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I. INTRODUCTION 

Changes in future urban transportation policies will 

have an impact on the air quality of the entire urban area. 

'rhese policies have ad.i:cect effect all t.,Ea f~",~~_ volume, miles 

travel~d, and characteristics. With the 

legis la tioR 

1969, l·t has 

method of 

of the National Environmental Policy Act of 

become necessary to develop a quantitative 

analyzing both the present and future 

transportation systems 1 impact on the entire urban area. 

Furthermore, legislation such as the Clean Air Act has a 

direct effect on transportation policy implementation. Such 

Legislation restricts the amount of impact d transportation 

system may have on the urban environment. The purpose of 

this study is to create a analytical tool which will combine 

the transportation planning process with traffic-related 

pollutant modeling at the mesoscale level. 

Q!:Q~!!' Qi.t£Y2i2IlM 0 gglillg 

There exist a number of analytical models that will 

permit the assessment of the impact of transportation 

systems on entire urban areas. The APRAC-1A urban diffusion 

model computer program, developed by the Stanford Research 
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, is one of t luore d mesosca for 

non-rea pollut.ants. It Qses carbon monoxide (CO) 

concentrat as a measure of t i ct of traffic on air 

quality. In an urban area, 90 to ant of CO may 
~"""-

to are I' 

I motor vehie s.(14) 
I 

tra dist-ribu tion, 1 of emi on, and 1 __ ,/ 

data. 

model as originally loped can be a very 

useful , a numb€f.r s vered 

in t at-tem in urban 

situa The area concern is mechanical nature, 

invol actual use of the computer ram and 

Input are The 

px:-ogram, its vast put procedures, has moriE! of 

a hea. rat than an ive tool to the 

en r. , an 

a be to reduce complicated 

and mod, 9 problems. Basically, t APRAC-1A the most 

power 1 program of nd. ,It is great lito 

further ••• than turn to less va 

.An r area problems occur is the 

model. Test runs t the simulation m in 

the APRAC-l1 did not reflect peak- condi Also, 

the m as it e does no't the most currently 
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EPA emissions model input.(19) 

As one state official stated T "T APRAC-1! 

to I with particular 9 

for an improvement in e 

if model is to be 

one must p mind the complexity 

Th{~ rate-of-return might not so 

amount computer time and sophistica on 

!J;~!!§.EQf:!s.!iilll .!:!annj:11.9. 

time, the tra 

crude and lacks su 

In a the basic input data must 

manually inserted. In r to 

transportation plan g 

mesosca model, a model viII have to 

would have to include as 0 

as input into the m.esoscale 

the 

t to the mesoscale model (APRAC-1A) 

ect. The data should ideally not be handled 

been 

ass 

t two programming steps. 

To meet t criteria, a tra 

d and incorporated into 

t is usually 

a 

• 

1 

needs 

to 

ons 

However, 

on. 

a 

ta 

In n, 

ve to 

the user 

has 
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transportat process.. It the that takes 

Uarea-to-area movements" and loads on 

transporta network.T output this of model 

tlu;! type put A.PRAC-1A 

e combination of these two sses a 

powerful and useful ana tical The ap s of 

tral1sportat policy 

com with an alternitive policy respect to 

envir air policies include 

exculsive bus lanes, a extra on a 1, 

construction of a new roadway. This 

Air-Pollution An Procedure will be able to 

serve as a guide selecting between nt 

ves. TAPA!? a major 

forward the this interdisciplinary field. 

.In the tra g procedure with air 

lity model! I many have to be 

overcome, especia the tion 

field VI d. The goal of 

study to a sophis;tica ana 1 tool 

that 11 measure t 1m of 

trans on urban lity ts·rms of co·. 

The .ng provides a set fic 



objec ves that are 

1 • 

2 .. 

4. 

f 

ect a traffic 

fications 

e in 

rate 

APBAC-Emission Ho 

t 

a 

APRAC-EM 

model 

a case stu 

to 

her:! du:r-ing th 

ment computer m 

y: 

1 

APRAC-11\ com r program to 

(I/O) procedures, a modify the 

creating the com 

PRAC'-.EM) 

model 

rams to crea te 

9 the city 

abovis modii 

prograrQ 

traffic 

TAPAP computer 

Richmond, 

·the 

versa lity of the TAPAP 

I a 

current 

ion to these 

and 

ves, a re all ttH~ 

rt techniques was performed. 



