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ABSTRACT

i _ This report describes the National RoadwayTraffic Noise Exposure Model.

_,, This Model is a computer simulation of the national roadway network, the

noise generated by traffic on the network, and the predicted effects of

I_ the noise on the national population. The Model simulates time-varying
t

_ conditions, using input data, to characterize traffic conditions and popula-

r! ':' tion"growth from the baselineyear (1974)to user-define_futureyears. To

_:_I_ characterize'theeffects of noise'on 'thenationalpopulation,the Model is

,', subdividedinto two sub-models: the GeneralAdverseResponseModel and the !

...:":_ Single.Event Nodel. The..reportdescribeseachsub-model and the commondata I

!:.: base used by the sub-models. The structureof the models and tNe interaction !B '" with,the variouselementsof the commondata base:are 'described.Example
i',!

_'i _ vehicle noise emission standardsare presentedto illustratethe use of

_i. _ the Model. Predictions resulting from the Nodel simulatimn are compared with

,:,,_ availableempiric'aldata.
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1.0 INTRODUCTION

The noise generated by vehicles operating on the national roadway
network is the most pervasivenoise source impactingthe papulatonof the

United States. "Daily, an individualis exposedto a rangeof noise levels

F_ 'andambientconditionsresultingfromroadwaytrafficoperatianS_iThis daily

noise exposure is a cumulative,life-timeexperience."Today, community

_: annoyance and concern with roadway traffic-generatednoise has resulted in

ii IF continuingefforts to abatenoise exposure,botlithroughhi'ghwaydesignand

controlof vehicle emissions. The developmento# thismodel is one element

I_ of this continuingeffort.

; (_ AS described in the following sections_ the Nat ion_l Roadway

_: Traffic Noise Exposure Model simulates the noise generated by vehicle opera-

_ tiens on the 3._6 million miles of national roadway network. The roadway

network services the nation's population of 216.7 million.people. Th@

i'_l_ populatidn,"road_ay network, and tr'afficconditions on the nation's roadway_
_ are not static quantities. Population size, roadway characteristics,and

!_ traffic'conaitionson th_nation'sroadwayswillvaryfrom year to year_ The

Model* rec6gn'izesthese variations in estimating national noise exposure'in

_'. futureyears.

._ ' The purposeof developingtileNationalRoadwayTrafficNoise Expo-
"_ I@ sure Model is to simulate,as closely as possible, the interactionof tl_e

parameters des_ribi:ngroadwa} traffic noise generationand"tilenational

i: . impact of roadway traffic noise. The Model* allows the simulation ofvehicle noise reductionscenariosbased upon this interaction. The'Model*

is also'structuredwith sufficientflexibiiityto study the effectof path

eIndrec'ei'ver"nois'econtrolmeasures.
. , ! ' ,,

I_ .... '
In estimatingroadwaytrafficnoiseon a nationalbasis,the Model

uses over 560D's_ereddata i'nputsto characterizethe interactionbetween

I_ p_pulatidn, "roadway traffic 'conditions and vehicle noise emissions." These

*"Model" refers to the National Roadway Traffic Noise Exposure Model.

ti l-I



m,4

data were developed based on information from the U.S. Bureau of Census, tile

U.S. Department of Transportation, ti_eU.S. Environmental Protection Agency,

apd thq open technical literature.

] ,

The development of this Model was preceded by a review of previous _'

studies related to national exposure to traffic noise. This review encom-

passed the following technical areas: _i

• vehicle noise emissions L_
L.i

m vehicle operational characteristics

a roadway and traffic flow descriptions

• population and population density distributions

• traffic noise models _.

m noisepropagation i_i

• national noise exposure models. ._

LI
It was recognized that available traffic noise prediction models

were adequate to describe noise levels adjacent to a roadway segment, The i_

basic objective of this study was to develop a national Simulation model with

sufficient flexibility to allow sensitivity of real world parameter inter- *i'_

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 _'l

Model are referenced in the text. These references are listed in Section 5.

FI
In order to conduct traffic noise exposure estimates, it is names-

sary to relate population distribution, roadway configuration, and vehicle

characteristics. Figure l-I illustrates the relationship among these basic

parameters. Each of these parameters are placed at a corner of the outer

triangle in Figure l-l. The inner triangle of Figure l-l represents the i_I

desirRd noise exposure estimate. 'Each leg of the outer triangle indicates
r

the relationship between two of the three basic parameters. To obtain the !=

noise exposure estimate_ the three corners must be related uslng the data

Indlcated in each leg of the outer triangle. The formulation of the Model ,_
i.

i,

I-2
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relates population distribution and vehicle characteristics to roadway con-

figurationsvia the statisticsdescribingtrafficflow characteristics.Once
these basic parameters are defined, the estimation of the noise exposure is _L

rathersimple. The more difficulttask faced in developinga nationalmodel
is the definition of these parameters, in colabination,to simulate the _

national exposure estimates. Based upon the presentdata base, the Model

simulates 4320 combinationsof population distribution,roadway traffic :_

conditions, and vehic]e characteristics. These simulations are conducted for

specifiedyears of a forty-yeartime stream to estimatenationalexposureto r_

roadway traffic noise and to evaluate the effectiveness of regulations of

motor vehiclenoise emissions, _-
i'

gl 0Basic to the literaturereview was the studyentit]ed: P pulatiom _.

Distributionof the United Statesas a Functionof OutdoorNoise Level.''1 !

Thls report describedthe resultsof a noise surveyof lO0 urban area sites

acrossthe continentalUnitedStates,and it is commonlyreferredto as the i_i
"I00 Site Study," The lOO Site Study defined empirical]y the day-night noise

levelexposureof the nation'spopulationat the place of residence. The ]DO i_

Site Study selected sites away from aircraft operations, construction activ-

ity, and major highways,in orderto representcommunitynoise environments !"

not dominatedby a single identifiablenoise source. Hence,the community

noise levelsrepresent,in general,the ambientsound levelsattributableto

general community roadway trafficnoise. To estimate the contributionof

urban and freewaytraffic noise to populationnoise exposure,the 100 Site

Study used resu]tsfrom previousresearch.2 A reviewof the data base used _i

:_inthe 100 Site Study is presentedin Reference3.

The resultsof the lO0 Site Study have been used todevelop esti-

mates of nationalroadwaytrafficnoise exposureby scalingspecficscenarios iI

to a nationalbase. It was not an.objectiveof this Model eitherto scale

estimatesor to reproducethe empiricalbasis of the IO0 Site Study. Ho_v- _,

ever, the lO0 Site Study standsas a _ource of comparisonfor any national

noise exposuremodel, i_

_t

El
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m_ several,;previousstudieshove resultedin estimatesof the notional

_ exposureto roadway trafficnoise. To achievetheseestimates,thesestudies

took a "scaling"approach,i.e.,the noiseexposureestimateswere conducted

for a number of scenariosand scaled or extrapolatedto a nationalbase.

;_ References4 and 5 present details of these methods. Thepresent discussion

' _ describesthe basic methodologyand the assumptionsusedin these studies
! :

_: I_ Reference 4 presentsthe resultsof a study aimedat estimatingthe
effectivenessof noise regulationsfor new medium- and heavy-duty.trucks.

The studyof Reference4 focusedupon the noise.emissionsof vehiclesand the
i!i mix of.vehicletypes in the trafficflow. Two basictrafficconditions,were

_. considered:urban streettraffic(27mph cruise)and freewaytraffic155 mphcruise). • Vehicle mix and operating mode (acceleration and_ cruise) were

considered. The trafficflow noisemodel used by the Reference4 study is_an

:'B!; Leq formulationfor traffic flow mix. Sound leveldistanceattenuationis
r:

i:, ,consideredonly for the freewayscenarioand is assumedto be constantat 9

.,:i__ dB per distancedoubling. The salientassumptionsused are: .

., _ . .o Totalpopulationof urban streettraff,icis constant

:i:!E_ onallroadways.

f_ . ,e ,National.noiseexposureestimatesare obtainedby
_" _ scalingthe urbanstreetscenariotomatchthe
CI

100 Site Study resultsfor baselineconditions.

o Freewaynoiseexposureestimatesarebasedupona

slngletrafficf ow/pepuatlondensltyscenario.

' This resu]tiscomparedto the I00SiteSt'udytoscale resultsto the baselineconditions.

, _ • Nationalexposureto roadwaynoiseisthesumof

.i__ urbanstreetexposureandfreewaynoiseexposure.

m The trafficflow conditionswere "typical"of urban

::_ conditions.i

i _ The Reference5 study focusedupon estimatingnation'alexposureto
{: highwaytrafficnoise for the purposeof developingtrafficnoise regulation



i

strategies. The basic abatementstrategieswere noise regulationof elther

existing or new vehicles, vehicle operation, or a combination of those

strategies,

The Reference 5 study used an Leq formu]ation with a constant

distance attenuationrate (4,5 dB per distancedoubling)to model traffic _,
r

noise and propagation. A scalingapproachwas used in that specificcam- i._

binationsof trafficflow conditionsand popu]ationdistributionweremode]ed

and extrapolated tO'obtain national impact estimates. The scaling approach _S,

selected,however,was based upona statisticalsamplingof ten'citiesin the

UnitedStates, detailed analysis of the traffic flow and population density _,
|1

data for these cities, calculation of noise exposure for these cities, and an

extrapolationto nationalestimates. The trafficnoise model considereda !_i
state-of-the-artmodel with a slmp]ifiedcorrectionfor stop and go traffic "_'

flow near intersections. Roadways were modeled as single-lanestraight _,
segments. Two classes of vehicleswere modeled: automobilesand trucks. _._

Low speed traffic flow (35 mph) was used to sialulateurban streets and ,_

secondaryeuburbanroads. High speed trafficflow (55 mph) was assumedfor _

i! Freeways,ruralroads,and major arteriesin lightlypopulatedareas. Noise ,.,, impact estimateswere conductedfor both urbai_and rura_ areas, In each _'e_J

instance,the noiseexposureof inhabitantswas allocatedto a singleroadway

type, It was'recognizedby the Reference5 studythat this limitationmight i_

iI affectthe urbanestimates, I'!
The noise impactestimatespresentedin Reference5 were conducted _-_

using themodel of Reference6. Hence,the time streamestimatesapparent]y
!.

includedthe growthand attritionof the two vehicletypesused in the study.

Apparently,the national populationwas held constant in the noise impact

estimatespresented. ...

I'I

The formulationof the Model explicitlyavoids"scaling"method-
elegy; instead it attempts to simulate the national exposure to roadway

trafficnoise usinga data base aggregatedfrom local statistics.FigureI-2 ,i

illustratesthe roadway network througllan urbanizedarea and surrounding i_
ir

II

'I

I-6
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rural countryside. The Model defines roadway mileage and travel conditions

oy the functional classification of roadways comprising ti_enetwork in this
area. On Figure 1-2o closed curves are overlaid on the roadway network to

I! indicatehomogeneouspopulationdensityareas. These"areas are indicatedby
" tne bold face type and delineate the distributionof population and land

areas that comprise the total area. Each of these land areas contains itsown allocation of roadways, traffic conditions, and population. The data

ease for the Model includes the allocation of roadways, traffic conditions,

populationand land areas so that nationalcondition.sare simulated. Using

this aata base, traffic noise exposure simulation is defined by detailed dat'a

inoutsand avoidsthe empiricisminherentwlth a scalingmethodology.

'i

--I

.)

!
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. .: 2.0 STRUCTUREOF THE IMPACT MODEL

As stated in tile Introduction, the National Roadway Traffic Noise

;'_ Exposure Mode] was developed based upon a review of previous national noise

,-_ expnsure models. This section of the report describes the fomnulation of and

_] the methods used by tile National Roadway Traffic Noise Exposure Model to

estimate noise exposure and traffic noise reduction effectiveness. It is the

j intent of this report to decribe cnncepts and typical results rather than

extensive detail. The Model. however, is based 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. Tilereader should not allow the level of detail to cloud
r

-] the Nodel formulation. The reader should relate detail to Model input data

?-_ and racoqnize that input data nay he revised based upon the best available
.._ infoi_matiop.

L] 2.1 : Outline of the Node)

Tile National Roadway Traffic Noise Exposure Model simulates the

,noise qenerated by vehicnlar traffic on the nation's roadway network., The

Model .does not scale or otherwise "ad.iost"input data to estimate national

' ' noise impact. The Model's estimation procedure is rather'direc'tin that the

U.S. population _s allocated to roadway traffic conditions surrounding the
,-_ place of residence The noise emissions generated by the roadway traffic are

then used "co estimate the noise exposnre of the nation's population. .r'_
! I

As with any national simulation 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. Tbe distribution of population rela-

'_ rive to roadway traffic conditions is based upon data assembled by the U.S.

Department of Transportation's Federal Highway Administration. Tile noise

r emission characteristics of vehicles are based upon experimenta] data cel-
l

--: lected by the Federal Highway Administration (FHWA), tileU.S. Environmental

Protection Aqency (EPA), and sources in the technical literature.

I 2-1t ..3
i
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!: The Mode] is a time stream simulation, i,e., the Model uses as _.

input data, factors that alter parameters in time so that the effect of

, time-varying parameters or otherwise changin_ projections of a parameter can i

I be simulated. Thus, the Mode] is a too] both for estimating national expo-

!i sure to roadway traffic noise and for estimating the sensitivity of specific _ i
parameter variation. The need for sensitivity to parameter variations and '' i

f]exibi]ity in assessing the effect of various source control measures were .. J

essentially the reasons for dove opinfl the Model, because previous studies 'i I'i
had used assumptions and extrapolations to estimate noise exposure, Although

the noise exposure estimates of previous studies appeared to be reasonab]e, 7

it was not possible to evaluate sensitivity to certain parameter variations

and look at alternative noise control measures.

The National Roadway Traffic Noise Exposure Model is, in reality,

comprised of two separate noise exposure models. These two models are 'r'

defined as the General Adverse Response Model and the Single Event Model,
,i

Both models utilize the same data base to conduct their respective predic- ;_.

tlons of national exposure to roadway traffic noise, The General Adverse

Response Model describes roadway traffic noise in terms of the averaqe _._

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

Ldn, only considers the average dailY sensitivity of the popu]ation te ,.

i_ noise exposure in that peep]e are considered to be "]0 dB more sensitive" to

i

_i noise during nighttime than during the daytime,* Beyond this distinction, T'_I

I the Ldn sound level considers the population to be equally sensitive to

noise irrespective of their activities when they are exposed to the noise. _'i
The Single Event Model attempts to estimate the national population exposure _-

to roadway traffic noise by categories of population activity during the

noise exposure, Further, the Single Event ]_odelconsiders each vehicle type

as an independent noise source so that each vehicle's contribution to the I

overall national population noise exposure may be evaluated. The Single

i

* Both models assume the same daytime and nighttime periods as follows: "

o Daytine - 7:0g AI,ItoI0:00 PM (070_ to 2200 hours) _

e Nighttime - ]D:O0 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
i;

during the day and durinq the night and the noise-sensitivity of these

,-, activities.

L1

,-_ The Single Event Model further estimates the number of noise intru-
_.j sloes 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 noise source. These three elements are combined into a single number using

the Fractional Impact Fet ode ogy Basically, the Single Event Model esti-

_] mates two aspects of noise intrusion: speech interference and sleep inter-

ference. The Single Event Model classifies speech interference_by location

of the nationa] population l_henthe noise intrusion occurs. The Single Event
{

-J Model classifies sleep interference as to the probability of being either

disturbed (but not awakened) or of being awakened by the intruding.noise.

The calculation scheme used by the Single Event _!odeldoes not assign the

I --_ same person or portion of the population to two different activities simnl-L]' .taneously. Hence, the noise impact estimates are not "double counted."

_ Together, the General Adverse Response Model and the Single Event

Model represent a single method for estimating the various effects of roadway

traffic noise on the nation's population. Hence, the tiremodels represent

different methodologies required to describe different effects resulting from

the same cause.

The fo]lowinq subsections describe the structure of the Model and

_ the interrelationships among the various Model parameters. The reader isencouraged to focus primarily upon the level of detail used by the Model

C-{ rather than the specific values presented as examples of input data. For
each parameter, the Formulation of the data base and the interrelationship

'-) with other data elements are presented. Appendix A of this report documents

the speciflc values currently used by tileModel for each data element.

2-3
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2.2 PopulationModel

i

i, The Model uses a population model which recognizes the need to "!

a11ocate people to different traffic conditions. The allocation of the '_

i population to roadway traffic conditions is one of the most difficult data

: assemblytasksassociatedwithcreatinqa nationalmodel, ii

The 1976 National Highway Inventory and Performance Study (NHIPS) ;! '

conducted by the U.S. Department of Transportation's Federal Highway Adminis-

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

condltions.7,8,g Reference 7 contains detailed information concerning

roadway mileage, travel data, and land areas related to population place

size. Further, the data of Reference 7 accumulated on a national basis, the _-_

I'i population and land areas allocated to the FHWA functional classification of .-_

roadways. LI

Figure 2-] presents the percentage allocation of both mileage and !

travel (Daily Vehicle Miles Traveled. DVMT) 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 T'_

roadway classification by average travel speed was required. Second, this _

allocation of mileage and travel by average travel speed had to be related to _,

i the average population density adjacent to the roadway, These two data ,-_

subdivisons were performed by the staff of the Procedural Development Branch, ....

! Program Management Division of the Federal Highway Administration. This task

was performed 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 i

groupings

{I

The population density groupings described ahove were based upon

gross land areas and populations within these land areas. Hence, the group- _!

inge were relative within each place size, in that they covered all place "

size ranges using four population density groupings (see Appendix A, Sections bl
• I
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A,2 and A.3), Theserelativegroupingswererelatedto tileBureauof Census'

il population density ranqes by analyzing the disbrib_ti'on6f"hep-_!ation by

population density for each urban place size. Figure 2-2 presents the

results for the urban place size metric as definedfor the Model. This

metric is closely related to the data base of Reference ]0, Table 20. These

i] datawere analyzedbased uponallocationof grosspopulationand landareaby

place size and the four population density categories within each place size

i,l (seeAppendixA, SectionA.2).

,_ As describedin AppendixA, SectionA.2, the defninitonof "Urban
_ Place Size", as used by the Model, is sliqbtlydifferentfrom the various

urbanplace sizemetrics used by the U,S. Bureauof the Census. The reason
_ for this slightdifferenceis relatedto differehcesbetweendata collection

and summaries as conducted hy the U.S. Bureau of the censuslQ and the

Federal Highway Administration.7 The distributionof populationused by
the Model is based on FHLVA'sdata base and, as described in Appendix A,

,_i_ SecLion A.2, is closely related to the Bureauof the Census' "urbanarea"
place sizemetric(ReferencelO, Table20).

F_
E_

The Model allocatespopulationand landarea by eight urban place

i_ sizes and one rural area and withineach•placesize the allocationis dis-

": i_ tributedamongfourhomogenouspopulationdensitycategories.The Modeluses

:as baseline data, the 197a populationand the land area distributionpre-

sented in Table 2-I. In each year of the time stream,the Model uses the

population and the land area within each population place size and density
_

i _ category to calculate average populationdensities. The baseline year*
population density calculated by te Model is also illustrated in Table 2-l.

_J
The results presented in Table 2-I represent gross land area and

F'i gross population assigned to the land area. It is recognized that urban

areas of any size are not tobal]y occupied,i.e,, land is used for purposes

*Baseline Year denotes 1974 values.

!"I

I
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TABLE 2-i. POPULATION AND LAND BY PLACE

SIZE (J) AND POPULATION DENSITY

CLASS (ID)

POPULATIONPLAC{51ZE--INnEXJ

1 2 3 4 3 6 7 B 9

]M 5NDk 20Dk ]00k 50k ?3k 5k URBAr_

PARAMETER >SM -SM -IM -_OOk -SNOk -100k 30k -25k TOTAL _URAL

PoptJ]atian 5._I ?,lO 0.36 1.61 1.16 ].D7 0,_7 1.85 14.23 34_IB

Area )54,2 _72 63 21_ 279 329 53 Z_O 1570,2 3,476.93_

P_ 64,711 13,431 g,333 9,33_ 5_R31 4,106 13,091 16,900 IB.N

Popu]dti_n 22,23 4._B 2,n4 ]0.43 2,93 2_12 _,gB 4,9/ 51,03 O.O

Area 3576 7/5 400 4_53 13D5 It13 B_3 120] "1397n.D 0.0

P* 12,_33 9,n92 _,967 3_97.0 3,334 2,_3 B°5_6 In_]

Population Z1._9 It._3 _,_0 6,75 _.84 4,33 3.51 8.46 71._0 0,0

Area _358 _OBn 4426 51g_ 5266 4103 2230 45_7 398/2.0 D.O
p* 5,107 5,014 3,_42 Z,2_ 0,0]! 1,61?,0 14,_93 _,2/]

P_pula_lo_ _,0 5,35 5,30 O.O 0,0 0,0 1,92 2,70 ]5,2? 0,0

Area 0.0 _OB_ 45_4 0.0 0,0 O.D _73_ 5020 17262,0 0,0

P* _,503 2_333 - 2,147 1,6/3

TOTAL POPULATIO_I . 49,_ : 2_.33 ]_,00 ]8./_ 10.93 l,ll 0,33 17,93 152,5_ 64.13

TDTAL AREA I_064,2 1021_,0̧ 9_01.0 I0503,0 6050.0 56_9,0 ' 5_5_.0 I]82_.0 7267_.? 3476930

' T_tal P_pu]atlon• Z]6._O_IIllon

T_ta] Land Ar_a • 3,34g,_12,2squaremiles

p* m Population/(Are_) (Area_ac_or),Adjusted Pop_l_ti_ Dens_y in_eop]_ p_r 3quar_ MI]e
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other than residentialuse. Additionally,as describedin the next subsec-

tion, the Model allocates a finite amount of land area to the national '_

roadway network, e.g,, road length,lane width, and right-of-waydistance.
, il

Thus, the land areas indicated in Table 2-I must be adjustedto reflect the 4,

unoccupiedor unusedlandarea. Based upon the data presentedin Reference

II, a regressionanalysisof tota]urban area versospercentaqeof occupied ,_

land area for 14 citieswas conducted. The resultsare presentedin Figure

2-3 and indicatethat the smal]erthe urban land area,the higherthe per- ),

centageof inhabitedland.

The gross land area presented in Table 2-I were divided by the .....

number of places in each category to obtain an average gross land area
r

associatedwith eachcategory. The averagegross landareaobtainedwas used _-;

to Calculatethe inhabitedland area as a percentageof total land area.. _.

This percentageis used by the Model to adjust gross populationdensities ,...!

based upon inhabited land area, For the purposes of this study, these

percentages are expressed as a fraction and are cal]ed 'area factors'. For

any Place size/populationdensitycategorycombination,the productof gross

]and area times area factor results in inhabited land area.

The final consideration for characterizing population is the

increasein the numberof inhabitantsin futureyears. The Model al]ewsfor _

population growth by place size category. The growth in the number of _.:

inhabitants is considered by adjusting the baseline population using a LI

"populationgrowthfactor"table. The data in this tableare based uponthe

U.S. Bureau of Census' projections. Figure 2-4 presents growth in the number I

of inhabitants of the U.S. from 1900 to the year 205012 and Figure 2-5
!'I

presentsthe grosspopulationgrowthfactor. Table 2-2 presentsa summaryof _:

the populationgrowthfactorsin five-yearincrements,by placesize category

as simulated by the Bureau of Census Series I population projections (Figure _,
B-B),

The projectionof populationincreaseis baseduponvarieusassump-

tions concerning birth rates, immigration and death rates. The various
I

2-12 !I i
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TABLE 2-2. POPULATION GROI,ITHFACTORS BY PLACE SIZE (J)

FOR EVERY FIVE YEARS IN TIME STREAM

J

]ABLE ]] POPULAI]DN GRDNIH FAOIDR FUR EALIi NEI YEAR

AREA TYPE tJ

I I I I I I I I
I , I 2 I 3 I _ I _ I 6 , I 7 I _ I _' ALL J

....................... 1 ...... J......... J ........ £ ........ 1 ........ 1 ....... 1 ...... J ..................
. _ I I I I I I I I

!PLACE silt, OVER t 130:}- I 5C0- I ?CO- I IOC- I 5_- I 2b- I _- I
]IIUUSAND5 _00 I _000 J leOO [ 500 [ ZOO I ]CO I 50 [ _5 I _'U kl L

..................... _..... l_--_ .... l ........ 1........ 1........ l ........ 1...... 1....... 1....... 1 .........
¥£AR VARJARLE P[IP (YEAR }/POP ( BASEL ] NE )

I
197_ l,O0 I,O0 I I,OO I,O0 ],00 I,C t. hO0 I.:O I.(.o

19bO . 1,08 1,07 _,07 1,{,2 l,O? ]°C_ 1,02 I. ? 1,1_

19_6 1.17 1.10 ].]6 I.Cq |.Of, l.(; l.Oq I.Lq ].Z3

1_88 1.19 1.|9 1.19 1.c_ 1.05 l°O_ l°q_ l.r5 1.27

1090 . 1.22 1,72 1,22 1,C5 1,05 l.Ob l,Ob 1.:5 1,_1

1_95 ._ ].Z9 l,?_ ],2 _) 1,c7 I,O/ l,C7 ],£7 I.* '1 1,3_

2(?0c ' 1.36 ].36 1.3(, ],rR 1,08 I.{_ _,Q9 I.C') I._8

2_Ofi 1._3 1._¢* 1,_(, 1,]0 l.IO l.IC l.lO l.lC ],57
I
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projectionsindicatedin Figures2-4 and 2-5 are labeledwithRoman numerals
indicating the Bureau of Census projection series.12 Series I. II and Ill

each assumea slight iJnprovementin the mortalityrate and a constantinmi-gration rate. Each of these series differs in that Series I assumes an

immigrationand fertilityrate based upon historicaltrends. Series II

differs from Series I in that the fertilityrate assumedrepresentsa 're-

placementlevel', i.e., tilepopulationwould exactly replaceitself in the

Fm absenceof net ir_nigration.Series Ill representsa lowerfertilityrate as

compared to both Series I and If. Series II-X is identicalto Series II

_l except•thatzero net immigrationis assumed. In Figures2-5,the asterisks

I'I denote the population growth factors'currently used by the Model. These data

(_ approximatethe Bureau of Census Series I projections,

2.2.l Summary of Population Model

The Nodel simulates the distribution of the nation's population

: by categorizingit into nlne place size classes. The place size classes

are deno.ted,in the Modelby an Index !'J"and are:

PlaceSizeClass IndexJ

Populationover2M lPopulationIMto2M 2

Population5OOktoIM 3

, Population200k to 5OOk 4

Popu+lationlOOkto 2OOk 5

I_ to 6Popu'lation 'SOk lO0'k

Population2_k.to50k , 7

Population5kto25k 8
RuralAreas g

The Model furthersubdivideseach place size class into four

homogeneouspopulationdensitycategories. These populationdensitycate-
gories are denotedin the Model by an Index"ID" and are:

?

I! 2-17
L
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Population Density Class* Index, ID Ii

HighDensity l i;

Hiqh to Medium Density 2 ''

MediumtoLowDensity 3 "_
!i'

LOWDensity 4 ,,i
I

i

The Model allocates population and land area based upon the nine ,-;i

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, rural areas (J:g) are defined by (

a single characteristic population density and this value is assigned tile ,i_ I
t:_,I,

"high density" index (IB=l). The development of these data are described {
inAppendixA,SectionA.2, _''}$

t_

i

The urban areas, the gross land area is adjusted to obtain in-

habited land area, Based upon Bureau of the Census data, the _edel allows !.!

the user to simulate population projections in future years. Currently,

the Bureau of Census Series I population projections are used. ._

2.2.2 PopulationActivityModel J_

The Single Event Model considers the population's activity during _i'"

an average 24 hour day. This is necessary since the Single Event Model must

estimate the effect of traffic noise intrusions for sleep and speech activi- _-ti

ties. Hence, the population must be 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 i

4,1!

time periods: daytime and nighttime, These time periods are denoted in the

model by the Index "IBAY" and are defined as follows:

*The four population density classes are relaLive for each url_an plane iIi
size (see Table 2-l).



I,

DAILYTIME PERIOD INDEX,IDAY

ii!'_ 'Daytime_' 0700to2200hours 1
., Nighttime:2200to0700hours 2

: , This'Index "IOAY"is used also to denote the number of vehicle

:_ _ operations on a roadway by the daytime and nighttimeperiods. The General
i' Adverse Response Model also uses the above definitionof day and night to

(_ I_ estimate the population's noise exposure. However, the population's sensi-

s_ tivity to noise is inc]uded_by:addinglOdB to traffic noise generatedduring

I_ the nighttime period and by assuming traffic to be allocated between daytime.l and nighttimeperiods(AppendixD, page D-IS).

;'_; The Single Event Model, however,accountsfor a vehicle'snoise

intrusivenessby daytimeand by nighttime. This considerationis neqessary
/

[_ since both population activityand vehicle operations depend upon time of

i;! day. The SingleEvent Modeluses a distributionof populationactivitythat

!_ [_ is based upon statisticalaverages. Details of the methodology u_ed to
},

<_ develop this distribution are presented in Appendix B of this report.
i,! i
ii

Figure 2-6 presentsthe populationactivitydistributionused by

_ I_ the Single Event Nodel. The verticalaxis in Figure2-6 is the cumulative

ii _ percentage of the population. That is, during any hour of the day the Model

!!i[_ assigns I00 percent of the.population,to an activity. The horizontal axis in
_ Figure 2-6 is the hour of theday based upon a 24 hourclock. The extreme

left hand side of the figureis 2200 hours or the beginningof the Model's

_! _ nighttime. Midnight is denotedby 0000 hours and the daytime is denotedby

time span between 0700 hoursand 2200 hours (extreme right side of the
!

_ I_ figure). For the daytime period and the nighttime period, individual

ii!_ activities are denoted by the percentage_of_:the 'population engaged in that

l_ activity. The percentages are denoted by the numbers of parenthesis in the

figure. ..

l! 2,1g
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' r_ The interpretation of Figure 2-6 is rather simple in that it

describes - on the average - what tte population is doing en a daily basis.

During any hour, one individual may change his activity from "sleepin(j"to"other activities" and, on the average, another individual will sifaultane-
• Ii

ously change his activity from "other activltles to "sleeping" so that the

distributions are adequately described by constants during the daytime and

during the nighttime.

:ii
_ As described in Appendix B, the activity distributionspresented

in Figure 2-6 are esitmated on the basis of weighted averages to include such

1.1_ diverse segments of the.population as employed males and hdusewives. The

il [._ weighting is conducted so that person-hours of activity are conserved for

each segmentef the population.

For example, Figure B-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 period. For the 1974

I_ national population of 216.7 M people, the average person-hours of work per
day are estimated to be:'

[lB(O.147) + 9(0.0225)](216.7) = 521.7 M, person-hours.

As described in Appendix B, the 1974 working population is esti-

mated to be 88.216 M persons comprising 5(}.668 M employed males and 37.548

M employed females.: Hence, one would estimate the average daily hours

• worked per employed person to be: 521.7/8B,216 = 5.91 person-hours per day.

The U.S. Bureau nf Census12 reports that the average hours worked per week
in 1974 was 36.6 person-hours. For a seven day week, tbe census' estimate is

5.23 person-hoursper day.

. The Sinqle Event #iodelassumes that the activity distribution pre-i'_ s_nted in Figure 2-6 applies to tte entire national population irrespective

il i_ of the assignnent of the population to either place size or population

!:

}
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density area. For example, Table 2-I 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 area are asleep during any hour of the nighttime and that

(0.0434)(5,61)= 0,24 M people are asleep duringany hour of the daytime..._

For rural areas, the sleepingpopulationwould be estimatedto be 2.79 M

hour of the daytime and 53,64 M during any hour of the nighttime, i!during any

2,3 RoadwayTrafficModel _-
L,

The Model simulatesroadwaytrafficconditionsfor the purpose of

calculatingtraffic-generatednoise. The Model uses the numberof mi]es of L

roadway and travel (DVMT)*categorizedby functionalclass, as the basic _.

metrics to describe roadway traffic conditlons. This basic description is L.

illustrated in Figure 2-I. Based upon data furnished by FHWA,7 roadway

mileage and travel are allocated by functional roadway class to each popu- L.

lation place size and population density area used by the Model.

FT
The Model uses the FHWA functional classifications for roadway

mileage and travel. These classificationsare denotedin the Model by an _'i_
Index "K" and are: L

FunctionalRoadwayClassification Index_K

InterstateHighways l !'i

Freewaysand Expressways 2

MajorArterials 8
MinorArterlals 4

Collectors 5 _'

LocalRoadsandStreets 6

il

*DailyVehicleMilesTraveled

2-22



The roadway mileage and travel (DVMT or ADT*) used for baselineyear con-

_ ditions by the _lodelare presented in Table 2-3. The Model allocates

3.586 million miles of roadway to populationplaces sizes representinga
I._ total of 216.7 million people and 2.549 million square miles of land area

(see also Table 2-I).

r,
Furthermore, tile Model distributes mileage and travel by each

roadway functional classificationinto five travel speed
average ranges

from 20 mph to 60 mpi1. This distribution is at the level of each popula-

tion place size and population density range. Tbe detailed roadway mileage
i: distributionby place size (IndexJ), populationdensity area (Index ID),

T

i. [_ roadway functidnalclas (IndexK), and ave,?agetr'avelspeed (Index L) are
_! describe_ in Appendix A, Section A.3. In the present version of the Model,
. this formulation defines 108C)distinct combinations of roadway traffic

I_ condtions and population densities adjacent to the roadways.

I,

II ' For a qiven roadwayc]assificationin a given placesize and popu-

lationdensityarea, ADT.is held constantfor all travelspeeds. Assigning

I_ speciT_icADT values .for each speed range would, at a minimum, increase the
_' numbe'r.ofbasic traffic conditions recoqnized by the Model to 5400 distinct

;. r_l combinations of traffic conditions and poulation densit!es. The Model is

i_ structured,so that this feature [naybe implemented without an appreciable

increasein computingtime.

' In the populationdistributionused by the Model, unoccupiedor

i_ unusedland area is recognizedin adjl,stingpopulationdensities. Rased upon

the land use-classifications adjacent to roadways, as developed by the FHWA,

mileage and travel data for urban roadwaysthrougbthis vacant land were ;
estimated. These roadway mileage and travel data were deleted from tbe

i

Model input data at the level of populationplace size, roadway classifica-
tion, and speed ranqe Thus, the Model only considersroadwaymileage and

travel by speed range through inhabitedurban land areas. Rural areas are
I_ " treated as a single area of homogenous population density.

*Average Daily Traffic

!_ 2-23



TABLE 2-3, DISTRIBUTIO_IOF ROADWAYS MILEAGE, AVERAGE

DAILY TRAFFIC (ADT) AND DAILY VEHICLE MILES

TRAVELED (DVMT) BY PLACE SIZE (J) AND ROADI,IAYTYPE (K)

_UAD_VAy 'l'yI_I_
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mm

The _odel 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, i.e., vebicle sales and attrition. Tbis formula-

was adopted since projections of national roadway trave] for more than
tien

a few years into tbe future are, at best, guesses. Trends in vehicular

sales, particularly as related to vehicle nnqineer ng characteristics, are
perhaps more realistic and are, tberefore, used by the Model.

In each population place size and population density area, the

Model assigns the number of 1.anes,lane widtb, and clear zone distance for

I_ each functional roadway classification, That is, the Nodel considers multi-

lane traffic flow and recognizes that a clear zone (area clear of inhab-

I_ itants) exists adjacent to each roadway type. The DVMT or ADT values as-

slgled to a ro.adwaytype are uoiforTm]ydistributed across all travel lanes.

Additionally, the _Iodelconsiders, using lane widths, that noise exposure
adjacent to the roadway !s contributed by traffic F]ows from lanes at dif-

I_ ferent distances from tbe observer. As an independent audit of the inputdata, the ]and area allocated to roadways (pavement and clear zone) was

compared to the vacant land area obtained using the area factors describedabove. The resu'It was tbat for each population place size and population

density area, the land area allocated to roadways was less than tbe total

estimated vacant land. area and appeared to be representative of values i
published in' the literature 11 Also, the paved roadway network described i

[_ bythe current Model input data set represents 0.62 percent of the U.S. land
area of 3,549,612 square miles, Includin_iareas 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 summary, the Model simulates roadway traffic conditions by

miles of roadway with a specified value of Average Daily Traffic and average

111 travel speed, Roadway mileage is categorized according to the Federal

• HiFIlvay Administration functional classification system and is distributed

over population sizes and population density areas. The present

d _

space

version of the Mode] uses IOBO distinct traffic flow conditions in simulating

m
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national exposure to roadway traffic noise. Roadways are modeled by the i'

number of lanes, average lane widtbs, and a clear zone adjacent to each

roadway. The Model recognizesroadway mileage and travel by speed range only _"

tlroughinhabitedurban landareas. Rural areas are treatedas a singlearea ";

of constant populationdensity. Travel on roadways is increasedin future ,7,

years proportionalto projectedvehicularsales and survivalrate. _

2,4 VehicleModel II

The Model recognizesfour classes of vehicles: light vehicles, _r

trucks, buses, and motorcycles. Tile light vehicle class is subdivided into

seven vehicle types; the truck class into two vehicle types; the bus class i
into three vehicle types; and the motorcycle class into two vehicle types. '_'

Thus, the Model recognizes 14 vehicle types, and each type is describedby _7

distinct engineering characteristics as indicated in Table 2-4. These !,,i

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 i_
model years.13,14,15,16 in each subsequent year of the time stream cal-

,_._
culation,the numberof vehiclesby each type is estimatedbased upon sales _,

and survivability deta stored in the Model's data base. Details of the ;_

vehicle sales and survivabilitycalculationsare presentedin Appendix C. _'i
Table 2-5 presents the net vehicle type distributionestimates used by the

Model. Figure2-7 indicatesthe trend in total numberof vehicleregistra- ,.,

tionssince194nandtheprojectionsfromTable2-5.

