributions is described in Reference
?2. The distribution functions were integrated numerically to redistribute
the vehicle attrition by age in the form of cumulative percentage of original
vehicles retired from service. The probability of vehicles surviving with
years was obtained by subtracting the percentage of vehicles retired from

100 percent,

For the purpose of this development, vehicle survival is defined
as vehicles of a model year registering in a future year. Vehicle retire-
ment is defined as vehicles of a model year failing to register in the next
subsequent future year. That fs, vehicle registration data is used as the
basis of the analysis.

-1




‘grouping Timits of original data.

The rationale for aeve]uﬁing continuous distributions, numerically
integrating these to obtain cumulative distributions, and redistributing
data into discrete distributions is based upon the form of the original
data.l The original data defined vehicle registrations for only the first
14 years of age with 21l vehicles older than 14 years being grouped inta one
age category. Hence, the original data could not define either wvehicle
attrition or survival beyond 15 years of age. The methodology of Reference 2
is a procedure for statistically estimating distributions that may exceed the
Hence, iL is possible to refine the esti-

mates of vehicle survival beyond the 15 year 1imit of the original data base,

G.2 Average Vehicle Attrition With Age

The hasic data used to estimate vehicle attrition are presented in
Reference 1. The data are a tabulation of vehicles in operation by model

Passenger car data are presented on page 38 of Reference 1 and truck

year,
Using these data, a tabulation

data are presented an page 39 of Reference 1.
of vehicles retiring at each year of age was constructed by subtracting the

registratjon data in a subsequent year from the previous year's registration
and assigning the difference to the previous year. Hence, the tabulation
represented the number of vehicles of each model year that retired from
service in a future year. Vehicle model years ranged from 1949 to 1972 and
calendar years in which the vehicle registrations were available ranged from
1964 to 1975. Une tabulation of vehicles retired was created for passenger
cars and one tabulatijon of vehicles retired was created for trucks,

For all model years, the attrition values were sunmed, by year of
age, to create a tabulation of vehicles retired by age. This tabulation was
expressed as a percentage to obtain a histogram of percentage of total
vehicles retired, averaged over mode! years 1949 to 1972, These results are
presented jn Table G-1 for passenger cars and for trucks.
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THBLE G-1

PERCENTAGE UF VEHICLES RETIRING FROM USE
{Developed from Reference 2 Data)

Vehicle
Age
Years
Otol
1to 2
21to 3
Jto 4
4tob
5to 6
6 to 7
7to8
gto 9
9to 10
10 to 11
11 to 12
12 to 13
13 to 14
14 to 15
Over 15

Percentaye of
Passenger Cars
Retiring from Use
0;0
0.0
0.9153
1.3407
2.1669
3.4334
b.0187
7.8321
11.4302
14.2467
14.9022
12.8231
10.0404
7.0934
5.0509
3.7056

G-3

Percentage of
Trucks
Retiring from Use

0.0
0.u
2.1948
3.5371
3.6046
4.6798
5.3510
5.9496
7.6002
9.2690
$.7043
10.1034
10,1397
9.4141
Y.3416
9.1068
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TABLE G-2
CONTINUQUS DISTRIBTUION FUNCTIONS
(Percentage of Vehicles Retiring at Age X)

PASSENGER CAR RETIREMENT AT AGE X YEARS

2 141256
py(X) = 13.9638 |1 - (27 10-1536) , percent

-5.43 < C < 25.74

Mean Age = X = 10.1536 years.

TRUCK RETIREMENT AT AGE X YEARS

2] 1.5322
pat) = 9,012 |1 - (5p105008) . percent

1.694 < X < 15.11
Mean Age = ¥ = 10.4042

NOTES: Cumulative Percentage Retiring by Age X is

X
Pl(x) = Jpl(x)dx for Passenger Cars
-5.43
X
P2(x) 2 p2(x)dx for Trucks

©1.694

P2(25.74) = P2(19.11) = 100.00 percent
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PERCENTAGE OF VEHICLES RETIRING

PERCENTAGE OF VEHICLES RETIRING

]
0 } m
o 10 20

VEHICLE AGE, YEARS
{0} PERCENTAGE OF PASSENGER CARS RETIRING AT EACH YEAR OF AGE

104

, VEHICLE AGE, YEARS
() PEACENTAGE OF THUCKS RETIRING AT EACH YEAR OF AGE

FIGURE G-1, FREQUENCY OF VEHICLE RETIREMENT WITH AGE:
COMPARISON WITH HISTOGRAM DATA (TABLE G-1)
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TABLE -3

PERCENTAGE OF VEHICLES SURVIVING AFTER X YEARS

hicle
X
ears

to 2
to 3

to 11
to 12
to 13
to 14
to 15
to 16
to 17
to 18
to 19
to 20
to 21

Percentage of
Passenger Cars
Surviving
100.00
99.98
99.90
99,60
98.77
Y6.83
93.07
8o.77
77.56
65.70
52.14
34,34
25.83
15.75
8.57
4,10
1.68
0.57
¢.00
0.00
g.u0

0.00

G-7

Percentage of
Trucks
Surviving

100,00
100.00
99,98
99,27
47.11
93.29
87.43
80.89
72.72
63.64
54,02
44.24
34.69
25.76
17.80
11,13
5.98
2.48
0.62
0.13
0.13

0.00
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PEACENTAGE OF VEHICLES SURVIVING

FIGURE G-3. VEHICLE SURVIVAL DATA USED BY THE NATIONAL
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