II. STATE-OF-THE-ART IN MESOSCALE MODELING 

the traffic-r ated air l1ution a 

al in TAPAP, the most current to be 

ec This nts some of so call 

"state of the ·a"",,·.,..n .1.. '._ in The 

it diffusion 

inves 11 pertinent the 

d.one in mesosca g. 

state-of-th in III 

di modeling, basis sel,~ction 

of the APRAC·-11t. computer program mod should be The 

1 ta requ by APRAC-1.A 11 ed 

user's th the to point out 

problems a~~~~~~ APRAC-1A. These will 

ssed to the TAPAP program. 

I~lost. models i the are concerned with di 

modeling at the Ie. Til ling is primarily 

deter the air ty i t on te 

y surrounding a highway_ The program 

~'HIWAyn a prime example.(21) It the CO 

usion w a 1000 are·a on of a y. 

-6-
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It is usually employed for measuring a freeway's impacts on 

the environment. One problem exists: emission rates for co 

are lower around freeways due to increased route speeds.<2> 

The California De~rtment of Public Works, Division of 

Highways has developed a few mathematical diffusion 

models.(3) However, these models are not computer programs 

and mainly address the microscale. 

At the mesoscale, FHiA's special area (SAPOLLUT) is a 

compoter program of major importance in the determination of 

transportation-related pollntants.<15> The program 

estimates the amount of highway-related pollutants (CO, 

hydrocarbons, and nitrogen oxides) emitted by daily traffic 

volumes on a city's street system. The program contains a 

table of emissions factors, deterioration factors, speed 

adjustment factors, and hydrocarbon evaporative emlSS10n 

factors. The input to SAPOLLUT is the FHWA's historical 

record, which contains operation information describing an 

urban traffic network. (It is thoroughly discussed 1D 

chapter III.) Using the traffic operating characteristics 

and volumes, SAPOLLUT computes emission estimates by link, 

zone, and grid. 

The major shortcoming of SALPOLLUT is in the area of CO 

concentrations. No concentrations are calculated, only 

total nburden" or co emissions totals by area are produced. 

Another one of the shortcomings of this program is the great 
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amount of computer time it requires.<1S> Its resolution of 

carbon monoxide information was found inadequate in urban 

areas.<17> The APRAC-1A computer program methodology had to 

be employed to resolve this problem. With its grid 

analysis, the program was found adequate in finding critical 

areas around the urban area. 

The APRAC-1A urban diffusion model is probably the only 

one of its kind in existence. There have been many attempts 

at modeling on the mesoscale level, but none have come close 

to modeling pollutant concentrations created by auto 

emissions on such a sophisticated scale. The IPRAC-1A is, 

therefore, the only state-of-the-art model in use today that 

has all the major inputs required for traffic-related 

mesoscale modeling.(16) These are: 

1. meteorological data 

2. emission rates 

3. traffic data 

Halter F. Dabberdt of stanford Research Institute 

explains the three objectives in mesoscale modeling as "(1) 

prediction of the absolute pollutant 

attributable to a specific emission source, 

concentration 

(2) prediction 

of relative changes in pollutant concentrations from changes 

in emission rates or meteorological conditions, and (3) 

combination of the first and second objectives."<7> The 

APRAC-1A computer model is the only existing computer model 
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which m.eets two on the mesosca 

The co nt ut .APRAC-1 urban 

onm comes not from the 1 I but 

output (I/O). APRAC-1li program put 

of 1 traffic ta. problem arises 

when all these data have to on I requiring 

that atiO"fii each roadway be 

In R , I are 

over 3,000 these roadway ieh. wou have to 

COd'i~d. In meteo.rological must be 

o d. manually a one card hour of the 

Th user must allocate sec , 

y the user does not have in 

ring .. is tra not nd on the coded 

tra network by APR,AC-1A. Many states such as 

Alabama input procedures to cut 

e ma effort. Alabama its network. on 

t .<20> w. E of the Alabama 

Hiqhway states, ional automa is 

to use models, rly with 

to Ilera input the 

APRAC-1A emission was inaccurate in 

simulating tra 
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the 55 of ca 'Ziny :each 

(i. e. I waYI 

a 'run 

k hours. 

aI, (~tc.). type 

of road. 

roadway is 

, except a for each hour of 

speed is usually 0.85 of t average 

eed. Thus, the speed not rela to actual 

urnes. Highway 

observed s 

rtment is conducting 

st into usi 5.(8) 