In conducting noise exposure estimates, the estimated number of _",

vehicles is used in two ways: to adjust traffic flow mix and to adjust

Average Daily Traffic values for _oadway traffic conditions. For the base- _:
'i

lineyear, the Mode] uses a specifiedtrafficmix by vehicletype,distributed

as indicatedin Table 2-6.17 In any future year, tbe trafficmix 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 _,
J ,

mm
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TABLE 2-4
CLASSIFICATION OF VEIilC[E TYPES USED

BY THE NATIONAL RDADL'IAVTRAFFIC NOISE EXPOSUREMODEL

Index. I Vehicle Type Engineering Characteristics

I: 1 Passenger Car B cyl. Gasoline Engine
Automatic Transmission

I_ 2 PassengerCar 6 cyl. Gasoline Engine
_, AutomaticTransmission

I_ 3 ; PassengerCar 6 & G cyl. Gasoline EngineNanualTransmission

_ 4 Passenger Car 4 cyl. Gasoline Enginei

_: |_ and Light Truck Automatic Transmission

_.: _ 5 Passenger Car 4 cyl. Gasoline Engine

_:'iI_ and Light Truck Nanua] Transmission

" 6 LightTruck 6& 8 cyl,GasolineEngine

7 Passenner'Car Diesel Engine
<" andLight Trunk

_.. B Medium Truck Two Axle (GVWR > I0,000 Ib)

_' 9 Heavy Truck Three or more Axles

• (GVWR > 26,000 lh)

ill lO IntercityBuses

,! _I II Transit Buses

12 School Buses
13 UnmodiFied

Motorcycle

}4 Modified
Motorcycle

t! :
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TABLE 2-5. NUMBEROF VEHICLESIN TIME STREAM

IAhL_ _+ V_-N|C£| PDPULAIIOq hi' |¥pt-, 8U5 NUMOI_MS All( IN _IUNOREDS OF THUUSAqD_,

I I I I I I l I I I I I I l I I l
IITPE) I l I Z I 3 I 4 I _ I 6 I 7 I I_ I g I l' I II I l? I I_ I l l+ I +LL I
I I I I I I I I I I I I I I I I Irl+_ I

1 ......... 1 ...... 1 .... 1 ...... 1 .... L...... 1 ....... J ....... 1 ...... 1 ....... J ...... ,I....... i ..... J-..... l ....... 1 ...... 1
I I I I I I
ICILINO_I_$ O I e e,l_5 I 4 ++ I e,r+B I I
I I t t I I
IE_GINE GAS I GAS GAS I OkS GAS I GAS I D]ESELI
I I I I I I
III_ANb" _UTD- I AUI[I- PLAN- I AUIIJ- MAN- I I I
ImlSSJDN _l, lIC I MAII_- UIL I mlltt UAL I .... I .... _ ................ I ............
I I I I l I I

IV_II, IIrPb)I I'C I I+L PC I PC£L! I PC&L1 I LT IR¢I PCCLI Im[_ TRKIIIVY IMI<IIC I+l15 I1++ PUS I_+Clt BU_+I_P i'_ltT_lpI ."lEItl
1 ........ 1 ...... l ............ 1 ...... 1...... 1...... J....... J ....... 1 ...... 1...... 1 ...... ._ ..... 1 ..... J ....... 1 ....... 1

I I
U_/] I I I_L4.1ON*_ IHOUSk_h_ X :+OI 14]Lt )['NS I
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¥[am I I I I I

I I I I I
)976 I bl]*++_ I?*03 2*I0 I ?*Te, ?0.13 I 39*01 0oL_6 _*41 1*_I 3*_] (;.h Cj I 3._7 _*3t I*_9 I_4,H¥I

I I I I I
_91+0 I 1,3*6D 71.21 _*bb I ll*Ib _T2*6_ I _b*_b 2.5') ?*H7 I.I+_ _*I_ l,'_ I b*O0 _*LJ l*hll I L*?.UI

I I I I
39/Jb _ _2.bB 20,07 3,?3 I _P6*I ++ Z5*b3 I _1_*70 19.47 3.47 2*17 _,1_ I,_ + ?*]e+ _*_'; ,70 ;"6.6q1

IQbB I 33.3b _O.b_ +leD? I _.17 2b.69 I 77.b9 76*3b 3*b3 ?,;P? ,).1'_ I*?1 ?*t+O t+tfl_ (*1+1 I +_*kIJI
I I I I

1+_1; I ;+++,++<+ 33.1_ +l*_l I 37*59 _7.9_ I 27.11 3_.b+_ 3*7J5 2*37 3,n_ _.lh 0, I? b*l +` _*H4 ;' 2*_?J
i I I I

1995 J Zt+*lb 30+33 '_*ll I 47*13 31.17 I 27*4._ 42*_JD 4*ZB 2.62 _**]b 1,14 9,3b _,,eC (,93 ?J3.+71
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i TABLE2-6 PERCENTAGEVEHICLEMIX INTRAFFICFLOWBY PLACESIZE :{ F
AND FUNCTIONAL ROADWAY CLASSIFICATION; BASELINE CONDITIONS *I _

URBANPLACE SIZES: Over 2M; IM-2M; 500k-IM _ !

VEHICLETYPE ROADWAYTYPE (INDEX K)
1 2 3 4 8 6

LightVehicles 87.62 87.62 91.82 90.52 90.51 95.76

MediumTrucks 2.11 2.11 3.05 4.3I 3.61 I.]6
!

Heavy Trucks 9.17 9.17 4.03 3.ll 3.82 0.99 _t

IntercityBuses 0.03 0.03 0,03 O.OO 0.00 O.O0

TransitBuses 0.08 0.08 0.08 0.54 0.54 0.54

SchoolBuses O.OO O.OO O.OO 0.02 0.02 0.02 !i

Modified 0.88 0.88 0.88 1.32 1.32 1.32
Motorcycles _

!

Unmodified 0.12 O,12 O.12 1.18 I.]8 1.18
Motorcycles "_

L

lO0.OO lO0.OO 100.00 IOO.00 IO0.OO lO0.O0

F!

URBANPLACESIZES: 200k-SOOk;lOOk-2OOk;50k-lOOk

VEHICLE TYPE ROADWAY TYPE (INDEX K)
1 1 2 3 4 5 6

Light Vehicles 87.64 87.64 91.84 90.71 90.70 95.98t

. ! MediumTrucks 2.11 2.11 3.05 4.31 3.61 1.16

HeavyTrucks 9.17 9.17 4.03 3.11 3.82 0.99 il

i IntercityBuses 0.04 0.04 0.04 O.Ol O.Ol O.Ol
i C"'

Transit Buses 0.04 0.04 0.04 0.30 0.30 0.30

i School Buses 0.00 0.00 O.OO 0.08 0.08 0.08 ),

Modified 0.88 0.88 0.88 1.32 1.32 1.32

Motorcycles _I
Unmodified O.12 0.12 O.12 1.18 1.18 ].18 "_

Motorcycles
_t

I00.00 lO0.OO I00.00 lO0.OO lOO.OO lO0,OO

i _ NOTE: Some columns do not add up to exactly I00 because of rounding. I[; _ 2-30
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TABLE 2-6 PERCENTAGEVEHICLEMIX IN TRAFFICFLOW BY PLACE SIZE
AND FUNCTIONAL ROADWAY CLASSIFICATION; BASELINE CONDITIONS

m (Continued)
(_ URBANPLACESIZES:25k-50k;5k-25k

VEHICLETYPE ROADWAYTYPE(INDEXK)l 2 3 4 5 6
Light Vehicles 87.67 87.67 91.87 90.34 90.33 95.61

MediumTrucks 2.11 2.11 3.05 4.31 3.61 1.16

HeavyTrucks 9.17 9.17 4.03 3.11 3.82 0.99

IntercityBuses 0.03 0.03 0.03 O.O0 0.00 0.00

_j TransitBuses 0.05 0.05 0.05 0.21 0.21 0.21
SchoolBuses O.OO 0.00 0.00 0.52 0.52 0.52

I_ Modified 0.88 0.88 0.88 1.32 1.32 1.32
,:_ _otorcycles

_ Unmodified 0.12 0.12 0.12 1.18 1.18 1.18
Motorcycles

_| lO0.OO I00.00 I00.00 lOO.O0 iO0.O0 100.00
Is

RURALAREAS

I_ VEHICLETYPE ROADWAYTYPE(INDEXK)

I

' l 2 3 4 5 6

i_ Light Vehicles 79.67 79.67 85.78 88.27 93.33 96.74
MediumTrucks 2.74 2.74 3.80 4.39 0.56 0.41

P_ HeavyTrucks 16.16 16.16 8.99 5.14 3.91 0.65

IntercityBuses 0.24 0_24 0.24 O.O0 0.00 0.00

I_ TransitBuses O.O0 0'.00 0.00 0.00 0.00 0.00

SchoolBuses 0.19 0.19 0.19 0.70 0.70 0.70
Modified 0.88 0.88 0.88 1.32 1.32 1.32
Motorcycles

Unmodified O.12 0.12 0.12 1.18 1.18 1.18
Motorcycles

lO0.OO IOO.O0 lOO.O0 IO0.O0 I00.00 I00.00

NOTE: Some columnsdo not add up to exactlyIO0 because of rounding.
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number of vehicles, the Mode} adjusts the values of ADT 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 _P

independent noise source, the data base is used differently from the method- ,_

ology used by the General Adverse Response Model. The Single Event Model i.i

uses the vehicle data to estimate the number of individual noise events

occurring on each mi]e of roadway for the type of vehicle being considered. '_'r

The operation 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: _-
• t:

idle, acceleration, cruise, and deceleration. This percentage time factor is _';

currently characterized by vehicle type, roadway category, and average cruise F_
speed. This input is based upon the best available data.18,19 For 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, by vehicle type, occurring at tilenoise _

level characteristic of each mode.

In summary,the Model uses 14 distinctvehicletypes 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 the roadways is

adjusted yearly based upon changes in the estimated number of vehicles in

use. The percentage of time that each vehicle type spends in each of four !,
.w

operating modes is specified to the level of vehicle type, roadway category

andaveragetravelspeedon theroadway. !_

'I
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m_ 2.5 Roadway NoiseGenerationand Prepogation

2.5.1 General Adverse Response Model

; 2,5.1.1 Generation of Noise From Roadways

: _: Tilebasic elementof the GeneralAdverse ResponseModel is the

: noise generated by traffic operations on a roadway. The pupose of the

I_ traffic flow noise model is to estimatetileaverage day-nightsound level
iFi at a location along tileroadway. Traffic, roadway, and adjacent land use

._ |'m characteristicsare combinedto estimatenoiseexposurefrom comp]extraffic

i _ conditions. Detailsof the developmentof tiletrafficflow noisemodel are

presented in Appendix D.

[:
._ Ti]etrafficparametersused by tileGeneral AdverseResponseModel

I': are the percentagemix of vellicletypes on tileroadway,tilefractionof time
:i! each vehicle type operates in a given mode (idle, acceleration,cruise, and

I_ deceleration),the average daily traffic (ADT) count for the roadway, and
! the averagetravelor cruisespeedfor tiletrafficflow. The roadwayparame-

' _.i tars are the numberof lanes, the lane widths, and tileroadwayclear zone

_ distance. The roadway clear zone is specifiedby the distance from the

center line of the outside lane to a line parallel to the roadway. The

landareawithinthe clearzone is uninilabited."

Each popu]ationplace size is subdivided into four population

_ density areas and miles of roadway are allocated to each area according

!: I_ to the functionalclassificationof roadways used by the Federal Highway
:_ Administration. Each functionalclass or type of roadway is furthersub-

divided into five cruisespeed groups. Each speed group covers a I0 mileper hour range, with the traffic flow assigned an averagecruise speed at

the center of the range The average trafficcruise speedsused by the

Model are; 20, 30, 40, 50 and 60 miles per flour. Consideringthe above

descriptionof the roadwaysystemof the UnitedStates,the Model qses ]OBO

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

!i miles of roadway to estimate noise exposure from roadway traffic.

J
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Several assumptions are made in the traffic flow noise model.

These assumptions are: "_

e Traffic is uniformly distributed ever all lanes of .-
f

roadway _i

i Tim cruise speed is constant for all lanes of roadway
r_

e The headway or vehicle spacing remains constant _.i

e Each mile of roadway may be considered as an in-

finitestraightroadwayrelativeto a receiver
j. e Traffic is split 87 percent for daytime (0700 to

2200 hour) and 13 percent for nighttime (2200 to _-_

0700hours) i,,',

e Traffic conditions are constant fer each day of

theyear.

These assumptions result in the following algorithm for estimating the day- _,

night sound level (Ldn) metric along the roadway at the specified clear

zonedistance: _"

Ldn = Loeq + lO log(J_/S)+ lO log _Dr-C]/_Ol+l c2 {2-I) _.!r /

• eq _-,
where: Loeq--I0 log qi • fij lOLoij/lO

p_

is the referenceequivalentsound levelat a distance _;

of 50ft. from a given lane i_

is the ADT for the roadway system

1

S is the cruise speed for the roadway system, mph

n is the number of lanes of width L_for the roadway

system i,
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" _ Dr is thedistance,infeet,fromeachlaneto theedgeof the roadwayclear zone (a functionof lane

_ _ width)

CI andC2 areconstants(SeeAppendixD)

' qi is thefractionofvehiclesof typei of thetotal

trafficcount
IV

_:_IT fij is the fractionof time thatthe ith vehiclej'

_. operatesin the jthmode

ii;i: ,L_j is the equivalent A-weightedsoundlevel for ,I< , !
the ith vehicletypeof the jth operationalmode ;

i_i_ ata distanceof50ft.fromthevehiclelineof £i
i!_,! travel for anymodelyear. ;

' ty_ Subscripti'i"denotesone of 14 vehicle pes
Z_ L:

,_ _ recognizedby the model

'L_ subscript"j" denotesone of 4 operationalmodes i

,:_ Subscript"r" denotesoneof thelanesof traffic

> ,, .....
Y_'!! Subscript"o" denotesa referencequantit evaluated

!t_ I_ 'at a constantdistanceof 50 ft.from the traffic

_:_ lane.

'_; The constants Ci and C2 represent a variable excess distance

attenuationfunctionthat is specifiedfor each roadwaytype and populationdensity area, and conversion units, respectively. The excess distance '

attenuationrate is to propagatenoise generated by each lane of travel to

the edge of the clearzone (seeAppendixD).
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The vehicle noise levels used in tilenoise impact calculaLiuus are

the mean reference noise emission level and a standard deviation of the level !:
_t

for each operating mode and speed combination. The value of the equivalent

referencenoiseemissionlevelis then calculatedas: i_

eq -_ + .115_0ij (2-2) 'Loij=Loij 0 2

wherelL_j isthemeansoundlevel, ii _

coi_jistilestandard_ie_of levels. ;j

Thls relation, of course, assumes that the test data points are normally _i

distributed in level. Using this input data format, it is quite direct to

introduce the value of Loij as obtained by integration of skewed histogram _,
data.20 The values given in Table 2-7 are tileresults of the calculations ,4

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 Table 2-7 using the !;

methodology described in Appendix A, Section A.5.2. This methodology allows

one to develop data in the form of Table 2-7 using "regulationlevels"for il

each vehicle type.

The General Adverse ResponseModel uses as stored inputdata, noise _

emission levels for each vehicle type. each vehicle operating mode, and each _r

cruise speed range. Additionally, for each vehicle type and the above

conditions, up to four future year noise emission schedules may be defined.
!1

Future year noise emissions, as specified by the input data, allow the I,

simulation of implementing a staged noise emission regulation (See Table

2-7). If

f_
:1
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Table 2-8. REPRESENTATIVE ACCELERATION NOISE LEVELS BY CALENDAR YEAR

FOREACHVEHICLETYPE

(SeeAppendixA. SectionA.5.2) -_
_J

Representative AceeleraLion Notse Levels by Calendar Year

Vehicle

Type.I 1974 1978 1981 1982 1983 1984 1989 1987

1 63.4 63.4 63.4 62.0 _
j!

2 64.6 64.6 64.0 62.0

3 66.9 66.0 64.0 62.0

4--I

4 68.6 66.0 64.0 62.0

5 68.9 66.0 64,0 62.0

ii

6 66.6 66.0 64.0 62.0 _

! 7 70.2 66.0 64.0 82.O _,

i

8 78.9 78.5 78.0 73.0 ,r
I

9 86.0 81.0 78.0 73.0 P_

I0 85.0 81.0 i;

ii 81.0 81.0 ifi

12 81.0 81.0 _
P!

13 79.0 78.0 75.0

14 94.2 94.2 94.2
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): eq
: Vehicle source nnise emission levels, Loi j, are defined rel-

m" ative to the cruisespeedof the vehicle. That is, tbe equivalentA-weighted
I_

sound leveldescribingthe accelerationmode is for an accelerationpast the

observer from idling to the cruise speed. The cruisemode sound level is one

_ which is recordedat an observer'spositionduringa constantspeed pass-by

test at the indicatedcruisespeed. Similarly,the decelerationsound level

|_ is for a vehiclecomingto rest from the specifiedcreisespeed. The vehic]e i!
idle mode noise emission is, of course, for the vehicle at rest. All vehicle _i

sourcenoisee!nissionsare referencedto an observerdistanceof 50 feet; In ._
total, the present versionof the GeneralAdverseResponseModel may use a i

maximumof 1'120distinctvehiclenoise emissionlevelsfor all vehicletypes, i

operationmodes and futureyear noiseemissions.

l_i ,.. For a given year, the vehicle types produced are assigned the

7i noise emissioncharacteristicsappropriateto that year. For example, if

noiseemissianlevelsare definedin the yearsof 1974 (baselineyear),1980,

_': and.1983,vehiclesproducedand survivingbetween1974 and 1980 are assigned

r J_ the _974 levels; vehiclesproducedand survivingbetween 1980 and 1983 ar_

assigned1980are assigned1980levels;and vehiclesproducedbeyond1983 are
..'__@ assigned 1983 levels. Each vehicle type may be assigned noise emission
J

_'i characteristics in any year in the time stream up to a maximum of four

_ _n "regulatmry" years. Currently, noise ex#osure estimates are computed for a

t,I user-specifiedsequenceof years out to 40-yearsbeyond the baseline year

;_ (1974). 'r
i,

2.5.1.2 ProgagatienofNoise From Roadway

The GeneralAdverseResponseModelconsidersa line sourceattenua-

[_ tion of traffic n'oisein populatedareas. Figure 2-8 presents the line
source attenuation curves used to estimate propagation in urban areas char-

k_t acterizedby the average populationdensity. These curves were developed

from data and analyses presentedin Reference15 and 22 through 24. As

I_ indicated in Figure 2-8, the curves are furtherdefinedby the clear zone
t ;,

distance in that the zero attenuationvalue correspondsto the clear zone

distance. Hence, the appropriateattenuationcurve is selectedbased upon

the populationplace size(IndexJ), populationdensitycategory (IndexID},

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 tilesound exposure of a receiver resulting from a

MI discretenoise event, one requires the determinationof the total acoustic
• i_

intensity received from the source during a defined time period. The defi-

nition of the time period usually depends upon the characteristicsof the
source. For example, solid waste compactor (i.e., garbage truck) noise may

f_ be es'timated,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 aircraft, a railway train, or a roadway vehicle, the

I'_ "10 dB down duration"is used to characterizethe vehic]e'snoise signa-

ture,25 That is, the time required for the sound leve] to rise from 10 d8

r_ below the maximumlove]to the maximumlevel and thento decay to 10 dB below
_ ,

the maximum level is commonly used.

For a singlediscretenoise intrusion,the total acousticintensity

i_ receivedduringthe defined timeperiod is used to defineappropriatesoundlevels. One level,called the Sound Exposure Level or SEL, is simplya

measure of the total received acoustic intensity for the duration of the

i_ event. Another level, called the Equivalent Sound Leve] or Lec_ T is a time

averageof the total,receivedacousticintensity. The equivalentsound ]evel

_U is a measureof the averageacousticintensityreceivedduringany instantof

the event's duration,

The requirement for estimating two sound ]evels to describe a

singleevent is based upon the expectedeffectsof this noise on the popula-tion.26 The SoundExposureLove]or SEL is usedto estimatethe population's

sleep interference, The equiva]entsound level,Leg_ is used to estimatethe population'sspeech interference. Since the SingleEvent _fodelassigns

one segmentof the populationto sleeping activitiesand anothersegmentof

the population to non-sleeping activities, the two sound levels are applied

only to the appropriatesegmentof the populationto estimatethe effectof

,a the singleevent noise intrusion,

I_ 2-47
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For a time varying sound level, L(t), of duration of T, the Sound

Exposure Level, SEL, and the single event equivalent sound level, LeqT, are i_
definedas: ''

SEL lO.log t loL(t)/lOdt {2-3) i_

0 _
I,

From the definitions given above, the Sound Exposure Level is

related to the single event equivalent sound level by the relationship; _,• ;_

'SEL= LeqT+ lO.Iog(T) '(2-5) _

As indicated in Appendix _, the single event exposure duration may

be easily estimated for a discrete vehicle pass-by. For a vehicle moving at _i

a constantspeed, V, and a receiver located at a distance, D, from the road-

way the single event " _LdB down duration" is expressed as: :',

T:2(D/v)[iO_L/_(2+_)I]i/_ (2-6) _i

where_is a site constant describing the acoustic propagation from the lane _°_i
centerllne to the edge of the clear zone. For the "I0 dB down duration",

I Equation (2-6) estimates the single event exposure time to be: i,i

T = 6(D/V) for acoustically hard (_:0) (2-7a)
I'i

T = 4.61(D/V) for acoustically soft (y=0.5) sites (2-7b)

?l

The important aspects of the above results is that both the SEL and

the LeqT levels depend explicitly upon the absolute distance between the "!I

source and the receiver and upon the vehicle speed. Hence, the Single Event ,.w

Model must calculate the noise exposure of the pepulation adjacent to a !I
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I_ multilane roadway on a lane-by-lane basis. Additionally, for a single

vehicle type, it is necessary to conduct the calculations separately for

. ii each group of vehicles having the same noise emission characteristics.

: Hence, the Single Event Model requires approximately80 times the number

of ca]culations as the General Adverse Response Model to conduct an estimate

_ for eachyear in the timestream,

propagatlon is differentfrom_ As indicatedinAppendix_, the"SEL " "

•,_i_ the "LeqT propagation" due to the fact that the exposure duration is a
_: J_ function of distance from the lane. The propagationmodel is consistent,

_' however, since at any receiverdistance,the relationshipbetween SEL and

!_i_ LeqT given by Equation(2-5)is maintained.
;i

_m
•_i _ The Sound ExposureLeveland the equivalentsingleevent levelare
_" used to.quantify a vehicle'snoise emissionfor a singlevehicle pass by.J.L

_ The Single Event•Model, however,estimatesthe effectof an averageday's

exposure to vehicle noise. To conduct this daily exposure estimate, it is

i |c_ assumed that each single noise exposure may be estimated and the effect

" _ accumulatedfor an entireday. Hence,it is necessaryto estimatethe number

i.! of vehicle operations on a daily basis. To conduct this estimation, trafficdat'aand vehicleoperationaldata are used. Except as notedbelow,both the

General Adverse Response Nodel and the Single Event Model use an identitical

data base for traffic conditionsand vehicle operations.

I_ To estimatethe numberof singlenoise eventsfor 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

LI for ADT by populationplace size (Index J) and by roadwaytype (Index K).

!_ To estimate the number of daily operations for the Ith vehicle type, the
specific ADT value for the roadway is multiplied by the fraction of the

total traffic comprising the Ith vehicle's mix. The data base specifies

6, percentagemix of vehicles,by vehicle type, for categoriesof population

place size (indexJ) and roadwaytype (IndexK).
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Hence, the number of operations of the Type I vehicle, on the -_
Type K roadway, in the Jth categoryof populationplace slze is given by: _ k

NIKJ: PIKJ x ADTKj (2-8) _r I

where PIXJisthefractionofthetrafficmix _

ADTKjistheAverageDallyTraffic _.,

SubscriptIdenotesvehicletype

SubscriptKdenotesroadwaytype

Subscript J denotes population place size.

Since the population's activity varies with the time of day (see

Figure2-6), it is necessaryto estimatethe numberof dayLimeand nlghttime

vehicle operations in order to conduct the single event analysis. Hence,

it is necessary to estimate the fraction of daily vehicle operations that _"

occur du_ing the daytime and the nighttitae,The General ResponseModel _'

assumes that all traffic is uniformly distributed, on a national basis, into _

daytime and into nighttimeoperations. Currently,it is assumed that 87

percent of vehicle operations occur during the daytime (0700 to 2200) and 13

percent occur during tilenighttime(2200 to 0700 hours) For the Single I,

Event Model, however, the user may define, by vehicle type (Index I), the

fractionof daytimeand nighttimeoperationsindependentof the aboveassumed _!
values.

)J

From Equation (2-8), the number of vehicle operations for daytime _ !

andfornighttimeareestimatedusing: iI

(NIKj)D= FDIx NIKJ : FDIx PIKJx ADTKj (2-9a) _

(NIKJ)N = FNIx NIKJ: (I-FDI)x NIKJ (2-9b)

, i
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f_

where FDI is tilefractionof daytimeoperations

FNI is tilefractionof nighttimeoperations
IS

SubscriptD denoteddaytimeSubscript N denotes nighttime

For tileGeneralAdverseResponseModel,FDI = 0.87 and FNI = 0.13

for all roadway and vehicle types. These fractions are, however, specified

I_ by vehicletype for the SingleEvent Nodel.

_ Since the receiversound leveldependsupon the absolutedistance

from a trafficlaneon a roadwayto the receiver,it is necessaryto distri-

I_ bute the .numberof vebicleoperationsover each lane of roadway. For botll

t_ the Gen?ralAdverse.RespqnseModel and the SingleEventModel, it is assumed
that .traffic is uniformly distributed over all lanes. Hence, the number of

[_ daythneoperationsof each vehicletype on each lane of roadway is obtained

by dividing the Equation (2-ga) estimate by tilenumber of lanes defined for

I_ the The numberof each lane obtainedroadway, nighttime operations on are

by dividingthe Equation(2-9b)estimateby tilenumberof lanes.

The number of operations obtained in this manner must further be

_i refined,for each vehicletype, te considertilenoise emissionspeculiarto

i_I the mode of operationand time streamsimulationof "quiet"vehiclesentering '.

tne trafficflow in futureyears. These aspectsof the operationalcounting !

scheme used by the SingleEvent Model are presentedin followingsections.

_ 2.5.2.2 Propagationof NoiseFrom Roadways

I_ The Single Event Model considers a point source attenuationof i

_raffic noise in populatedareas. Figure 2-9 presentsthe point source

t_ attentuation curves used to estimate propagation in urban areas. The "

soecializednature of the single event propagationmodel is described in

i._ AppendixE. The curves in Figure2-9 were developedfromdata and analyses :
•,t presentedin References15 and 23.
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2.6 NoiseimpactDescriptors

2.6.1 GeneralAdverseResponseDescriptors

The basic output descriptorof the General AdverseResponseModel

is the'LevelI.}eightedPopulation,LWP, definedas:26,27

.
Pi (Li - 55) Li > 55 da (2-10)

LVJPi= 20-"
B

I_ where Pi is the populationexposed to tilesound level Li.

_ All estimatesare performedusing a defined sound levelinterval

and assigns tilecenter of the level interval as the exposure level, Li. The

[_ populationexposedto byyear,for
this level interval is accumulated each

populationpl.acesize, roadway type (by primary exposure allocations)and

[_ national totals. Based upon the populationexposed to sound levelsin an
interval, Equation (2-10) is used to calculate the Level _JeightedPopulation.

'_" The specific informationand format of the output data are prR-

sented.inSection3.

2.6.2 Single Event Descriptors

The Single Event _odel provides the user with five noise impact

[_ estimates related to a vehicle's operation on the national roadway network.i

L_

These noise impact estimates are each related to the various activities

assigned to the population. The Model assigns an activity using tileIndex,IPACT. .The relationship between the activity and the activity index is as

L_ follows:

k_

=a 2-53
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Activity Index,IPACT

i;
IndoorSpeechInterference 1 _J

OutdoorSpeechInterference 2

PedestrianSpeechInterference 3 I_

Sleep Interference 4

• l.J

As described in Section 2.2.2, the population's daily activity

is categorized as to daytire and nighttime activity. The Single Event

Model denotes the daily activity using the Index IDAY as follows:

Daily TimePeriod Index,IDAY ....

Daytime: 0700to 2200 hours 1 i..7

Nighttime:2200to 0700hours 2

To evaluate the impact of a single event noise exposure, the

Fractional Impact (FI) methodology is used. The Sound Exposure Level,

SEL,:is used to estimatesleep interferenceand the singleevent equivalent

sound level, LeqT, is used to estimate speech interference. The Single _'I
Event Model estimatesthe numberof peep]e-exposuresin dB bandsconsidering "_

both the population'sactivityand location. For segmentsof the popula- _,

tion assigned to indooractivities,the exposure levels are reducedby the

building exterior skin noise reduction.

L;
Figure2-10 presentsa graphicalrepresentationof the relationship

between.vehiclenoise generation,populationactivity,and FractionalImpact

of the noise exposure. This figure presents the "layered"aspectof the

National Roadway Traffic Noise ExposureModel as consideredby the Single !'I

Event Model. As illustrated in Figure 2-10, the first level of detail corre-

spondsto the GeneralAdverseResponseModelwith subsequentdetailbeing the _I
the considerationsnecessaryfor the Single Event Model estimates. Also, ,w

_t
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FIGURE 2-10. SINGLE EVENT MODEL: CATEGORIZATION OF POPULATION ACTIVITIES

AND NOISE EXPOSURE IMPACT ESTIMATES



,I

the reader shouldrecognizethatthe populalionsegmenzsassignedto speech

activitiesare districtsets in so far as noise impact is concerned, For

sleep interference, holvever,one population set (people indoorsand asleep) il

is used to estimatetwo noise impacts: s]eep disruptionand sleepawakening.
Each of tilesingleevent noise impactsestimatedby the SingleEvent Model I._

are discussedin tilefollowingsobsections.

2.6.2.1 PopulationOutdoors

The Single Event Model considers two categories of population

locatedoutdoors: pedestriansand people outside their residences. Both I_
pedestriansand outdoorresidentialpopulationcomprisea definitefraction '_'

of tiletotal populationassignedto a roadway, Pedestriansare assumedto be _,_J
(r

located adjacent to the roadwayin order to calculatetheirnoise exposure *-,

levels, Outdoorresidentialpopulation,however,is assumedto be uniformly ,.

distributedover the inhabitedarea adjacent to the road_vays,Hence, the _;

outdoor residential popu]ation is exposed to single event sound levels

[ determinedby the distanceattenuationfunction applicableto the areabeing ,.I
considered.

F'i
Outdoor speech interferenceis used to estimatethe singleevent

noise exposureeffectfor populationoutdoors. For speech interference,the _..t

singleevent equiva]entsound love],LegT, is used. For pedestrians,only --;

the primary exposure is used since noise from the roadway is expectedto ,__

predominatethe exposureestimate(seeAppendixFl.

Figure 2-11 presentstileFractionalImpactarray currentlyused to :I

estimate the Level Neighted Popu]ation for single event outdoor speech

interference,28 Figure 2-11 indicates that the Fractional Impact for r-,
I'

outdoor speech interferenceis not a simple functionof the singleevent

level. Further, the discrete steps indicated in Figure 2-11 illustrate ,r
_E

the "look-up table"method used by the Single Event Model to estimatethe

Level NelghtedPopu]ation, That is, the Model estimatesthe exposureleve] ,,

and then "looks up" the FractionalImpact va]ue from a data array, The

It
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data array assumes that the Fractional Impact is constant over a one dB band _,

that represents the average value for that band. This method is used so that

complicated functional relationships, such as indicated in Figure 2-11, may il

be accurately estimated with computational efficiency, For example, if

the exposure level were estimated to be LeqT : 69.8 dB, the Fractional ,_.

Impact would be estimated to be 0.475, whereas, if the level was 70.1 dB the

Fractional Impact would be estimated to be 9.600. F"

As used by the Single Event Model, the exposure level estimated for ..
I!

the "local" dB bands is used to select the appropriate Fractional Impact ___

value prior to sorting tileresultant calculation into the "global" dB band
i

arrays, __,

r_

For single event equivalent sound levels below 55 dB, the Frac- !.i

tional Impact values for outdoor speech interference are zero (i.e., there

is no impact). For single event equivalent sound levels above 75 dD, the
Ii

Fractional Impact values for outdoor speech interference are assumed to be '_

one (i.e,, the impact is 100 percent) irrespective of the exposure level, r_

2,6,2.2 Population Indoors

it

'I The Single Event Model considers two categories of population

located indoors; population awake and population asleep. During the average i ; ;

day, the vast majority of the United States' population spends their time

indoors (see Figure 2-6). The indoor population considered by the Single r._

Event Model comprises only the segment expected to remain at their resi-

dential ]ocation during the day. To estimate the single event noise exposure _,
rJ

effecte for population indoors, indoor speech interference criteria are

applied to the population awake and sleep interference criteria are applied _

tothepopulationasleep, ii

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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usedto estimate the indoorspeechinterference.The singleeventequivalei_L

sound level, LeqT, is used to evaluate tilenoise exposure. As indicatedin

Figure 2-12, the Fractional Impact for indoor speech interference is taken as

zero below45 dB and is set to one above75 dB. Of course,the indoorsingle
jlevent equivalentsound level is attenuatedfrom the outdoorlevelto simulate i_

the building exterior skin noise reduction. The current valuesof building
noise reductionused by the Single Event Model are presentedin Table 2-9. I'VI

Figure 2-13 presents tileFractional Impact criteria for sleep

interference. The Single Event Model considers all sleeping population to be

located indoors. The indoorSound ExposureLevel,SEL, is usedto estimate i,
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 avakening Hence, a single noise exposure of a single individual L.I

will result in two categories of sleep interference being estimated.
li

As indicated in Figure 2-13, both sleep disruption and sleep

awakeningFractional Impactsmay be estimatedas a linearfunctionof the _:

indoor Sound Exposure Level. However,the SingleEvent Modeluses a "look

up table" to evaluate the Fractional Impacts since this approach is computa- !7

tionally more efficient than conducting tilespecific calculations.The _

FractionalImpact is set to zero for indoorSound ExposureLevels below ,-_

37 dB in the case of sleep disruptionand below 45 dg in the case of sleep

awakening. The FractionalImpact is set to one for indoorSound Exposure I"i
Levels above 111 dB in the case of sleep disruptionand above135 dB in the

case of sleep awakening.

To estimate the value of the indoor SEL tbat must be exceeded

to result in a combined Fractional Impact for sleep disruption and sleep (i
w_

awakening above 1.0, the results of Figure 2-13 may be used. By adding

the two expressionsfor tileFractional Impacts, setting the result equal _i
to 1.0, and solving for the value of SEL, it is estimated that the indoor ,w

SEL must exceed 81.4 dB. Hence, by using tileLevel WeightedPopulation _,

L
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TABLE 2-9

BUILDINGEXTERIORSKIN NOISEREDUCTIOff,dB

BY PLACESIZE (INDEX J) ANDPOPULATIONDENSITYAREA(INDEX [D)

{See Table 2-1)

Population PopulationPlaceSize,IndexJ

Density 1 2 3 4 I 5 6 7 B 9

" Area Over IM- BOOK- 200K- I 100K- 5OK- 25K- 5K- Rurai

Index,ID 2M BM IN 500K 20OK 100K 5OK 2BK Areas

I HighDensity 20,0 20.0 20,0 20.0 20.0 20,0 20.0 20.0 20.0

2 Mediumto High 20,0 20.0 20.0 15.0 15.0 15.0 20.0 20.0 15.0

Density

3 Mediumto 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 15.0 15.0
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/

T _ estimates presented in dO bands by the Single Event Model, sleep disruption

and sleep a_vakeningestimates 1_orbands above SEL : 8(]d8 repr@sent an

effective multiple counting ofthe noise impact.

_ .
2.6.2.3 _nbientSoundLevels and Cut-OffCriteria

The lower limits on the FractionalImpact Criteria'presentedin

Figures 2"11 througl 2-13'are generally below 'ambientsound levels in and
'_rounda person's fesidence. Of cdurse,Chese ambientlevelsare generally

i:iF_ attributable to all noise sources. In particular,generalroadway traffic
!_ _ may mask or obsure a s.ingleevent noise intrusionfrom a specificvehicle

!_ _I_ source. However, as used by bhe SingleEvent Model,the only roadwaynoise

]: !:_ source'cdnsideV"edis the vehicle type used in the particular scenario.

' Hence',in the conte_t'usedby the •SingleEventModel, an ambientsound leveli

I': is att/'ibutableto local nonroadwayn'oisesources. For example, buildingi

interior ambient'sound levels may result fro,lHVAC operation,appliances,

i _' etc. Ainbient'exteri'o'rsound levelsmay resultfrom activitiesin and around

lit buildings,HVAC systemuoise,etc.
x_

I_i To"accbmmodatepi1ysicalconditionsthatwould resultin the ambient

;' sound leve] "maskirlg"an intrudingsingleevent vehicle no{se, the Single

_',I_ Event Model uses a "Cut-Off Criterion" for each Fractional Impact function

_d_{inedfor "the Model. The Cut-Off_Criterionis a total receiver sound

i_ level - that is user'defined : below which it is assumedthat the single

event noise intrusionis effectivelymasked by tileambient sound level.
L_

For example, Figure 2-13 indicates that sleep disruption begins

at an indoorSEL value of 37 dO. This level is severaldB below interior
ambient sound levels of even quiet buildings. Hence, if it is considered

that the receiver's ambient level is acceptable to the receiver and that

the ambient level is greater than the lower limitson the Fractional Impact

functions,single eventnoise intrusionsmaskedby the ambientlevel should

be discountedin the noiseeffects analysis.

J_
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To establish rational Cut-Off Criteria limits applicable to single _i

event noise intrusions, the Single Event Model assumes that the ambient

sound level effectivelymasks the intrudingnoise if the maximum instan- i_
taneous level of the intrudingnoise is equal to or less than the ambient

level. The receiver's total noise exposure (SEL and LeqT) resultingfrom
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 includean ambientsound levelin the noise effectanalysis. The _'

detailsof this considerationare illustratedin Figure2-14 and presentedin

AppendixE,SectionE.7. ,_i

For speech interference,the receiver'snoise exposureis 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, is evaluated for the receiver considering the

maximum intruding level to be equal to the equivalent sound level of the _

ambientnoise. For singleeventnoise exposuresequal to or less than this _'

SEL value, the receiver's noise exposure is excluded. For both the SEL and

LeqT levels, the receiver's total single event noise exposure will be _]

5.3 dB abovethe levelwithoutambientusingthisprocedure. _

From the analysis in Appendix E and the assumption that the maximum

levelequalsthe equivalentsound levelof the ambient,the followingexpres-
sionsfor estimatingthe Cut-OffCriterionare obtained:

(LeqT)COC= (Leq)ambient+ 10.1og[i+I] (2-11)

and !i

(SEL)coC = (LeqT)COC+ 10.1og(T) (2-12) It

where I : (DIVT)_,J" COS *)d* ,:!

@ = TAN-1 (VT/2D) ,j
i ,

T is the exposuredurationgiven by Equation(2-6)
g is the distance of the receiver from the roadway
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Leqa " Lmax = -3: SEL = (SEL) ref + 1,9
(INTRUDING LEVEL NOT MASKED)
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_'_ • (INTRUDING LEVEL'MASKED

-1,0 -0,5 0 ÷0,5 +1.0

DIMENSIONLESS TIME. t/l"

FIGURE2-14. COr,IBINATIONOF SINGLEEVENTINTRusIONWITHAMBIENTSOUND



i

Using the resuILs of Equation (2-7), the expressions for the

Cut-OffCriterionmaybe simplifiedtoobtain: :,'_
iJ

1,51(hardsites) ._

(LeqT)COC= (Leq)ambient+. (2-13) il

1.52(softsites) ..

#t

I D.29 (hard sites)
(SEL)coC = (Leq)ambient+ lO.log(DIV)+_ (2-141

(8,16(softsites)
i-i

i These results simplystate thatfor the singleevent equivalent ,,_.

sound level, the Cut-Off Criterion is 1,5 dB above the assumed ambient.

The Cut-Off Criterion for the Sound ExposureLevel is about 9 dB abpve the :,,

ambientplusa correctionfor durationgivenby the (D/V)term. For example,

with a receiverat 100 feet from a vehiclepass by at 35 mph (51,33ft/sec), ,I

the durati'oncorrection in Equation (2-14)would be 2,9 dB, In this example, '"J

the Cut-Off Criterion for the Sound ExposureLevel would be 2.9 + 9.3 = _
t

12.2 db a6ove the ambient for hard sites and 2.9 + 8.2 : 11.1 dB above the '-_

ambientforsoftsites, t'_

Currently, the Cut-Off Criteria used by the Single Event Model

are definedas: ;L

FractionalImpactCriteria Ambient* Cut-OffCriterion ,_,
II i

PedestrianSpeechInterference 55,0 dB 56.BdB, LeqT _._

OutdoorSpeechInterference 55.0dB 56,5dB,LeqT

IndoorSpeech Interference 4B,O dB 46,5dB, LeqT ,_
Sleep Disruption 45,0 dB 56,1dB, SEL Ii

SleepAwakening 45,0 dB 56,1dB, SEL
I'l

*EquivalentLevel
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_ 2.7 boise ExposureE_timates

i I_ 2.7.1 Noise Exposure Calcnlatinn Scheme

II 2.7.1.I General Adverse Response i_Iodel

{_ Severe] metrics are used to quantify the noise impact in terms

of the general adverse response to roadway traffic noise. These metrics are

all based upon the Fractional Impact (Fl) methodoloqy and relate population
noise exposure to the magnitude of the impact.?6 P_elowa lower limit cri-

'i l_i terion of Ldn = 55 dB. it is assumed that traffic noise win have no adverse
!.}

I_ effect (impact) on the population. No "ambient" noise Tevel is used or

assumed in the noise impact calculations since tile anlbientnoise is pri-4_

{_ marily oenerated hy roadway traffic.

[_ . In.order to appreciate the noise impact nlethodoogy used by the

..! General Adverse Response Model. it must be renlemberedthat the basic require-

,; inent for the simulatlon is the allocaLion of population to roadways. The

_:i nation's population and land area are distributed into 36 categories of

i homogeneous population density. In each land area of constant pop,lation

density., roadway mileage and traffic conditions are defined. Since only

!;,'. roadways witbin an inhabited land area are considered in tiledata base. the

::: total land area is prorated among tbe roadway mi eage defined for the area.

_: Based upon the roadway mileage and the allocated ]and area. a maximum width*

z;_ _ is calculated for the strip of land adjacent to each roadway which is allowed

to contaiilthe population. Hence. a fraction of the total population and the

i_ total land area is assigned to each mile of road_.ay_y roadway type and traf-
; fic condition. The allocation scheme places the total population adjacent

]_ to the total roadway ni eage. The maximum width el" distance away from the'

_ _ roadway .is called the "cut-off" distance for purposes of discussion. The:i

Tbis calculation is performed in the baseline year and remains

constant throughout the time stream.

•_ _ 2-67:i.



cut-off distance represents the limit in the noise exposure calcu]ation '_

scheme to ensure that the estimates do not repr_s_nL a "double-countlng"
i '

of the exposedpopulation. _'

r_

Everyone is aware that in a typical urban situation, a receiver at il

a given location Is potentially exposed to several distinct roadway noise

sources during a typical day. That is, a receiver may be 1 ring on a local _Pl

street 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 '_
I'

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 to a roadway

generated by traffic on other roadways defined for the same population _t

density land area.

The Primary Noise 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 _I

scheme since the relative alignment of all roadways in a land area (and hence _,

tilenoise propagation distances) can only be defined in a random sense. By _,,i

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 noise propagation beyond the assigned land area and

that the Secondary Noise Exposure levels are not greater than the levels at II

the cut-off distance for the secondary roadway.

_J

The noise exposure of inhabitants is estimated by accumulating the

population exposed to roadway traffic noise within discrete sound level _'I

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

I
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other sound level interva]s to be specified, For the primary exposure :

estimates, population noise expos_Jrebelow the criteria limit of 55 dB

is accumulated. The secondarynoise exposure level for each dB band is

_ estimated and the total noise exposurefor the population in that band is

calculated by adding the primaryand the secondarylevelson an intensity

:_, _ basis. i

i _ 2.7.1.2 SingleEvent Model

',_ The Single Event Modelestimates the population'snoise exposure

and the resulting effect due to a sing e vehicle type operating on the

iI nation's roadway network• As indicatedin Appendix E, both the SEL and LeqT

! 11 sound levels are based upon the vehiclereferencesound level, Lo. Noise
t_

emission tests of identicalvehicles result in a set of maximum pass-by

{_ levelsfor each mode of operation• These sets of data definea distribution
of referencelevelsfor the typeof vehicletested. Sincethe SingleEvent

_, _I_ Model estimatesthe effect of noise on the nation'spopulationdue to one
event (i.e., one value of Lo) and accumulates the total effect due to all

similar events, the model should,properly,include tiledistributionof the

_I reference levels• That is, tileSingleEvent Model is basicallya counting
scheme of distinct events_

• l:
,_ However, to strictlyuse a distributionof referencesound levels

_ _ for the Single Event Model, it would be necessary to conduct extensive

:,,,;_r_ testing tb insure that the distributionof levels representedthe noise

I"_ emission characteristicsof the vehicle fleet _Jhenadditionaldata were

introduced,the distributionof referencelevels would be altered and the

- I_, counting of tilesingle events would be altered. The average emission level

used by the General Adverse Response Model is obtained by assuming that the

Lest data are normallydistributed. That is, the referencelevelsfollowa

l:_ Gaussiandistribution.'This assumptioncould be extendedexplicitlyto the

Single Event Model by assumingthat the number of occurrencesof a sing]e

reference]evel followeda Gaussiandistribution, to do thisHowever, would

f,!
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,i
be prohibitive from a computing standpoint since tile 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 be used for tileSingle Event Model in the form _n

defined for the General Adverse Response Model (see Table 2-7 in Section ;'

2.5.1). "_
,J

The number of operations estimated by Equation (2-9)must be I.i

further distributed by the specific vehicle reference emission levels.

That is, the number of occurrences of each level in Table 2-7 must be esti- i,_i,

mated for the vehicle type being considered. As described in Appendix E,

definition of the SEL or LeqT levels requires the average vehicle speed. "_i.J
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 _I

vehicle's noise intrusion - irrespective of the mode of operation. That is, _'J

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- _i

preach is consistent for the cruise mode and is an approximation for the

acceleration and deceleration modes. Further, the single event noise expo- _j

sure resulting from the idle mode of operation is not currently estimated by

the Single Event Nodml since the source-receiver distance cannot be adequate- ,,

ly defined (in a _statistical sense)with the present model formulation.

The above approximations, however, are not believed to be too _

serious. First, the referenceemission levels are equivalent levels defined _
x_

for each mode relative to a receiver moving with the vehicle (see Appendix A, _w

Section A.5, pages A-75 through A-91). Second, the idle mode is the lowest

noise emission level of each vehicle type. Hence, ignoring the idlemode of J'

operation may be expected to have a smaller effect on the noise impact
II

estimate that the higher levels associated with acceleration, deceleration, .p

and cruise.

J
To obtain the estimate of the number of vehicle operations in a

given mode, the percent of time in each operating mode is used. The data !!
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ml

base explicitlydefines this time fractionfor each vehicle type (Index I) i

and by roadwaytype (IndexK). By assumingthat an operatingmode can occur

at any locationalong a roadwaywith uniformprobability,then an ohserverat !
_ a locationnext to tileroadwaywould observea numberof vehicleoperations

:' _m in a given mode in the sameratio to the total operationsas the fractionof

ii:I_ time the vehicle operates in that mode compared to tiletotal time. Hence, to

': estimate the number of single events related to a mode of operation, the

Single Event Model multiplies the estimates obtained from Equation (2-9) by

.:!: the fraction of time that the vehicleoperates in the mode for the roadway

I_ type being considered.

C]

,. _ The SingleEvent Model estimates,in a futureyear, the population
L_

of a vehicle type by the noise emissionsdefinedby a scenario (see Table

! r9 2-7). Hence, in any futureyear, the total populationof a singlevehicle

:: |_ type is distributedamong groups of that vehicle type exhibitingidentical

,-_ _ noise emissions. This distribution is assumed to apply uniformly to all

roadways in the year for whichcalculationsare conducted.i!:i

;_iI_ The distributionof a vehicle'spopulationby noise emissiongroups '_
C_: L_

:._ is dependent upon the user-definednoise emission schedules, the vehicle

I_ sales projects and the vehicle survival curve defined for a particular

_: scenario. Both tileGeneralAdverseResponseModel and the SingleEvent Model
>i

_ use identicalmethods for distributingthe vehicle'stotal populationby
J _ noise emission characteristics.
i:

i_ Since the General Adverse ResponseModel considersonly the average

noise emissions of a veIlicletype, an equivalent sound ]eve] for tilevehicle

type is calculated based upon a weighted intensity summation of the vehicle's
noise emissions. The weighting factors are the fractions of the total

vehicle populationcorrespondingto the defined noise emission level. For
the Single Event Model, however,each noise levelcategory of each vehicle

L_ type must be considered individually. The reason for this distinction is
• that the Sound Exposure Level, SEL, and the singleevent equivalentsound

I_ level, LeqT, both depend upon the referencelevel, Lo, and the absolute
I=_ distancefrom the trafficlaneto the receiver.
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To c."icuiaLe the singlu uvuuL nuise uxpusur'e efficiently, the !

Single Evesc Model uses a "dB Band Sorting Scheme" to accumulate the number "-

of exposures of tile population to a given level of SEL and Leq T. This i i

sorting scheroe is used at the highest level of detail within the Single Event .._

Model, Table 2,10 presents a comparison between the General Adverse Response i_

I_odel and cne Single Event Model for the level of detail required to estimate

the r_pulation's noise exposure, Tile "dg Band Sorting Scheme" is used to i
I J

a,_id repetitious calculations that are identical. That is, for a noise

level group of a given vehicle type. tile population's noise exposure is , f

sorted into dB bands depending upon the sound level attenuation from the lane

to the receiver's location and multiplied by the numberof events,
t.,w

First, the population's noise exposure is calcu]ated using a ,_.

"local" set of dB bands. The dB bandwidth is a constant Adg attenuation h

from the level (SEL or LeqT) calculated at the edge of tileclear zone, The

population's distribution with noise exposure ]evel is then mu)tiplied by the _.,,

number of events corresponding to that category of vehicle noise level.

Hence, each "local" set of dB bands contains the product ef the population _"_

times the number of events. The "local" set of dB band noise exposures is

then sorted into a "global" set of dB band noise exposures. The "global" set _'_L

of dB bands is an absolute set of band limits z_dBwide. The "global" set of '_

dB bands are used to accumu]ate 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 dS. For a S dB band width, the "local" dB

band noise exposure would be the product of the number of events times the _,

population for the hands 97 to 92 dB; 92 to 87 dB, etc. For the "local"

exposure in the 97 to 92 dB band, the estimates would be sorted such that _'I

the 97 to 95 "local" dB estimate would be sorted into the 100 to 95 "global"
I:I

dB band and the 95 to 92 "local" estimate would be sorted into the 95 to g0 _,

"g obal" dB band, etc. '_

d
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- _,
b

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-
q t

mulated.
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TABLE 2-18 COMPARISON OF LEVEL OF DERAIL FOR NOISE EXPOSURE CALCULATIONS

(Single Vehicle Type, Single Vehicle Noise Group, Single Traffic Lane)

GENERALADVERSERESPONSE PHYSICALPARAMETERS SINGLEEVENT

MODEL REOUIRED I_ODEL

Required PopulationPlaceSize(J) Required

Required Popu]ationDensity(IO) Required

Required RoadwayType(K) Required

Required AverageCruiseSpeed (L) Required

' Required ModeofOperation(M) Required

IndirectlyRequired TimeofDay(IDAY) Required

NotRequired PopulationActivity(IPACT) Required

4,320 ParameterCombinations* 34,560

* (J)(ID)(K)(L)(M)(IDAY)(IMPACT)



f

q

Since Lh_ Single Event ModeJ considers the population'sactivi-
M

ties and locationwhen thoy are exposed to an intrudng noise level,it is ,I
necessaryto attenuatethe noise levelsfor populationassigned to indoor

activities. As described in Section 2.6.2, sleep interferenceand indoor

speech interferenceare the quantitativedescriptorsof single event noise _b

irnpactfor indooractivities. _{ence,tbe "local"dg band levelsare uniform- ,w
i

ly decreasedby tbe buildingexteriorskin noise reductionsdefinedfor the ,i '

problemprior to accumulatingthese resultsinto the "global"set of dB band _ :
estimates. Currently,buildingexteriorskin noise reductionis considered :

to be predominatelyrelatedto populationdensityby consideringthe general

type of building constructionin a given area (see Tab]e 2-9). Hence,the _,i
present version of the Single Model allows building exterior skin noise

reduction to be specifiedby the place size (Index J) and the population I'
densityarea (IndexID). 2nildingexteriorskin noise reduction,of course,

is not requiredfor the GeneralAdverseResponse/.lode]. i"I

2.7.2 PrimaryNoiseExposure !"I

The Nation's population and land area are distributed into 32

F:categoriesof constant populationdensity.* For each land are of constant ,_

population density, the roadway mileage, traffic conditions, and noise
J'l

attenuationwith distance (Figures2-2 and 2-9) are defined. As described i,

in precedingsections,a "cnt off" distance away frolnthe roadwaydefines

the absolute limit for the ]and area and/orthe populationassignedto the i"I
roadway. Figure 2-15 illustrates the basic relationship between the "

roadway noise source, the noise distance attenuationand the population r_
_J

surrounding the roadway. Since population density is constant at this ,,_

level of detail within the Model, the terJRsland area and population _,

are synonymous. As indicated in Figure 2-15, tileland area (population) _'

* Populationand landarea are used to derivepopulationdensity. _}

LF
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enclosed between tile clear zone adjacent to the roadway and outer limit for

ti_e noise propagation is divided into dO ban,is. The Idr_d drea (population)

defined by tile width of the dg band and tile roadway mileage define the t_
rl

exposure to _he sound leveT at tile center of tile band. This estimate is

termed the Primary Exposure. "_

The primary traffic noise exposure calculation does not recognize ,._

the criteria limit of 55 dB. That is, land area (population) is sorted into Ii

dB bands out to the cut-off distance. Depending upon the noise level at the

edge of the clear zone and the distance attenuation function defining tile I

noise propagation, the noise level at the cut-off distance may or may not

exceed 65 dB. This procedure is used to properly combine tile primary and J_

secondary noise exposure estimates to obtain total exposure.

k-r
For each population density area, tile primary noise exposure

calculation is repeated and the results are stored 'for each roadway before i-_

proceeding .itl the secondary noise exposure calculations. I_J

2.7.3 Secondary Noise Exposure. ;.J

The General Adverse Response Model recognizes that population f

noise exposure in urban areas is a combination of noise generated on, per-

haps, several roadways. Since population is assigned to each roadway, it I'I

is necessary to estimate the population's noise exposure contributed by .w

contiguous roadways assigned to each place size and population density _.'

area. Tile noise exposure resulting frml roadway other than the roadway to

which the population is assigned is terlned the secondary noise exposure. :.._
!.

The Single Event Model estimates secondary noise exposure in an

identical manner to the methodology used by tbe General Adverse Response _.

Model with one important differeIlce. Tlle General Adverse Response Model

must combine levels of primary noise exposure and secondary noise exposure '_.I

to estimate total noise exposure. The Sing]e Event Model considers each

roadway to be an independent noise source so that an individual will be _.I

2-76

:!



_m

exposed to primary levels independently of the secondary levels. Hence,

j_. the SingleEvent Model combinesan individual'sprimaryand secondarynoise
exposure by accumulatingthe number of noise events from each roadway at

r_ the appropriateexposurelevels.

i
_._ For example, the General Adverse Response Model may estimate a

primary exposure level of Ldn = 63 dB and a secondaryexposure level of

. _ 58 dB so that the total exposurelevel is Ldn = 64.2 dB. TileSingle Event

_ Model, however, would accumulatethe number of exposuresat the primary

exposure level and the secondaryexposure leveI. For a primary exposure

t'i_ ._ level of SEL = 73 dB occurringI0 times and a secondaryexposurelevel of

SEL = 62 dB occurring20 times, the individual'stotal singleevent noise

._ exposure would be acc_nulatedas ten events at 73 dB and twentyevents at

:_ 62 dB, Hence, the Single Event Model estimates tiledistribution of an

_ individual'snoise exposure by estimating tlmenumher of exposures at the
LJ

i_ various exposure levels. These exposure estimates are tlmeresult of vehicles
i

__ I_ operatingon all roadwayssurroundingtileindividual'sresidence, Appendix
i':i_ F presentsthe detaileddescriptionof the secondarynoise exposurecalcula-

i' tion used by the General Adverse Response Model and tlmeSingle Event Model.

Except for the distinction of combining primary and secondaryexposure levels

i_i to obtain the total ]evel, both tileGeneral Adverse Response Model and the

_, Single Event Model use the same basicmethodologyfor calculatingsecondary

noise exposure,

i. 23,4 Examplesof Primaryand SecondaryExposure

'. _ 2,7,4.1 General AdverseResponseModel

"_ To provide the readerwith an appreciationof the noise exposure

calculationscheme and the significanceof the secondarynoise exposure
f_

calculation,two examplesare presented. These examplesresultfrom execu-
tion of tilemodel using the calculationoptionsprovidedto the user, All

I! results are presented as percentagesor ratios so that the illustrations

w_ emphasizerelativeestimatesra_herthan absoluteresultstied to a specific

,_ scenario,

,, 2-77
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The first example considers the effect of secondary noise exposure.

The model was executed considering all population distribution to all road- _ i

ways; however, traffic noise was calculated only for traffic on interstate C-
highways. As described in Section 3, the model provides estimates of tlle ' "

traffic noise impact by the functional classification of roadways (e.g,,

interstates, arLerials, etc,) Hence, the resulting estimates of popula- _

tion exposed above 55 dB represent total noise exposure for tile population

assigned to interstates with all exposure estiillates for" otber roadways if
resulting from secondary noise exposure doe to tile traffic noise generated

by interstate highways, Figln'e 2-16 presents tire result of this example as a _,
percentage of the national population exposed above 55 dB from only inter- ,,i

state traffic noise. The percentage estiulates given in Figure 2-16 indicate, _._
for example, that only 29,2 percent of the national population exposed to _-i

interstate traffic noise above 55 dB live along interstates.

As a second example, the model was executed so that only the
, &d

primary noise exposure estimates were conducted for each roadway type. i _
For each roadway type, the ratio of the total population (primary plus

secondary) noise exposure estimate to tlre population using only the primary _"

noise exposure es'tirnate was calculated. These results are presented in "_

Figure 2-17. f_

Figure 2-17 indicates that for interstates, the total noise expo- _.,_
sure of the populationadjacentto interstatesis dominatedby noise from :i

the adjacent interstates.At the otherextreme, the total noise exposureof

people living along local roads and streets is dominated by noise generated !"I

on other roadways (including other local streets) since the total exposure

estimate is over two and one-half times the pr mary exposure estimates. ",

The resultgiven in Figure2-17 is presentedfor all roadwaytypes _I

to indicate the relative significanceof noise emissionsfrom one roadway

type resulting in noise exposure of population living adjacent to other

roadways iiQ le_
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m 2.7.4.2 Single Event Model

This section presents examples to illustrate the significance of

primary and secondary nQise exposure for tilevarious single event metrics

and to 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

I'$ use the Fractional Impact (FI) methodology to determine the Level Weighted

|_ Population (LWP) associated Ivith each metric. Further, the Single Event

Model provides estimates for the Level Weighted Population in terms of

I_ "dB bands" of single event noise exposure level. Tbe "dB band" estimates

• are used to present the illustrations of primary and secondary exposure,

_ Figure 2-18 presentsdistributionof the single event Level Weigh-

i _II ted Population (LWPI for the 24 hour sleep disruption effect estimated for

,_ transit bus operations (Type 11 vehicles). The distributions are normalized

t_ to the total LVJP estimate for all bands. As indicated in Figure 2-18,

•! primary noise exposure contributes 78.51 percent of the total LWP and
t.

:_' _ secondary exposure contributes 21.49 percent of the total LWP. llence,it

[_ appears that for sleep disruption due to transit buses, people living along

bus routes are the most disturbed. Further, the distributions presented in

I_ Figure 2-18 indicate tha_ tileprimary exposure is at higher levels of Sound

Exposure Level than the secondary exposure. The primary exposure distri-

ii_ _ bution is "humped" in silape,whereas, tbe secondar.yexposure distribution
'i is continuously decreasing from low levels to higher levels. These results

!:: _ are consisten_ with one's intuition concerning an individual's proximity to

_i _ a noise source i.e., the levels are higher as one is closer to the source.

p
i _ Figure 2-19 presents the distributionof the single event LWP for

the 24 hour indoor speech interference effect estimated for transit bus

,. operations. This result is somewhat surprising in that the secondary

• 4_
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;I
exposure dominates the total exposure for indoor speech interference.

However,one sees in Figure2-19 that the secondaryexposuredistributionis -'

at much lower exposure levels than the primary exposure distribution, il

Further, the result of Figure 2-19 is not so surprising when one recognizes -_

that transit buses are not assigned to all roadways, llence,during the _._

estimationof the primaryexposureLWP, the populationassigned to road_ays

on ivhichtransitbuses do not operateare not considered. For the secondary Ii

exposurecalculation,however,the Model considersall populationusing only

roadways on which the transitbuses are assigned as noise sources, i_
those

Figure 2-20 presents the distributionof the single event LWP for { !

the 24 hour outdoor speech interferenceeffect estimaLed for transit bus

operations.The result.issimilarto the indoorspeechdistributionsin that *_
I r

the secondarynoise exposuredominatesthe totalexposure. _-i

Figure 2-21 presents the distribution of the single event LWP for f,,

the _4 hour indoor speech interference effect estimated for.8 cylinder _-,
gasoline engine automobiles (Type 1 vehicles). These distributionsare i'

considerablydifferent from the correspondingtransit bus distributions

presentedin Figure 2-19. For Type 1 vehicles(whichoperateon all road- _"_

ways),the primaryexposureestimate is greatert_an the secondaryexposure

estimate,asonemightexpect. _'I
tlJ

' I Figure _-22 presents the distributionof the singleevent LWP for ,.,_the 24 hour outdoor speech interferenceestimatedfor Type I vehicles, For !.',

i the outdoorispeecbinterference,it is seen that the secondaryexposure is

the major contribution, however, the primary exposure is a significant i_I

componentof the total exposure, The interestingaspectof Figure2-22 is

that the total distributionof U'/Pwith the singleevent equivalentsound il

level is distinctly bimodal in character.
¢r

The results of Figures 2=19 through 2-22 _lereobtained using ,w

standard executfon options and data for tbe baseline (1974) year conditions _I
definedfor the SingleEvent Hodel. LJ

I i
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3.0 PREDICTIONS OF ROADWAY TRAFFIC NOISE IMPACT

:! 3.1 GeneralAdverseResponseHodel

! _ This sectionpresentspredictedresults for a typicalscenariorep-

_ resentative of a staged noise regulationfor various vehicle types. Altera-

I_! tion or medificationof any of the data will change the predictedresults,

,J which is the main feature of the General Adverse Response Model -- sensiti-

i vity to details of the input data. Documentationof the data base is pre-

I sented in AppendixA.

I _ Bothtabulatedand plotted(lineprinter)outputdata are provided.
The format used for the output data is suitable for direct inclusionin a

i _ report usingonly photoreductionof the printed results. The tabulatedout-
put describes elementsof the input data and the predictedresults. The

_ plotted data presentthe time variationof populationand variousgeneral

_ impactsu_aries for the defined times_reamsimulation.

;_ The specificoutputs are presentedbelow. The examplescenario

! assumesnoise regulationof medium-and heavy-dutytrucks,buses,and motor-

_ cycles, Light vehiclesare. however, unregulatedin this scenario. The

* population of the United States is assumed to follow the U.S. Bureau of

I _ Census Series I projections(seeFigure 2-5). For continuityof presenta-
tion, all tablesand figuresare presentedat the end of this sectionin the

I '_ sequenceprintedduringoutput.

r_ 3.1.1 TabulatedOutput

Since any estimatesof national roadway traffic noise exposure

! using the GeneralAdverse Response Model depends upon the data base used,

output tabulatioesare 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 clearlydefine the scenarioused.

_" 3-1
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3.1.2 Documentationof ScenarioInputUata , i

Five basic output tabulations are provided to document the input l;i

data that definethe scenario,This documentationcoverspopulation,vehicle

androadwayparameters, l,J

A titlepage and a scenario summary tabulation are printed for each _ i
,i!

execution,but theselistingsare not presentedin this discussionsincethey
i

are more directlyrelated to user implementation. These tabulation§are _ !
describedin the User'sManualfor tileNationalRoadway TrafficNoise Expo- "'

sureModel. r_
t_

) The term'baselinecondition'as used in this reportmeans Lhe year .-_

year 1974, when t_}erewereno vehiclenoise regulationsfor eithernew sour-

cos or in-use vehicles, i.e., a 'no-regulation' condition, 'Present condi-

tion'roeansthe existingstatus under the promulgatednoise regulationfor

new medium-and heavy-dutytrucks (includingthe in-useand new truck regula-

tion). 'Futurecondition'means the projectedand proposedregulationswhich _+

includethe 75 dB levelfor medium-and heavy-dutytrucks,as well as regula- "_

ted noise levelsfor buses and motorcycles,but no regulationsfor light _
,i

vehicles. _,

PopulationParameters:Tilepopulationpar_oeterscomprisebaseline _

year populationdensities,baselinepopulation,and populationgrowthfactors

usedforagivenscenario,

Table 2,1'presentsthe baselineyear populationdensityby popu- i'i

lation place size (Index J) and by populationdensity class (Index IO), "_

These populationdensitiesare computedfrom the baselinepopulation(Table ,-i
_d

2.2) and land areas allocatedto each place size and populationdensity

class. _l
talc

*Tablenumbersreferto the computer-printedtablenumbers. All of the out- !_

put is listedsequentiallyat the end of thissection,as Table3-i.

3-2 I_
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i ! Table 2.2 presents the baseline year population by place size
(Index J) and by population density class (Index ib). This table totals

population distribution both by place size (Index J) and population density

L_ class (Index ID). It should be noted tbat the total population assigned to

tt_e Inoex ID = i incluoes the rural population. That is, for tilescenario

._] presented, tlm urban population assigned to the high population density class

is 14.23 M out of a total urban population of 152.52 M people.

4

The population growth factors used as input data to simulate the

:I annual variation of population by population place size (Index J), summarized

for each five years of the time stream, are presented in Table 11 (see Figure

2-5), The scenario presented simulates the U.S. I_ureauof Census' Series IU
population growth projections.

:I
--, Roadway Parameters: The documentation of input data related to

m roadway parameters is summarized in Table 3 as the gross mileage of roadway

J type (Index K) assigned to each population place size (Index J).

._ roadwaymileage thestoreddata
The tabulated is summarized from

by summing over the mileage assignee to each of tne five speed ranges for

each roadway class. Table 3 totals roadway mileage by functional class and

oy population place size. The detailed roadway data are presented in Appen-

r_ dix A,
' i

_-_ Vehicle Parameters: The documentation of vehicle par_,eters com-

prises the vehicle noise emission schedules defined for the scenario and the

net number of veIlicles by year used ze conduct the noise impact estimates.

Table 4 comprises seven pages of tabulations documenting the

"-i noise emission characteristics of each of the 14 vehicle types considered

in the noise impact analyses. Each page tabulates the input data for two

-. vehicle types. As indicated in Table 4, sound level data are specified byi

operational mode, speed range and year. Tileyear denotes the point in the

_'-I time stream at which the specified vehicle type exhibits the tabulated noise

3-3
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eltLissJori cuaracteristics. Noise emission levels, by operating mode and speed

range, must be specified for each veilicle type in the baseline year. The ii

noise ealission characteristics should be specified as typical noise levels

at 5U feet in terms of Lhe mean level and the standard deviation. _ .

In addition to the baseline year noise emissions, the user may _"i
i i

specify up to a maxinlum of four future year noise emission schedules. These

schedules may be introduced for each vehicle type, any year of the time _=

stream, and any operating mode as re]abed to cruise speed. ;;;

The data presented in Tables 4.1 through 4.7 comprise the noise i..

emission characteristics used to estimate the noise exposure from roadway

traffic operat ions presented in the following sections. L.

Table 5 presents tne net number of vehicles by vehicle type (engi- i_

neering ctlaracteristics)for each year of the time stream. This table re-

flects both the vehicle sales projections and the vehicle's survival data

used as input parameters. These data are used to alI_ervehicle mix (by type "_

and age) and the ADT values assigned to each roadway traffic condition in

I eacllyear _f tee time s_ream simulation (see Figure 2-6).

3.1.3 Noise Impact Estimates I,

Five tables are presented to describe the noise impact of traffic !;

situations. The tables are all interre]ated and represent cross tabulations
f-i

and/or summaries, as indicated. I
k_

Noise Impact by Year: Table 6 presents the noise impact, by year, ,'_

for the nation's population. This impac_ is accumulated from tile estimates

of population noise exposure at the highest level of detai] used by the Gen- _ p

eral Adverse Response Model, i.e., a roadway traffic condition in an area of

homogeneous popuiation density, For each specified year of the time stream,

the following national estimates of noise impact are printed:

b,W
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I t

_i m Total U.3. Population(Estimatedfrom base]inepopu]atien)
(Table 2,_) and projectedpopulationgrowth Table 11}.

]
, Total U.S. PopulationExposedto Uay-NightSound Levels

from roadway traffic above 55 d_ (see Tables 7, _, and I0}.L_J

r_ o RelativePopulationExposedto Day-Nigi_tSound Levelsfrom

_J roadwaytrafficabove55 dB. Tllisis thepercentageof the

U.S. Population in each year exposed above the 55 dI_cri-

' ( teria,

_' I PopulationImpacted. This is the tabulationof the popu-

lation exposedabove Ldn = 55 dB that is used for noise

impact estimates. For the scenario presented,the total

'-" U.S. populationexposedabove55 oB is used for bhe in]pact

calculations(SeeTables7 andB).

• Level WeightedPopulation. This metricwas formerlydeno-

ted as Peq or ENI (seeTables7, 8, and 9).

• Noise ImpacbIndex. This is the ratio of the LWP to the

coral population expressed as a percentage. (The LWP and

total populationmust correspondCo the definedlandarea.)

-- • Change in Level WeightedPopulation. This columnis the

increase(negativenumber)or decrease(positivenumber)in

-_ Level WeightedPopulation relative to the baselineyear

valueof LevelWeigntedPopulation.

• RelativeCllangein Level WeightedPopu}ation. This column

is the percentagechange of the Level WeightedPopulation

in each year relativeta the baseli.eyear.

J
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tj.ois.e impact by Pnpu}atien Area: Table 7 presents tile following ,',

noise inipact estimates; the population exposoo above Ldn : 55 d_, the + i

l_oiseImpact Index (Nil) for tilearea and the Level Weighted Population by r_

population place size. The accumulation of results presented is over all _i

roadway types ano population density areas defined within eacllplace size.

The NIl is relative to the to_al population assigned to each area in the _"

given year,

J

Noise Impact by Hiqhway F_pe: Tab]e B presents the following esti-

mates of noise impact;: tilepopulation exposed above Ldn = 55 dB, the popu- F"

lation used for impact calculation, and the Level Weighted Population by _J

functional highway c]assification. It must be reemphasized that this accu- _-_

mulation is relative to the a11ocation of population to a roadway type and _._

does not necessarily indicate the ranking of roadway types as noise sources.

Tlleaccumulation of results is over all population areas containing the indi- F_

coted roadway type.

L
Yearly Impact; LWP in dB Bands: Table 9 presents the values of

Level Weighted Population for each specified year of the time stream in 3 dB t-_

hands beginning at 55 dB and ondirlgat 91 dB. This result is accumu]ated !'J

from the population exposure estimates in dB bands at the highest level of _-+
Ii

detail, i.e., roadway traffic condition in an area of homogeneous population

density, The LWP estimates presented in Table 9 are obtained from the popu- ,.,

]ation exposure using Equation (2-i0) and tiresound level at the center of il

each dB band.

L_
Yearly Impact; Population Exposed above 55 dB in dB Bands: Table

I0 presents the values of pope]atien exposed for each specified year of the '_F r

time stream in 3 dB bands beginning at 55 dB and ending at 91 dB. This

result is accumulated in 3 d8 bands at the highest level of detail, i.e., _!

roadway traffic condition in an area of homogeneous population density. The

3 _B level intervals and the assaciated population are a result of consider- ,+
d

ing both primary exposure and secondary exposure, as described in Section ,.w

_.7.
!l
: r
J,W

h
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3,1.4 Plotted Uutput

....' As airected by the user, plotted output is provided in addition to

i _ the tabulations described in the previous subsection. Using a line printer,

I _; the predictions tabulated in Table b, National Noise impact by Year, are

_ __ plotted.
i

Tileplots are executed after tiletermination of tilemain pragram. The data

. ,_ plotted versus year are:

I _ a Total U.S. Population (Frame I)
6.;

a Total U.S. Population Exposed above Ldn = 55 dB (Frame 2)

r_ o Percentage of U.S. Population Exposed above Ldn = 55 dB

! (Frame3)

_' a Total LevelUeightedPopulation(Frame4)

i Noise Impact Index (Frame 5)
c

e Change in Level Weighted Population (Frame 6)

.( _ e Relative Change in Impact (Frame 7)

Typical line printer plots are presentedfollowingthe tables at
the end of this section. Ttleseplots correspond to the data of Table 6 on

page 3-22. (To obtain plots, the user must specify sufficient points in tile

time stream ta define the curves. The plotting package interpolates points

between calculated values).

2
Two features of the plotting package sllould be mentioned: first,

the user supplies a 16-digit alphanumeric title that is printed following

each title on each plot, which allows the user to ideutify plotted data with

i_ the corresponding tabulated scenario data. This feature was added since the

two jobs are executed independently and could be separated betweou output and

delivery. The second feature is that the vertical axis on each plot will

always be shifted, if necessary, an integral number of divisions as indicated

i on each plot to ensure that the minimum or maximum value, as appropriate,

._ will oe plotted. This is done so that plotted resu]ts from different sce-

narios can be directly aligned and compared without being concerned with
:-]
' : scaled divisions assigned by _he computer.
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3.1.5 SumnmaryofUuCput _i

The user is provided with both tabulated output and plotted out- _,

put. The tabulated output is in a format witll titles so that it may be
J l

included directly in a report, l'heline printer plots allow tileuser to pre- i,

sent graphic trends without recourse to o_ber plotting methods. The output

generated, docunlents the data base defining tlle scenario and the resulting I i
estimates of national exposure to roadway traffic noise.

?
3.2 SinqleEventModel 4,

! :

As described in Section 2, the Single Event Model conducts a i,,,

detailed estimate of the noise interference effects attributable to a single ,_

ve_licle'snoise emissions on the national roadlvaynetwork. This section pre- !_i

sents estilnates 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 pronlulgatednoise regulation for new meGium- a_d
f_

heavy-duby trucks (including the in-use and new truck regulation). This i,

scenario is also used to illustrate typical outputs of the General Adverse

Response Model. As presentea here, the Single Event Model's estimates are _T

compared for tile two vehicle types. These estimates, however, are not pre- k-_

sented to illustrate tileeffectiveness of noise regulations. To do this, it
id

is necessary to conduct baseline estimates for a "no regulation" scenario for _,

each vehicle and to compare the results over the thllestream from 1974 to

2D13. ii

Hence, this section illustrates and discusses typical outputs of !;

the Single Event Model within the context of specific scenarios rather than

comparing alternate scenarios. In particular, the discussion focuses upon !"
similarities and differences between the two vehicle types considered. So

that the discussion in the text is not interrupted by presenting the tabula- _ p

ted and plotted output generated by the Single Event I_odel,all outputs are ,._

presentedattheendofthissection, _
! I

'Ii
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i, 3.2,1 TabulatedOutput

_ Sinceany estimateof nationalroadwaytrafficnoise exposureusing

the Single Event Model depends upon the data base used, output tabulations
m

are printedto document the data used to conductthe estimates. The basic

tabulations of input data are printed as output so that the user can clearly

definethe scenarioused. As describedin the User'sManual,optionalprint-
t

_ out of all data used is availableat the user's request.

_-J 3.2.2 Documentationof ScenarioInputData

The SingleEventModel providesfive basicoutput tabulationsdocu-

mentingthe inputdata that definetilescenario. This documentationcovers

j population,vehicleand roadwayparameters.

A titlepage and a scenariosummarytabulationare printedfor each

execution. Tlleselistings are not presented here since they are mostly rela-

ted to user implementationand are therefore described in the User's Manual,
r

i _ The term 'baselinecondition'as used in this sectionmeans the year 1974,

! when there were no vehiclenoise regulationsFor eithernew or in-usevehi-

cles.

Population,Roadwayand VehicleParameters: The population,road-

way and vehicle input data parameters used in the Single Event Model are

--" identicalto those used in the General Adverse ResponseModel. However,

since the SingleEvent Model is used to quantifytilenoise impactof each

i vehicle type separately, noise emissions from all vehicle types, other than
the vehiclebeing studied, are set to zero. Hence,the Single EventModel

_-_ only presentsoutputtabulationsof noise emissionsfor the vehicle(s)being

studied. All other vehicle types are ignored in conducting noise impact

estimates. Even though tbe Single Event Mooel considers only one vehicle

i type in conducting the noise exposure estimates, it is necessary to conduct

the complete velficle 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.
J

r
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, As described in Section 2, the number of events For any particular vehicle

is obtained from the ADT estipL1atefor the roadway and the percentage mix of

thatvehicletype. '_'

3.2.3 NoiseImpactEstimates il

Tables 3-2 'and 3-3 presented at the end of this section, list the i',

noise impact estimates printed by the Single Event Nodel as standard docuH_en-
f_

rationofasceuario. II

In particular, the interpretation o_ any scenario requires the user to always i
consider the interrelationship among population growth, noise emissions, and "_

net vehicle population to understand the Single Event I_Iodel'sestimate of
noise effects on man. A detailed discussion of tlleoutput Format is pro- '_,

sented in Section 4.

I 3.2.4 PlottedOutputAs directedby the user, the tabulatedoutputdata may be plotted

i using a line printer. Details of the plotting package are discussed in Sec- _ition3.1.4.

! _,

L

I:l

• i
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4.0 INTERPRETATION AND COMPARISONOF RESULTS

4.1 General Adverse Response Model
.-n

-_ Section 3 of this report presented noise impact estimates for a

-_ specific scenario using tlle General Adverse Response Model. The user must

[ alwaysinterpretthe estimatesconsideringall aspectsof each scenariodata.._

base. This sectionconsidersthe interpretationof three scenarios: (i) no
.4

regulation,(2) new medium- and heavy-dutytruck regulations,and (3) a

"futurescenario". Additionally,predictionestimatesfor the baselineyear

_, are comparedto the empiricalresultsof the 100 SiteStudy.I
L_J

r, 4.1.1 Interpretation of a Regulation Scenario
d

The results in Section 3 defined a noise regulation scenario for

medium- and heavy-dutytrucks,buses,and motorcycles. This regulationsce-

nario is defined by the noise emissionscbedulespresented in Tables4.1

'_ through4.7* (pages3-14 through3-20). These schedulesare used to define

_ three scenariosrepresentativeof alternativenoise emission regulations.

J Tlle"BaselineScenario" assumes that no vehicle noise emission

r'l regulations are implemented. That is, al] vehicle types are assigned the

L_, 1974 noise emission schedulespresented in Tables 4,1 through 4.7 (pages3-14

,:_ through3-20). Thesenoise emissionschedulesremainconstant throughoutthe
_._ time stream.

The "PresentScenario"simulatesthe existingstatus undertbe pro-,J

mulgated noise regulation for new medium- and heavy-duty trucks (Including

r_ tllein-use and new truck regulation). Tbat is, all vehicle types except

Types 8 and 9 exhibit noise emissions as definedfor 1974 illTables4.1

_--' through4,7, Type 8 and 9 vehiclesare assumedto follow the 1974, 1978,
i

[

_._ *Tablenumbersrefer to the numericalsequenceusedby the Model in present-

ing output data.,._t

4-i L
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and 1982 noise schedules of Tables 4.4 ahd 4.5*, respectively. Beyond

1982, however, tlle medium- and heavy-duty truck noise emission sched-
,

ules remain at the 1982 values.

r_
The "Future Scenario" comprises the noise regulation schedules ''

presented in Tables 4.1 through 4.7 (pages 3-14 through 3-20). For this -_
J_

scenario, noise regulation of medium- and heavy-duty trucks, buses, and ,,

motorcycles is simulated.
i,

The Nodel was executed for each of tile above scenarios. Only

the plotted output is presented and compared. The output of these three ,!

scenarios is superimposed to show the comparison.

Figure 4-i presents the projected population growth of tile 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 CensusSeries I populationprojections. _

J_p#

I Fiqure 4-2 presents a plot of the population exposed abov'eLdn = 55 dB for each of tile scenarios for tile40.-year time stream. This _']
_J

comparison indicates that population growth, as projected in Figure 4-i,

I will eventually result in an increasingly larger population noise exposure _
in future years relative to the baseline noise exposure. However, both _J

the "Present" and the "Future" scenarios provide definite reductions in ,-,

population exposure throughout the time stream relative to the "Baseline" t_,

scenario. As might be expected, fewer people are exposed above 55 dB ,.,

for the "Present Scenario" relative to "Baseline" and still fewer people _:

are exposed for the "Future Scenario",
!,

I

Figure 4-3 presents tlle population exposure to roadway traffic

noise above 55 dB as a percentage of the U.S. population 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" I

Scenarios, however, indicate that the percentage exposure may be expected "_

*See tabulations at tileend of Section 3. ,.
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Lu decrease from 1980, to r'_acha miuimum al)out1990 and then begin co

increase• This result is, of course,dependentupon the regulationlevel, _i

vehicle sales and attrition, and the allocationof truck traffic to the

roadways(seeTable 2-6,pages2-30,31; andTable5, page3-21)•

Figure 4-4 compares the growth of Level Weighted Population (LWP) "_q
lJ

for the three time stream scenarios,as expected,it is s.imilarin shape to

Figure4-2.