An was 

rate 

motor vehicles ... 

grea ter d 

study is 

Uwor.k 

by ueold starts. u 

the uwarmupu 

9 conducted 

co 

for 

on the 

ihility of as a for 

s the urban areas.(S> 

T s "cold starts" as a 

factor the total urban CO tion has not 

results f 

that 

III 

te 

case 

y min£~d • However, prelimina 

d starts" do have some on the total 

meteorological input to t APRAC-1! com 

sur tions{i.e. , consists 

are, wind I and cloud cover). In a 

um and minimum temperatures are 

I the Uworst caseH situation 

traf nea viest 

For 

weather cond 



are poor will 

two a 

same 

be met or 

tion.The 

of travel 

hig st 

, t 

t 

Another 

r model 

Pressure and 

ne 

-11-

It 

air qua 

be men 

amount of CO as 

standards 

t winds 

at t 

inversely proportional to 

d d determines CO transport 

nd direction in which the vehicle 

greatest rally 

For a com 

APRAC-1A com tar model must 

cal condit 

ogical i 

upper r so 

ure up to 

required t 

9 

-millibar 

di.1>Bction 

between 

vethe 

.A.PRAC-1 A 

data. 

are 

• The APRAC-1A at will ri.?ad 

ra sonde data Deck Format 505 of the Nat 1 

C matic Center.(16) In 1973 Air .Po on 

d 

Commission 

am depths} 

:ra 

by H 

5.<13> These 

as 

Most 

In 

observat 

ng depth { mum and 

EU ied.<8> s would be in of 

data. These are seasonal avera 

for and aft~'2!rnoon 

9 depths are qu liltely just as 

pths 

do not have 

, only 1 

using 

taK>en 

Greenwich Mean 

mitation tes 



-12-

some of a ouale for full 

uti 



III. TRAFFIC ASSIGNMENT 

A basic of the traffic a nt proced.lLr:e 

,essential in the TJtPAP oped in t 

• This cha the traffic 

nment procedure by transportation It is 

i rtant tha-t air analysts he with this 

in to coordinate the e 

the tran 

with the above k and of the 

ic assi9nment , the ba s a cri"terion for 

selection of UROJ1D program Basic 

.0 techniques, and UROAD are 

Only I/O require:d fer TAPAP "W 

mad.eta the 

for: the gramming 

discussing actual tra as tnent 

, an explanation of transporta tion 

helpful. For 9 purposes, the actual 

s are by .one-way sections. 

u lies between two An 

ex re two or more 

s .of roadway are commonly called T 

-13,-
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on of two or more links is 

" The travel may be 

to as a 

at t 

n It might be 

parallel a 

that it takes tvo one- links 

d~rections to treat the 

case 

for 

a two-lane rca 

node are 

urban area. 

streets are coded 

y. Each link is 

rectangular 

to a re 

or arterials, 

t urban area 

course, money resources limit resolution 

ocess. 

Since each 

the transportation 

section of 

must be coded. Tra 

, existing 

all important 

ts an actual 

work system, infor 

roadway and 

, average 

volumes, and 

ion which 

, 

on 

ca 

, 

y 

section 

information perta 

very valuable. 

represents. In 

to t intersection 

Such ms include the 

the turning volumes, and ma turn~ng 

maximum amount of turns 

Because the 

so vast, the net 

This informa 

r hour). 

on to 

must be put in a com 

usnally forma 

t 

a number 

of 

in 

Of 

ng 

roadway 

s 

are 

the actual 

, 

teristics 

turns, 

(i.e., 

storage 

a 
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sequence called the historical record (figure 1). The 

historical record was developed specifically by the pnWA for 

network data being stored on computer I/O devices.<9> Raw 

data can be formatted by using the PHiAls BUILDHR program. 

<9> 

The historical record was designed for easy information 

retrieval~ Not all the information is required to describe 

the network system. However, the more data obtained, the 

greater the accuracy of the network. The historical record 

describes the entire transportation network system. It is 

this network system on which either the projected or the 

current traffic volumes are loaded. 

The traffic assignment procedure employs "area to area" 

movements. It is usually the last step in the "four-step" 

transportation forecasting process. The steps include: 

1. trip generation 

2. modal split 

3. trip distribution 

4. traffic assignment 

The first three steps involve complicated procedures in 

predicting trips to and from different areas in a city. 

These areas are referred to as traffic assignment zones. 