Figure 4-5 is a comparison of the Noise Impact Index (NIl) for

the three time stream scenarios• Being a percentagemetric it is similar _I

to Figure 4-3• This figure indicatesthat the "Future Scenario" would

minimize the Level Weighted Populationat about 11•1 percentof the 1990 !..

projectedpopulationof the UnitedStaLes of 259 million people,(seeTable

6,page3-22). i

Figure 4-6 is a comparison of the change in Level Weighted Popula- _

tion (LWP) for'the three time streamscenarios. The negativenumbers indi_ L_

cate an ever-increasingvalue of the Level WeightedPopulation(LWP)relative _

to the baseline year of 1974. This figure is essentiallya reflection abouE L_

the Limeaxisof Figure4-4 with a zerovalue in 1974, The "Future"scenarid

indic:aCesan absolute reduction in LWP of about 3.2 millionpeople in 1990 7-i

(see 'Table6, pages 3-22).

Figure4-7 is a comparisonof the RelativeChange in Impact (RCI)

for the threetime streamscenarios. This is a percentagemetricbased upon ' i)

Figure4-6. _-_

_t

• The resultspresentedin Figures4-2 through4-7 indicatethe noise ,,_

exposuretrendsbased upon tileinputdata simulationfor the three scenarios.

In both absolute and relative terms, the popul.atibngrowth'projectionof _,_

Figure4-1 eventuallydominatesthe trends, Apparently,the noise regulation

scenariospostulatedcan result in an improvementof populationexposureto _I

roadway traffic noise, As an additional consideration, it is necessary to

4-6 _I
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examine the noise levels at which t_lepopnlation is exposed. To consider

L._ tileroadway traffic noise levels to which the population is exposed, one may

utilize the estimates provided by the National Traffic Noise Exposure Nodel

in Tables g and 10 (pages 3-25 and 3-36) of the output.
LJ

Using the Table i0 (page 3-26) estimatesit is possibleto develop

'_ the distribution of population wit_ exposure level for any scenario. Figure I

4-8 presents a comparison of the three scenarios on the basis of the cumula- i:! I
_ rive distribution of population with day-night sound level. The vertical

m axis of Figure 4-8 is the cumulative population exposed to day-night sound I

if levels greater than the Ldn values defined by the horizontal axis. The(..J

curve labeled "Baseline Scenario: 1974" represents the distribution of the

1974 population of 216.7 M with the day-night sauna level Tilecurve label-L.]

ed "Baseline Scenario: 2000" represents the Oistribution of the 2000 papule-

• _ tion of 285.11 hlwith day-night sound level. The curve labeled "FutureSce-
J

nario: 2000" represents the distribution of the 2000 population assuming

m the defined noise regulations have been iiiiplemented.

,_ For the "Baseline 1974" conditions, the population exposed above

Ldo = 55 dB is estimated to be 81.7_ M or 37,74 percent of the national

population of 216.7 M. The estimatee value of the Level Weighted Population

in 1974 is 25.56 M. By the year 2000, it is estimated that the national

_, population will have increase_ to 285.11 hh For tlle "Baseline Scenario:

2000," it is estimated that 148.48 M people will be exposeo to sound levels
above Ldn = 55 dB, This estimate represents 52.UB percent of the 2000

,'_ national population. The estimated value of tile Level Weighted Population

J in 2000, assuming no noise regulations, is 49._4 M. Iience,for Baseline

Conditions, the national population increases 31.57 percent between 1974 and20UO; the population exposed above 55 dB increases 81.56 percent; and the

Level Weighted Population increases 94.99 percent.

For tile "Future Scenario" in 2000, it is estimated tl_at113.16 M

, ! people are exposed above a day-night level of 55 dB. This estimate repre-

sents 39.69 percent of the 2000 national population. The estimatedvalue of

_, 4-11





L ; I
i! :.} the Level Weighted Population is 34.49 14. Hence, the "Future Scenario"

i_ estimates a 2000 noise environment slightly worse than the 1974 environment

_ i..! althou9h both total population and vehicle usage have increased.

As indicatedin the intermsof thenumberofFigure 4-8, impact,

people exposed 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, li
• "_ population. For the "Baseline Scenario: 2000" the impact is significantly

greater, as compared to the 1974 Baseline.
J}

4.1.2 Comparison of the Model Predictions to the 100 Site Study

Figures 4-9 and 4-10 present a colnparisonof the baseline year

ri (1974) population distributions to exposure sound level as estimated by

the National Roadway Traffic Noise Exposure Model and the empirical results

i_ of the 100 Site Study.I

Figure 4-9 presents curves of the populationexposed to valuesexceeding 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
L!

Noise Exposure Model estimates that in 1974 the population exposed to roadway

traffic noise greater than Ldn = 55 dB was 81.78 million with LWP : 25.56

million.The 100Site results =correspondiilg Study 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 I. As indicated by the comparison

of Level Weighted Population, the National Roadway Traffic Noise Exposure

i

!
J
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Model estimaL_s a populatioa axposL_reat sliglltlyIo_verexposure levels than

the results quoted in the 100 Site Study; llowever,the results appear con- ,i

sistent.

ItCmustbe emphasized that the National Roadway Traffic Noise Expo-

sure Model represents a defineO estimation methodology resting an a consis-

tent data base, while the 100 Site Study is an e_npiricalresult.

4.2 SingleEventModel ''
[

4.2,1 Interpretation of Single Event Noise Estimates i,_,i

Tile Single Event Model provides estimates of a vehicle's noise li

intrusiveness for a baseline year (1974) and for user-defined future years.

These estimates are presented in both tabular format and plotted format, LJ
Additionally, both absolute estimates and percentage estimates of the noise

effects are preserlted, The reader will immediately notice one salient aspect _
i ,I

of the Single Event Model output when compared to the General Adverse '_

Response estimates: Single Event noise hnpac_ estimates are much larger eum- _'I
J p

bers than General Adverse Response estimates. Tbe reason for this is simply _;

that tlle Single Event estimates represent an accunlulation of single intru-

sions on a national oasis. For a single vehicle type the number of intru- ,_i

sions is usually a few percent of the Average gaily Traffic for a roadway,

The ALIT is typically a number on the order of 100 or 102. For a national rq

population on tI_e order of 200,000,000 or 2.10_ the proOuct of number of

single events times national population is on the order of 2.1010. The '_! i

variation of the sound level of the population's noise exposure is a fraction

(due to the Fractional l_npactMethodology) between 0 and 1,0 and is hence on _T

the order of 1/10 or 10-i. Thus, the Level Weighted Population times the .-J

number of events is a number on the order of 2.109 or 2,000,000,000. _I
Using a similar argument, the impacts determined fronl the General Adverse ,w

Response Model are numbers all the order of population times the Fractional

I Impactor(2.108) (10-I)= 2.107. _!
i

f
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Since the Single Event Model represente an accumulation of noise

; i exposure estimates over many variables (see Figure 2-10 of this report) it

! is difficult to look at the estimates from as many viewpoints as is possible

i m for the General Adverse Response Model. For example, the General Adverse

! Response Model provides tileuser with noise exposure estimates by place size

I _ (Index J), roadway type (Index K), and by level of noise exposure. The noise

_ exposure estimates are provided both on Lhe basis of population exposed and

Level Weigbted Population. The Single Event Model uses five noise exposure

i criteria to evaluate the effect of a vehicle's noise emissions and further

classifies these criteria by daytinle,nighttime, and 24-hour totals. Hence,

L] 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 be of practical value.

To simplify the output problem for the Single Event Model, only

national totals for the number of Level Weigbted Population exposures are

• _.j presented. These estimates are accumulated and presented, hewever_ for day-

time, nighttime, and 24-hour totals For each of tilefive single event noise

exposure estimates conducted. When one is interpreting a scenario output,
it must be constantly remembered that tileestimates are national totals of

the product of Level Weighted Pnpulation and the number of events estimated

at each single event noise exposure level.

The condensedform of the output used by the Single Event Model
F

does not, however, limit its flexibility. By using "masking" features de-

J scribed in the User's Manual, it is possible to conduct single event noise

analyses that identify a vehicle's noise exposure effects down to the level

of population place size (Index J) and roadway type (Index K). Hence, the

flexibility of the National Roadway Traffic Noise Exposure Model is main-

_' rained for both the General Adverse Response Model and the Single Event

Model.

3
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4,2.2 Single I:ventPVolseExposurefat+ Pledinfa-DtstyTrucks
iJ

Table 3-2, presented at the end of Section 3, is a listing of
++_

both the tabu}atedand plotteddata of a typicalsingleeventnoise exposure •

scenario. The vehic]e type being considered is a medium-dutytruck (Type T_

8 vehicle). From the listingspresentedin Table 3-i it+Section3, it is i!

seen that the scenariopresentedhere stipulatesan increasein Futureyears

of bothmediumtruckpopulationand inhabitantpopulation. By tlleyear 2013, J

the medium truck populationwill increaseby a factorof 2,5 and the inhabi-

tant populationwill increaseby a factor of 1.4. Since l:hemedium truck F"
tL

noise Bnissionsdo not decreasesignificantly,it +anybe expectedthatby the

year 2013 single event noise exposureestimatesfor this scenariowill a11 "_

increaseby a factoron the order of (2.5) (1.4) = 3.5 above the baseline _'_

year (1_741esl;imates.
J J

I,,4

Table 5.1_ presentsthe singleevent sleepdistruptionestimatefor

medium-dutytrucksfor every five years between1974 and 2013. As indicated LI

in toe tabulation,estimatesare presentedfor the daytime, nighttime,and

the 24-hour total. The estimatesare Level WeightedPopulation(LNP)times _'_.
k_

the number of events at each exposure level accumulatedover a]] exposure

levels. For 1974, It is estimated_hat the L_VPis 5,937.108and that for I_
, i

tl+eyear 2013 the LWP is 1,933.109. To help in interpretingthese results, "_

tt_e following tabulation is presented for toe average daily estimatee: rl
k_

Sleep Disruption Vehicle Inhabitant Lb_Pper LL¢Pper

Year LWP po_uIatio9 Population Vehicle Person I-I

1974 5.937.1uB 2,41.1gb 2.167.108 246.3 ?.74
J

2013 1.933,109 5.96.106 3.109.108 324.33 6.22 I;
6_

*Tablenunlbersrefer to the computer-printedtable numbersfor outputlisted

! in Table 3-2 at tileend of Section3. !I

4-18 j
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These results indicate that, on the average, onu medium truck

11 operating in 1974 completely disrupts tile sleep 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 tbe average number of sleep

disruptions rises to 6.2 per day. As indicated in the First paragrapb of
,.a this section, due to increases in botb vehicle operations and inhabitant

population, one would expect the baseline estimate to increase by a factor

on the order of 3.5 by the year 2013. For sleep disruption, the LWP in thehi

year 2013 is 3,26 times tbe baseline year estimate. This comparison illus-

tbe of the EventModelte
eraces sensitivity Single parameter variations

_elated to vehicle and inhabitant population projections.

As indicated in Table 5.1, tbe Single Event Model provides the

i_ user with the Level Weighted Population (LWP) estimate and two additional
{J Daramecers: DLWP and RCi. These parameters are estimated for the daytime,

nlghttime, and the 24-hour total. The parameter DLWP is the change or "delta"

ir the Level Weighted Population relative to tile1974 estimate of the LWP. A

neoative value of DLWP indicates that tilenoise 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 percentaqe if tileRCI value is negative,

the noise exposure bas increased by tbe indicated percentage above the baseline
year (1974) estimate.

_Jq

i!
-- Table 6.1 presents the sleep awakening LWP for the defined medium

,,I truck scenario. The interpretation of tileoutputs in Table 6.1 is similar
..Q co that discussed above for sleep disruption. From the Table 6.1 estimates

it is seen that the 2013 LWP is 3.25 times tbe 1974 estinlate. Further, the

}I _ 1974 estimate corresponds to an average of 129 sleep awakenings per day per

meeiu_ truck or 1.4 sleep awakenings per day per person.* For the year 2013

I

l

I

-; *On an equivalent or level weighted basis.

"i 4-19
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these averages are 169 sleep awakenings per day per leedium truck or 3.2 "_

sleepawakeninqsperdayperperson. II

As described in Section 2 of this report, the sleep disruption ii

and sleep awakening estimates apply to the same segment of the population

(i.e., people asleep). The other estimates oF single event noise intrusion, "I

however, apply strictly to individual segments of the population,

t !

Table 7.1 presents tile indoor speech interference LWP for the

defined medium truck scenario. The formal of this tabulation is identical "_
i

to that described for the sleep interference estimates in Tables 5.1 and L.I

6.1. From this table it is seen that tile indoor speech interference is
dominated by the daytime contribution. Considering the population's average i,._

daily activity as presented in Figure 2-6, the indoor speecllinterference

Act Vltles . _,._is based upon the segment of tile population engaged in "Other " " "

As indicated in Figure 2-6, 73.8 percent of tilenational popu]ation is engaged

in "Other Activities" during tileday and only 12.9 percent is so engaged

during tile niqht. Additionally, reedium trucks are assumed to operate B7

percent during daytime hours and 13 percent during nighttime hours (see _',_

Equation (2-9)). Hence, during the daytime a majority of tile population

is allocated to the activity related to indoor speech interferences and _._

tile vehicles operate predolninately during t.l_edaytime, Based upon the 1974

estimates of 2.41 M medium trucks and a national population of 216.7 M people, ,.,

the LWP estimate for 1974 given in Table 7.1 corresponds to an average LWP of _

11,9 indoor speech interferences per day per vehicle or an average LWP of 0.1

indoor speech interference per day per person. For the year 2013, the corre- !'l

spending average LWP values are 15.5 indoor speech inLerferences per day per

vehicle or 0.3 indoor speech interference per day per person. In estimating _i

tbe indoor speech interference, the indoor value of LeqT is obtained from the "

outdoor level less tile building exterior skin noise reduction, The noise !I
reduction values used are presented in Table 2-9. '_

Table 8.1 presents the outdoor speecb interference estimates for

• medium duty trucks. This estimate applies to tilesegment of the population

engaged in activities outside their homes. As indicated in Table B.1, no

4-20
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'' outdoor speech interference is estimated for the nighttime period from 2200

hours to 0700 hours. Tile reason for this is that no population is assigned• to the activity category "Outside liome"during the nighttime. The interpreta-

tion of this table is identical to that discussed above for Tables 5.1

_.i through 7.1.

i] 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 tbe road-
:J

ways at the edge of the clear zone. The pedestrian population is estimated

m as a fraction of the working population as described in Section 2 and Appen-
,I

dix B of thisreport.

The tabulated data discussed above represents the national totals

for eacllparticular 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 level metrics is also presented.The

iT distribution is provided in 5 dg 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 (LeqT) for speech interference intru-sions. Tables 10,1 through 14.1 in Table 3-2 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 tlle indicated bands yields the corresponding

24-hour estimates for each year. For example,sunssingthe dB band estimate

for sleep disruption in 1974 (Table 10. i), one obtains a total 24 hour sleep

disruption LWP of 5.937"108. In Table 5.1, tbe 24-hour sleep disruption
is identically equal to this value. The discussion in Section 2.7 concerning

F_} 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 numberedas well

as identified by an absolute level range. For example, band 15 always cor-

i " ! responds to the range 55 to 60 dB. The reason for this is that the user

may desire to alter the single event noise exposure cut-off criteria for
!I ....
&
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any metric. Altering the cut-off criterionnlayshift tilelowest dB band ''

intervalprinted in tllese tables. The LWP estimatepresentedin the lowest ";

band is the result of all exposures equal to or greater than the cut-off ,,

criterion. For example,if the cut-off criterionwas set at 57 dB for a _.
metric, the LWP estimate given in the 55 to 6(]dB band would include only _i

those single event exposuresfrom 57 ta 60 dB. The cut-offcriterionis

based upon an assumed relationship for "masking" of the intruding sound by I ,

the ambient sound. This topic is discussed in Section 2.6.2 of this report.
f_
i :
b;

Comparing the distributions of Tables 12.1 and 13.1, it is seen

that the highest dB band for outdoor speech interferenceis band 12 (70 to 75
dB) and the highestband for indoorspeech interferenceis band 16 (50 to 55 i.,

dB), The 20 dB differenceis aLtributableto tbe buildingexterior skin
noise reductionvaluesassignedas indicatedin Table2-9. Further,tbe low- ,.,

er limit for outdoor speech interference is based upon an ambient of 55 dB

and the lower limitfor indoorspeech interferenceis based upon an ambient I.'i

of 45 dB.

i[
, i

Table 14.1 presents the distribution of pedestrian speech inter-

ferencevaluesfor raediumtruckoperationsas definedfar tbe scenario, Here T_I
it is seen that the highestlevel band correspondsto tlle70 to 75 dB range. "J

For any vehicle type, the i}ighestlevel dB band indicatedfor pedestrian _._

speech interferencerepresents the highest exposurelevels predictedby tbe o_,

! model sincepedestriansrepresentthe segmentof the populationplacedclos- ,.,

I listingspresented represent computer :'

esttothenoisesource. _,_

Thefinal inTable3-2 line _i

plots of the data presented in Tables 5.1 through 9.1. These plots are the

24-hour LWP and RCI estimatesversusyears of the time stream. These ten
plots are a s_andard outputoption of the SingleEvent Model, However, as

described in the User's Manual, the years specified for output estimates _I
must be uniformlyspacedoverthe time streamto obtainreasonableinterpola-

tionsbetweencalculatedpoints.

J
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,i The plots in Table 3-2 are rather unimpressive. Each plot is

a continuouslyincreasingcarve of impactmeasure versusyear. This result

I was anticipatedat the beginningof the discussionsince the vehiclenoise
..J

emission levels for medium trucks did not change significantly due to the
r_
4 stipulatednoise regu]ationscenario. The followingscenario dealing with

heavy-duty trucks, however, indicates more interesting results.

_ 4.2,3 SingleEventNoiseExposurefor Heavy-DutyTrucks

t-I
i

Table 3-i in Section3 presentsthe tabulatedoutput definingthe

basic scenario for the heavy-duty truck analysis presented in Table 3-3. The

.j user-definednoiseemissionschedulescorrespondto the existingstatusunder

the promulgated noise regulation for new heavy-duty trucks (including the in-

,_ use regulation).

:_ The noise emission schedule presented in Table 3-I indicatesa

ratbersignificantnoisereductiondue to the simulatedregulation,especial-

ly when comparedto the mediumtruck ]evels. Hence,it is expectedthat the

_J noise exposure estimates will vary with year of the time stream more drasti-

cally than was the case illustratedfor medium trucks. Since a singlescen-

ario is presentedfor heavy-dutytrucks, it is not possibleto compare the

regulatorybenefitswith a "do nothing"baseline scenario. Tileintention

_! here is to present typical predictionoutputs of the Single Event Model

rather than judge the value or benefitsof a particularnoise regulation

scenario.

_} Table 3-3 presentsthe singleevent noise analysisfor heavy-duty
' i
-_' trucks. Tables5,1" through9.1 of tbe output presentthe singleevent LWP

and RCI estimatesfor each definedyear in the time stream. The interpreta-

tion of these results is identicalto the disucssion For the corresponding

metrics for medium-duty trucks presented in Section 4.2.2. However, it is

! noticedthat each LWP metric reachesa minimum impactva]ue aroundthe year

1990. As indicated in the noise emission schedule for heavy-duty trucks, the

_ *Table numbers refer to the computer-printedtable number for, !

output listedin Table 3-3 at the end of Section3.

_ 4-23



I
first stage of noise regulation is implemented in Ig7_l 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 i00 percent attrition is 19,i years. Hence, ,J

about 23 years after the beginning of the time stream (1997) all heavy-trucks

are essentially "regulated vehicles" with the older (and noisier veiticles) 14

having been removed from the streets, Thus, in 1997 the population first i

sees a heavy-duty truck fleet comprised totally with "regulated vehicles." H

In the year 2002, the heavy-duty fleet has been replaced totally with vehi-

cles exhibiting the lower 1982 noise emissions. Hence, around tlleyear 2000, '_
J ,

the total benefit due to the regulation has been achieved and the noise ''

impacts increase monotonically due to projected increasesin both vehicle
fleet size and inhabitant population. _-,,

The distribution of single event LWP by dB bands of exposure level L!

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 control is rea]ized. For

all single event noise metrics, the noise regulation scenario defined for _'_i

heavy-duty trucks results in removing population from exposure in the highest _"_

dB band. That is, the source noise control (which is on the order of 5 dB) m
},

results in an estimated reduction in population exposure (wbich is also on _-,

the orderof 5 dB). t':

The remainder of Table 3-3 presents the plotted LWP and RCI out-
t_

puts for each of the five single event noise metrics. These outputs cor- i.J

respond to the 24-hour single event estimates of Tables 5.1 through 9.1.

The time stream plots are provided to assist tile user in evaluating the !,

significanceof a noiseredectionscenario.

.j
4.3 Rankin9 of Vehicles as Noise Sources

One obvious use of the National Roadway Traffic Noise Exposure

Model is to estimate the ranking of vehicle types as individual sources

of environmental noise. To do this, both the General Adverse Response Model _i

! :
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:J and the Single Event Model are used. On]y baseline year 1974 results are

discussed for this example. However, one could just as well use future years
;-] to illustrate the rankings and/or changes in ranking due to noise regula-

tions.
t

In order to rank vehicles as noise sources, the individual vehi-

cle's noise effects are required. Furtiler, the ranking must be relateo to
the measure of the noise effects. In order to be consistent, it was decided

._ _ to use the Level Weighted Population (LI_P) as the measure of the vehicle's

_ noise effect. Using this approach,both the General Adverse ResponseModel

:! _ and the SingleEventModel were executedusingeachvehic]etype. Outputsof
_-- these 28 runs were assembledso that the 14 vehicletypes were categorized

based upon the general adverseresponseLWP and the five singleevent LWP

,+, noise metrics. Recognizingthat the singleevent LWP estimatesare highly

_" dependentupon the vehicle'stotal useage and population,it was decidedto

I 3 rank the vehicleson 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-

i_] lation. The resultsof this estimateare presentedin Table 4-I.

The format of Table 4-I ranks vehicle types using the vehicleindex 1. The correspondence between the vehicle index and the engineering

characteristicsof the vehicle are presented in Table 2-4. The rankingpla-

ces the most intrusivevehicleas first (IST)and tbe least intrusiveas last

(14TH). As indicated,in Table 4-1,heavy-Outytrucks(Type9 vehicles)rank

T'! consistentlyas the most significantnoise source on the nationalroadway

network. (This position is also held by heavy-duty trucks in terms of the

"_ absolute LWP). With the exceptionof the general adverse response L_IPL'
(basedon Ldn), the four velficletypes that are highestrankedare; heavy-

-_ duty trucks, medium-dutytrucks, transit buses, and modified motorcycles.

-_: Diesel lightveificles(Type 7J exhibit ratherhigh noise emission levels

- but comprise the smallest segmentof the national vehicle fleet. Hence,

_ based upon an LWP per vehicle,theyrank ratherhigh in the singleeventsim-

Ulationbut rank as insignificantin the genera]adverseresponsesimulation.
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TABLE 4-i

RANKINGOF VEHICLETYPESAS NOISE SOURCES

(BaselineLNP ValuesDividedby BaselineVehiclePopu}ation)
(SeeTable2-4 for VehicleNomenclature)

VEHICLERANK AS A NOISESOURCE

CRITERIAFOR NOISE IMPACT IST 2ND 3RD 4TH 5TH 6TH 7TH BTH 9TH IOTHIITH12TH 13TH14TH

SLEEPDISRUPTION 9 8 14 6 13 I 5 11 2 10 4 3 12 7

SLEEP ANAKENING 9 8 14 6 13 i 5 11 2 10 4 3 12 7

INDOORSPEECHINTERFERENCE 9 5 B 14 6 1 13 2 11 4 3 7 10 12

OUTDOORSPEECHINTERFERENCE 9 8 I 6 5 14 2 13 4 11 3 7 10 12
I

:n PEDISTRIANSPEECH INTERFERENCE 9 I 8 6 5 2 13 4 14 11 3 10 12 7

GENERALADVERSERESPONSE 9 14 8 1 6 5 2 13 4 (3, 7, 10, 11, 12)*

* Impacttoo low to rank thesevehicletypes



A detniled discussion of tile ranking indicated in Table 4-i is
J

_ rj be.vend'thescope of the present example. To understand Ivhycertain vehicles

are ranked diffm'ently hy different noise criterion _veLrldinvolve consid-

it oration of the LI.IPdistribiJtionvJiththe noise exposm'e level and tilepopula-
tion's primary and secondary expos_rre. Hov.'ever.tile ranking of vehicle

!7 types, as ore_eIlted in Table 4-I. does indicate that c!enerally, trucks.
"'-" buses, and ,_otorcycles are predicted to he tilenoisier roadway traffic

._ sources. This prediction is based upon the National Roadway Traffic Noise

.J Exposure _Iodelsimulation and appears to aQree with tile puhlic_s opinio_lof

the noise annoyance attribt_ahle to vario_jscntenories of vehicles.

;,J

'2
_J

'
i

q

! t i
t..._

i
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APPENDIXA

DATABASEDESCRIPTION

This appendix describes the common data base used by both the
r_
, , General Adverse Response Model and the Single Event Model, It documents

the sources used, analyses conducted, and the explicit results which cam-

"7 prise the complete data base for tileNational Roadway Traffic Noise Exposure
'_ Model.

_ A.I Organization of the Data Base

The organization of the data base for the N_tional 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 be roadway traffic noise. Basically, the
organization of the data comprises three distinct groups:

L] i PopulationData,

_.._ n Roadway and Traffic Data, and

_ • VehicleData.

Implicit in the above groupings is the time variation of the data.
That is, the Model varies population, traffic, and vehicle data in future

F_ years in a defined fashion using time stream data. For example, tileModel

uses statistical projections for the national population in future years to

_"i simulate population growth. The population growth is defined by input data
.!

so that future population is estimated on an annual basis. The Model uses a

baseline year in which all parameters are defined by explicit values. The

-i baseline year is 1974. All time variations of the data are taken relative

to the baseline year value.

'i A-1
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l'hesubscriptsused by the computercodes to organizeand mani- "

pulace the data correspondto physicalconditions, For each of the three ''

basic data groupsdefinedabove,the specificsubscriptsor indicesused are _.
asfollo_vs: J'

; i

o PopulationData: i_

IndexJ, PopulationPlaceSize (Ninecategories). !,ir
IndexID, PopulationDensityRange (Fourcategories)

e Road_vayand TrafficData i.,
444

IndexK, RoadwayC]assificatioll(Sixcategories) i;

1 IndexL, AverageTravelSpeed (Fivecategories) _.

IndexM, VehicleOperatingMode (Fourcategories) i!, 0"t

o VehicleData: _:

IndexI, VehicleType(Fourteencategories) '_.i

Each year in the tinlestream is denotedby the indexIYRN. The 61
current version of the HodeI allows the user to estimate conditionsfor 40 _

consecutive years from the baseline year of 1974,

As an exampleof tilestructureof the eata base, referencevehicle
k,(

noise emissioncharacteristicsaredependentupon vehicle type (1), vehicle P'

operatingmode (M) and average travel speed (L). Hence, to characterize

completelythe referencenoise emissionsfrom all vehicles types one must ',I

define, as a ininimum,280 noise emissionlevels(14 x 4 x 5 : 28U), Further,

the Model allowsthe user to definenoise Bzlissioncharacteristicsfor each _'

vehicle type for future years to simulate a noise emission regulation. '_

Currently,the user must define levelsfor the baselineyear (1974)and ulay _!
optionai]ydefinelevelsfor fourfutureyears for each vehicletype. Hence, _

the current version of the mode] allows the user to define 1400 distinct

noise emissioncharacteristicsto simulatea noise regulationscenario. If



C

the user desires, either an equivalent continuous noise level, Loeq, or a• ..-i

.. vehicle population mean level, [, and standarddeviation,a, may be used.

For the latter simulation, the user 111aydefine 1400 reference mean levels and

,: 1400 correspondingstandarddeviations.

_'_ The followingsectionsof ibis appendixdescribe tiledetaildata

base. In particular, the structureof Ule elementsof the data base are

_ emphasized. Tllisapproach is taken since elements of the data base are

i .-J related through common subscripts or indicies. Hence, tileuser must recog-

,' nize this relationshipand the model for_nulationto appreciatetbe char-

_.J acteristicsof the currentdata base and to expandan/orreviseelementsof

cne data ease in tilefuture.

A.2 National Population Data

The National Road_ay Traffic Noise Exposure Model defines combina-

I'_ tions of population, land area, roadway mileage, and traffic conditions to

simulate the traffic noise environmentand thenoise exposureof the United

_, States' population. The accurate simulationof these conditionsrequires
I

_ that data De related in combination to reflect the national conditibn.

Indeec.the structureof the nationalpopulationdata as describedhere, is

L_ oaseo ueon the functiona] classificationof roadways used to define tile

roaoway mileage and travel data base.
t"_,

4 As described in Section A.3, tiledata base assembledby the U.S.II

:_ E,4 Deoartmentof Transportations'Federal ElighwayAdministrationl,2,3 provided

•_ _'; cne basis for allocation of population and land area to the appropriate

_: ,--_ reaoway traffic conditions. Reference 1 contains detailed information

concerningroaowaymileage, traveldata, and landareas relatedto population

_- place size. Further, the Reference I data accumulatedon a national basis,

_ne populationand land areas allocatedto the FHNAfunctionalclassification

of roaaways. The FHWA data basel, was subdividedto a further level of
I-' 1

oena ;_ co define, by functional roadway classification and by average popula-

tion density adjacent to tileroadways,the distributionof mileage, travel,
i']
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and average travel speed by population place size. This data subdivision or

sorting was performed by the staff of the Procedural Duvelepment Branch, il

Program Management Division of the Federal Highway Administration. This

task was performed by FHWA at the request of the EPA/ONAC staff and involved il
a resorting of the original NHIPS* data I by population density groupings

and speed range prmupings. Further, the FIIWAdata sorting identified roadway ,_

mileage and travel through vacant land contained in urban areas, Hence, the i l

data base was established sm that roadway traffic conditions could be defined
by functional classification, average travel speed, population place size and ,-i

population density.

v

A.2.1 Distribution of National Population
_w
i

!,

Although Lhe FFINA data sorting grouped all mf the roadway and

traffic parameters according to population place size and population densi-

ties, the distribution of the population and population densities was nob '"'

detailed. First, the FHWA population densiLy data used to conduct tile ,.,
I I

sorting were defined in terms of total population and total land area, _._

aggregated mna national basis. As a result, the population density data

generally appeared to be too low compared with the U.S. Bureau of Census ,_i

data. 4 For example, the FHWA data estimated the maximum population density

for all urban areas to be on the order to 6,000 people per square mile.1 "I

The Census data4 indicated that over 25 percent of the urban population

resides in urban areas characterized by populatimn density values greater _I

than 6,000 people per square mile. Hence, it was necessary to refine the "_

populationdensityestimatesforthedatagroupings. _,

In order to refine the population density data on a consistent 'F
basis with tbe group FHWA roadway and traffic data census data 4 from 1970 ,,_

were used. The link between the Bureau of Census data 4 and the FHiqA dala I

the definitionof the"urbanplacesize". !j

M

was

*National Nighway Inventory and Performance Study _
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_ i, The FHWA oata grouped roadway and travel characterIslics by nine

categories of place size. Eight 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 resiaing in a to_al

_ land area of 72,674.2 square miles in the baseline year 1974, The average

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
il

3,476,g38 square miles. The average rural population density is 18 people

per squaremile.
i

Since the urban populationdensities 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

'I with an average population density of 1_ people per square mile.

,_ As emphasized in SectionA,I, 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 populationplace size category.

_'_ As used by the Model, the nine populationplace sizes are related to the

index J as follows:

Population Place Size Category Index, J

Populationover2 M i

PopulationfromiMto2M 2

Populationfrom5U0k to1M 3

_. Populationfrom200k to50Uk 4

_'J Population frmu 100 k to 2Uu k 5

!,_ Population from 50 k to 100 k b
' Population from 25 k to 50 k 7

,__, Population from 5 k to 25 k 8

RuralPopulation 9

I i'!

, With the above categoriesof populationplace size, it is necessary

to always distribute the population and the land area on a consistent basis,

A-5
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in order to refine the population density distributions for each poi)u'latlon

place size as aggregated by FIiWA, tilevarious data classifications used by _,

tile Bureau of Census4 were reviewed. As a result of this review, the urban

population place size as defined in Table 20 (pp 1-74 through 1-86) of _,

Reference 4 appeared to correspond most closely l_ith tlle FHNA place size

.definition. Tbat is, the place size is defined by the population and the _ ,

land area contained in a contiguous geographic area rather than, for _i

example,an area definedby a legal boundarysuch as city Ibnits.

The Bureau of Census Table 20 data 4 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- i'

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

}

A.2.1.1UrbanPopulationDistributiam "_'

The Bureau of Census Table 20 data allowed definition of population ,,,

and land area to a level of "inside central city" and "outside central city." _,

For example, the Norfolk-Portsmouth, Virginia data are classified as indi- _I

cared in Table A-2.1. To distribute this data, the total place size is
1-I

668,259 people with the population densities distributed as 1,147 (outside _

central cities); 3,826 (Portsmouth); and 5,855 (_IorFolk).

, i

The corresponding FHWA dataI indicate a 1975 population of 728,280

people in 630 square miles for tile Norfolk-Portsmouth, Virginia area. The !.!

average FHWA popula!ion density for this area is 1,156 people per square

mile. Hence, it is seen tbat tbe FH_IAdata contain more land area for this ;I

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 _ I

the "outside central city" value oF Table A-2.1. Hence, it was decided to

distribute the Bureau of Census Table 2Q data on tilebasis of total urban TI

place size for purposes of comparisons with tileFIB.IAdata. Since the Census

A-6 (I



rM

:I
!]

r_

; TABLEA-2.1

EXAMPLEOF POPULATION,LAND AREA,AND POPULATION
_L DENSITYSORTING: BUREAUOF CENSUSTABLE20 DATA

._ (Reference 8 pa_e 1-81)
I

i 13 TabulatedCensusData

c Population LandArea Population
L_; Area (1970) Sq.Mile Density

_.] Norfolk- PortsmouthVa. 668,259 299.0 2,236

' r_ InsideCentralCities 418,914 81.6 5,154
i._ Norfolk 307,951 52.6 5,855

r_ Portsmouth 110,963 29.0 3,826

OutsideCentralCities 249,345 217.4 1,147

SortedCensusData

Place Size 668,259

q
_-' Area Population LandArea Population

(1970) Sq, Mile Density
;t

Norfolk 307,951 52,6 5,855
r_
L] Portsmouth 110,963 29.0 3,826

OutsideCentralCities 249,345 217.4 1,147
C_

'i
'-_ Total 668,259 299.0 2,235

!-!
_J

i !;
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data correspondedto 1970 and the FH_.IAdata correspondto 1975, the'distri-
? I

bution was accomplishedon a percentaqebasis rafflerthan on an absolute '

basis.

For both the FHIVAdata and the Census data, the urban population ,,_ ,

values were sorted by population place size and grouped into intervals of _i I

populationplace size. For this sorting, a logaritilmicfunction was used !i

intheform: _ r

i
UrbanPlace Size: x = i01og (P/62.5). (A-2.1)

That is, all place size data were normalized to an urban place size of 62.5 _,_
thousandpeople. In groupingtiledata, equal intervalsof Ax = 3 were used, ,i

i.e., each place size was grouped into intervals such that the higher limit

of each intervalwas tIvicetilelower limitof the interval. The reason for _4

doing this was the large range of urhan place sizes being considered. The

result of this analysis was to develop histograms for urban population for ,_

the urban place size metric indicated in Equation A-2.1.

These histogramswere then used to derivecontinuousfunctionsof _"

percentage distribution of urban population as a function of the urban place _,

sizemetric,x. The techniqueused to develop thesecontinuousdistributions _=_

is described in detail in Reference 5. Tilerationale for using this approach
was to compare the two populationdistributionswith urban place size to _L,,

indicate similarities and differences. It was expected that the two distri-

butionswould be differentsince the FHIIIAdata grouped placesfrom 5 k to i0• t=w

M populationand the Table 20 Censusdata groupedplaces from 50 k to 16.2 M

population.* _I

,!

*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 I.i.Hence,

the Table 2(Idata is weighted towards larger urban place sizes.
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The distribution functions or freq_Joncycurves from the national

urban population were integrated numerically to ohtain 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 net exactly agree "
LJ

However, for tbe large urban place sizes (above i M population) the two

curves agree reasonably well. Hence, for the purpose of refining the popula- ,-,

tion density estimates for tbe FHWA data, it was assumed that distributions l.J

of population density for urban areas of a piven place size, as defined by

the Table 20 Census data, would apply equally to the FHWA place size descrip- l..i

tion.

i

A.2.1.1 Urban Area Distribution

L

For the data base sorting described above, the land areas used in '_'

I the FHWAdata were also sorted by the urban place size so that for each urban _place size interval, ,ix, the populations and land areas were accumulated. ,_

This was done so that the d|stribution of population density for each urban ,_,

place size could he developed. _

In addition to tbis grouping of land area, it was recognized that _,i

within an urban area defi_ed by a land area and population density, not all

of the land is occupied. Whereas the FHNA data and the Census' data delete !*'I

large areas devote to bodies of water, airports, etc., the land areas do

include small parks, streets, and commercial areas not devoted to continued _
r

humanhabitation.

To estimate the adjustments necessary to calculate occupied land ,,,

area knowing the total urban 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, _ i
for example, comprised ]and use categories such as streets and alleys, i

parking and open spaces. For each of the 14 urban areas, the total'area _ i

occupied was calculated. The data then comprised 14 points of occupied land _" '

A-tO _
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FIGUREA.2.2. PERCENTAGEOF TOTAL LAND AREAOCCUPIEDVERSUSTOTALLAND AREA: URBANAREAS
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area and total land area. For each data paint, Lhe uccupied land area was

expressed as a percentage of the total land area. Using these data, a _I

regression analysis was conducted using total land area as tile independent

variable. The results of this regression analysis are presented in Figure i
A-2.2.

This resu]t is used, as described below, to adjust aggregated urban ,i

land areas assigned to an urban place size and population density range to

obtain occupied land areas. As indicated in Figure A-2.2. tilepercentage of ._

occupied urban land area decreases with increasing total,land area, The

National Roadway Traffic Noise Exposure Model uses these data explicity _,i

in that an "area factor" is assigned for each population place size and

population density category. The "area factor" is defined as the fraction

of the total drban land area tllat is occupied, llence, storing total land

area explicitly allows the Model to retain the national physical simu]ation

of land area distribution and by using defined area factors, the land areas

assigned to urban categories may be adjusted explicitly tb obtain occupied .'-
i,

land areas, The details of this adjustment are described _elow in relation _'

to the population densitydistribution used by the Model. ,_,

A.2.1.3 Urban Population Density Uistributien

The above two subsections describe the basic _pproach 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-

bution of population density for each urban place size category used by the !I

FIiWA roadway data base,1

i'!
The FHWA roadway data base was sorted into four population density ,_

categories. These categories are denoted by the index,iD in the Model

structure. TileFHWA data were sorted, necessarily, on an ab:solutepopulation

density basis for each urban place size category. For the eight urban place

size categories, four population density ranges were used. Hence, a matrix ,;

of 32 cel]s was formed distributing roadway data by urban place size and

population density. To refine the distribution of population density far _I
,,W

/I-12 _ ,
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m_ each urban place size, iL was assumed that the disLribution of population
L

_ densities, as determined from tile Bureau of Census Table 20 data, also

_,, applied to the FHWA data. Hence, histogramsbased upon the Table 20 Census
I_ data were developedfor eachof the eiglt urbanplace sizecategories. These

histograms distributed urban population and the corresponding urban land area
F"
j_ by populationdensitygroupsor ranges

Fa Due to the widerange of populationdensitiesrequiredto encompass

all of the data from all urban place sizes, a logarithmic population density

fJ, variablewas definedas:
• i_

Urban PopulationDensity: y = 101og (P/2.0) (A-2.2.)

! Tbat is, all populationdensity data were normalized to an urban population

)_ densityof 2,000 peoplepersquaremile. Ingroupingthe populationand land
_:.'i area data for each urbanplacesize interval,equal intervalsof z_y = 3 werei

_' _ used llence,tbe urbanpopulation,and landarea data were distributedinto

32 cells with each cell having an area ofZlxZ_y = 9 units. Additionally, the

_.:_ number of data points (populationand land area sets) in each ce]l was

!_i_ obtainedfrom the sortingso that an averageland area could be calculated

_ fromtilecelldata.

!.i
t:

_i i,_. The FHWA roadwaydata were sorted into four absolute pepulation
:_ i_ density ranges for eacb urban place size. The absolute intervalsused in

_, this sorting were 0-1499, 1500-2999,3n00-4499,and 4500 plus people per

C_ l_ square mile. As indicatedabove, the FHL.IAdata used gross populationand

ii gross land area to obtain populationdensity. However, the FHWA dataI did

_: _ indicatethe roadwaymileageper squaremile of landarea in eachurban place

k_ size. Hence, knowing the roadwaymileage in each of the FIIWApopulation

i_ density categoriesimplieda defined land area for that categoryof popula-
mm tion densityand urbanplacesize.

Using the distributionof urban landarea with populationdensity,

• as describedabove, the land areas and populationswere reported for each'J
urban place size such that the land areas of tileFHWA databasecorresponded

I_ A-13
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with the land areas from the Census' data, fiance, fnr each of tile 32 cells "_
distributing urban place size and population density, the following data _L

wereaggreqated:

[i
m Popu'lation

i

m Land Area

:t

i Number of Data Points,* and

}.
I Roadway, Mileaqe by Roadway Type and Average Cruise iJ

Speed. _.,
iI

The average population density for each cell was obtained by
dividing the total population by the total land area. Hence, as used by ;_;

tile National Roadway Traffic Noise Exposure Model, the four categories of

averaae population density are relative categories far each urban place

size. The classification is denoted by an index, ID and is categorized as:

Population Density Category Index. ID _

11
HighDensity i _"

_lediumto High Density 2

Medi.m to Low Density 3 '_'_

LawDensity 4

Based upon the FHWA data sorting by population density, there were no data

points in the 0-1499 people per square mile category for some of the urban _

place sizes. For those cases, the low density categnry (ID=4) was assigned

no population,no landareaandno roadwaymileage. _,
u.J

* A data paint denotes the paired comhination of land area and population.
W t
i I

m,W
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Once the population and la_d area in each cell were determined, the

i_ averageland area for one "place"in eachcell was estimatedby dividingthe

_ total land area by the total number of data points in the cell. Usingthe

average land area, the "area factor" for the cell was estimatedusing the

regressionequationfor the mean linegiven in FigureA-2.2.

, Table A-2,2 presentsthe resultsof these data manipulations. For

::_ eacb row or populationdensitycategory,the distributionof population,land

_ _ area, and populationdensityare presented. The indicatedpopulationdensity

i_, values are the resultof dividingtiletotal populationin each cell by the

occupied land area. The total occupied land area is calculated by multiply-$

_ ing the total area by the area factorfor each cell. Each column in Table

I_ A-2.2 presents the distribution of population and land area within eacll

_ populationplace sizecategory.

p_

:_ _ The classificationof populationplace size and populationdensity
as presented in Table A-2.2 is the basic structure of tile National Roadway

_ I_ TrafficNoise ExposureMouel, All data is structuredand/ordistributedby

._ this classificationscheme. Hence, the model always assigns roadway traffic

_'; f_',_ conditions,and the resultingnoise generatedto a finite landarea contain-

ing a finitepopulation. At any time in the simulation,the land area and

, _ the traffic noise sources countained in that land area expose only the

F population assigned to that land area. Hence, as a basic assumption,the

F_ NationalRoadway Traffic Noise ExposureModel considerseach cell in Table
A-2.2 to be independent. Tllatis, noise exposure ana impact estimates are

conducted on the basis of tileconditions defined for each cell and are summed
If

over all cells to estimatenationalconditions.

As an auditof the data manipulationsresultingfrom the distri-
_ bution of the urban populationand land area, two additionalcomparisonsof

_'? the data are presented. The comparisonsare on the basisof urbanpopulation

density distribution and the joint distribution of population density with

I_ urban place size. Tbe comparisons are between the original Burea of Census's
J _ Table 20 data and the aggregateddata summarizedin Table A-2.2.

I!
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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)

POPULATIONPLAC[ SIZ[--]fIITEXJ

I ? 3 4 5 6 7 _ 9

]M 5_0k ?(t_k l_k 5(Ik 25k 5k qJRBAN

PARAMET[R >OH -?M -IM -500k .?_rlk -1_lOk 50k -75_ TOTAL RIJR_L

I Pe_nJIation 5.61 ?.In _.36 1.61 I.IG IJ17 0.47 ].£5 I_.23 6a.10

Area 134.? ?l_ 63 715 ?/_J 3?9 50 ??D 1570.? 3._76.93!_

:= P" 64.711 13.451 _.36_ _.J6_ 5._II "4.106 13.091 16._ I£.£

g-_ _ ? Popul_tIon 22._ 4.(I_ ?.04 I_.43 2.(_3 _.12 2.91_ 4.q7 51.83 D.O

Area 3576 175 41_ 45_II 13r15 I115 £96 1261 1397(I.0 _ .[i

'_ P* 12.63R Q.n_? '6._6/ 36_7.(i 3.3!t_ ?.£63 0.50_ IN.6RI

3 Population 21.59 11.13 _ .,III I;.75 6.r4 4.53 3.5] _!.46 11.2_ 0.0
Area _35A 5_£f_ 442_ __I(I F,;'(_6 4I_5 ?73_ 45?7 39_72.0 0.0

8
P° 6.107 5.014 _.I'_? ?.?_4 ;_jIIl 1.612._ 4.69_ 6.711

_ PopL_Lation 0.0 5.35 5.3_ (l.il n._ (I.0 1.9? 2.70 15.27 O.O

Area £ .n _ 45R4 11.(I 0 ._ (I.ll 2769 5£?0 17_67.0 _.0

P" 2.505 2.336 2.14/ f._73

TOTAL POPULArIOtl _.40 ?2.66 )_.09 1_.70 I_.93 1.71 A.A£ 17.9£ 157.52 64.1£

TOTAL AREA 12064.£ Ih21_.0 _561.0 I(1563._ _fISn.O !,639.0 5953._ 11_29.D /76_4.2 347693_

Total Popula_io_- 716.70milli_n

Total Land Area . 3.549.617._sq_aremile_

_ • Populat_en/(_rea)(Area Factor).Ad.hJ_te_Pop,lati_n_ensity In f'eo_le_er S_uare Mile
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Figure _-_.J_ _ _ presents ritecu._p,_risonbetween tile distribution

g= of urban population with population density for all urbau place sizes based

I_ upon the original Bureau of Census Table 20 data and the data aggregated to

construct Table A-2.2, As seen in Figure A-B.3, tiledistributions are

jl quite similar, These distributions were integrated numerically to obtain

cumulative distribution curves for the two data sets. Figure A-').4presents
f,
I_ this result. It is evident thaL these distributions are essentially

identical.

F'
As e further comparison, the joint distribution of urban 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

L.l 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

_j of tlleBureau 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.

I' fl The interesting result is that all three ,lean lines exhibit essentially the

_I same slope. That is, population density varies, on the average, at the same

I,: rate for each urban place size description. This comparison also emphasizes
the significance of the definition of "place size," The Table 20 data is

'_i _ based upon populations contained within contiguous urban areas. The Tab]e 31
T_

_ E'_ data is based upon populations contained within district urban boundaries,

• The place size designation used by FHNA and adopted for this study is simi]ar

x __:' to the Table 20 census data. Based upon tile results presented in Figure

, A-2.1 and Figures A-2,3 through A-2.g, the distributioe of urban population

_, _ with urban place size and population density, as used by the National Roadway
Traffic Noise Exposure Model, appears consisten1_with National census data.

I_ For completeness, the results of tileregression analysis presented in Figure

A-2.5 are detai]ed in Table A-2.3,

_,_ A.2.1.4 Rural Population and Population Densities

I!
_.w Neither the FHNA data I nor the Bureau of Census data4 was

sufflciently detailed to refine the distribution of population, land area,

A-17
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SOURCE: "lO?0 CENSUS OF POPULATION, NUMI]ER OF INHABITANTS,
UNITED STATES SUMMARY," U,S, DEPARTMENT OF
COMMERCE. BUREAU OF CENSUS. DECEMB Eli 1971,

/ --""--.-"__ "'_,oE _'

i2

1! 10, 100 ,10011 .10,000 _100.000

UREANPLACESIZE, THOUSANDEOFPEOPLE

FIGUREA-2.5 JOINT DISTRIBUTIONOF URBANPOPULATIONWITH POPULATIONDENSITY

AND URBAN PLACE SIZE: CONPARISON OF DATA SETS
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TABLE A-2.3

SUMMARY OF RESULTS: REGRESSION OF p AGAINST P

STANDARD ERROR

EQN.OF MEANVALUES THOUSANDSOF PEOPLE

URBANPLACESIZEMETRIC REGRESSIONLINE _ _ PERSQ.HI.

Urban Area Place Size

P = D.60III(P)0"2646 1312.2 4.068 3.750

Urban Boundary Place

Size P = 1,17070(P)0'2802 90.7634.141 4.090

NatiQnal Roadway Traffic

Noise Exposure Model

P = 0,69126{P)0'2290 572.8 2.959 3.839

p is populationdensityin thousandsof peopleper squaremile.

P is the appropriate urban place size metric.



r_
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t

and roadway data for rural areas. As indicated in Table A-2.2, the disLri- ,_

bution of population between urban and rural cateqories allocates 70.4 li

percentof tilenationalpopulationto urban areas. The nationaldistribution
i

of landarea allocates2.05 percentof tilenation'slandarea to urban areas iI

with populationsgreatertban 5,C)0C)people. Hence, as used hy the National

Roadway Traffic Noise Exposure Model, the "rural" place size category lJ
comprises urban places with population less than 5,000 people and distinctly

ruralareasasusuallymaqined
r_

The Hodel's structure allows for refinementof the "rural" place
size category with respect to population density distributlon. In the _!

future, data may become available to allocate--on a consistent basis--

population,land area, and roadwaydata to refine the rural noise impact _.;

estimates. Presently, llowever, the Hodel considers all rural areas to be

characterized by a constant population density, in 1974, of IB people per _d
souare mile, uniformly distributed alonn tbe roadway network, and traffic

conditionsdefinedby thePHWAdatalfor ruralareas. _

A.2.2. Growthof NationalPopulation _-I

The National Roadway Traffic Noise Exposure Model allows the user _I
to vary the national populationwith time. This featuresimulatesfuture _'

chanoes in tilepopulationand may be variedte the level of the urban place

size (Index,J). That is, the user may simu]atopopulationprojectionsfor _'

each urban place size and the rural place size• This simulationis con-

strainedonly in the sense that the futuretotal nationalpopulationshould _'I.

correspondto tilevariousBureauof Censusprojections.7

i I

As manipulated by the Model, a "population growth factor" is ,w

defined as a fraction of the 1974 population. Hence, for each population _I

place size, future population is estimated by multiplying tbe 1974 population -J

hy the populationgrowthfactor• FigureA-2.6 presentstbe nationalpopula- _
, t

tion growth projections from 1975 tlreuqh 2050 based upon the various Bureau _w

A-22 _I
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of Census scenarios. The vertical-axisof Figure A-2.6 is the composite
p

nationalpopulationgrowthfactor. The stars indicatedin FigureA-2.6 are '_

tiledata current]yused by the NationalRoadwayTrafficNoise ExposureModel.

Hence, it is seen that the current data base simulates the Bureau of Census* ,
II

Series I population projections. Table A-2.4 presents tbe population growth

factors currentlyused 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

SeriesI projections. ,._

The projectionof populationincreaseis based upon variousassump- ,,,

tions concerningbirth rates, immigration,and death rates. The various i:i

projections indicated in Figure A-2.6 are labeled with Roman numerals indica-

ting the Bureau of Census projectionseries.? Series I, II, and Ill each _r

assume a slight improvement in tilemortality rate and a constant immigration

rate. Each of these series differs in that Series I assumes an immigration _,

and fertility rate based upoo historical trends. Series II differs from Ser-

ies I in that the fertilityrate assumedrepresentsa "replacementlevel," _; r

i.e., the populationwou]dexactlyreplaceitselfinthe absenceof net immi- _'_

gration. SeriesIll representsa lower fertilityrate as comparedto both ._I

Series I and If. Series II-X is identicalbe SeriesII exceptthat zero net _.,J

immigrationisassumed. _]

Hence, the Model allows the user to simu]ate changes in the

nationa]populationin futureyears to estimate futurenoise exposure. The _

futurenoise exposureis, of course,dependentuponthe data used to estimate

future noise sourceemissions, in the allocationof populationto roadways _
6_

and, hence, noise sources, the Model assigns the future populationto the

I974 ]and areas on the levelof place size (J) and populationdensitycate- _:
, !

gory (ID). The 1974 land areas are presentedin Table A-2.2. The future "'

populationdensity,for each (J, ID) combinationis calculatedby dividing

tilefuture populationby the 1974 land area. That is, tileModel does not,

currently, vary land area with time. Consistent with this assumption is the

fact that the Model does not presently increase roadwaymileage in future ,,j

years. The rationalefor this assumptionis that urban areas generally

A-24
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•_ , .... , __._r_,__,,_
,._.,,_,t,,,,_.,__,_,_ _ , .',,r_,,,_'i"__'_ _'._ _ "i_V

TABLE A-2.4

POPULATION GROWTH FACTORS BY PLACE SIZE (INDEX J)

FOR EVERY FIVE YEARS IN THE TIME SYSTEH

I I
AREA TYPE*,) I I

......................................................................... J......... /
I I I I I 1 I I I I

l I _ I 3 I _ I b I b I 7 I n I 'i I t,LL J I
....................... 1 ....... 1 ........ 1 ........ L ....... 1 ....... 1 ........ J ...... 1 ....... .I ........ J.

I I I I I I I I I
PLACE 5lIE, Oifll I IO00- I 5C0- I 100- I 100- I 50- I 10- I 5- I I

'gHUUSANDS 2C00 I 2_00 I l_OO I _,00 I 200 I I01:1 I 50 I Zb I _ItRAL I
......................... 1....... 1........ 1....... 1....... 1....... 1....... 1 ..... 1................. 2

I
IKEAR V_RIA_LE PDP lYEAR ilPI/PI_ASEt INE ) I

>
I 19"fl, I.OQ I.CO t.GO 1o00 I°OD 1.(0 1,00 I.;O I_iO

r_

19BG I,(}R t,O? ]oL_7 1,02 1.02 l,C2 1,02 I,,' 1,]2

19Bb 1.l_' 1.t6 l.lb I*C tl l,_l_ ],Col I.CR ],i& I,_3

190} l t • 19 I • 19 1 *19 l .rib 1,05 I ,P5 ] ,05 I ,b5 1 *27

1990 1.22 t,22 ]°22 1,05 1,05 1,{.5 ].C5 1.C5 1,31
I

]995 ],29 1,29 t,29 I,(_7 l o1_'7 gET ],_7 [ I,t}' 1.5 c)
I

21_00 ],30 1*30 ]°3b Io0_ hOB i,('g l,(_9 I l,¢'J l,_ll _
l

2GOb 1,93 I • I,(I I.ll6 I.tC l,lq l,lf 1,1C I l,l' 1,57
I

2010 ],59 1,51 l*bI 1,12 i,12 1,12 1.12 I I_l_ I,b_
I.............................. I.......i............................. I....................



containsufficient land area to allow for increasedpopulationwithout vastly
J I

increasedland areas. The structureof the Model,rmwever,allowsfor the

timevariationof bothland area and roadwaymileageto be includedif future

datasourcesprovideforsuchdetailedconsideratiol)s. Ii

A.3 RoadwayMileage,Confiquration,andTravelData

The structure of the National Roadway Traffic Noise Exposure Model .'_
L I

is basedupon the requirementto relatenoisegeneration(trafficconditions)

to population. The FNWA data basel,2,3 structured roadway characteristics _._
by theirfunctionalclassification.The functionalclassificationis a pro-

cess by which roadways are organized into classes or systems accordingto the
characterof servicetheyprovide. Most travelinvo]vesthe movementthrough _'_

a roadway network and the functionalclassificationdefines the natureof .,_

this channelizabion process oy defining the part that any particular roadway i.]

plays in servingthe flowof tripsthrougha highwaynetwork.
i I

Related to this cnannelization is ehe dual role the roadway network

playsinprovidingtwoservices: I'T
N_

a AccesstoLandUses, _'_

i TravelMobility.

Land access is needed at both ends of a trip, and mobility is neededalong I_
tilepath of a trip. The mobility is providedat variouslevelsof service. _W_

The concepts of travel channelization and levels of mobility lead ,j
to a hierarchy of functional classes and the relative travel distances served

by these classes. This hierarchy can be related to the functionalspeciali- !I

zation in meeting both access and mobility requirements. For example, inter-

states,expressways,and arterialsemphasizea high level of mobility for _.I
tl}roughtravel. Local streetsemphasizeaccess to adjacentland. Collector ,,w

roads offer a balance betweenmobility and land access. Since urban and
!
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rural areas differ as to population density, types of land use, density of,j

roadway networks, travel patterns, and their interrelationship to the defini-

; tion of highlvay function, rural and urhan functional systems are different,i
in nature.

_.I Reference I presents the detailed definitions of tllefunctional

classification of tile national roadway network. The relationship between

this classification scllemo and the National Roadway Traffic Noise Exposure

Model, however, forms the basic structure of the Model. As described in Sec-

L] tion A.2, the Model ass qns population and land area into distinct categories

for the purpose of estimating traffic noise exposure. Each of these popula-

tion/area cateqories is a distinctly independent unit in that noise sources

in one cateQery do net directly expose population in another category

However, by assigningexplicit travel data for each mile of roadway

in each population/area cateqory, the I_odelindirectly accounts for exchanges

of traffic (i.e., noise source interaction) between cateqories of population

and land area. The allocation of roadway mileage and travel data to differ-

ent categories of population/area was accomplished 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.

A.3.1 Classificationof Roadway Mileage

The basic structureof the Model data base relating to roadways andtravel encompasses the population place size, Index J, and the population

density category, Index ID. Tile next two levels of data are the roadway

functional classification, Index K, and the average travel speed, Index L.

T_ The National Roadway Traffic Noise Exposure Model uses six func-

tional cateqories of roadway to define the data base. These functional cate-

rs] qories correspond to the FH_A categories,1 and are:I

1
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Functional RoadwayClassification: Index, K

Interstate Highway I "-
Freeways and Expressways 2 i }

MajorArterials 3 ._
2 J

MinorArterials 4 ii

Co]lectors 5

LocalRoads and Streets 6

The Model allocates3.586millionmiles of the nationalroadwaynetworkto ,'_
I,i.J

populationplace sizesrepresentinga total of 216.7 millionpeop]e end a

land area of 3,549 millionsquaremiles. The roadwaymileage,by IndexK, _'_

is determinedsolelyby the FDNA highwayinventorydata.1 In order to con- _.i

duct detailedtrafficnoise estimates,it is necessaryto includevehicle _'I
speed and trafficvo]umeas additionalparameters.g,I0 Hence, the roadway _.j

mileage and travelare distributedover the populationcategoriesaccording

to the functionalclassificationand furtherdistributedover averagetravel _i

speedsfor eachfunctiona]classification.

]
A.3,2 Distributionof RoadwayMileageand TravelwithPopulation

Table A-3.1 presentsthe summaryof the distributionof baseline !_I

i year (1974) roadwaymileageand travelby populationplace size (IndexJ) I-iand functionalroadwayclassification(IndexK). For example,the data in

Table A-3.1 indicatesthat 1.g98 miles of interstatehighway (K:I) are ,_,

assignedto urbdnareaswith totalpopulationexceeding2million. iI

The FHIVAdata baseI also accumulated tilegaily Vehicle Miles _IJ
Traveled (DVMT)on each functionalclassof roadwayin eachpopulationplace

size. TileDV_ITva]ue describes_he total vehicle trave] on the roadway. By !I '
dividing the DVMT value by the roadwaymileage,the Average Daily Traffic

(ADT) is estimatedfor roadway. Table A-3.1 presents the distributionof _!
,J

'I
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TABLE A-3.1

DISTRIBUTION OF ROADWAY MILEAGE, AVERAGE DAILY
TRAFFIC (ADT) AND DAILY VEHICLE MILES TRAVELED
(DVMT) BY PLACE SIZE (J) AND ROADWAYTYPE (K)

IICJ/bl)IIAY'I'YI']':

_l L_WLI' _.§_l_ ¢_7(_J._1_ U_,_U_ _O_,_,L_ 36,0_G,_U 4:,42U._

_ _1_1__ _l_ _ _l_ _l_ll_ _ _1_



"I

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

erationontheroadway.

Table A.3.? presents a detailed distribution of roadway mileage as

a functionofaveragetravelspeed.This distributionisdefinedto the lev- _l

el of population place size (Index J), populationdensity cantegory (Index
ID), and averagetravelspeed(IndexL). TileModel usesfive averagetravel _

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 tile iI

corresponding value of the speed Index L, are:
f_
_J

Avera.qeTravel Speed Ranqe Average Speed Index, L

Lessthan25mph 20mph i

25to35mph 30mph 2

35mphto45nlph 40mph 3 _!

45mphto 55mph 50mph 4
_4

Greaterthan55mph 60mph 5 iJ

The Model presently considers tileADT to be constant for all travel speeds. _I

Hence, roadway mileage is categorized into 1,080 distinct combh_tions of

popualtionplace size, populationdensity,roadway type and average travel ",_-!

speed. This data is derivedfromsortingthe originalFHNAdata.1

tl

The FHWA data sorting also indicated tile roadway mileage in each

population place size that passed tbrough vacant land. Since the Model

structure used an "area factor" to account for vacant land in urban areas,

it was necessary to nlechanically delete roadway mileage througb vacant land.

This is accomplishedusing a "roadway factor" that represents the fraction of

the total roadway mileage, by roadway type, that passes through occupied

land. Based upon tileHWA data,l it was possible to define the "roadway _I
factor" only to tile level of place size (Index J), and roadway type

A-30 _I
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TADLEA-3.2
L

;' r ! ROADWAYMILEAGE DATA

L (Continued)It

m
* ,-'_ AVERAGE TRAVEL SPEED 30 _.IPH

P',;
i!

[D=l

_i _ HIGH POPULATION DENSITY AREAS
i; ,7.'_ I'D, I 2 3 4 5 6 A.LL K
'

I 8 q3 83 76 _22 63 "_
trod I

_, 2 1 16 5'4 1,4q lq5 ?75 1135

il _ 3 0 2 10 22 25 141 200
,4 1 9 q.4 92 E5 53'4 78 =

, _ 5 1 13 61 119 123 673 990
_ff,_' 6 1 lq 76 137 lqO 769 1137

147 223
8 1 7 70 120 125 631 958
9 0 1';/1 _ 3tll 43489 30792 863q37 9425'43

,%/.-5 J> 8 1785 3'485 ,4'423q 315q5 867529 94859'4

;i _D=2
_. L., MEDIUM TO HIGH POPULATIONDENSITY AREAS

ii J 'V ;.r.> 1 2 3 '4 5 6 A...L.5K

1 18 202 1138 2213 2017 11225 18813
l L..J 2 ,4 44 152 ,411 415 2208 323q

i 3 2 15 80 171 195 1090 1553F;
;, _ ,4 22 182 937 t958 1805 11311 16215

5 5 60 286 556 577 31A6 q630
'I 6 3 q6 257 _66 AT-_ 260b 3853
; , ! 7 2 26 251 '429 LI6-¢ 2266 3'439

-: 8 3 q2 _01 685 7q2 3619 5'492
_: 9 0 O 0 0 O 0 0

A_L J> 59 617 3502 6889 6691 37471 55229

, i
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TABLE A-3,2 _,;

ROADWAYHILEAGEDATA

(Continued)

AVERAGE TRAVEL SPEED 40 MPH H

i J

ID=3
MEDIUM TO LOW POPULATION DENSITY AREAS *'_

V K> I 2 3 4 5 6 ALLR ,_
J_

1 55 315 1776 1465 1336 2626t$ 31211
2 37 194 667 762 769 14473 16902

3 27 89 486 _'39 499 9888 11428 L,!4 38 154 793 705 656 14368 16708
5 26 161 769 635 659 12695 149_5

6 16 116 646 495 ':06 9803 1158.2 [":
7 6 _4 417 302 327 5639 6735
B 1_ 101 961 696 ' 754 12992 15516

9 0 0 0 O O 0 O

J> 219 1174 6515 5499 5560 106122 12'::029 _--,

i,#

lO= 4 i-I
L_OWPOP_ULATIONDENSITI AREAS

V R> 1 2 3 4 5 6 AJ:.LK
tt

1 0 0 O 0 O 0 O
2 30 156 537 614 615 11649 13605

3 28 92 503 455 517 10241 11836 !!
4 0 0 0 0 0 0 ¢ =J
5 0 o 0 0 0 0 O
6 0 0 0 0 6 O 0

7 7 54 518 375 407 7002 8363
8 18 129 1235 895 5_B 16702 199'48
9 O 0 0 0 0 0 C

, I

J> 83 q31 2793 2339 2512 _559tI 5375,2
'l
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TABLE A-3.2 J'_

ROADWAYt'IILEAGEDATA _I

(Continued)

AVERAGETRAVELSPEED60MPH =

W;

[D:3

MEDIUM TO LOW POPULATIONDENSITYAREAS

N?
J V K> I 2 3 q 5 6 AZL E _.

I 802 60 3q3 98 90 0 "(393

2 541 37 12B 51 .=I 0 808 _,
3 397 17 9q 29 33 0 57C ,_,
_4 555 29 152 47 qq 0 827
5 381 30 lq8 42 qq 0 6_5 _'_
6 222 22 123 33 3q 0 q3q ',_.i
7 87 8 80 20 22 0 217
s 199 19 la._ _7 51 o SOl
9 o o o o o o o _T

ALL J> 3184 222 1253 367 369 0 539_= i ,
i.,J

ID = 4 ,=

LOW POPULATIO_DENSITYAREAS .._iL
a V K> 1 2 3 4 5 6 _L.LK

i o o o o o o o _.'
2 q35 30 103 41 ql 0 650
3 411 18 97 30 3q 0 590 _r
q 0 0 0 O G 0 O
5 O O 0 0 O 0 O
6 0 0 0 0 C 0 0
7 107 I O 100 25 27 0 265 !I
8 256 25 238 60 6E O 6_q
S 0 O 0 0 0 0 0

A_LL ,.1> 1209 83 538 156 1E7 0 215.3
'!
imt
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,=

r- (IndexK). Hence, tile distributionof roadwaymileage t:hrougll occupiedurban

i land is assumed constant for all population density categories (Index ID),

,- and all travel speed ranges (Index L). Tlle"roadway factors" currently used
I i

_i by the Model are presented in Table A-3.3. For example, the total interstate

mileage in urban areas with population exceeding 2 million people is 1,99_

miles (TableA-3.1) From Table A-3.3., the roadway factorfor K=I (inter-

states), and J=l (urban places over 2 million population) is 0.764. Hence,

the interstate mileage through occupied land in this urban place size is
1,926.5miles. The hiodeIuses the roadway factors at the level of detail

presented in Table A-3.2 for roadway mileage distribution with population

i_ density category, and average travel speed.

To simulate future growtil of roadway traffic, the National Road-

way Traffic Noise Exposure Model uses total vehicular population. As
M
I._ describedin SectionA.4, tileModel allows the user to definevehiclesales

projections one, with the vehicle survivability data, project the future

vehiclepopulation.The NodeIusesthe ratioof futuretotalvehiclepopula-I

tion to =he 1974 vehicle population to vary the baseline ADT values in future

_'_ years. That is, it is assumedthat future changes in ADT are proportional
to total vehicle population, and that these changes are uniformly distribu-

L: ted over all roadways. Further, it is assumed that all roadways remain attheir average travel speed assigned in lg74, Tile assumption of constant tra-

vel speed implies that tile level of service for all roadways remains at thel.I
1974 conditions. It appears tllatthis assumption is more sensitive to the

roadway surface roughness than it is to tilepresent design capacity of tile

I_ national roadway network.3 The dominance of highway funding in the future

appearsto be allocatedto maintenanceactivitiesratherthan new construc-

tion.3 Hence, the Model allows for increasedtravel, but lloldsroadway
mileage constant in future years.

A.3.3 Traffic Mix on Roadways

The Model assigns a baseline traffic mix for 1974 by populatien

place size (Index J) and roadway type (Index K). These data are presented

in setwasdevelopedfromFHWA anodata
data11Table A-3.4. Tbis data from

I_ A-41



TABLE A-3.3

FRACTION_F ROAnWAYMILEAGE THRAIIGHDCCIIPIEn IIRDANLAND

(Reference 5 DaLa Sorting)

l'upuiaLion Place Size, Imlex J

K ] 2 3 4 5 6 7 _]

I 0.7b4 0.764 0,764 0.764 (].764 0.764 0.656 l).G5G J.OOO

2 0.73(] 0,730 0.738 0.73B (].73fi D.13B (].(_79 U.679 ].O(]g

L 3 0,868 U.866 L_.866 8,866 (].B68 D.8GG 0.843 0.843 ] .OOO

4 0.045 8.045 0.845 0,845 (].845 U,U4b U._149 {}.849 1.OOO

8 U.SbZ 0._52 O.ti52 0.852 U.8[_2 N.1_52 0.867 (I.867 I.UO0

6 0.852 (J.882 0.852 0/852 0.(]52 (].852 U.88? 0.867 l.(JgO

J iS POl_ulaLiun [)]ace Size Indo×

K is Roadway Type Index



I

TABLE A-3,4

_ PERCENTAGEVEHICLE ],]IX IN TRAFFIC FLOL'!BY PLACE SIZE AND
FUNCTIONAL ROADWAY CLASSIFICATION BASELINE CONDITIONS

_ URBANPLACE SIZES: Over' 2M; ]M-BM; 500k-IM' j
;,_J

VEHICLETYPE ROADWAYTYPE(INDEXK)
"" 1 2 3 4 5 B
__; Ligh_ Vehicles 87.62 87,62 9].82 90.52 90.51 95.76

r_ Med|um Trucks 2.l] 2.1] 3.05 4.31 3.61 1.16
I

HeavyTrucks 9.17 9.]7 4.03 3.11 B,82 0.99

f,,--,

Intercity Buses 0.03 0.03 0.03 O.OO 0.00 O,00

TransitBuses 0.08 0.08 0.08 0.54 0.54 0.54

L] School Buses O,OO 0.00 0,00 0.02 0.02 0.02

Y r-_ Modified 0.88 0.88 0.88 1.32 1.32 1.32

'_ _ Motorcycles

Unmodified 0.]2 0.12 0.12 1,18 I.]8 ].18

_ _ Motorcycles
lO0,O0 lOO,00 100.00 ]00.00 ]00.00 I00.00

r_, __] URBAN PLACE SIZES; 200k-5OOk; lOOk-2OOk; 50k-lOOk

VEHICLETYPE ROADNAYTYPE(INDEXK)

l 2 3 4 5 6Light Vehicles 87.64 87.64 91.84 90.7] 90.70 95.98

{_ MediumTrucks 2.ll 2.li 3.05 4.31 3.6l 1.16

Heavy Trucks 9.17 9.17 4.03 3.11 3.82 0.99

Intercity Buses 0.04 0.04 0.04 0,01 0.01 0.01

Transit Buses 0.04 0.04 0.04 0.30 0.30 0.30

L] SchoolBuses 0.00 O,O0 0.00 0.08 0.08 0.08

i Modified 0.88 0,88 0.88 1.32 1.32 1.32
Motorcycles

_ Unmodified 0.12 0,12 0.12 l.IB 1.18 1.18
, ! Motorcycles

lOO.O0 lO0.O0 lO0.O0 100.00 lO0.O0 lO0.O0

NOTE; Some columns do not add up to exactly I00 because of rounding.
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TABLEA-3.4 t"
!i

(Continued) _

URBAN PLACE SIZES: 25k-50k; 5k-B5k

VEHICLETYPE ROADWAYTYPE(INDEXK)
l 2 3 4 5 6

Light Vehicles 87.67 87.67 91.B7 90.34 90.33 95.61 il

MediumTrucks 2.1l 2.1l 3,05 4.31 3.61 1.16

Heavy Trucks 9.17 9.17 4,03 3.1l 3.82 0.99 _,

IntercityBuses 0.03 0.03 0,03 0.00 0.00 0.00 a_

ii
TransitBuses 0.05 0.05 0.05 0.21 0.21 0.21 _,,,

SchoolBuses 0.00 0.00 0,00 0.52 0.52 0.52
l,i

Modified O.gD 0.88 0.88 1,32 1.32 1.32
Motorcycles

Unmodified 0.12 0.12 0.12 1.18 1.18 1.18 '_
Motorcycles

I

I00.00 lO0.O0 lO0.OO lO0.O0 I00.00 lO0.O0 _

RURALAREAS _,i

: VEHICLETYPE ROADWAYTYPE(INDEXK) _'_
1 2 3 4 5 6

LightVehicles 79.67 79.67 85.78 08.27 93.33 96.74
_J

MediumTrucks 2.74 2.74 3,80 4.39 0.56 0.41

HeavyTrucks 16.16 16.16 8,99 5.14 3.91 0.65 '_

IntercityBuses 0.24 0.24 0,24 0.00 0.00 0.00 _

TransltBuses 0.00 0.00 0.00 0.00 0.00 0.00

SchoolBuses 0.19 0.19 0.19 0.70 0.70 0.70 _'I
Jau

Modlfied 0.08 0.88 0.88 1.32 1.32 1.32

Motorcycles
Unmodified 0.12 0.12 0.12 1.18 1.18 1.18

Motorcycles _I
I00.00 I00.00 lO0.OO I00.00 100.00 100.00

NOTE: Somecolumnsdo not addup toexactlylO0 becauseofrounding. !I
, bm
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EPA documents.12,13 This section describes tlle procedures and assumptions
, i used to define the data contained in Table A-3.4.

' The FNWAdata]l provided estimates of the percentage of traf-

fic mix for urban and rural areas and the type of _ighway system, The per-
! centage mix was, however, expressed in terms of passenger vehicles and truck

J._._
categories (page 8 o£ Reference ii). In order to correspond with the Nation-

al RoadwayTrafficNoise ExposureNode],however, it was necessaryto assume

_-' a correspondencebetweenroadwaycategoriesand to estimatethe allocationof

truck trafficon the basis of the vehiclecategoriesused by the Mode] (see

,..__ SectionA,4 of this report).

Using the data from Figure 2, page 4, of Reference Ii, the dis-

trihution of truck traffic by tile truck categories used by the Model was

obtained. Tilepercentageof truck trafficas a componentof tbe totaltraf-
fic was allocatedamong the three truck catgeeries(i.e., light-,medium-,

and heavy-dutytrucks). The allocationfor lighttrucks was added to the
paseengervehiclecategorysince the Mode] considerslight trucksto be one

component of the light vehicle class. Hence, the traffic mix was detailed

to the levelof passengervehicles,medium trucks,and heavy trucks.

,_ The next distributionof tbe traffic(nixcomprisedthe estima-

tion of bus mix and motorcycle mix on the roadways. These vehicle types are

!-i Includedin theFHLVApassengervehiclecategoryestimatedas describedabove.

The mix of bus traffic was estimatedusing the dataof Reference12 and the

!-_ mix of motorcycletrafficwas estilaatedusing the data of Reference13. The
percentagemix of light vehicletrafficwas aseumedto equal the passenger

!M vehiclemix less the percentagemix attributableto buses and motorcycles.

,I The resultsof this analysisare presentedin Table A-3.4

The data presentedin Table A-3.4 representsthe baselineper-._J

centapetrafficmix for 1974. The model altersthismix in futureyears in

, two ways. First, the future year traffic mix is adjustedbased upon the

sales data for each vebic]etype used as input to the Model. Second,since

:_' the Model allows tileuser to define noise emission characteristics to

•-_ A-45
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sialulaLefutureyear regulations,thevehiclemix in a futureyear is further

categorizedby tilepercentageof vehiclesexhibitingdefinednoise emission i_

characteristics. These adjustmentsare coded into the Model so tilerthe

inputdata is preper]ymanipulated.

As indicatedin TableA-3.4,thedominanceof tiletrafficmix is _i

comprisedof lightvehiclesfor a])roadways. Ti_eModel,as presentlystruc-

tured,definessevencategoriesof lightvehicles. The distributionof light ;;

vehicletrafficmix in terms of thesesevencategoriesis presentedin Sec-

I tienA.4. F,

A.3.4 RoadwayConfigurationData j-,

The National Roadway TraFfic tVeiseExposure Model calculates

noise emissionfrom traffic conditionson the roadway. The basic traffic _r

parametersare the average travel speed,the Average Oai]y Traffic {ADT),
&-I

and the traffic mix on the roadway. The Model additionally considers details _r

of the roadway configuration 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 locationof the noise sourcerelativeto the edge of the pave- fl

ment system. As described in tiremain text of this report, traffic is _

assumedto move along a straight line, The Model assumesthat the totalADT _C
for the roadway(see Table A-3.1) is uniformlydistributedover all lanes.

Further, the trafficmix for each roadway(TableA-3.4) is assumedto apply

to each lane. The Model considersall lanes to be adjacentto each other !,

(i.e.,no mediansare definedfor any roadways).
t

![

Based upon summary data presentlyavailable,l,3the number of

trafficlanes and the lanewidthswere assumedto be constantfor each road- _I

way type (IndexK) for all populationplace sizes (IndexJ) and population

density (Index IO) catgegories. These data are arrayed, accordingly,by _I

roadwaytype (IndexK) and populationplacesize (IndexJ) and held constant

at these va]uesfor each populationdensitycategory(ID) and averagetravel

speed (L) ! t• ,w
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Interstate h1_hl.aj_ (K=I) ar: citarac_erized as four lane roads
r_

with a IS-foot lane width For all population place sizes (J=l ..... 9). A11
freeways, major arterials, minor arterials, and collectors (K=2 ..... ' 5) are

characterized as four lane roads with a 12-foot lane widI:h for all population

L.I place sizes (J=1..... g), All localroads or streets(K:6) are character-

ized as two lane roadways with 12-foot lane wieths for a]] popu]ation place

, sizes (J:1..... 9).