The entire urban area is divided into such zones. It is the 
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**INTERSECTION RECORD DATA PORMAT 
BYTE 0, LEG PRES. INDICATOR BITS. BYTES 1-3, 
A-NODE OF INTERSECTION. 
BYTES 0-1, B-NODE CONNECTED TO AO. BYTES 2-3, 
B-NODE CONNECTED TO A1. 
BYTES 0-1, B NODE CON ECTED TO 12. 3. B-NODE 
CONN.ECTED TO A3. 
TU PENALTIES. BYTE FOR 0 LEG 0, BYTE FOR 1 LEG 
1# ETC. 
BITES 0-1, ORIGINAL A-NODE. BYTES 2-3, LEFT PORTION 
OF A-NODE I-COORDINATE. 
BYTE O. A-NODE I-COORDI. CONTINUED. BYTES 
1-3, A-lODE Y-COORDINATE. 

RECORn FORMAT 
BYTES 0-1, A-NODE AND LEG. BYTES 2-3, LEPT 
PORTION OF X-COORDINATE. 
BYT.E O. B·-NODE X-COORDINATE CONTINUED. BYTES 1-3, 
B-NODE Y-COORDINATE. 
BYTES 0-1, B-NODE, THIS LINK. BYTE 2 CONU, 
COL 79. BYTE 3, COLORN 80~ 
BYTE 0, COL 1, BYTES 1-3 CONTAINED COLUMNS 64 ADM 
CL, FURC CL, TIPE FIC. 
BYTES 0-3, eOLS 67 
PERDOMIBANT LAND US • 

1 SUItF TYPE, TYPE AREA, 

BYTES 0-3 CONTAINE COLUMNS 71-14, GEOGRAPHICAL LINK 
LOC.ATIO!'L. 
BITES 0-3 COlTIIN COLUMNS 75-78, ROUTE BUMBER. 
BYTES 1-3 CONTAIN COU A-TO-B. 
BYTES 1-3 CONTAIN COUNT B-TO-A. 
BYTES 0-1, HRIADT, A-TO-B, COLS 29-31. BYTES 2-3, 
HRLY CAPACITY, A-TO-B. 
BYTES 0-1, BR/AUT, 
HRLY CAPACITY, A-TO-B. 
A-TO-B DATA. BYT 1, COLUMN 

BITE 3, STREET WIDTH. 
S-TO-A DATA, BYTE 1, COLOSI 

BYTE 3, STREET WIDTH. 
A-TO-B DATA. BYTES 
BITES 2-3, DISTANCE. 

-TO-A DATA. BYTES 
BYTES 3, DISTANCE. 

0-1, 

0-1, 

CO.LS • BYTES 2-3, 

40. BYTE 2, PARKING. 

63. .BYTE 2, PARKING. 

UNLOADED TRAVELTIM.E. 

UrfLOADED TH! V EL"rIME. 

A-TO-B DATA. BITES 0-1 1 OBSERVED SPEED. BITES 
3, OBSERVED TRAVELTIME. *WORD11- B-TO-A DATA. 

BYTES 0-1. OBSERVED SPEED. OBSERVED 
TRAVELTlt1E. 

Format 
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trans nner w the bounda of these 

zones. 

From the 

ina 

tatioD pla 

from one zone 

another zone can be • 

1 trips are put 

(O-D) trip 

9 I number of 

are for 

combinations all 

form of an 

(figure 2). Thus, the Origin­

number (t) in zone i zone 

j 

us 

avera 

day). 

x 

The 

fo for any O-D zone 

ex in ly 

vehie 

FHWA has a "com 

speci use ta and 

ffie a 

matrix volumes on the tion 

into t tra zone i 

of a zone " T ceo 

zone 1 s bounda at a node. All 

a zone through the 

zone pair connected by a of 

of 

Volume (the 

O-D zones in a 

t 

Thus, 

S, or 

O-D 

of 

.<11> 

Each 

by use 

within a 

or 

O-D 

, 

b at one zone's and terminating at 

zone's cent 

The 1 pa this is the 



-18-

DESTINATION ZONES 

1 2 3 j n 

r-I tIl t12 t
13 tIn 

N t2l t22 t 2n 

('f') t3l t32 
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~. 

0 
N 

Z 
H t

ij 
t. 