A.3.5 VehicleOperatingCharacteristicsL.J

_ The NatioFtalRoadwayTrafficNoiseExposureModel considerseach

vehicletype to spend a percentageof its total operatingtime on a roadway

_L_ in one of four operatingmodes. The operatingmodes are denotedby an IndexM in the Model and are definedas:

VehicleOperatingMode IndexN

,!
AcceleraLionfrom Idle 1
Oece]erationfromCruise 2

r'/ Cruise 3

Idle 4

_.I Tilevehicle operatingmode (Index M) and the vehicle cruise

r_ speed (IndexL) are used to definethe vehiclenoiseemissions. The percent-

age of time in each operatingmode is used to weightthese levelsto obtain

an equivalentemissionlevel (GeneralAdverseResponseModel),or to estimate

{ the number of occurrencesof a givenmode of operation(SingleEventModel)

at the emissionlevelfor _he mode,

J
The percentageof time in each operatingmode is definedin the

-i Model's data base by vehicletype (Index I), roadwaytype (IndexK), and

operatingmode (IndexM). The data is constantfor theseconditionsfor all

-__ populationplace sizes (IndexJ), populationdensitycategories(IndexID),
_- and averagetravelspeed (indexL) of theroadway, The estimatesof percent-

i _ A-47
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age of time in an operating mode are based upnn the Jest available data.12,14

Basically, interstates (K=I}, expressways (K=2) and major arterials (K=3) are
assumed to exhibit identical operating characteristics and fainorarterials

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

cal operating characteristics.14 For the vehicle types recognized by the _

Model, light vehicles (I=1, .... 7) and motorcycles (I=13, 14) are assumed
to operate in the same manner.13, 14 Medium trucks (1=8), heavy trucks ,_

(I=g), and intercity buses (I=I0) are assumed to operate in the same man-

ner.12,16 Transit buses (I=ii) and school buses (I=12) are each assumed to i-',

operate in a defined atanner.12

I I

The data array defining the percentage of time that a vehicle

operates in a given mode on a given roadway with a defined travel speed in a I_

specified population density area and population place size is, potentially,

the largest data array that:may be used by the Model. If data were available _!
to extend the level of detail to the highest category possible, the array _"

would contain 60,480 data elements for the present model structure. ,_
, i

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

time that a vehicle operates in a given mode on a given roadway is presented _'

in Table A-3.5.

i
_J

I !

i. I

tl
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 2
(Continued)

()PJ_IiA'L'/N(;rCDE

ACCELE[_A3']GR I)I_C_Ll_l(A'I'IOh CI(IX1ill! II_I_ 'I'O'lAI.
bCAgWAY

'l YPE il= 1 tt=2 M: J M=II

% _l. 7U !i..lb _lJ. UI] 1.06 t110. O0
I

2 q.70 b. ;i_ _lJ.UU 1. Ob lO0- O0

3 q.70 5.3G f:LI. IJtl 1.0_ 100=00

q 15.q0 l&.OO 55. IO 13.5(J IO0.O0

'] 15. tic I¢_. 0(I 55. I0 13. 511 I{]C. O0

(_ 15.qO Ib.O0 55. IU 13.50 I00.00

_ _ _ immmmi_ _ _ _ _ _ _ _ _ _ lama _ _



TABLE A-3.5 PERCENTOF TIME IN OPERATINGMODE: VEHICLETYPE 3
(Continued)

!
(}l_l_llA'r ] NG _flOi: I

I
ACCI_ L I_I(A'J _ OH IH_C I_].]_ll A '1"I 0 _; CI;U J:t; I: ]£LE ! '1'0"_A L

IinADIIAY l

'IYP I_ M=I _1:2 PI=J tl:q I

I
_, 1 q. 70 b. JG _U. 8fl 1. L)G ! 100. DOt

I
2 II."JO 5.]G I:(I.{III 1.0(; { I00.00

l
3 q.70 5.36 _U.00 1.0(, I 100.00

I
4 15.q0 16.00 55. 10 13.50 I I00.00

I
5 15.411 I(_.U{} 55. 11) 13.50 I 100.00

I
6 15. zlO lt,. 00 55. 10 13.50 I 100.00



TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 4
(Continued)

CP_l(A'l'I rH_ _CDE

ACCELEIIA_|CN bL_CVl.EUAI'ION Cl(llISI_ IrL_: TO'Î L
FCACWAY

'IypE M= I M=2 M=] M=(I

I
u_ l t_.'lO 5. 36 _LI.ill| 1. Oo I00. O0r_

2 II.70 [).]b EU. llLJ I.(J[, I00. (JO

3 I_.70 5. 36 I:0.UU 1.Oh 10C. OO

4 IS.*JO lb. uu 55. I0 13.50 100.00

5 1S. It(1 lli. O(J 5.5. lU 13.5(1 100.00

b 15. _0 Ib.O{) 55. 10 13.51) I00.00
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TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEIIICLETYPE 5
(Continued)

OL+t"[<MI' i fig _OI}_

ACCEI+En ATI O11 DI::C_+LER A'l'_O_ CIIUISH I_I,E TO'IAt.
_OAD_+AY

+JYP F. K= 1 It=2 ti=:l M=*I

1 11.'711 5..J(J _l. _)U 1.0() 1011.00
I

t..'t

2 q.70 5.36 _8. Bl_ 1.06 10C. 00

3 tl. 70 5.3(_ fS. Of_ 1.06 100.00

II 15.q0 lb,OQ 55. 10 13.50 100,00

5 15.qo 1G.00 55. 10 13.50 100.00

6 15. qO 16. O0 55. 10 1_. 50 100.00



TABLE A-3.5 PERCENT OF TIME IN OPERATING MgDE.' VEHICLE TYPE 6
(Continued)

I
I (IPI','IIA'I'l NI; FCO_

I
ACC ELEliA'IlOt¢ D|.,'CICLI_HA'|'l0 I_ CI_U[SE IEI.I_ T(]'IAL

FGAI]WAY
"_YPE fl:1 rl:2 rl=J M:q

1 11.70 N.36 EU.00 1.06 100.00

oi 2 _. 70 5.36 Eli,IlO I.0(, I00.00

] If• 70 !_. 3(_ Efl.llO 1.0G 1UC.OO

=I 15. qD lh. O0 55.10 l._.50 100.00
I
l 5 15.q0 16. (}{} 55. 10 13.50 100.00
I
l 6 15.qO 16.00 55. 10 13.50 I00.00
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TABLE A-3.5 PERCENT OF TINE IN OPERATING I,IODE:VEHICLE TYPE 7
(Continued)

op £RATI U(: _OD_

ACCELI_IIA_ICtl DI_CEI,I_IIATLOii CI,III_E ]ELE TO_A],
fiOADWA¥

IYPE ii= I li=2 N:J M=II

> I J&.70 5.3{_ ES.I}_ I.06 10().O0
I

cn 2 q. 70 5.36 EB.118 I.06 100.O0

3 I_.70 5,3b ES,Oll l.Oh lOO.O0

I| 15.qO lb°O0 55. I0 13.5() IOC.O0

5 15._&0 I(_. O0 5.5.10 13.50 lOO.OO

(_ 15.q0 lb. {]0 55. 1[) 13.50 lOO. O0



TABLE A-3,5 PERCENT OF TINE IN OPERATING FIODE: VEHICLE TYPE 8

(Contintled)

oi,EI_A'I'INC, rCD_

ACCE LE|t_TIQN DECLJI.ER A_ I()_ Clt(JJ!;E ][LI_ 'rU_AL
FOA_WAY

_YPE n=l _{=2 M=3 {l=l{

1 5. O0 5. O0 I]5.(}0 _.00 I00. O0

2 5. O0 .5.00 I}5.0O _.00 100.00

3 5. O0 5. O0 US. O0 _. O0 100. O0

4 13. O0 17. O0 5b. (_0 lll. O0 100. O0

5 13.00 17. O0 55. O0 llI.O0 100.00

6 1_. {JO 1"1. O0 5(_. O0 IIl,OU 100.00



TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 9
(Continued)

I
i oP _:RA'I'tH(; _OBE

ACC _tERA'I'[Gl_ I)_CI_l.I_liA'rIO _ CI;UISE 1_I.I_ TO'IAI.
_OA_AY

'[YPE M:I t1:2 M:3 M:q

1 5.O0 S. OU I[5.O0 E.OO I00. O0

2 5._0 5,00 I}5.{)0 E.O0 I00.00

3 5.00 5.00 05.00 E.O(J 100.00

!& 13.00 1_.00 56.00 ltl. O0 100.00

5 13,00 17.00 56.00 lq.O0 I00.00

6 13.qO 17.00 56.00 1_.00 100.00



TABLE A-3.5 PERCENTOF TIME IN OPERATINGNODE: VEfIICLE TYPE I0
(Continued)

()1_1_ hA'l ' ] rl(; rOI)_

!
ACC_L I_llA'I'I(_1t DECIlL Eli A'I'10 k ( CIIU[SE IrLE TO'I AL

FOACWAY I
'IYPE M: 1 M:2 I N=.'I ti=zl

I 5.00 5. O0 05. O0 E. O0 100.00
Co

2 5.00 5.00 05.00 5.00 100.00
l

3 5. O0 5.O0 (15.O0 E. O0 IOC.00

q 13.00 17.00 56.00 11i.O0 100.00

S 13. O0 17. O0 5G. O0 1tl.O0 I00.00

6 13. O0 17. DO 5(J.O0 Ill.O0 100.00

....._ _ _ _ t,m; I,,ml _ _ b,_ _ _ _ _ _ _ ' _" '--'J _ ' ":



TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 11
(Continued)

OPEI_ATING KOD_

ACCELERA_ICN DECELEI_ATIO_ CI;UISE IrLE TO_AL
ROADWAY

TYPE M= | #I=2 M=_ M=q

i

1 5.00 5.00 05.00 E.O0 IO0.O0

2 5.00 5.00 85.()0 E.O0 100.00

3 5.00 5.00 05.00 E.O0 100.00

q 20.00 20.00 26.00 34.00 lO0.O0

5 20.00 2O.(JO 2_.OO 3q.O(} 100o00

6 20.00 20.()0 2(i.00 3;I.00 100.00



TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 12

(Continued)

L}[iI_IIh '|'i N (; _'G I] _

ACCELER At'feN l)L'CICLIIJ_A'][0N CI(UISE iCl.E 't'o'/AL
_OACWAIt

'IYDE tl=l i1=2 11=3 iI=tl

I_" I 5.O0 5oO0 85. O0 E.O0 I00.O0
o_

2 5. O0 5, O0 05. O0 B.O0 100. O0

3 5. t}O 5. O0 UB. O0 E.O0 lOO. O0

q 9.O0 9.O0 21. O0 61.0(} l(}O.O0

5 9. O0 9.O0 2 I.O0 6 1.00 100.O0

6 9. (lO 9.0(} 2 I. O0 61.00 I00.00



TABLE A-3.5 PERCENT DF TIME IN OPERATING MODE: VEHICLE TYPE 13

(Continued)

()P|'.'I+A'I'I II(_ _(]I)]F

A CCP.' ). F, 11A '11C I/ I)RCI! I.H¢ AT | (] _ CI. UIS_ Jltl_ 1'0'I A I.

I_()AUI_AY

yP_ $_= 1 PI=2 M= ] M =11

] II. "IU 5..l(, I. II. UII 1.06 IOU. O0

II . "?(] _'). 3(+ (?il. L_il 1. ()(+ I OC,. 0{)

.I II. 'l() _. ](, L'U. UIJ 1. (](., lO0.(J(]

II I_. II[) 1[,. ()() _. 10 13. 5(] log. OO

5 lr.5.tlO I(_.I)U 55.)0 13,50 ]DU.O0

5 15. llO lb. Oil 55. 10 12. 50 10C. OL)



TABLE A-3.5 PERCENT OF TIME IN OPERATING MODE: VEHICLE TYPE 14

(Continued)

_%cc_ I.FItA'I'I(_fl l)l:(.l:I.l',l(A'Ji(J_ (-l(tll:][_ JLII: 'I'c)'1AI.
I{:Al:'.;AY

'IYII_ _: I N_:P. li=I M:II

l ti.70 ',.lU tll. LHJ l.Of, I00.0(_

I 2 _I.70 5. l(J t-ll.lJII I.(16 I()L).O0

.1 JI. 70 t_.ItJ _LI.IIH l.Oh 10(I,.110

tl 1 ._.+tO Iu. ()(a '$5.11} I 3.5I) 1{)0.()0

_ 15. n() I().()() 'iS.14) 13.5(} IO0.Of)

(3 1 'J.nq) I&. (1t) ,_r).1() I.%.5l) 1{)0.00



A.4 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 I
are allowed to vary with time as defined by the input data to the Model.

A.4.1 Classification of Vehicle Types

"_ The National Roadway Traffice Noise Exposure Model groups vehicles

r-_ into four major categories. These four categor es are furtiler subdivided

L] into classes of vehicles according to distinct engineering characteristics.

The four major categories of vehicles are:
:I

• L ght Vehicles(passengercarsand li_lhLtrucks)

,I
• Trucks (medium and heavy trucks)

i Buses (intercity, transit and school buses)

L.] • Motorcycles(unmodifiedandmodifiedmotorcycles).

_]__j Data related to the vehicle type is denoted,in the Model,by an

Index I. The correspondence between the Index I, the vehicle type, and

the engineering characteristics are presented in Table A-4.1.

:'_ A.4.2 BaselineYear (1974)VehiclePopulation

-! The Model simulatesvehiclesales and survivalfrom the baseline

--] year (1974) to estimate future size of the nation's traffic fleet. To

.--t conduct this simulation, it is necessary to initiate the calculations with

the distributionof vehicle populationfar the model year 1974 and previous

,: A-63
J:
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model years. To do this, historicaldata is used. For automob'_les,the "_

data of Reference17, page 38 was used. For trucks,the data of Reference _

17, page 39, was used. Data for buses and motorcycleswere obtainedfrom ,-_

EPA backgrounddocuments.12,13 ,!r

The 1974 distribution of vehicle population, by laodelyear is _i

based upon the total 1974 registrationsand the vehicle survivabilitydata

used by the Model. The 1974 vehiclepopulationsused as storeddata in !

the Model are grouped into major categoriesbased upon the best available

data.17 That is, light vehicles'(]:1,..., 7), trucks (I=8, 9_, intercity

buses (I:i0), transit buses (1:11), school buses (1:12), and motorcycle *'$

(I=13, 14) populationsare 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, _..i

trucks, and motorcyclesencompassvehiclesof ages out to 16 years with the

last group comprisingvehicles of 17 years of age or older. Bus data12 _I

allowed the distributionto be estimatedonly for mode] years between1971

and 1974 with the last group comprisingbuses five years of age or older. !.

To estimatethe distributionof vehiclepopulationby its engineer- ,_

leg characteristics(IndexI), the Modeluses a distributionfactorfor each _,,i

of the vehiclecategoriesgiven in TableA-4.2. These distributionfactors ,..,

1 are listedin Tab]eA-4.3 for tile1974 vehiclepopL_lations.For example,to LJ

estimate the 1972 model year Type I vehiclepopulationin 1974, the Model

multiplies 0.4673 (Table A-4.3) by 13,145,920 (Table A-4.2) to obtain _:J

6,143,08DType i vehicles. The populations,of course, representvehicle

registrations which include vehicles produced for domestic sales a_d imports.
The distributionfactors for light vehiclespresentedin Table A-4.3 were

estimated for the U.S. Environmental Protection Agency.18 The truck _I
.J

distributionwas estimatedfrom FHNA data11 and from vehicle registration

data.17 The motorcycledistributioowas estimatedfrom Reference17 data.

J
J

A-64



E,

J

l_*'_ A.4,3 Survival of Vehicles with Age

To simulate the mixture of vehicles by model year in any future
_,_ year. the _Iodelcontinuouslyremovesvehic]esfrom the traffic stream and

introduces new vehicles. The noise emissions for a given vehic]e type

I,..! correspondto the modelyear and the noiseregulationdefinedfor thatmodel

year.

b-_e

The NationalRoadway Traffic Noise Exposure Model uses vehicle

survivabilityarrays to simulate the number of vehicles of a model year
_" remaining in operationon the nation'sroadwaysin a futureyear. These

data were developedfrom tilebest availabledata sources. The procedures

used are describedin AppendixG in thisreport. Currently.the Model uses

two survivabilityarrays. One array is strictlybased uponpassengercars.L w,_
, I [
:. _,a and is assumedto applyequallyto motorcycles. This otherarray is based

:_ upon truckdata and isassumedto applyegua]lyto buses.

5,

u The passengercar survivabilitydata was developedfrom registra-

i{ _ tion data presentedin Reference17. page 38. Tiletruck survivabilitydata
was developedfrom regstrationdata presentedin Reference17. page 39.

_._ The resultsof the dataanalysisdescribedin AppendixG are presentedin

_,__J Table A-4.a. The survivabilitycurves correspondingto the data in Tab]e

f._ A-4.4 are presentedinFigoreA-4.1.

For example, using the data in Table A-4.4. a passengervehic]e

type a year production one have 987,700with model of million units would

units surviving after 5 years; 657,0{10 units surv v ng after 10 years; 85,700

r_ units survivingafter ]5 years; and 5.700 unitssurvivingafter18 years.L]
After 19 years,the examplemodel year vehicletypewould be estimatedto be

,.-] effectivelyremoved fromoperation(i.e.,no vehiclesof the typeand model
year survivebeyond19 yearsof age.).

.~'!
F
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TA_LE A-4.1
CLASSIFICATION OF VEHICLE TYPES USED

BY THENATIONALROADWAYTRAFFICNOISEEXPOSUREMODEL _'

11_dex.I Vehicle Type Engineerin9 Cilaracteristics il

I PassengerCar 8 cyl.GasolineEngine
Automatic Transnlission _,i

2 Passenger Car 6 cyl, Galoline Engine
Automatic Transmission _..i

I 3 Passenger Car 6 & B cyl, Gasoline Engine
; Manual Transnlission

4 Passenger Car 4 cyl, Gasoline Engine

and Light Truck Automatic Transmission

5 Passenger Car 4 cy], Gasoline Engine
and Light Truck Manual Transmission _

I i{

6 Light Truck 6 & 8 cyl. Gasoline Engine _',_

7 PassengerCar DieselEngine _
and Light Truck _,,I

B HediumTruck TwoAxle(GVWR>I0,000Ib) M_
I k;
} 9 Heavy Truck Three or more Axles

I (GVWR>26.000lb) ,_,

IO IntercityBuses _'}

Ii l'ransitBuses ,

12 SclloolBuses

13 Unmodified
Me tor cycIe s

;I
14 Modified ,,

Hotorc_/cles -'_
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TABLEA-4.2
__ BASELINEYEAR(1974)VEHICLEPOPULATION

BY MODEL YEARAND VEIiICLECATEGORY

Model Light Intercity Transit School
Year Vehicles Trucks Buses Buses Buses Motorcycles

1974 13,969,524 447,576 1,479" 12,571 58,226 618,315

_ 1973 14,599,524 457,770 2,246 6,706 47,511 579,971
1972 13,145,920 387,705 1,888 4,819 38,378 622,226

1971 11,107,210 281,879 1,084 3,319 28,263 443,740r_

_j 1970 11,003,084 274,759 13,905" 42,057* 184,460" 437,103

1969 11,161,141291,911 443,380

1968 10,274,987 229,451 408,177
1967 8,581,706 211,166 340,911

-- 1966 8,461,220211,814 336,125

1985 7,397,576185,276 293,871

-- 1964 5,151,096152,266 204,629

-- 1963 3,65A,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*

-- * Populationincludesall vehiclesin this modelyear and older.

m
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TADLEA-4.3
DISTRIBUTIO_ OF VEHICLE POPULTIOr_BY VEHICLE TYPE i_!P

FOR MODEL YEARS 1974 AND EARLIER

ii

Vehicle Fractionof VehicleCategoryPopulation

_J

TypeI 0,4673

Type2 0.1420 i!

Type3 0.0167

Type4 0.0168 _r_
Type5 0.1603

Type 6 0.1514 ,_I;
Type 7 0.0005 i_

Iota] 1.0000

Type_ 0.6146 iJ

Type9 0.3854

Total 1.0000 Z]

Type10 1.0000

: Type11 1.0000

Type If 1.0000 t!'j

I, I
I

Type 13 0.8800 i

Type]4 0.120D _ i
Total 1.0000
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, r A.4,4 Vehicle Sales Projections

"_ The National RoadwayTraffic Noise Exposure Model allows the user

L; to definetotal vebiclesales in futureyears in order to estimatethe fleet

mix, by vehicle type. The Model is structuredso that vehicle sales are
expressed, in a future year, as a multiplier of the 1974 vehicle production.

_ _ The data base for veiliciesales is defined by the future year (Index IYRN)
J

,.._ and the vehicle type (IndexI). Tiletechniqueused to define futureyear

sales is based upou tilecurrent availabilityof projections in terms of tile

_ 14 vehicletypes usedby the model
'i

As described in Section A.4.2, the Nodel groups vehicles into
six basic populationcategoriesas fellows:

_ • LightVehicles(I=i..... 7)

• l

_! _] i Trucks(I=8,9)

i! L] o IntercityBuses (I=10)_;

e TransitBuses (I=11)

,: _ a SchoolBuses(I:12)

• Motorcycles (I=13, 14)

To further define the vehicle population, by explicit vebicle

(-] type, distributionFactors are defined. Table A-4.3 presentsthe vehicle

• distribution factors for 1974 and earlier model year vehicles. To define

future year vehicle populations, by explicit vehicle type, vehicle sales
distributionfactors are defined for specific years in the time stream.

m These factors simulate the future year distributionof vehicle sales by
i I

,_ vehicletype. The Model uses linearinterpolationbetween tile baselineyear

and definedfutureyears in which the vehiclesales distributionfactorsare

F1
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I
fl

defined. For .yearsbeyond the last specified sales distribution, the "_s,

Model holds the sales distributionconstantat these values.

Hence, the six basic vebicle populationcategories are used to _i

define future vehicle sales for each category in each futureyear, and the

sales distributionfactorsare used to estimatethe explicitsales for the II

appropriatevehicletypewithin]batcategory.

Currently, the r4odel's _ata base defines the 1974 vehicle distribu-

tion as presentedin TableA-4.3 and allowsthe user to definesales distri-
H

butionsfor two futureyears. FigureA-4.2 presentssales growthprojections

currentlyused in the Model'sdata base. The sales growth curve for light
vehicles, trucks, and motorcycles is based upon an annual compounded growth ,,4

rate of 2 percent,1_ T,e curves for buses are based upon EPA estimates.12 17
J,.

Tab]e A-4.5 presentsone set of ligtltvehicle sales distribution
IF

factors useu oy the Mode] to simulatedecreasedsales for Type 1 vebicles i.!

and increasedsales of other lightvehicletypes. Currently,salesdistribu-
w,q

]ion factors for trucks,buses, and motorcyc]esare held constantat their _I,,.
1974 values.

!I

Figure A-4.3 presents total vehic]e registration trends based _

upon Bureau of Censusdatalland projection(indicatedby the dots) estima- _i

ted by the Model using the data and methodologydescribedabove. TableA-4.6 _Ji_

presentsan output listingof the projectedvehiclepopulations. The results
presentedin TablesA-4.5 and A-4.6 are stanoarooutput data providedby the

I ]_odelwith eachexecutionto documentcompletelythe scenarioused.
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TABLE A-4.6
EXAMPLE OF VEHICLE POPULATION PREDICTIONS'
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i# A.5 VehicleNoise EmissionData

_ The definition of vehicle noise emission data is a basic user-
!i

defined data set for the National Roadway TrafFic Noise Exposere Model. As

used by the Model, noise emissions are defined on the basis of:

o Vehicle Type (Index I)

m Vehicle Operating Mode (Index M)

• Average Cruise Speed (Index L)

Vehic]e 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 emissions are calculated. The noise emission data described here

: _J represent equivalent (time averaged) A-veighted sound levels at a distance of
r

:: _ 50 feet from the vehicle path. Strictly speaking, the levels are represen-

i_ L_ tative of what an observer would measure if he (or she) were to move with

the vehicle at a distance of 50 feet during the vehicle operating mode.

At first thought, one may be disturbed with the concept of levels

_i measured at a fixed distance and moving with the source. This stricL condi-
tion is to emphasize the significance of the interface between 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 is steady

.., (i,e., does net vary with time). For a vehicle operating in a steady noise

mode (i.e. constant cruise speed and sound level), an observer traveling with

= the vehicle would measure a constant level whereas an observe_ standing at a

I_ 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 level 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 tbeory accountsfor the time-varying source-receiver #

distanceand steadysourcesoundlevelas describe_in the maintextof this

report. ,i

For vehicle acceleration from idle to cruise and for vehicle _.

decelerationfrom cruiseto idle, however, the vehicle's sound level is

nonstationary (i.e., varies with time), and the source-receiverdistance

varies with time for an observer along tileside of a road. Hence, for a il

stationaryobserver,the locationof the vehicleduring an'accelerationor _4
I

deceleration mode of operation relative to the stationary observer is, il

strictly, required to estimate the observer's noise exposure.
!.

The Model'stheoryencompassesthe considerationof an acceleration

mode and a decelerationmode by distributing the vehicle's possible 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 along the side of a roadway have equal probability of '_'_

observing any mud: of operation. Hence, for an acceleration mode or a ,_
t!

decelerationmode of operation,the source noise emission is taken as a _J

constant equivalent (time averaged) level as measured at a constant distance

(50 feet) from the sideof the vehicleand moving with the vehicle. For the i:

stationary observer at the side of the road, the acceleration or deceleration
I.!

equivalentsound levelis used withthe time varyingsource-receiverdistance _I
to calculatethe observer'snoiseexposure.

A.5.1 Definitionof VehicleNoiseEmissionData '_

The NationalRoadway Traffic Noise Exposure Model uses the maximum

pass-by sound level for a given vehicletype as the basic eound leveldata.

The Model uses data in the form of a reference level for each vehicle type _

(Index I), each operating mode (Index M), and each average cruise speed

(Index L). All levels are referencedtea 50-foot distance from the vehicle _!

path.9,10

A-B0 _!



i̧

M
i) The sound level data are population averages resulting from

measurements of several identical vehicles operating in ttleir specific

mode. The Model accepts sound level input data in the form;
I

i.! L qo +o.115 (A-B.I)

where

r_ L_q is the population mean level

is the standard deviation of tbe levels.

:: This relationship, of course, assumes that the levels for the defined condi-

_.i,I tion are normally distributed. Hence, tileusers may define both the mean

ii level and the standard deviation of the levels in describing a vehicle's

_! _: noise emissions,

_. I.! A.5.2 Baseline Vehicle Noise Emission Data

_ I_ The baseline vehicle noise emission data represents the basis
_,:_ from which the National Roadway Traffic Noise Exposure Model conducts its

_i estimates. The data describes the noise emission characteristics of all

il vehicles in operation on the natienal roadway network up to the point in time

!i !,,_ 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

E 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 Nodel'e data base. These emission levels
, Y!

r
T

i: A-al
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!,

were developed for the U.S. Environmental Protection Agency based upon

extensive vehicle noise tests and appropriatedata reductionmethods.24 i_

The baseline vehicle noise emission data are plotted in Figures

A-5.1 through A-5.14. The solid lines in these figures represent the cruise ii

emission level as a function of cruise speed. The solid squares represent

the acceleration emission levels for a uniform accelerationfrom rest to _

the indicated cruise speed. The solid squares represent the deceleration

emission levels for a uniform deceleration from the indicated cruise speed i!

to rest.

The methodology developed in Reference 24 allows the calculation "

of vehicle noise _mission data for each operationalmode and cruise speed
range given a "regulationlevel". As describedin Reference24, t_ieragula- 1.4

tion level is based upon the regulation test method for each vehicle type.

This Methodologyis used to developnoiseemissionschedulesfor the National _}

Roadway Traffic Noise Exposure Model using future year regulation levels.

The methodologyalso considersthis noise for the accelerationand carrier _,}
modes.

LI

ill

;I

;J

aJ

(!

!l
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A.6 TrafficNoisePropapation.

This Section documents the source references for tbe traffic
I
{I noise propagationmoeels usedby the NationalRoadwayNoise ExposureModel.

The basicdescriptiorland referencescontainedin this sectionapply directly

to the GeneralAdverse ResponseModel The Single Event Model requiresa

differentpropagationmodel due to the particularcharacteristicsof the

r; singleeventsound levelmetrics. The referencespresentedin this section,

however,formthe basisfor the singleeventpropagationmodels.

t_
!! _'_ The basic roadwayconfigurationused by the Model comprises a

i_ _ pavementsystemand a clearzoneadjacentto the pavement. The clear zone is
_. _:_ an uninhabitedarea between the pavement and the inhabitedarea along the

_'_ roadway. The inhabitedor populatedarea is characterizedby a constant

i_ populationdensity. The clearzone and the inhabitedarea are assumedto be
identicaloneachsideof theroadway.

_ The pavementsystmnand the clearzone simulatethe roadwaywidth

_ _ and the adjacentland. The clear zone, for examle, simulatesparking lanes,

i_I sidewalks,and front yards in urban areas for local streets, collectors,

:L'_ and arteriaIs. For interstatesand freeways,the clear zone would simulate
i_ _ the right-of-wayadjacentto the pavement. The Model simulatesnoisepropa-

!'!!I_ gation over the pavement/clearzone areas as a distinct consideration.

To simulatenoise propagationthroughthe inhabitedareas,empir-

_ ical distanceattenuationfunctionsare used. This propagationsimulates
the effect of shielding provided by buildings, etc. representative of the

i_ inhabitedareas.

I'_ Figure A-6.1 presents the overall roadway-clearzone-inhabited
areaconfigurationand the two propagationmodels used.

A.6.1 Roadway/ClearZone Configuration

I_ The definitionof the pavement geometry requiresan average laneL_
width and the number of lanes comprising the roadway. These data are de-

I_ scribed in SectionA.3.4 of thisreport. The clear zone geometry is defined

t_ A-97
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by a distance from the edge of th_ pavement. The definition of'the clear ,;

zone distancein quantitativeterms is based uponthe best availableinforma- ._

tion. 1,3,21 Table A-6.1 presentsthe clearzone distancescurrentlyused il

by the Moael. The data is arrayed by populationplace size (Index J),

roadwaytype (IndexK), and populationdensitycategory(IndexID).

Tlledata for interstates(K=I) and for freeways and expressways

(K=2) was estimatedfrom ReferencesI and 3. For arterials(K=3, 4), col-

lectors (K:5),and local roads and streets (K=6),the clear zone distances ,_
],

were developedfrom Reference21 data by EPA staff. From Reference21, _i

expliciturban site geometryis presentedwithrespecttomicropilonemeasure-

ment locationsfrom the edge of local streetsand roads. These datawere _.i

used to definethe clear zone distancesby averagepopulationdensitycat-

egories (ID:I,...,4). It must be emphasizedthatthe clearzone distances

apply to populatedareas ratherthan averagesbetween populatedareas and

vacant land. The reason for this distinctionis that the Model excludes _'_,
_

vacant landand miles of roadwaythroughvacant]andin urbanland areas (see

Section A.3). ;'i

For traffic noise propagation over the pavement system and the _._

adjacent clear zone, a variable distance attenuationmodel is used. The _,j

basic theory describingthis model is presentedin Appendix J of Reference

i0. Figure A-6.2 presents the basic configurationfor the pavement/clear ,,
zone systemand the attenuationparameterscorrespondingto the pavementand

to the clear zone. For the pavementsystem, it is assumedthat the distance _!.,

attenuationis characterizedas propagationoveran acousticallyhard sur-

face. That is, noise attenuatesat 6 dB per distanceaoublingfrom a point v._.I
source and at 3 dB per distance doubling for a line source. For the clear '_

zone, it assumedthat the distance attenuationis characterizedas either _
propagationover an acousticallyhard surface (gamma= O) or an acoustically ,_

soft surfade (gamma= 0.5J. Acousticallyhard clearzones would correspond

to sites with paved parkinglanes and/orsidewalksand littlevegetationfrom
.

A-g8 !'l



SOUND LEVEL AT EDGE OF CLEAR ZONE

SOUNDLEVELATTENUATION

dBBAND_

",L.O"/__/ __/ _/"_"_
,/ P

/ DISTANCE FROM ROADWAY

.,q-
NOTE: LAND AREA AND POPULATION ISUNIFORMLYDIETRIBUTEDON BOTHEIDEEOFTHEROADWAY,

FIGUREA-6.1ROADWAYTRAFFICNOISE EXPOSUREOF LANDAREA



'i
TABLE A-6.1

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

_p

Population Place Size, Index J _l

_r

K ID i 2 3 4 5 6 7 8 9 i_ i

1 ALL 50. 50, 50. 5O, 50. 50. 50. 50. 50. i

2 All 30. 30. 3N. 40. 40. 40. 40. 40. 50. _

3 I I0. I0. iN. i0. I0. I0. 10. 10. 40.
2 15. 15. 15. 20. 20. 20. 20. 20. 40. _r i

3 20. 20. 20. 30. 30. 30. 30. 30. 40.

4 30. 30. 30. 40. 40. 40. 40, 40. 40. _

4 I 10. 10. IN. I0. 10. 10. 1O. 10. 40.
2 15. 15. 15. 20. 20. 20. 20. 20. 40.
3 20. 20. 2N. 30. 30. 30. 30. 30. 40.
4 30. 30. 30. 40. 40. 40. 40. 40. 40. _..

5 i i 5. 5. 5. 10. 10. i0'. 10. 10. 40. ,_
2 10. 10. 10. 20. 20. 20. 20. 20. 40. :i
3 15. 15. 15. 30. 30. 3D. 30. 30. 40. _
4 20. 20. 20 40. 40. 40. 40. 40. 40.

6 I 5. 5. 5. 10. 10. 10. 10. iO. 40.
2 I0. IN. 10. 2N. 20. 20. 20. 20. 40.

3 15. 15. 15. 30. 30. 30. 30. 30. 40. ;I
4 20. 20. 20. 40. 40. 4D. 40. 40. 40. _

Index K denotes highway type; Index ID denotes population density category J'l

i

m#
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i,

I i the pavement to the edge of the populatedarea. Acousticallyso_t sites
simulategrass coveredareasadjacentto roadwayssuch as rights-of-waynext

_" to interstatesand freeways.

The acousticallysoft sitesdefinedby gamma= O.E simulatean

q_i attenuationof 7.5 dB per distancedoubling for a point source and 4.5 dB

_._ per distance doubllngfor a line source. The theoryused by the General
': AdverseResponse Model simulatestrafficnoise propagationin terms of the

hard pavement/hardor soft clear zone using a linesource. The theoryused

_I_r_ by the Single EventModel simulatesvehicle noise propagationin terms of

the hard pavement/hardor softcleanzone using a pointsource.
C_

I_ The attenuationparameterscurrentlyusedby the Model to simulate

r_ noise propagation over the pavement/clear zone system are presented in

_ Table A-6.2. Thesedata are arrayedby populationplace size (IndexJ) and

higbway type (IndexK). For large urban areas (J=l, 2) all clear zones are

L.J assumed to be hard (i.e., essentiallypaved 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 assumedto be soft_

I-I A.6.2 Propagationof Traffic Noise in PopulatedAreas
&.J

r-I To simulatetrafficnoise propagationin populatedareas adjacent

to roadways, the NationalRoadway Traffic Noise ExposureModel uses average

attenuationfunctionsrelatedto the populationdensityof the area.12,22,23

Three populationdensity ranges are used to specify the types of buildings

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

I_ The relationshipbetweentheseparameters is:

l_ Housin_Type PopulationDensityRange

_ Dense UrbanApartments Greaterthan 13,GODpeople/mi2

UrbanRow Apartments

_ and Surburban Duplexes 6,500 to 13,000 people/mi 2

A-IOI



• SOUND LEVEL ATTENUATION @ 3 dB/DD FOR DISTANCE Dr (HARD SITE)

• SOUND LEVEL ATTENUATION @ 3(1 ÷ 7: ) dB/DD FOR DISTANCE (Dcr -D t} (HARD OR SOFT SITE)

ROADWAY PA_ _L

Oct _

/

FIGUREA-6.2 ROADWAY/CLEARZONEGEOMETRYAND.ASSUMEDSOUNDLEVELA'TTENUATIONWITHDISTANCE



I; Single Family Detached Less than 6,500 people/mi2

; i, As seen in Figure A-2.4, approximately 7.6 percent of the urban population

;i reside in areas exceeding 13,000 people/mi2; approximately 12.5 percent

_ _ reside in areas with population density between 6,500 to 13,000 peop]e/mi2;

iCi_.; and 00 percent reside in areas of less than 6,500 people/mi2.

I_ The General Adverse Response Model considers a line source attenua-

tion of traffic noise in populated areas. Figure A-6.3 presents the line

I., source attenuation curves used by the Model to estimate propagation in urban

areas characterized by the average population density. These curies were

L_ developed from data and analysis presented in References 12 and 22. As in-

dicated in Figure A-6.3, the curves are further defined by the clear zone

• _ distance in that the zero attenuation value corresponds to the clear zone

distance. Hence, the Model selects the appropriate attenuation curve based

' _ upon the population place size (Index J), population density category (Index

_ 10), and the roadwaytype (IndexK).

The Single Event Model considers a point source attenuation of

traffic noise in populated areas. Figure A-6.4 presents the line source
f_

attenuation curves used by the Model to estimate propagation in urban areas.
The specialized nature of the single event propagation mode] is described in

I_ 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.

:j i_ The population densities used by the Model for each population

_; place size and each population density category are presented in Table

._ A-2.2.
i'!
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TABL-EA " _-6.2

CLEAR ZONE DISTANCEATTENUATION CONSTANTS (}'2) -_
BY ROADI4,a,YTYPE {K) A,_DPOPULATION PLACE SIZE (J) I I

Population Place Size. Index J

.I
K 1 2 3 4 E 6 7 8 9

1 0.0 0.0 0.5 0,5 0.5 0.5 0.5 0,5 0.5 "
I'

2 0.0 0.0 0.5 0.5 0.5 0.5 0,5 0.5 0.5
4

I-J

3 0,0 0.0 0.0 0.0 0.0 0,0 0.5 0.5 0,5

,!:I
4 0,0 0.0 0.0 0,0 0.0 0.0 0.5 0.5 0,5

5 0,0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0,5

: 6 0,0 0.0 0.0 0.0 0.0 0,0 0.5 0.5 0.5

;l
NOTE: _=C).C)simulates propagation over acoustically hard surfaces

_2:0,5 simulates propagation over acoustically soft surfaces

i,t

_J

I,

'l
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APPENDIX g

r
J_

ESTIMATES OF PDPULATION ACTIVITY

The Single Event Model estimates the intrusivenessof noise by
considering a person's activity when they are exposed to a given level of

noise. Appendix E of this report describes the tileoryand defines the ter-

I_ mlnology for the equivalent single event sound level, LeqT, and the Sound

Exposure Level, SEL, for a vehicle operating on a roadway.

To estimate _he intrusiveness of this noise, it Is' necessary to

{._ relate a person's activity when he is exposed to the noise. This appendix
describes the data sources and the methodology used to estimate the average

Fm daily activity on a national scale, of the United StaLes' population. The

_:_ approach taken is based upon the simulation capahillties of the Single Event

Model and the categories of health/¢velfarecriteria avallahle to estimate tbe

effect of noise on man. Basical]y, the National Roadway Traffic Noise

Exposure Model considers only the noise exposure and the population activity

)!i
I_ surrounding the place of residence. The activity categories described in

this appendix, however, include activities aviayFrom the place of residence
(i

!;::_:_ (i.e., working and traveling). Hence, the Shlgle Event Model excludes aE_

portion of the national population from the noise impact estimate that corre-

.. (._ sponds to activities away from home. 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

I_ activities.

•_ B.I Basic Activity Categories and Population Distribution

i_''_ For estimating the effects of noise on the national population.
The Single Event Model basically considers sleep interference and speech

I_ interference. Hence. it is necessary to estimate the fraction of _he popu-

lation that is asleep and awake during the daytime and during the nighttime.