0 °ri 1.n 
H 
~ 
0 

I=l tnl t . t 
n] nn 

Figure 2. O-D Trip Matrix 
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valuation of driver's eh of routes to complete 

onal This route found by ca the 

of least i zones. must 

quan tified numerical ; .it measured 
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when the Rall-or-nothing" assignment m~thod is used. 

Traffic assignment procedure output is the directional 

loading of vehicles on each link in the network system. The 

Annual Daily Traffic (ADT) volumes are usually used to 

express the number of vehicles on each link during a 24-hour 

period. This is a brief explanation of the assignment 

procedure .. It is intended to provide a foundation for 

discussion of the traffic assignment program DROAD. 

The APRAC-1A program designed to manually 

incorporate data generated from transportation planning 

programs. The traffic data required by APRAC-1A is the 

output coming from a -traffic assignment computer program. 

The integration of APRAC-1A with a traffic assignment 

program provides a planning tool for estimating 

envrionmental impacts of different transportation 

alternatives. The APRAC-1A diffusion model is only as 

accurate as the traffic information it receives. Therefore~ 

an adequate and reliable traffic assignment program must be 

chosen. Only one program was found to meet this criteria. 

Most other assignment programs vere found to have too many 

programming steps or not have the required output needed for 

the diffusion program model. 
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Table I. UROAD Speed/Capacity Relationships 

FACILITY TYPE 

AREA (i) (2) (3) (4) (5) 
TYPE FREEWAY EXPRESSWAY 2-WAY ART. I-WAY ART. CENT. CONN. 

(1) 1750 800 600[1] 700[1] 10000[3] 
C.B.D. 48 37 22 10 

(2) 1750 1000 550[2] 550[1] 10000[3] 
FRINGE 48 44 25 29 15 

(3) 1750 1100 550[2] 900[1] 10000[3] 
RESID. 67 47 28 32 15 

(4) 1750 1000 550[2] 650[1] 10000[3] 
OUTER CBD 58 37 22 24 15 

(5) 1750 1100 550[2] 1900[1] 10000[3] 
RURAL 67 47 28 32 15 

Notes: [1] These values assume a progressive signal system. 
[2] These values assume that on-street parking is allowed. 
[3] These values are set artificially high to account for the large number 

of local streets represented by each centroid connector. 

J 
N 
VJ , . 
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COST '- ExT) + (CDIST x 
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UROID a powerful versatile tra 
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IV. MODIFICATIONS OF THE APBAC-1A URBAN DIFFUSION MODEL 

(APRAC-

foIl eha th.e ma to 
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create .APRAC-Eri. The APRAC-1A procedure and the 

APRAC-EB. are com In some cases, 

procedure resulted the on 
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2. inter-urban 

3. local {m scale)<14,1 
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daily w 
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lower than the width and the 

building-height-to-street ratios were less than one, 

compntedvalues of CO COllcentra tiol1s wert::; high.er than the 

observed values. Of course, this case is only observed for 

a demonstration city of Richmond, Virginia, but other cities 

have reported the same problems.(1) Relative results for 

planning were the same with or without the suhmodel. For 

these reasons, the local diffusion submodel was deleted. 

At this point, an explanation of the intra-urban 

submodel operational mode is appropriate, as it will provide 

a more thorough understanding of the emissions submodels. 

As mentioned before, the intra-urban diffusion submodel 

calculates co concentrations at specified grid points in the 

city. These concentrations are generated by the vehicles on 

the traffic links. 

Figure 3 illustrates the sector boundaries established 

to simulate a receptor collect~on area. Each link is 

assumed to be a uniform line source of co. The bisector 

angle of the 22.5 degree and 11.5 degree sector is always 

normal to the current wind vector. In figure 3, the wind is 

coming from the north.. The submoa.,el determines the 

percentage of each link included in each sector. This 

percentage is multiplied by the total emission emitted by 

the link to determine the CO concentration contributed by 

the link to the sector. All CO concentrations contributed 
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by each link are summed up for each sector. 

By using the basic Gaussian or box-model, the diffusion 

of co is simulated upwind from each sector. It should be 

noted that the box-model is used when there is a vertical 

restriction. The diffusion is a function of the stability 

index, mixing depth, the transport windspeed, and distance 

from the receptor. contributions of each segment to the 

concentration at the receptor point are computed separately 

and then totaled. This process is repeated for all receptor 

points throughout the city. CO concentrations are computed 

using ·the current airport windsp~~ed and 

direction. 