!_ Although a person spends, on the average, a significant portion of his

B-I



non-sleeping time at home, it is also necessary to estimate the distribution iJ

of the non-sleepingpopulationwith respect to activitiesboth at home arid "-

away from home, This distribution must also recognize that the average

person's activities are different during the daytime and during the night- -,

time. Additionally,it is necessaryto consider that differentsegments _i

of the populationexhibitdifferentdaily activitypatterns. Far example,

employed men exhibit differentactivitypatterns than housewives. Hence, il

it is necessaryto distributethe nation'spopulationby specificsegments

for whichactivitypatternshavebeenestablished.I _-i

To develop an average national activity pattern suitable for the _I

purpose of estimatingnoise exposure,activitypatternsfor populationsub-

groupsmust be combinedand averaged. The resultingnationalaverageactiv- Z]Ity pattern, used by the SingleEvent Model, is based upon six activities

distributedby time of day and fourcategoriesof population. _I

The six activities considered by the Single Event Model are:

L I
e Sleeping o Walking

e Working • Outside Home l"l
O Traveling e "O_her"

:J
The four categoriesof the national populationused to develop

the average national activitypattern defined for the SingleEvent Model _,!
li

are: _

e EmployedMales o Housewives !_

e EmployedFemales o "Other"

!'t
In the above classificationof activities,"Other"activitiescom-

prise T.V. viewing, Other Media (radio,newspapers,etc.),Other Leisure, _I

Semi-Leisure,Home and Family,and Eating. These categoriesare a condensa-

tion of the categoriesand the appropriatedata containedin Reference1. _I

In the above categoriesof population,the nationalpopulationis distribu- _J

ted as indicated in Table B-I.
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TABLEB-I

CATEGORIZATIONOF UNITEDSTATESPOPULATION

Percentage of Total

Activity Pattern Statistical Cat'egory Total Population

(Reference2) ....(1975)
EmployedMales NaleWorkers 22.385 48,508

Active Military 0.997 2.160

EmployedFemales FemaleWorkers 17.327 37.548

Housewives FemalesNot inLaborForce (16 years to 65
years old) 18,132 39.292

Other 16 Years Old or Younger 27.086 58,695
InstitutionalPopulation 1.063 2.304

NotinLaborForce(Over65) 9.357 20.277Unemployed 3.653 7.916
,7

Total 100.000 216.700

*In millionsof people

: B-3
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g.2 ActivityPatternsBy Time of Day and PopulationCaL_qoi'_
;I

The data base used to estimateactivity patternsfor the United
States' population is described in detail in Reference l, Section V, Tables

5.2-I through 5.2-9. Thesedata present percentagesof a sample population

engaged in nine activitiesfor each hour of a weekday, a Saturday and a i(

Sunday. For the United States, the "Forty-four City" data was used (See

Reference I). The sample populationscomprise the following population
H

categories:

o Employed Men L_

a EmployedWomen
o Housewives

For the purposesof this analysis,the nine activities presented

in Section V of Reference l were condensed to four categories as follows:.

;J
m Sleeping a Traveling

, Working o "Other" _I

As indicated in the SectionV data of Reference l, the "Otber" activity _

used above comprised the Followingactivities; Eating,Home and Family, _.i

Semi-Leisure,Other Leisure,T.V. Viewing, and Other Media. Referencel

presents a detail descriptionof each of these activities. For the purposes _j

of this study, however, it is sufficient to recognize that the "Other"

activities category includesactivitiesoutside and possibly away from the

home. Hence, using the Referencel data base it was possible to develop

detail activity profiles for the above three categories of population. How- _];F

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. _I
It is sufficient to condense the data, on a weigbted basis, to estimate

average daily activitiesduring the daytime and during the nighttime. Hence, II
the weighting used must recognizethe hour of the day and the day of the week _w

for each of the population categories. Once these average activity patterns

J,u
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are obtained,they must be averagedover the populationcategoriesto obtain

an "averageperson"activity.

. _ To conductthe weightedaveraging,two constraintswere imposed:

_ for each hour, the total populationmust be distributedover the four activ-

;m ities of sleeping, working, traveling, and "other"; and for each daytime

i I_ period (i.e., day and night) the averagingmust conserve person-hoursof

!' activity.

B.3 Arithmetic Used for Developin9 Weighted Averages

{:
The Reference 1 data are in the form of percentagesof a popula-

i_ _ion categoryengaged in an activityduringan 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,andSunday.
t

I_ The notation used to define a single data point (percentage) is

as follows:

Pljk is the percentageof the ith populationcategory
engaged in the jth activity during the kth

" I; houref tbeday

(Pijk)WD is the weekday percentagedata

_: (Pijk)SAT istheSaturdaypercentagedata

(Pijk)SUN is the Sunday percentage data

i denotesa populationcategory(e.g.,EmployedMen,EmployedWomen, and Housewives)

j denotesactivity(e.g.,Sleeping,Working,etc.).

k denoteshourof the day (k=l....,gdenotes2200hours to
.0700 hours and k=lO.....24 denotes 0700 hours to 2200 hours)

For any hour of the day, the welghtedhourl$percentageof popur

latienengagedin an activityis obtainedusing:

In.
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_ijk= 5(Pijk)WD_ (Pijk)SAT+ (Pijk)SUN (B-I)m

7

For the nighttimeperiodof 2200hours to 0700 hours,the weighted

nighttimehourly percentage for a weekly time period is obtained using:

9
= • (g-2)

(_ijk)N (1/9) k=1_Jk

For the daytimeperiodfrom 0700hours to 2200hours,tileweighted

daytimehourly percentagefor a weekly time period is obtainedusing: i-I

24 il
(_ijk)D : (1/15) k2_o_Jk (B-3) "I

The data insure that the populationis distributedover all activi- _
!I

tiesduringeach hour of tileday. That is, the data are normalizedso that: t_

-__'Pijk : JN(PiJk)WD + JN(Pijk)SAT + Nj (Pijk)SUN : 100.0 ,.,

The only "gap" in the data of Reference 1 is that the percentages tl

of the populationwere not reported for the followinghours of the day: _I_J

OlO0 through 0400 hours and 0600 to 0700 hours. Hence, it was assumed for
J.$

these time periods that the percentage quoted in the nextsucc_sslve hour !I

applied to the previous unlisted hours. For example, the data ef Reference l

states that 95 percent of employed women were asleep duringthe period of _I
_w

0400 to 0500 hours and 28 percent during the period 0700to 0800 hours.

Hence, it was assumed that 95 percentof employed women were asleep during
the period OlO0 through 0400 hours and 28 percent during the period 0600 to

0700hours. _I

B-6



TABLE B-2

AVERAGE HOURLY ACTIVITY DISTRIBUTIONS

(Developed from Reference l Data)

DAYTIME ACTIVITY, (Pi_k)D NIGHTTIME ACTIVITY, (_i_k)N
0700 Hrs. to 2200 His. 2200 Hrs. to 0700 HrS.

Population
Category Sleeping Working Traveling Other Sleeping Working Traveling Other

EmployedMen 7.68 40.14 8.47 43.71 70.70 6.48 8.30 19.B2'

,:: Employed Women 7.50 30.73 7.13 54.64 71.Bl 4.21 2.03 22.25

Housewives 6.84 N/A* 5.57 87.59 74.43 N/A* 0.86 24.71

*This does not imply that housewives do not work. Since the working activity is
to be deleted from the noise impact assessment, it was deemed to consider house-
wives in an activity around their homes and hence included in the population
exposed to roadway traffic noise.

!
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Using the forty-four City data in Section V of Reference 1, the ,_I
weighted daytime (Equation (B-3)) and the weighted nighttime (Equation

(B-2)) hourly distributionsof population activity were calculated. The i_
resultsof thesecalculationsare presentedin TableB-2.

B.4 OutdoorActivities

The health/welfarecriteria used by the Single Event Model con- _I

sider the poulation activity of outdoor speech interference. Hence, it is

necessary to estimate the percentage distribution of the population's i_

activity associated with outdoor locations. As indicated in Section B.2 of

this appendix,the generalcategoryof "Other"activitiesincludesoutdoor _]
il

activities. Further, traveling activitiesinclude time that peop]e are

walking. To estimate average outdoor activity of the national population, _I
two assumptionsare made. First,it is assumedthat pedestrianscomprise _,i

only peopleworking. This assumptionis basedupon practicalconsiderations _.

in thatdatadescribingthe averagewalkingtimefor workersis available,l II

It is recognized tbat 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 Noise Model

l*l

was beyond tbe scope of the present effort. The basis for refining the _I

estimate of the pedestrian population would require an analysis of urban

demographic data consistent with the population data base of the Single Event _I
Model and the data reported,for example,in Reference3, Chapter5. Next,

it is assumed that the population's activity outside their residence may be _I
consideredas a fraction or componentof "Other"activities indicatedin ,_

Table B-2.

B.4.1 PedestrianActivity

;J
As indicated above, the estimation of pedestrian activity, as used

by the Single Event Model, is confined to the working population of the _I

United States. From Table 4, page 122, of Reference l it is indicated that

the average duration of time spent walking by a worker when travelling to and iI
from work for the United States is 30 minutes per day. This estimate has ,,_

Oo8



i _ been weighted to ensureequalityof days of the week_ As indicatedin Table

B-2, the working poulation is comprisedof Employed Males and Employed

Femalesand that the hourlypercentagevariesbetweenthe daytimeperiodand
_._ the nighttimeperiod. Using tile_opulationdistributionin Table B-l, it is

pop_o_
seenthat the totalemployedp_Q-_ in 1974is 88.216milllonpeople. For

_ each employed person spending 0.5 hour per day Walking this represents
i

44.11 M person-hours of walking per day. Assuming that this estimate corre-

sponds to a 5-day work week, the averageperson-hoursof walking per day

_ for a 7-day week is 44.11/7= 31.51Mperson-hoursper day. From the data in

,: Table B-2, the total worker travelper day is estimatedas 148.31Mperson-

hours with I04.53Mperson-hoursduring the 15-hourday and 43.78M person-

I_ hours during the g-hour night. Distributingthe 31.61M person-hoursof
walking in the same day-nightratio as the total travel,one estimatesthat

: I_ 22.32M person-hoursoccur during the ]6-hourday and 9.30M person-hoursoccur
b during the g-hour night. For each hour of the day this represents1.488

millionpedestriansand for each hourof the night 1.033millionpedestrians. !

[_ For a populationof 216.7M,the pedestrianactivityrepresents0.6867percent ::

of the national populationfor each hour of the daytimeperiod and 0.4767

• :_ ,._ percentof the nationalpopulationfor the nighttimeperiod.
?,

_" I_ B.4.2 PopulationOutdoorsAroundTheirHome

;i

To estimate the time spent outdoors aroundone's residence,the :
i

,_ data of Reference4 are used. Table 2-2, page2-II, of Reference4 indicates
L

_: that for all populationcategories,the averageperson spends O.l hours per

day outsidetheir own home. For the purposeof the SingleEvent Mode],it is

assumed that this activity occurs during the 15-.hourdaytime period from 0700

L_ to 2200 hours. Hence,it is assumedthat percentageof the nationalpopula-I

tion outdoors and around theirown home is given by (O.I/15)(lO0)= 0.667'

i'! percent. This percentageis assumedto be applicableto all segmentsof the

• k_ UnitedStates' population. ".

I'
i
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: B.5 AverageActivity Patternsfor Categoriesof the U. S. Population "_

i The above results estimate activitypatternsfor the following

t populationcategories:

i i EmployedMales _

6 Employed Females

e Ilousewives

As indicated in Table B-l, the above three population categories are included _i
in the national total. Ilowever, the national total also includes "Other"

population comprising almost 41.Z percent of population. The data described _!

above does not indicate the activity patterns of the "Other" population _I

category. This population category comprises the Followinggroups:2 _

i People16yearsoldoryounger _i

o Peopleover 65 yearsold and nob in the laborforce _i

i Institutional Population

f'}m Unemployed _

Hence, an assumed activity pattern For this population category is _I

used. The assumptions are: everyone in tlliscategory is asleep during the _

9-hour night and is awake during the 15-hour day; the daytime activity of _I

this group is identical to the percentage distribution estimated for house- _J

wives neglecting the daytime sleeping distribution.

;1
With the above analysis and assumptions, the population's activity

pattern for an average 24-hour day is estimated. These results are pre- U

sented graphically as indicated in Figures B-I through B-4. These figures

present time-of-day as the horizontal axis and cumulative percentage of _i

population as the vertical axis. The left-hand edge of the figures cor-

respond to 2200 hours (I0:00 PM) and continue to 2200 hours at the extreme _j
,Jright 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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B-I through B-4 with the data presented in Table B-2, it is seen that the

"outside home" in the figures has been subtracted fromactivity percentage

the "Other" activity percentage listed in the Table.

m
I_ The horizontal dashed lines in Figures B-I through B-4 separate

the various activity categories as indicated. The percentage listed inparenthesis with each activity is the percentage of population engaged in

the activity during the hour. These results indicate the average percent-

age distribution of population during the daytime and the nighttime periods

used by the Single Event Model. They indicatethat during any hour of the

,, [m 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

I_ one category to another and, on the average, another individual may exchange
activities so that the percentage distributions indicated in Figures B-l

through B-4 remain constant. These figures are condensations of the more, complete distributions presented in Reference l.

I_ B.6 Average NationalActivityPattern

vq

I_ In the contextused by the SingleEvent Model, the results of !

::::":: Figures B-l through B-g must be further condensed to estimate a single ,i

}: national activity pattern for the United States' population. To do this, i
!_ii_ the percentage data of Figures B-I through B-4 must be weighted by their

!)i !4 respective absolute populations and combined into an average national total.

,i!i_ The population distribution presented in Table B-l is used for this weight-

!_ [_ ing. Hence, the Employed Male population of 50.668M is multiplied by the
i _ percentages given in Figure B-I to obtain the Employed Male population

:" engaged in each activity during the day and night. This is repeated for the !
z)

Employed Females. Housewives, and "Other" population categories. The person-

i_ hours of activity are summed and divided by the total national population

!i, of 216.7M people to obtain the percentage distribution of activity for an
"average" person in the United States. The results of this methodology

I'! are presented in Figure B-5. The distributions presented in Figure B-5 ,

_ apply to the total U. S. population whereas the distributions in Figure B-l
' iT
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throughB-4 correspondto subcateqoriesof the nationa]pnpulntimn, For
i

example,Figure B-5 indicatesthat during any hour of the daytime (0700to

_i 2200) hours) there are 31.86M people working(216.7 x 0.1470). From Table

B-l and Figure B-l, it is estimated that there are 20.33M men working and!f.,
" I_ from Table g-I and Figure B-2 there are 11.53Mwomen working any hour of

i, thedaytime.

_: The distributionof populationactivity presentedin Figure B-5 i

i _ is the basisfor allocationof populationactivityused by the SingleEvent

, Model to estimate noise intrusiondue to single event roadway traffic noise.

_. B.7 Allocationof Activitiesfor SingleEventModel

The Single Event Model allocates the total national population to

various activities to estimate the effects of roadway traffic noise. This

P_ allocationis conductedon the basis of averagehourlyactivityduring the

daytime period 0700 to 2200 hours and the nighttime period 2200 to 0700

i_ hours. The Model, however, assumes that certain activities are excluded
rt from the noise intrusionanalysissince these activitiesplace the appro-

_. ii_ priate population segments away from the noise environment estimated Forthe place of residence.

i;l

:,, ' Table B-3 presents the activitiesin Figure B-S and activities

!.! used for noise intrusionestimatesby the SingleEvent Model. As indicated

_j i_ in Table 0-3, the Single Event Model excludes 20.53 percent of the U. S.
:.: population from noise intrusionduring the daytime and 3.06 percent during

'_ I_ the nighttime. The exclusionsresultfrom segmentsof the populationtravel-

.I ing and workingduringan averagehour.

Finally, the relationshipbetween the various activitycategories

and the FractionalImpactcriteriarelatedto each categoryare as follows:

t'
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TABLE B-3

DISTRIBUTION OF POPULATION BY ACTIVITY FOR SINGLE EVENT MODEL

I DAYTIME NIGHTTIME
All Activities Activities Used by All Activities ActivitiesUsed by

Activity FigureB-5 SingleEventModel FigureB-5 SingleEventModel

Sleeping 4.34 4.34 83.57 83.57

Other 73.77 73.77 12.90 12.90

Traveling
m Walking* 0.69 0.69 0.47 0.47

, m Other Modes 5.83 Excluded 0.81 Excluded
A
I

OutsideOwnHome 0.67 0.67 O.O 0.0

Working 14.70 Excluded 2.25 Excluded

TOTAL lOD.OO 79.47 lO0.OO 96.94

/

*Estimate Based Upon Working Population Only. See Text.



i

Activity FractinnalImpact CriteriamJu

Sleeping Sleep Disruption and Sleep Interference

Other IndoorSpeechInterference i
L_

Walking (Pedestrians) Outdoor Speech Interference

OutsideOwnHome OutdoorSpeechInterference

For each hour of the day and the night, the Single Event Model uses theM_

i:_ activity distributions given in 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
J, i

_ !7 by the above relations between activity and Fractional Impact. This approach

:_! does assume, however, that the population activity in various urban areas and

_i f_ the rural areas are identical. Further, as the Single Event Model alters

i_ total population in future years to simulate population growth, tilepercent-

_i i_ age distribution of population activity remains constant. That is, the dis-'

_'_._ tribution of population, by population categories, presented in Table B-l;

i.I f_ remains constant throughout the timestream. These limitations are based upon

_i I:_ the present availability of data in a form necessary to relax the assumptions

_i used to develop the national activity pattern.
r_

E(

U •
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d_ APPENDIXC

CALCULATION OF VEHICLE POPULATION
r_
,_ FROMSALESANDSURVIVABILITYDATA

This appendix presents a description of tilemethodology used by

the NationalRoadwayTrafficNoise Exposuret_odelto estimatethe numberof

i:, 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

i_ two time variationsin the Model:

_,''_ a Variationof AverageDaily Trafficon Roadways,

• Variationof VehicleMix on Roadways.

I_ Each of lhese variahles is hased upon the percentage changes of ADT and

_,_ vehicle mix so that the absolute numbers estimated are not used by the

_] !_ Model, only the percentages, That is, ADT is increasedon each roadway

u I_ proportionalto the increasein total vehiclepopulation. The percentagemix

,: _,, of vehicle types on the roadways,by productionyear is alteredfrom the
!! _ baseline conditions proportionalto the changes in vehicle populationby
_T

_ vehicletype.

The simulation of noise emission regulations is, of course,

I'_ extremelysensitiveto the estimatingprocedureused to predictthe mix of

" regulated vehicles to older unregulatedvehicleson the nationalroadway

system in any future year. The Model conductsthis simulationby using

historical vehicles sales1,2 and projectionsof future vehicle sales. To

accountfor attritionof each vehicle typewithage (yearsfromproduction),

the Model uses survival or attrition data developed from historical

trends.I.2 The structureof the computingscheme is such that any simu-
I-'?

lationof vehicle sales and survivabilityis possiblefor each vehicletype
used by the Model.

Lj,
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il

C,I BaselineConditions ,,

In the baseline year, the National Roadway Traffic Noise Exposure
f _

year 1974 and earlier. These popu]atien data represent vehicles produced

from 1945 through 1974 and surviving at the end of 1974. Based upon vehicle _I

registration data,l,2 the total vehicle population in the United States in

1974 comprised approximately135 million vehiclesof all types.
#i

C.2 Estimatin9 VehiclePopulationBeyond1974 m,

il
The procedureused by the Model to estimate the numberof vehicle

types in any future year is rather simple, First, the original production _'I

value of the vehicle type is calculated. If the production year is 1974 or

earlier, the Mode] estimates the original production by using the stored _'_ii
value of the population existing in 1974 and the stored value for the vehicle

I

survivability corresponding to the age of the vehicle. If the production _

year is a future year beyond 1974, the Model estimates the future year

production based upon the vehicle sales projections over the time stream, _I
'I

The Model uses tabulated data expressing any future year's sales as a ratio _I i

of the 1974 sales value. Hence, the Model is capable of either growing or lj"
•f

terminating production of any vehicle type over the time stream simulation, _

Using this procedure, 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 is, 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 vehlc]e

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 !I

c-_ !l



# number of vehicles by vehicle type and production year in each calendar year
of the time stream simulation.

li
C.3 ,Noise Emission Requlation

I_ By estimatingthe number of vehicles hy w;IMcletype and produc-

tion year in any calendaryear of tiletime stream,the Modelallowsthe userto introducea vehiclenoise emissionregulationin any calendaryear of the

time streamfor any vehicletype. The Model considersa noise regulation
r ;

_ to be effectivewith the productionyear and subsequentyears until the

!T regulationis redefinedin a futureyear. Based upon the mix of unregulated

_' _ and regulated vehiclesof a given type in any calendaryear, the equivalent

_i A-weightedsound level for the vehicle type is calculatedfor each calendar

_ year. The percentagemix of unregulatedand regulatedvehiclesis calculated

i:ii_' i!_ by the Model using the vehiclepopulationdata estimatedas describedabove.

_; F_ That is, as older, unregulated vehicles retire frolnthe vehicle mix, and!:i

newer regulated vehiclesare introduced, the equivalentA-weighted sound

_ level is decreasedbased upon this change. Hence, the Model attemptsto

_i _'i simulatevehiclenoise regulationin a manner consistentwith vehiclesales
.!'.i and survivabilitycharacteristics.

_" Table C-I presentsa forty-yeartime streamsimulationof net

I._i vehiclepopulationsby year and vehicleI:yi_e.This simulationwas conducted

_':_ using the data basedescribedin AppendixA of this report.

_::

i
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TABLE C-I. EXAMPLE OF VEHICLE POPULATION PREDICTIONS
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APPENDIX D

TRAFFICFLOWNOISEMODEL

This appendix presents the trafficf]ow noise model used by the
i_ National Roadway Traffic Noise Exposure Model. The objective of this pre-

_, sentationis to detail the steps and assumptionsusedto developthe Model.

,, Basically, the noise emission algorithm estimates the day-night equivalent

spund ]evel at a distance from a multi-lane roadway that carries a traffic

flow comprisedof severalvehicletypes.

As consideredby the Model, each vehicletype is sub-categorized
: by the number of vehicles produced and/or survivingin a given year with

identicalnoiseemissioncharacteristics.The vehic]enoise emissioncharac-

_'_ teristics are further defined in terms of vehicleoperatingmodes: Idle,

acceleration,.deceleration,and cruise.

The basic approach used by the Model in calculatingtrafficflow

_ noise emissionsassumesan infinitestraighttrafficlane. Noise propagation

from the trafficlane is consideredin terms of c]assical(3 dB/DD)and a

I_ constant "soft site" excess distance attenuation.1Multi-lanetrafficflow
is obtained by considering the lane spacing in estimating the traffic noise

I_ levelsat a locationadjacentto the roadway.

I_ D.I BasicDefinitions

Throughout the development presented in the appendix, certain ba-

sic definitionsare used. These definitionsare presentedhere for clarity.

|J TimeAveragedMean Acoustic Intensity: The time-averaged mean

acousticintensityfor a time intervalt1_ t _ t2 isdefinedas:

IB 7 ='6"_L-t'_ I(t)dt (D-I)

tI



II

where l(t) = lo101-(t)/10,Lhe time-varyingacousticintensity (D-1) ,_

Io = p_ef/pc,referenceacousticintensity
el

L(t), time-varyingsoundlevel (usuallyA-Weighted) _4

E_uivalent Sound Level: The equivalent sound levei is defined as:

• Leq = I0 log (T/Io) (D-2a)
II

or Leqk = i0 log (Tk/Io) (D-2b) m-,

e.!

wherethesubscript'k'denotesa time Interval

tk_ t_ tk+1 ofa sequenceof intervalstl,t2....,tn. _._;

i 1,l
The 24-Hour Equivalent Sound Level: The 24-hour equivalent sound

!
i levelisdefinedas:

I._ _4 L(t)110 1
Leq(24)= i0log 10 dt (D-3) _'I

0 _

wheretimeis measuredin hours. _i

The DaytimeEquivalent Sound Level: The daytime equivalent sound _,L_
level is defined as the equivalent sound level calculated for the 15-hour

period0700to2200hours. _I

Ioo(i 22o0 L(t)/lO) _I
Ld Io I ": 0700io dti (0-4)

0-2 _i
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4_ The NighttimeEquivalentSound Level: The nighttime equivalent

_-, sound level is defined as the equivalent sound level calculatedfar the
'i
I.J g-hour period 2200 hours to 0700 hours,

i i_ 1700 L(t)/lOdtI (D-5)

Ln = i0 Ioglb . f 10ma 2200
1i

The Day-_Equivalent Sound Level: The day-night equivalent

sound levelis definedin termsof Ld and Ln as follows:

_;ii__ Ldn = 10 ]ogl-_loLd/lO+ 9_,lO(Ln+lO)/lO (D-6a)

F_l'_ as Ldn = iO logl-_FloLd/lO+ _-_ Ln/lOIlO (D-6b)

_ D.2 The EquivalentSoundLevel for RandomNoise Sources
r_

_ I_ For trafficnoiseemissionmodels,it is usualto formulatethe
_ equivalentsound level, Leqk, for a time period tk _ t _ tk+I as an average

_:; of noisesourcesrandomin nature. That is, both the time sequenceof occur-

rence and the type of occurrence,i.e., a vehicletype, are assumed to he

ran_ominnature.

;,i Formally, the equivalent sound level, Leqk, for the kth time

_ F_ intervalis a time-averagedlevel defined as an acoustic intensityratio (seeii!

_ _ equation(D-2)):
C

:})i_! 10Leqkl10= I /k+l 10L(t)/1Odt= <10L(t)110>k (0-7)
i tk+l-tktk

where < >k denotesthe time averageover the kth time interval.

U
0-3



,I

The level variationsfrommany time-varyingrecords, L(ti) : Li,

resulting from the same source characteristics define a statistically il
expected value of the acoustic intensity ratio. The statistically expected

valueisdefinedas: _I

E [i0Li/lO]= fP(Li)loL_/lOdLi (D-8)

where P(Li) is the probabilitydensityfunctionof the sound levelvaria-
il

tion L(ti) = Li for the collectionof recordscharacterizedby a _

local variation ti.
]

The random sound level variationsL(ti) occur over a global time

span comprisedof intervalsof localtime ti. If it is assumed that the
randomprocessdescribedby the soundlevelvariationsis statisticallysta-

tionary,thenP(Li) is independentof the time intervalti. For a stationary _
random process, the statistically expected value of the acoustic intensity is tJ

expressedas: j,_

E [I0L(t)/lO]= fp(L)IoL/lOdL (D-9) l__
_r

Further, within the class of stationary random processes is a sub-

class calledan ergodicrandomprocesswhichimpliesLhatP(Li) is identical .i

to the probabilitydensityfunctionp(L) determinedfor any singlemember

(event)of the randomprocess. _'I

Assumingthat the soundlevelvariationis representedas an ergo- _I
dic randomprocess,it can be shownthat the expectedvalue (Equation(D-9))

isequaltothetime-averagedvalue(Equation(D-7)). _

Hence,the equivalentsoundlevelformallydefinedas a time aver-

be expressedintermsof a weightedlevelaverageas: _jage may

IoL_/I0 = <loL(t)/Ig>k= E[IOL(t)/lO] (D-lOa) M

D-4 j



i_ and

10Leqk/lO: _(L)IoL/IOdL (D-lOb)

The resultof Equation(D-10b)is usuallyquotedwithoutdiscussionconcern-

! _ ing the underlyingassumptions.

;' _ Further extensionof the resultof Equation (D-tO) is possible.

: _ This extension, for the NationalRoadway TrafficNoise ExposureModel, recog-

nizes that noise emissionfield test data for a given vehicletype result

I_ in data related to operationof that vehicle type. The data usually are

:! obtained in the form of peak levels,Lo, at a referencedistance,Do, from
J_

!_ i_ the vehicleoperatingin a specifiedmode.J

i'i__ .For a given vehicletype operatingin a specifiedmode, p(L)
denotes the probabilitydensityfunctionresultingfrom field test data on

many identicalvehicles. If one assumesthat p(L) is a Gaussianor NormalDistribution,then the resultof Equation(0-10)becomes:

: r_ Leqk°go+0.115_e2 Ig-111
!i

.here
_; To is the mean (expected)value of the datapointsLo

!" pl ¢0 is the standarddeviationof the datapointsLo
_ 0.115 = ]n(i0)/20: 1o%(10)/20 ;

P.3 Day-NightSound Levelfor SingleLane TrafficFlow
C:

I_';I'_ In the developmentof the trafficflow noisemodel, it is necessary

_:_ to clearly keep track of the time of day, the vehicletype and the vehicle

'::hI;_ operating mode. To do this, the following notation is utilized:;!

i:i subscripti denotesa vehicletype

iil sobseripdenotesaneperatiooalmode
:_ subscriptk denotesanhourlytimeperiod.
: r!

!, !_ o-5
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With this notationthe follo_vingparameters ar_ d_fined:

Leij(t) The time-varying A-Weighted sound level for
vehicletype i operatingin mode j as foeasured
atthedistanceDo, Q_

Pij(L) The probability density function of the peak
vehiclesound levelsfor a vehicletype i
operatinginmodej asdeterminedat the dis- _I
tance Oo,

_oij The mean valueof thepeak A-Weightedsound il
levels of vehicle type i operating in mode j

asdeterminedata distanceDo.

•oij The standarddeviationof thepeakA-Weighted il
sound levels of vehicle type i operating in
modej asdeterminedata distanceDo, _

_ijk The source concentration of vehicle type i
operatingin mode j during the kth hour. _!

go A standard referencedistance for determining
vehiclenoiseemissions(usually50 feetor

Basically, all highway traffic noise prediction models rely upon _"I
the concept of a source concentration parameter, k, that is usually con-

sideredto be constantoverthe lengthof the roadwaysegment. The dimension _

of the source concentrationparameter is the number of vehicles per unit t_

lengthofroadway. _'I

For a mixed traffic flow condition,the instantaneousacoustic

intensity at tilereceiver, I(t), is the summation of intensities contributed _I
_a

from each vehicle type on the roadway:
_t

I(t): . li(t) (D-12) _J

For the roadway-receiver geometry defined in Figure D-I, the

instantaneous intensity at the receiver for a single vehicle type is:

Imm

li(t)= C Io Xi(t) I0Li(t}/lO (D-13)

D-6
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where Io Js the referenceacousticintensity(SeeEquation(D-l))

/'_'2 +']

i °t 2 _l

¢I'¢2) T @I
,I

The parameterC in Equation(0-13)is a site parameterdependentonly on the

receiver distance,g, from the roadway; the relative orientationof the _}

receiverto the roadway(angles@I and _2); and the excessdistanceattenua-

tionparameter_.* _'_
JJ

For the kth hourly time period, the t_me averagedmean acoustic _I

intensity at the receiver is for all vehicularsources and all operating

modes: _;_
,I

_ I _k+l l{t)dt : _ _ Tij k (D-14a) FI
Tk-Tktk i j '"

Tijk :-'FkCl° t_tk+Ixij(t)1OL°ij(t)/1Odt (D-14b) _I

_d
In the above result it is assumedthat the vehicleconcentrationand the
reference emission levels are functions of time during the kth hour.

Then consideringthe accumulatedtime during each hour that the

vehicle type.ioperates in the jth mode, the hourlytime interva][tk, tk+1] _I
is subdivided intooperationaltimeintervalssuchthat:

H

* See AppendixJ of Reference4.
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fti,j_l
fjtk+l( )jdt =)'_. _i,j ( }kdt (D-15)_ tk: J

Assumingthat the vehiclesourceconcentrationkij(t) doesnot changeduring

the kth hour, i.e., kij(t) = Xijk, then the averagemean acousticintensity
in;

is:

_-_ _tijI I

Tik = CIo _kijk'_l _ " _ti'j+110L°ij(t}/10dt'k

¢ )
(D-16}

ti,J I%

where Atlj : tl,j+I - ti,j is the accumulated time (during the

kthhourthatthevehicletypei
operates in tilejth mode). (Note

, _ thatthesubscriptk isimplied.)
_Ai,

Assumingthat the sound level Loij(t) is an ergedicrandomprocess,thenthe_ _ term in braces in Equation (D-16) is identicalto the definitionof the•:: I_
_I equivalentsound level for the jth operatingmode of the vehicleand may be

alternatelydefinedas:

' i0L°ijk/10 i0 dLolk (D-17)_:i_: = ij(L°)

Then, using the results of Equations (D-16) and (D-17) in the

Rxpressionfor the time-averagedacousticintensityat the receiver(Equation

(D-14)),one obtains:

eg

f i0L°ijk/10 (D-18)
Tik: Clo_Zijk ' ijk

J

. where Xijk.is the sourceconcentrationfor the ith vehicletype

LJ operatingin the jth mode duringthe kth hour.

' _ fijk =_tij/Tk is the fractionof timeduringthe kth
hour that vehicletype i operatesinmode J.

' II
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eq I l _i,j_1 Loij(t)/10 } ''

thj •

or,

eq ( r Lo/lO } _i

Loijk°ioIoglJpi (Lo,10dLolk
Finally, using the result of Equation (D-18) in Equation (D-14), tile expres-

sion for the time average acoustic intensity at the receiver due to all

vehicle types on the roadway is:

Leq /I0Tk/lo = C . _j --kijkfijk_U-^oijk (D-I9) _!

and the hourly equivalent sound level for the traffic flow during the kth

houroftiledayis: _J

f /}I Leqk : 10 log Tkll o (D-20) _:l_j

• I whereTk/I o is given by Equation (D-19). _:iI
It is now assumed that the vehicle concentration on the roadway

remains constant at the value defined for the cruise condition. That is, the _I

vehicles do not group together for the idle, acceleration, and deceleration

[nodes. With this assumption (See Equation (D-19)); _.l
,I
_J

_ijk = (Ni/Sc)k = (N/Sc)k 'Ilk (g-21) _I

where Ni is tilenumberof vehiclesof type i in the trafficcount _I
for the kth hour

Sc is tilecruise speed for the kth hour

qik = (Ni/N)k Is tilefraction of type i vehicles _I

in the total traffic count N during

thekthhour.

D-tO
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I_ 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

,i the daytime equivalent sound level (Equation g-4), the nighttime equivalent
l'i

sound level (Equation D-5), the nighttime equivalent sound level (Equation

m, D-5), and the _ay-nightequivalentsound level (EquationD-6b), the expres-

i_ sion for the day-nightsound level from the flow of traffic is obtained in

theform:

J_

(1 15 24 I
I,_ Ldn : I0 logl_Fk=_l lOLeqk/lO +10._Tk--_6 i0 Leqk/lO, (D-22)

m

where10LeqkI10=C"k fijk10

L2
:£I'9 c : _Oo2
ill i.

[_ , = i %@2 cosY(@)d@
Gy(@I'@2)"T @1

::: The resultof Equation(D-22)is quitegeneralin that if the i

vehiclemix (qik),vehicleoperatingcharacteristics(fijk),hourlytraffic ,;
:_< count(Nk) andaveragehourlycruisespeed(Sck)are alldefined,thenthe

i; I'_ calculationof Ldn for the finite roadway segment at a distance (D) and
orieu_ation(@i and@2) from the receiverfor a site characterizedby excess

_i'I_ distance attentuation(Y) is very straightforward.Unfortunately,national
data for roadwaytraffic conditions are not available at this level of

_i _- detail. H'ence,the general resultof Equation(D-22)must be reduced to a

level compatiblewith tilebest availabledata related to national.traffic
C

_ii characteristics, It is recognizedthat for any specificroadway sufficient

' _ data could be obtainedto utilize Equation(D-22)without further assumptions,

D-11
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The reduction of the result of Equation (0-22) to the level of .._

! available data will be taken in stages. First, it will be assumed that _I

traffic conditions are constant during the day_ime (0700 to 2200 hours) and

are consLanC during the nighttime (220(}to 0700 hours). Hence, in general, al

: the daytime conditions will include an averaging of the nlorningand evening

rush hour periods and the nighttime conditions will exclude rush hour _I
periods.

Witll this assumption the day-night equivalent sound level for the

traffic flow is expressed as:
I"J

eq

lo I_5 _-_.,,Ldllo ,eqllU)
Ldn: 10 gl'_ d d_u (0-23)

, M
where N is the average llourlytraffic count for 24 hours _

(equals (15Nd + 9Nn)/24) rl

S_c#'isthe cruise for 24 hoursaverage hourly speed

, ( :

km
ITr = Nr /N is the fraction of the average imurly

I traffic count during daytime flours(r:d) or _!

1 nighttimehours(r:n) i_JI

_'r : Sr/Sc is the ratio of the average hourly daytime _I

cruise speed (r=d) or nighttinlecruise speed _,_

(r=n) to the average hourly cruise speed for

24hours. _I

eq eq _;I

loLr /lO = %r _'_'f iuL°ijr/10j ijr

;J
r = d denotes average hourly daytime conditions

r : n denotes average hourly nighttime conditions.

D-I2



I'. The result of Equation (0"-23)is too general for use in'a national

• simuldLiun mooe], Generally, only average daily (24-hour) data are available

to define tile traffic conditions on the roadway. However, data are available
to estimate tile fractions of the total traffic count for the daytime and

nighttime periods. All other data must be assumed constant over the 24-hourperiod.

pl

(_ Assuming that the average cruise speed (Scr), traffic mlx (qir),

and the vehicle operating parameters (fijr) are constant for each hour of the

r_ day, then L_q = Leq and the daynight equivalent sound level is expressed as:

Ldn=Lo+Iolog(,/sc)+lO1o9(Io-Fd)* 1olog(c)

_; where Fd = (15Nd)/24N) is the fraction of the traffic countoccurring during the daytime

F_

_} Fn = (9_n)/(Z4H) is the fraction of the traffic count

_'I occurringduringthe nighttime

Fd + Fn = 1

Finally, national data were not available to estimate an average

_:_ roadway orientation defined by the angular coordinates (@1, @2). However, it

.... T.."_ is assumed that the location at which the traffic noise estimate is to be

_ made is at the edge of a clear zone adjacent to tireroadway. Tireclear zone: _" is assumed to be uninhabited but to possibly exhibit an excess distance

! attenuation described by tim constant Y2 (see Figure 0-1). Hence, at the

T edge of the clear zone, it will be assumed that a receiver would view the

'_'i roadway as an infinite l_ne source. Further, it is assumed that the pavement

surface is acoustically hard. With these assumptions, the following para-
meter values are: @I = -:T/2,@2 : +_/2, and 7'I = O. These parameters are

I.R contained in the term denoted by "C" in Equation (D-24). The parameter C is

defined in Equation (P-_3) and for an infinite roadway with acousticallyhard

I_ pavement,one obtains:

I D_13



1O log(C)= lOlog(D_/O_*I) + 10 log(_b_) (D-25) i,

_P
q_

whereDr isthepropagationdistanceovertheacoustically
hardpavement _

Dcr is the propagationdistancefroolthe rth lane _ [
centerline to the edge of the clear zone

72 is the excessdistanceattenuationconstant

fortileclearzone.DistanceDcr-Dr, _I

Substitutingthe result of Equation (D-25) into Equation (D-24),

oneobtainsFortherthroadwaylane: 41

Ldnr : L_ + 10 log(Nr/Scr)+ ID log(10- gFd)r i,I

il
+ iO log(D1c/Ucr + iO Iog(_D_) (U-26)

The first term in Equation(0-26)is tlm referencetraffic noise _

source tenn. This term is the weighted equivalent sound level of the traffic

defined for the roadway lane. It comprises the traffic mix, the fraction of _I

time thateach vehicletype operatesin eachmode, and the referencevehicle

noise emissionlevels.The vehiclenoise _,issionlevelsare referencedto

the distance Do and depend upon the traffic speed. This terlois defined in

Equation(D-23). _'I,
_P

The secondterm in Equation(D-26)is the trafficsource concen- _i

_ration(number of vehicles per unit lengthof roadway). The third term _

accountsfor the split of the total trafficbetweendaytimeand nighttime. _t

The fourthterm is the noisedistanceattenuationconsideringan acoustically _

hard propagation across the pavement and an excess attenuation over the clear

zone. The last term incorporatesthe reference distance,Do, and the inte-

grationfor the infinitelengthline source.

0-14
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r
Equation (D-26) applies loa single _raftic lane and may incorpor-

ate any consistent set of dimensional units far 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:

_2_+iLdnr : L_R + 10 log (_r/Scr) + 10 log(D_/Dcr ) + CI (D-27)

where CI : 10 log I_D_(IO-9Fd)r/(24'528g) I

I_ 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 operates during the night.3 Further, it is reasonable to

I_ 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
¢,

!i traffic lanes becomes:

_Z;:i_ Y2 Y2+1)>_ Ldnr : L_ + 10 leg (_r/Scr) + I0 log(Der/Dcr ) - 8.71 (D-28)

_._

iL.!_' I_ where Do: 50 feet
N.

.j

;_i I_ - 8.71 : 10 log C=(50)2(i0 - g(O.B7))/24.5280)]

Equation (D-28) applies to a single lane of traffic of infinite

extent at a Distance Dcr feet from the edge of the clear zone to the center

line of the lane. The distance from the lane centerline to the near edge of

I_ the pavement is denoted by Dr . The Parameter Y2 denotes the excess distance
attenuation for the traffic noise propagating over the clear zone. This

U propagationdistanceis (Dcr - Dr) feet.

U D.4 Day-NightSound Level for Multi-Lane Traffic Flow

To extend the result of Equation (D-28) to multi-lane roadway

traffic conditions, it is only necessary to sum the sound level contributions

,/

D-15
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from each lane on an intensitybasis, Estimatesfor the numberof lanes,

average lane _vidths,and clear zane distancesare possible. The traffic

parameters appearing in Equation (D-28) apply for each lane. National data

are not available to estimate a non-uniformdistributionaf traffic over all

lanes. Hence, it must be assumed that the total AUT for the roadway is

uniformly distributed aver each lane and that the average cruise speed for _I
Heach lane is equal to the cruise speed for the raadway, With these assump-

tions,the expressionfar the day-nightsound levelat tileedgeof the clear

zone is:

Ldn:L q*ioleg(/(nSc)l+1ole0G(o,Vg r
where l_q is the weightedequivalentsoundlevelreferenced ,_

ke_ to DO : 50 feetfor the definedtrafficflowmix,

vehicleoperatingcharacteristics,and speedSc _I
t_

-_istheADTfartheroadway _I
CJ

n is the number of lanes

Dr is the distancefram the rth lanecenterlineto the

near edge of the pavement :I

gcr is the distancefromthe rth lanecenterlinetatlle _I
_Jedge of the clear zone.

FigureD-2 presentsthe raadway/clearzone geometryand the assump-

tions used for excess distance attenuation from the source to the edge of the

clearzone.

_he first term in Equation (0-29)is the saurcereferencenoise !I
emission level. This tem is the equivalent sound level of the traffic noise

source weighted by the vehicle mix and the vehicle aperating characteristics. _
tlThis quantity is defined in Equation (D-23). The second term is the traffic

D-16
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noise source concentration for eac_ lane defirled in terms of the _otal road-

way ADT ('N),the number of lane5 (u), and the averagecruise speed, Thethird term is the traffic noise propagationterm for the varying distances

from eachlane to the edge of the c]earzone. ,_

,J
Equation (D-2g) is the algorithm used by the National Roadway

Traffic Noise ExposureModel to estimate noise emissionsfor the specific

traffic conditionsand roadwayconfigurationsas definedby the Model. As

usedby the Model, the oistancesin Equation(b-29)are calculatedfrom lane
wiath data and clear zone distancesdefinedas input. The Model uses Equa-

tion (D-2g)to estimate the trafficnoise level at the outer edge of the
clear zone, The distance attenuation functions used by the Model for noise

propagationinto populated areas are describedin Section2.5 of the maintextof thisreport.

"i
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I_ APPE,DIXE

SI_GLE EVENT TRAFFIC I_OISETHEORY

m,
E.I Definition of Single Event Sound Levels

To estimatethe sound ex#osureof a receiverresultingfrom a dis-

crete noise event, one requires the determination of the total acousticintensity 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

_'_ sourcePs 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,i

:_._F_ down duration" is used to characterize the vehicle's noise signature.1 That
r lJ
._ is, the time required for the sound level to rise from 10 dB below the maxi-

i_ (i_ mum level to the maximum level and then to decay to 10 dB below the maxi,mum_: level is commonly used.

;.; I_ For a single discrete noise intrusion,the total acoustic intensity
.... received during the defined time period is used to define appropriate sound

I_ 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

I_ equivalent sound level 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 defined time period.

_- For a time varying sound level, L(t), that is symmetric about the

;r.i'[j maximum level at t = O, the following definitions apply for the defined time

_: period - T/2 < t < T/2:

LIr,;

_! e Sound Exposure Level*

ii SEL=lO.log (E'-la)

ZTl2 10 dt

_also be denoted as LAE (see Reference I).

E-1
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a EquivalentSoundLevel (for the time T)

I_ CT/2 L(t)/lO 1 mlLeqT:1elog JT/21o dtI (e-lb) i;

Fr_n the definitionsgiven in Equation (A-l),the followingrelationships II

betweenthe Sound ExposureLevel and the equivalentsoundlevel is obtained: _I
il

SEL=LeqT +10.1og(T) (E-l) _4

Using the resultof Equation (E-2),one may relatethe two sound

i_] levels rather easily provided that the noise exposureduration,T, at the _I
] receiver is known. Generally,the durationdependsuponthe source'soperat-

i ing characteristicsand the closestpass-bydistancebetweenthe sourceand _I

i the receiver. The purpose of this Appendix is to present explicit expres-

! sions for SEL, LeqT, and T in terms of the sourceoperatingcharacteristics
and the soundlevel attenuationbetweenthe source and thereceiver. 'I_iI

E.2 SingleEventNoiseAnalysisfor a VehiclePass-by _I

Figure E-i presents the source-receiver geometry for a single _I
I

vehicle noise source moving with speed V along a straight roadway. ;Thei

_eceiver'sdistancefrom the roadway is denotedby the parameterD. Tim_ is _L

: measured relativeto the instantthat the source is at the distanceD from

the receiver. Alternately, the source may be located at any instant by using _II

the time-varying angle, @(t), as indicated in Figure E-l.

R(t)= [D2 + (Vt)2]I/2 = D/COS(@(L)) (E-3) _I

where @.t)'=TAN'I(vt/D) _I

E-2 _



m _ _ _r _ _ m m _ minim-m_ Immmm mm_ _m_ mmm mmm_

t. 0
I ., 0

¢'-T/2 r'_ V I D I- _1"(2

VEHICLE AT _ /

O 0 0 0 ./
t"*

/
\ Rhl /"

"\ / /

\_" _ -'°N.-/
/

INTEGRATION lIMITS: f

Z _ , 21D/V) [ IO L_5(;'+_,, )-I [ 112 I1_RECEIVEI1 AT
DISTANCE D

'r'"'TAN"( [ 10 L/#2'), )-I J 1_1 FROM THE LANE

ItECEIVI:n NOIS E EXPOSLJR[: FOR SEL AND LuqT

I

, FIGUREE-1. ROADWAY"LANE/RECEIVERGEOMETRYFOR SINGLEEVENT

NOISE ANALYSIS OF VEHICLE PASS-BY



lq

At any instant,t, the sourcesound level propagatestol_ardsthe

receiverand attenuatesas a functionof the time varyingsource-receiver

distance R(t). Hence, the time-varying sound level at the receiver may be

expressedinthegeneralform:

L(t) = Lo + IO.log[FR(R)] (E-4)

where Lo isthevehicle'sreferencelevel
lO.logIF(R)]is the distanceattenuation #!

For the moment, the functionF(R) is consideredto be general,but it must _

satisfy the following conditions:

:J

(I) F(R) = 1.0 whenD = DO and t = 0 (i.e.,L(O)= Lo @ D = Do)

(2) O<F(R)_ 1.0forD_ DO (i.e.,thesoundlevelattenuetes) _I

,I
The first conditionsimply statesthat with the receiverat a distanceDo, _,I

the maximum level at the receiver is the vehiclereferencelevel, to. The

secondconditionsimplystatesthat the soundlevelattenuateswith increas- _,j

ing distancefrom the roadwaybeyondthe referencedistanceDO.

mJ
Using the time varying sound level, L(t), as presented in Equation

(Z-4), the definitionsgiven in Equation(E-I), and transformingthe time 4_I

integrationto an angularintegration,one obtains:

SEt = Lo + lO.log(U/V)+ lO.log EC @.F(@)d@ (E-5a) _

LeqT: Lo + 10.1og(D/VT)+ 10.1ogI f_C2*.F(*)d*I (E-Sb)

@ = TAN-I(vT/2D) (E-Sc) _

In Equation(E-5), the sound exposureduration is taken as T. The above _{
result5are the basic functiona]forms for calculatingthe Sound Exposure

Level and the equivalentsound level for a single event vehic]e pass-by. _I

E-4



E.3 Propagationof SoundforSingleEventAnalysis

The propagationof soundthroughan urbanarea not an
is ideal

process. Per a single point source, one would ideally assume that acoustic

intensity varies inverselyas the squareof the distance from the source.
Hence, one aspect of urban noise propagation is to simulate attenuation of

acoustic intensityin excessof the inversesquarerelationship. Further,urban areas are built up with buildings of various heights with various

widths between the buildings. Hence, one must use empiricalresults to

_ simulate distance attenuationof vehicle noise in urban areas.2
i,

!.:! Based upon the available empiricaldata,2,3,4 however, it
:;! appears reasonableto assumethat urbannoise propagationmay be simulated,

I_ approximately,by definingan appropriatedistanceattenuationfunction. The
J i

._ approach taken here is to assume that the empiricaldistance attenuation

.._ I_ function may be described using a connectedseries of straight line segments
?! [_ when presentedin the form of attenuationversusthe logarithmof the dis-

....z:, iI tance from the source. Figure E-2 presents the general,concept of the.,.,'i assumedform of the attenuationfunction.

i_- As an extensionof the roadwaytrafficnoise model developed

_J by FHWA and described in AppendixJ of Reference5, it is assumedthat the

I_ distance attenua'tionmay be simulated by a series of adjacent regions

ii!i_ parallel to the roadway. Each region is ch'aracterizedby a width and by an

.;; [_ "excess attenuation"parameter,_. This configurationis illustratedinFigure E-2.

_,, E-5
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The attenuation function may be expressed mathematically as a

product of distance ,,aliusraised to an appropriatepower. The functional
" 11 form usedfor the attenuationfunctionis:

Gr(D) : (Do/D1) (Dr/D) • l-F (Di/Di+l) (E-6)

_: _ where DO is a referencedistancefor the vehiclereference

::i level,Lo. !

,_:: Dr isthedistancefromtheroadwaytothefaredge
il oftherthstrip

i 'J, 1

D is the receiverdistancefrom the roadway

':': :2,3,..._,, Dr. I < D <__Dr r

,_ The sound level attenuationas a function of distance from the

_f ,m roadwayis givenas:

• Attenuation,dB : 10.1og[Gr(D)] (E-7)

,_, for the distanceD in the range Dr.1_<D_< Dr.

_... The result of Equation (g-7) is extendedto the moving vehicle source using

>_'I_ the relationshipof Equation(E-3):

R(t) : D/COS(_(t)) (E-8)

Similarly, the distances, Di, used to define the attenuation function,

i_i Gr(g),given by Equatlon(E-6)areexpressedas:C:;_
(!

:i:I _ Ri(t) = Di/COS(@(t)) (E-Sb)

" _
: E-7
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ii

Using the result of Equation (E-h) nne obtains the relationship
i

Di/Di+I = Ri(t)/Ri+1(t) i = I, 2.... (E-g)

I
_t

Hence, other than the ratio, Do/Di, appearing in Equation (E-6), a]l other

terms are independent of time and/or the veilicle'sposition relative to the

closest pass-by location. Substituting, the relationships of Equations (E-8)

and (E-g) into Equation (E-6), the distance attenuation function for an arbi_ _-4

trary vehicle position relative to the receiver is obtained, The result is: _

Fr(@)=Gr(D)[COS{@(t))]2+71 (E-lO) _I

Hence, the time varying sound level at the receiver is obtained by substitut- !_I

ing Equation (E-IO) into Equation (E-4): lJ

Lr(t) = Lo + lO.log [Gr(D)] + 10(2 +_l).Img [COS(@(t))] (E-11) m_

Tile Sound Exposure Level is obtained by substituting Equation (E-11) into the |:_

SEt definition of Equation (E-la) or substituting the attenuation function of

Equation (E-IO} into Equation (E-ga). Using either approach one obtains: _iI

I/1SEL = Le + lO.log [Gr(D)] + 10.1og OS_I d@ + tO.log(D/V) (E-12)

whereDr.I< D<Dr _'
m.J

: TAN'I(vT/2D)

From Equation (E-12), it is seen that the Sound Exposure Level is a

function of the vehicle reference level, Lo; the distance from the roadway,

D; the vehicle speed, V; the exposure time, T; and the excess attenuation

parameter, 1.' From either the relationship between SEL or LeqT (See Equa- _j
tion (E-2)) or Equation (E-5b) one sees that the single event equivalent

sound level, LeqT, depends upon the s_ne parameters as the Sound Exposure

Level. The only parameter yet to be estimated is the exposure time T.

E-8 _ !



E.4 SingleEvent ExposureTime

I_ As mentionedin SectionE.I, the single eventexposuretime must

be known to evaluate eitherthe Sound Exposure Level or the singleevent

equivalentsound level, LeqT. In this section, the analyticalestimation

of the exposure time, T, for a singleevent is obtained, The result if

dependentupon the formof the distanceattenuationfunctionassumedfor thet

problem as described in Section E.3.

:: The time-varyingsound level is given by Equation (E-If). The

:i I_ maximum sound level at the receiverfor the singleeventpass-byoccurs at

time t=O. The " AL dB duration" is obtained from Equation (E-11) by sub-

tractingthe timevaryinglevelfrom the maximumlevel. The resultexpresses

the level variationbetweenthe maximum level and the level at the time

:,.! t = _ T/2. The resultis simply:

': L _ -10(2+ _I),Iog,[COS(@(T/2))] (E-131

To determinethe singleeventnoise exposureduration,T, Equation

_ (E-13)must be solvedfor the duration. Using the definitionof the time-_! varying source-receiver distance given by Equation (E-3), one obtains:
r.

;;!" oL/5(2+'iI.ii/2T=2(o/v)[1 ] (E-14)

::i:: The result of Equation (E-14)expresses the single event noise
ii!:

_, exposureduration,T, in termsof tbe distance,D; the vehiclespeed V; the

1:4 leveldifference,_L; and the excessattenuationpar_leter_1.
i

_i F'_ To complete the discussion,it is necessaryto evaluatethe inte-

•,_,_ gration limits appearing in Equations(E-5). Substitutingthe result of

Equation (E-14) into Equation (E-5c), the subtended angle swept by the

_i _ sourceas it passesby the receiveris simply:
C,

iiI_ -I _L/5(2+_I)i]i/2)¢ = TAN ([I0 - (E-15)

E-9



This is, perhaps, the most revealing aspecL el" Lhe _nLire discus-

sion. Ti_atis, the angular view that the receiver "sees"as the vehicle

passes by depends only upon the level difference,z_L,and the parameterYI.

This result is, of course, dependent upon tileferalof the attenuationfunc- _I

;_ionassumedin Equation(E-61.

E.5 Summar_of Results

The main resultsof the singleevent noise analysisare summarized el

in this section. Basically,the results are the quantitativeevaluationof

the Sound Exposure Level, SEL, and the single event equivalentsound level, _

LeqT, in terms of the vehicle operating parameters and the site characteris-

tics. The results, of course, present tilequantitative evaluation of the _'

single event exposuretime or duration,T. The resultsapply to a single _I

veIHcle moving along a roadway with constant speed, V, and the receiver _:l
_Jlocated at a distance, U, from the roadway.

Tile Sound Exposure Level for the single event is given by: i

SEL = Lo + 10.1og(D/V)+ 10-1ogJar(D)]+ iO.log S (E-16a)

The singleeventequivalentsound levelis givenby; _.I

The single event duration, T, and the angular limit @ are given by:

T = 2 (D/V)[IO_L/5(2+71) - 1]I/2 (E-16c) m_

AL/_(2
TAN-I ([10- i]1/2_m" (E-16d)

E-IO
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... E.6 Applicationof Results

:_ I_ For .a singlevehicle pass-bynoise event, the summaryof results

_ presentedin SectionE.5 may be condensedto practicalapplicationby assign-

_ ing representativevalues to the variousparameters. First, the value of _L

_: _ requiredto estimate the exposuretime,T, is set to 10 dB. Next, the physi-

li ca) interpretationof the parameter_1 is required. If the distance, DI is

;_ defined as the "clearzone distance",the site is either"hard"(_i = O) or

0.5).5_ "soft" (_I : With these conventionsand the results of Equations
_,i (E-16c)and (E-16d)one obtains:

:_' T = 6(D/V}and _: 1.2490radianfor a "hard"site (E-17a)

, Fi

I_ T : 4.6085(D/V)and _= 1.1613radianfor a "soft"site (E-17b)

}£ For the singleeventSoundExposureLeveland the equivalentsound

level, it is required to evaluate the integral appearing in Equations (E-16a)

[_ and (E-16b).The results
areS:

": I + 3.98dBfora "hard"site (E-18a)

_.] lO.log d@ = _ + 2.87dBfora "soft"site (E-18b)

The result of Equation (E-iBb) is obtained from Figure 7, page 23,

L: [_ of Reference5.

Using these results,the SoundExposureLevel is expressedas:

'_ SEL= Lo + 10.1og[Gr{D)]+ lO.log(D/V)+ CI (E-19)

and the single event equivalent sound level is expressed as:

LeqT=Lo + lO.log[Gr(g)]+C2 (E-20)

: E-f1



Toe constants CI and C2 in Equations (E-IQI and (E-20) basically

depend upon the "i0 dB down duration" and the values of i corresponding to a I

"hard" or a "soft" site. Using the results of Equations (E-171 and (E-18) _i

one obtains: _

tl
+3.98 dB for a "hard" site

"1ct- (E-211
+2.87 dg for a "soft" site

_ -3.80 dB for a "hard" site _

=I (E-22) ii

C2 _-3.86 dB for a "soft" site a_

This result is the basic algorithm used to estimate tileSound Exposure Level,

SEL, and the single event equivalent sound level, LeqT, used by the Single El

Event Model of the National Roadway Traffic Noise Exposure Model.

_J

E.7 Single Event Noise Exposure With Ambient Sound.Present

In order to estimate the single event noise exposure in terms of

realistic conditions at the receiver, it is necessary to consider the ambient _

sound level present during the noise intrusion. If the maximum level of a _

time-varying intruding noise exceeds the receiver's ambient level by several

d_, the receiver will be ab|e to distinguish the intruding noise above the _,

ambient. However, if the maximum level is equal to or less than the ambient

level, then the intruding noise will be "masked" or obscured by the ambient _I

level. Hence, expressions for the Sound Exposure Level, SEL, and the single
B'

event equivalent sound level, LeqT, in terms of both the intruding noise and
E the receiver's ambient sound ]eve] are required.

Assume that the time-varying ambient level at the receiver is given _ i

by La(t). From Equation (E-11), the time-varying intruding sound 'from a

vehicle pass-by is given by; _J i
i

E-12
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..._- L(tl = Lmax+ 10(2 + )'i.loq[COS(R,t)] (E-23)

where Lmax = Lo+lO.logGr(D) is the maximum sound level at the receiver

during the pass-by.

For the receiverslmultaneouslyexposedto the time-varyingambientand the

vehicle'spass-bynoise,the totalexposurelevelat the receiveris:

:i: _(t)=lO.log10 +10 (E-24)

.:i_ Using Equation (E-23),one may estimatethe Sound ExposureLevel and the¢!
h •
,_,_ single event equivalent sound level in terms of the ambient level and the

!:_'iF| vehicle'snoise emissioncharacteristics.SubstitutingEquation(E-23)into

1 i_ Equation (E-24)and using the definitionsfor SEL and LeqT, one obtainsthe
receiver's total single event noise exposure. Tilereceiver's Sound Exposure

<,! i_ Level, wit',ambient, is:

,;_ SELa/IO Lmax/lO ¢
_ SEL = 10.1og 10 + 10 (D/V). (E-25)

bi

(J-T/2(rT/2 La(t}/10 1I_ where SELa = lO.log 10 dt

_' _ The receiver'ssingleevent equivalentsound exposurelevel,with ambient,

is:

{ oLeqj,O
t::i Lmax/10 ¢c

,;,_, LeqT = lO.Iog + 10 (D/VT) • (E-26)

! _ ' -_

where Leqa : O.Iog . "
'_L_
i:i,
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In Equation (E-25), SELa is the Sound Exposure Level of the ambient. In _,,

Equation (E-26), Leqa is the equivalent sound level of the ambient. The 31

averaging time, T, is the vehicle's single event duration given by Equation

(E-14). From the above results, it is seen that the Sound Exposure Level GI

attributable to the ambient is realted to the ambient equivalent sound level

:las:

SELa= Leqa+ 10.log(T) (E-27) _I

Substituting Equation (E-27) into Equation (E-25), and factoring out the _,_

terms containing Lmax and T, the receiver's total Sound Exposure Level is _:)

expressed as: _

I ig(Leqa'Lmax)/10÷" 1

SEL= Lmax + iO.log(T)+ iO.Iog I (E-28) _:_• L,J

CO/ T).,j.d
where: I = _s_l@d@ (E-29) e_

l Similarly, the receiver's total single event equivalent sound exposure level _iI

I isexpressedas: _I
_d

I lo(Leqa-Lmax)/iO+i } W-LeqT = Lmax + lO.log (E-3O) '

!

where I is defined by Equation (E-29)

Now, suppose that the maximum intruding sound level, Lmax, exactly equals

the receiver'.sambient equivalent sound level. Thus, the receiver's total _

SoundExposureLevelis: _w

SEL= Leqa + tO.log(T)+ 10.1og {I + I} (E131)

E-14
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li,
and the receiver's total single event equivalent sound level is:

' li

_! _ LeqT=Leqa+ lO.logI1+ Ii (E-32)

The usefulnessof 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 level difference between the
< ambient level, Leqa, and the maximum value of the intruding time varying

_ [_ level, Lmax, that results in an acceptable "masking" of the intruding sound,
:::' the correspondlng values of the receiver SEL and LeqT may be estimated,

_-: These values are criteria limits below which the intruding sound is not

.:_._ distinguishable above the ambient level. Unfortunately, however, there does
)'?

_;i not appearto be a recognizedleveldifference_L = Leqa -Lmax te quantify

i; [_ "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 ambient sound level

with the intruding single event sound level and the assumption used to define

'_: "masking,"

 i!iI;
(:!i

7_

": 1_ "
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::_ APPENDIXF :

SECONDARYNOISEEXPOSURECALCULATIONTHEORY

ii _ F.1 NoiseExposureCalculationScheme

In order to appreciatethe noise impactmethodologyused by the

: I_ National Roadway Traffic Noise Exposure Model, it must be rememberedthat the

basic requirementfor the simulationis the allocationof populationtoroadways. The Model distributesthe nation'spopulationand land area into

36 categories of constant population density. (The Model uses population and

_: land area to define populationdensity.) In each land area of constant
!i! population density, roadway raileageand traffic conditionsare defined.

1.1_! Sinco the Model's data base recognizes only roadwayswithin an inhabited land

: area, the total land area is proratedamong the roadwaymileagedefinedfor

I_ the area. Based upon the roadwaymileage and the allocatedland area,the
_ Model calculates a maximum width* for the strip of land adjacentto each

_i'I'_ _ roadwaywhich is allowedto containthe population.Hence,theModel assigns
_: a fractionof the total populationand the total landarea to each mile of

>:' roadway by roadway type and traffic condition. The allocationscheme places

| the total populationadjacent to the total roadwaymileage. The maximum

width or distance away from the roadway is called the "cut-off" distance for

I_ of discussion.The cut-offdistance the limitin thepurposes represents

noise exposure calculationscheme to ensure that the estimatesdo not repre-

., sent a "double-counting"of the exposedpopulation.

". I_ Everyoneis aware that in a typicalurbansituation,a receiverat

_ _ a given location is potentiallyexposedto severaldistinctroadwaynoise

:'i sourcesduring a typicalday. That is, a receivermay be livingon a local

B_ street a few blocks from an interstatehighway and althoughthe maximumsound

T_
&,

_: *This calculation is performed in the baseline year and remains constant
)_ throughoutthe time stream.

; I_ F-1
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levels to which he is exposed may result from traffic on the local street,

most of tlle ]ong-term noise exposure may resu]t from traffic on the inter-

state. The National Roadway Traffic Noise Exposure Model recognizes this _I

aspect of the problem by classifying roadway traffic noise exposure into

primary exposure and secondary exposure. Primary Noise Exposure is the noise m,

exposureof the populationassignedto a roadwaygeneratedby the trafficon _I

that roadway. Secondary Noise Exposure is the noise exposure of the popula- _
I

tien assignedto a roadwaygeneraLedby trafficon other roadwaysdefinedfor a_

the same population density land area.

] The Model conducts a two-stage noise exposure calculation. The

Primary Noise Exposure calculationis a deterministicscheme in that all _(

parametersrequiredfor tilecalculationare definedfor each mile of road-

way, The Secondary Noise Exposure calculation is a probabilistic scheme
since the relativealignmentof all roadways in a land area and hence,the _i

noise propagationdistances, can only be defined in a random sense. By
assigningcut-offdistances to be used with the noise distance attenuation ,_

curves (Figure F-l), the Model insures that the Primary Noise Exposure

calculationwill not result in double-countingand tilatthe SecondaryNoise _I
Exposure levels are not greater than the levels at the cut-off distance for

thesecondaryroadway. J!
_J

F,l.1 GeneralAdverseResponseNodel _!

The General Adverse Response Model estimates the noise exposure _!
ef inhabitants by accumulating the population exposed to roadway traffic

noise within discretesound level intervals(dg bands), The populationso"

exposed is assigned the sound level at the center of the band, The current iJ

version of the General Adverse Response Model uses 3 dB bands for the purpose

ef accumulatingpopulationnoiseexposure. However,the coded formatallows !I
e_

ether sound level intervals to be specified. For the primary expgsure

estimates, population noise exposure below the criteria limit of 55 dB is _!

accumulated. The secondary noise exposure level for each dB band is esti- mJ

mated and the total noise exposure for the population in that band is cal- _I

culated by adding the primary and secondary levels on an intensity basis.
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F.1.2 SingleEventModel

The Single Event Mode'Iestimates the noise exposure of inhabitants
{

by accumulatingthe populationexposureswithin discretesound level inter- _i

vals or dB bands. Currently,the SingleEventModel uses 5 dB bandsfor this
_0

estimationprocedure. Since the SingleEvent Model must considerthe pop- _I

ulation's activity and use appropriate Fractional impacE Criteria, the

population defined for an area is first sorted into activity categories.

The pedestrian population is estimatedand subtractedfrom the

total population. Pedestriansare assumedto be locatedalong the roadway

used for the primary noise exposure estimate and hence, they are only exposed _,
if

to primaryroadwaynoise. For'the remainderof the population,it is assumed _

that they are uniformlydistributedover the inhabitedarea and are thus
)

exposed to both primary roadway noise and secondary roadway noise. For i_
indoor activities, the sound level estimates are attenuated to simulate

• building exterior skin noise reduction. For each activity category, the _'ImJ
appropriatesegment of the populationis sorted into a "local"set of dB

bands. The exposure level is assumedto be the center of the "local" dg band _

and the appropriateva]ue for the FractionalImpact is used to estimatethe _I

value for the Leve] Weighted Population. Since this distributionof Level _

Weighted Populationcorrespondsto a singleevent, each LWP value in the _

"local"or dB bands is multipliedby the numberof Identicaleventsfor each

lane of roadway. These products of eventstimes LWP are then sorted and

accumulatedinto"global"dB bandsas describedin Section2.7.

For the Single Event Model, the primary noise exposure estimate

and the secondarynoiseexposureestimateare independentcalcu]ations.That _I

is, an individualwill be exposed to a distributionof singleevent noise

levelsboth for vehicleson the primaryroadwayand vehicleson the secondary _I
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 variousoperatingmodes,and the distancevariationdue

to lane separation. Of course,the singleeventestimatesare conductedfor

daytimeandnighttimeperiods.
both
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F,2 .Secondary NoiseExposure: Overview

Tile Model simulates the multiple-source roadway traffic noise :

i _ exposureof the populationusinga probabilisticapproach. This approachfor _j
;i estimating secondary noise exposure was selected to simulate the randon

I_ orientationof roadwayswithin an area and the resultingrandom propagation i

.: distancesfrom one roadway noise source into land area assignedto another

_,_'__ roadway.

:_ _ As used by the Model, a roadwayis more properlyconsideredas a
_i (_ noisesource. That is, a roadwayis definedby its functionalclassification

_ (e.g., interstate,collector,etc.) and by the traffic conditionson the

.. I; roadway (e.g.,ADT, vehiclemix, cruise speed,etc.). Hence, when consid-

ering multlple-sourcesin conductingthe secondaryexposurecalculation,the

11 Model uses all combinationsof roadwayson a paired basis. That is, each

_ roadway is consideredto be a primary roadwaywith its assignedpopulation

i_ _ sortedinto dB bands and all otherroadwaysare considered,one at a time,to

C_ contributesecondarynoise to the primaryroadway.

:d The Modelbegins a secondarynoiseexposurecalculationby select-

'_,_ ing a primary roadway and a secondary roadway. The primary roadway defines

:i-!:, the land area (population) exposed to levels of noise from the primary

'!iI. roadway. The secondaryroadway is consideredto be an additionalnoise

souroe
!i:;

For the secondaryroadway,the Modelpropagatesthe trafficnoise

generated by the secondary roadway beyond the cut-off distance of the second-

|_ ary roadway. The land area exposed to secondarynoise thus excludesthe land
_:_ _'_ area (population)assigned to the secondaryroadway. This land area is
!i
_: subdividedihto dB bands with the secondaryexposure level assignedto the

centerof thedB band.
J

Consideringall roadwaysto be randomlyorientedwithinthe total

6_ land area of constant population density, the probability of'the Secondary

I! noise exposure level is estimated. This estimate is calculated as the ratio

i!
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of tilearea of the dB band assigned to the secondary exposure level to '_

the tntal land area assigned tn thn to_al rn_dway netwnrk, This probability

represents tile likelihood of the secondary noise exposure level occurring ,I

at any location in the total land area.

The Model then considers the intensity summation 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 r!

population in the primary dB band will be exposed to the total level. This _

fractionof the populationis calculatedby multiplyingthe populationin the

primary dB band by the probabilitycalculated for the secondarynoise expo- _I

sure level, The population exposed to the total noise level is subtracted 1.0

from the population in tileprimarydg band and sorted into a dB band of total _q

I' exposure.
;!
LI

The population exposed to the secondary single event levels are

multiplied by the appropriate Fractional Impact values to estimate the _I

LWP distribution for the secondary exposure. Tbis LWP distribution is then _i

multiplied by the number of identical single events estimated for the vehicle w_
, !

operating on the secondaryroadway. Once this calculationis completed, t_

tileestimatesare sortedand accumulatedin the "global"set of dB bandsas

describedin Section2.7. _r_

The Model continues the above scheme until all combinationsof _

primary and secondarynoise exposurehave been consideredthat result in a

total exposure level exceeding the cut-off criteria for the Fractional Impact _I

Functions, The Model then selects the next combinationof primaryroadway

population and secondary roadway noise exposure until all combinations have _

been considered. Finally, the Model sorts the remaining fractions of the &_

original primary roadway population into the total noise exposure bands by _!
consideringthe primarynoiseexposurelevelsto be total levels.

_F
The above scheme is repeated for each of the roadway networks

defined for the 36 areas of constant populationdensity recognizedby the
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_ Model. The reader recognizesthat the d_ bandwidth used by the schealehas

an extensiveeffecton the computingtimerequiredto conducta simulation.
: I_ It isestimatedthat the computingtimevariesinverselyas the squareof the

ratio of two differentband widths. For examp]e, a simulationusing ldB

'_ I_ bands would require approximately nine times the computing effort using 3dB

,.i bands. The readermust also recognizethat thesecalculationsare repeated

I_ for eachyear in the time streamthat is specifiedby the user.p,
i,

_J F.3 SecondaryNoiseExposure: Theory

.ii:i_ The theory used to calculate tilesecondary noise exposure is
quite simple. The Model estimates the probability of a segment of the

i:f

i f_ popu]atienbeing exosed simultaneouslyto a given primary leveland a sec-
t# ondary level. FigureF-2 presentsa plan view illustratingthe conceptual

geometricrelationshipbetween a primary roadway and a secondaryroadway.51

_ Tileprimary roadway variables are denoted by an Index, K. The secondary

_:' roadwayvariablesare denotedby an Index,k.

i.:_ For the primaryroadway,the populationexposedto noisegenerated,i

i:i by the primary roadway has been calculated with the population sorted into dg
bands. FigureF-2 illustratesa dB band of primary noise exposure. The

_. _i land area containedin the dB band is AK, and the exposure level is LK.
t_

_ ,_ For the secondaryroadway, a dB band of area Ak, at a secondary

_._ exposure level Lk, is determinedby the Model based upon the trafficnoise

generatedon the secondaryroadway and the noise distance attenuationfunc-

I_ tion assigned to the total land area, A. The total land area is a]so

i " assigned a constant populationdensity. As indicatedin Figure F-2, the

I_ secondarydB band is estimatedat a distancebeyondthe cut-offdistancefor

_! the secondaryroadway. Hence,the populationassignedto the primaryroadway

:_ _ cannotbe exposedto a secondarynoise levelgreatertbat the levelsused for

: _ the populationassignedto the secondaryroadway.

It is assumedthat all roadwayswithinthe total land area are

randomly oriented with respect to each other. Since the total land area is
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inhabited, it is assumed that the probability of being exposed to a second-

i.! ary noise level, Lk, is equal to tileratio of the secondary dB band area,
Ak, to tile total land area, A. Hence, the probability of secondary noise

exposureat a levelLk is;

_. Probability of Secondary Exposure @ Lk = Ak/A (F-I)
I]

This probability is assumed to be uniformly distributed over the total

landarea,

The populationassigned to the primary exposure dB band of levelZ(
/

LK is simply the area of the band, AK, times the population density. The

i 17 population within the primary dB band simultaneously exposed to the primary

'J level, LK, and the secondary level, Lk, is the product of the population

ii _ in the primary dB band times the probability of the secondary exposure
_ givenby Equation(F-l).

Hence, the population originally assigned to the primary land

area is classified two ways: the population exposed to the primary level,

[0 LK; and the population exposed to the secondary level, Lk.
Tile results

are :

iZ

Population Exposed to Secondary Level : pAKAk/A (F-2)

_ Population Exposed to Primary Level _ pAK (F-a)

!_ I] where 0 is the populat ion density

;: Lk isthe secondaryexposurelevel
_b

LK is the primary exposure level.

The Model rWpeats the caluclations for all primary exposure dB bands so
that all of tbe population assigned to the primary roadway is sorted into dB

L]"_ bands of exposure. The calculations are continued so that all roadways are

considered, on a paired basis, as primary and secondary roadways.
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•- VEHICLESURVIVABILITY
FJ_

This appendixdescribestheproceduresused to developtilevehicle
. survivabilitydata used in the NationalRoadway Traffic Noise ExposureModel.

if!_ These data are developedfrom nationalannualvehicleregistrationsfor pas-

! _ sengercars and trucks.I As describedin the main body of this report,the

;_ _ survivability data for passenger cars is assumed to apply to all light
19 vehiclesand motorcycles. The survivabilitydata for trucks is assmnedto

illI_ apply to all trucksand bus categoriesrecognizedby the Model.

G.I Basic ApproachUsed

l:7,

il The basic approach usedto developthe vehiclesurvivabilitydata

I_ was to estimate vehicle attritionwith age and to define vehicles survivingin a futureyear as the originalmodel year sales lessthe cunlulativeattri-
(

"i tionuptothatyear.

._: _ The vehicle attritionwas obtained in the form of a histogramof

_:!_ averagepercentageof model year vehiclesretired for each year of age. The
,f_ histogramdata was used to developcontinuousfunctionsof age definingthe

": percentageof model year vehicleretired. The methodologyused to develop .

_, the continuousfrequencyfunctionsor distributionsis describedin Reference

_; _ 2. The distributionfunctions were integrated numericallyto redistribute

• !'ij:! the vehicleattritionby age in the form of cumulativepercentageof original

!_ vehicles retiredfrom service. The probabilityof vehicles survivingwitb
ill_ years was obtainedby subtractingthe percentageof vehiclesretired from !

i: IgOpercent.
i

For the purpose of thisdevelopment,vehiclesurvival is defined ?

_ as vehiclesof a model year registeringin a futureyear. Vehicleretire- .

ment is defined as vehicles of a model year failing to register in _he next

U subsequenbfutureyear. That is, vehicle registrationdata is used as tile
basis of the analysis.

_-i



Tilerationalefor developingcontinuousdistributions,n'umerically J"

integratingthese to obtain cumulativedistributions,and redistributing _i

data into discrete distributionsis based upon the form of the original

data.I The originaldata defined vehicleregistrationsfor only the first ii

14 years of age with all vehicles older than 14 years being grouped into one

age category, Hence, the original data could not define either vehicle _I
attritionor survivalbeyond15 yearsof age. The methodologyof Reference2

is a procedurefor statisticallyestimatingdistributionsthatmay exceedthe

groupinglimitsof originaldata. Hence,it is possibleto refinethe esti-

mates of vehiclesurvivalbeyond the 15 year limit of the original data base, _i

G.2 AverageVehicleAttritio_WithAge _
:I

The basic data used to estimate vehicle attrition are presented in

Reference I. The data are a tabulationof vehicles in operationby model W_
year. Passenger car data are presented on page 38 of Reference i and truck

data are presentedon page39 of Referencei. Using thesedata, a tabulation _i

of vehicles retiring at each year of age was constructed by subtracting the

registrationdatain a subsequentyear from tilepreviousyear'sregistration _._

and assigningthe differenceto the previousyear. Hence, the tabulation

represented the number of vehicles of each model year that retired from _I
service in a futureyear. Vehicle model years ranged from 1949 to 1972 and _J

calendaryears in which the vehicleregistrationswere availablerangedfr_ml _s

1964 to 1975. One tabulationof vehiclesretiredwas createdfor passenger _:i
cars and one tabulation of vehicles retired was created for trucks,

P_

I For allmodel years,the attritionvalueswere summed,by year of

age, to createa tabulationof vehiclesretiredby age. This tabulationwas _!

expressed as a percentage to obtain a histogram of percentage of beta] ia

vehiclesretired,averagedover model years 194g to 1972, These resultsare _
'r

presented_nTableG-I forpassengercarsandfor trucks, _,

G-2 :j

:l



PERCENTAGE UF VEHICLES RETIRING FROM USE

(Oeveloped From ReFerence 2 Data)

Vehicle Percentageof Percentageof
Age Passenger Cars Trucks

;_,:_ Years Retiring from Use Retiring from Use

0 to i 0.0 0.0

t_ I to 2 0.0 O.u

p_ 2 to 3 0,9153 2.1948

;' 3 to 4 1.3407 3.5371

i/ [,_ 4 to 5 2.1669 3.6096

5 to 6 3.433_ 4.6798

:'; l_i 6 to 7 5.0107 5.3510
C'
r_

_ 7 to 8 7.8321 5,9496
l-

I.'_l 8 tO 9 11.4302 7.6002Y:

:,_ [_ 9 to 10 14.2467 9.2690
[i

_ i0 to ii 14,9022 9.7043

_, II to 12 12.8231 10.1034

:;> ,_,_ 12 to 13 10.0404 10.1397

_, 13 to 14 7.0934 9.4141

i_C _ 14 to 15 5.0509 9.3416.1

;; Over 15 3,7056 9.1058
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TABLE G-2 _I

CONTINUOUSOISTRIBTUIONFUNCTIONS f_
(Percentageof VehiclesRetiringatAge X) _i

PASSENGERCARRETIREMENTATAGEXYEARS

Pl(X) = 13.9638[i" (_)_I 14,1256,percent _Im_

-5.43< C < 25.74 _

MeanAge=_ = 10.1536years.

TRUCK RETIREMENTAT AGE X YEARS _

P2(X)9,8012[I (_)2 1.532B _= - ,percent

•. 1.694< X < 19.11 i'

Mean Age =_: 10.4042 _I

_J
NOTES: CumulativePercentageRetiringbyAgeX is _

X

PI(X) = Pl(X)dX for PassengerCars _l

-5.43

X _ft

P2(X): _ P2(x)dxforTrucks

P2(25,74): P2(19.11): 100.00percent

G-4 _w
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I=)'PERCEN'rAGE OF PAS_N_rt CAIt_ SURVIVING A I_ EACH YEAI_ OF AGE
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10 2(}

I VEHICL E AG _, YEAItS I
Ib) PERCENTAGE OF TRUCKS SURVIVING AT EACH Y_AR OF A_E . i

FIGURE G-3. VEHICLE SURVIVAL DATA USED BY THE NATIONAL _LI
ROADWAY TRAFFIC NOISE EXPOSURE MODEL
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