The original APRAC-1A uses link speeds to calculate the 

emission factor on each link. 

each link is determined by: 

where: 

/
""B e=C ;j 

The CO emission factor for 

e .- emission rate (q- CO/veh-mi) 

s - the average speed over the link either peak or 

of.i-peak 
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C,B -= constants g the mix of and IH:nter 
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and slower found on downtowll 
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roadway to the ca of that road In traffic 

engin speed VB. ratio nges in 

traffic volumes to changes s a w.iththose 

volumes. The VIC yen for each after 

final itera the tra assignment UROAD. To 

relate the VIC ratio to an factor, following 

equations were generated from curves found NCHRP 133 

(figure 4): 

for two-lan roads: 

EF1C = 1.81437 + (4.53592 * yoe) 
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Table II. Emission-rate Factors for Base Year 1968 

Mo tor Vi2hicle 

---------------------
I YEAR I FACTOR I 
1--------1----------1 
J 1972 I 2.30 I 
.1 I I 
I 1973 J 2.10 I 
I ! I 
I 1974 I 1.85 I 
J t I 
I 1975 I 1.60 I 
I t I 
I 1976 ) 1.38 I 
I I I , 1977 t 1.15 I 
I t I 
t 1978 I 0.95 1 
I J I , 1979 I 0.78 I 
I I I 
I 1980 I 0.61 J 
I I I 
J 1981 J 0.50 I 
I I f 
I 1982 I 0.40 J 
I I I 
I 1983 i 0.30 J 
I J I 
1 1984 I 0.20 I 
I I I 
I 1985 I 0 .. 20 I 
I I t 
I 1986 I 0.15 I 
t I f 
I 1987 I 0 .. 10 I 
1 i t 
I 1988 I 0.10 J 
J 1 I 
J 1989 t 0.10 t 
) I J 
I 1990 I 0.10 I 
--------------------
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Except for the changes mentioned above, the remainder 

of the APRAC-1A urban diffusion model program was left 

intact. The new computer program evolving from these 

changes is called APRAC-EM. The modifications to APRAC-1A 

made by APRAC-EM include (1) the use of VIC ratios during 

peak-hour conditions, (2) the elimination of the "street 

rnod'21 n that calculabas the Ustreet canyon effect,n and (3) 

the addition of a factor to compensate for the more 

stringent emission standards in future years. 

APRAC-EM program is an OF ..... the 

APRAC-1A program. It is designed to give added versatility 

to the overall analytical procedure TAPAP. 



v. DEVELOPMENT AND DESCRIPTION OF THE 

PROGRAMMING METHODOLOGY (T 

cha th.e program.m 
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us T changes 1/0 
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involved. A sincere to the of 
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This lias accom wit loss sophistication or 
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accuracy of any program contained within the methodology. A 

survey of user complaints was employed in developing the 

methodology. 

Taking these input "problems" under consideration# 

objectives were formulated to attempt elimination of these 

major areas of concern. The following objectives were set 

during the development of the programming methodology: 

1. The use of I/O storage devices wherever possible 

(thereby eliminating data cards) 

2. The use of standard format data which already exists 

(i.e., historical record, standard m~teorological tape, 

etc.) 

3. Load modules to replace program decks 

4. "Passing" data from program to program without any 

assistance required by the user 

5. Simplicity of operation 

6. Clear and comprehensive output 

There are four main programs employed in the 

methodology. The sequence in which they are executed is: 

1. UROAD--traffic assignment 

2. FORMAT--data preparation 

3. HEATHER--input of meteorological data from standard 

format 
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4. APBAC--urban usion m 

The program UROAD has documentation 

ad by UMTA. program FORHAT is of FHWA's 

urban planning ttery IBft m 360/370 computer 

programs. Documa is and s a thorough 

of t OS JOB CONTROL LANGUAGE. However, it a 

very u.1 m step the methodology. A flow chart 

of the pr mming ste is shown in figure 4. 

I ut Data 
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. . 
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7. traffic 

8. percen daily on the network 

9. t canside for the 1si6 iod 

10. speci output desired 

11. fuel consumption (optional) 



UROAD 

FORMAT 

LINK 
a 

TRAFFIC 
INFO. 

-45-

RECEPTOR 
LOCATIONS 

OPTIONS 

APRAC 

Figure 5. Flow Chart of the Programming Methodology 



6-

the traffic is not pe , 

an O-D m x not the 

of and the 1/0 device d for -each 

ted and for ch of the program .. be 

It important to note the ki of I/O for 

data input, , retrieval .. The use of 

11 save user )'man "work and card coding, 

by reducing the of hUUlanerror. 

Program UROAD 

The program OROAD is traffic program. 

and O-D This 

tables as 

not 

trip ma 

for each 

i 

tRust 

stori m u.st containt 

Some -tran agencies do 

in cal record. O-D 

are usually constructed for and 

future years. It 

transportation 

t:he utmost im 

(i.e., 

tllat the type 

lanes) 

i Ud6d the 9 process are known. Both are 

ad avail Ie from transporta ag 

t with no modi on 

9 the options f in UTPS 

the traf is by fJRO.AD onto 

by 

the 

Manual, 

highway network 

would. 
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best determined by a transportation planner and a traffic 

engineer. After the final loading iteration, UROAD outputs 

an updated historical record. In addition to the basic 

information supplied with the original historical record, 

the updated record contains the calculated direction link 

volumes and VIC ratios, and the peak-hour speed of the link 

derived from URGAD's internal speed-capacity tables. This 

information, along with the 

types, is required as input 

node coordinates and facility 

to APBAC-1A. The information 

can be stored on disk or tape for later use. 

FORMAT 

The FORMAT program is presented 1D the PHiAls urban 

transportation computer programming manual with little 

documentation. <9> It was designed specifically to read the 

historical record input. It also manipulates the input data 

into the output desired. The program is used to read an 

historical record and manipulate and condense the data into 

a format acceptable for use in APRAC-1A and APRAC-EM. 

There exist two forms of FORMAT. The first form reads 

the standard or "old" historical record. This would be the 

original record used by URGAD. It contains all the input 

data required by APRAC-EH for a base year. This historical 

record could be used for analysis of current conditions or 

the calibration of the APRAC-EM program using base year 
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user s ply n to the b i and te 

y riod. The will automatically 

ret in th(~ ppropriate I/O device. 

cours{~, this ocess can the user 

chooses to do so. saIIH~t forma t may employed 

is 

following card are required in order to 

execute the methodology ng APRAC-1A 

on c program: <14> 

1. A (type run a output) 

2. card B (coord s of receptors) 

3 .. C (popul t latitu , and center of city) 

4. Card D consumption rate as a function of 

r sectors) 

5. Card P (peak or off-

6.. C G (fraction of 24-hour tra volumes on 

1 and 2) 

7. Card H (hourly on 0 the 24-hour vo.lumes 

on Road 3) 

8.. Card J (hourly 24-hour Saturday 

volumes on all road types) 

9. Card K (hourly fraction of the and holiday 

24-hour t :road types) 

10. Card L (starting and ing analysis 

period) 
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11. Card M (dates of holidays in analys~s per~od) 

12. Card Q (secondary traffic distribution) 

All card types pertaining to link data· traffic volumes and 

meteorological data have been deleted in APRAC-EM. 

Reference should be made to APRAC-1A User's Manual for 

a complete explanation of each card type. The number of 

cards is small when compared to the amount required for the 

original APRAC-1A. For a 14-day period using Richmond, 

Virginia, for example, the number of cards was cut from 

4,000 to eight. 

The different "run typesU incorporated into the 

APRAC-1A urban diffusion model computer program were left 

intact. The synoptic, climatological, and grid point run 

types give the versatility needed by users. Again, 

reference should be made to the APRAC-1A user's manual for a 

complete explanation of these run types outputs. The 

outputs and functions are: 

1. climatological--makes hourly calculations of up to ten 

receptors around the urban area (major calculations, 

i.e., mixing depths, are made once and stored) 

2. synoptic--same as climatological run type, except major 

calculations are executed every hour 

3. grid--the concentrations are computed for one hour (up 

to 625 receptors may be coded) 

The climatological run type should be used when more 



than a 50-

lllorf: 

for t 

ic 

pe 

than the 

facility 

in • It is 

model and d be used 

The 9 model 

can be used to 've a perspective of the CO 

concentra ons throughout the entire 

perspective be provi only one 

~s:l!i!!!ili!:i~§ Q..t:I!R!R 

area. This 

the day_ 

The bilit~es of TAPAP program are extensive. 

The user can either go 

or enter 

th;;? 

on of the 

programming 

assignment 

program UROAD. This case would occur frequently in 

the Ore situation. t Y would 

calculate the link loadin build, an u historical 

record of tran on policies. 

The air agency take t networks 

FORMAT, thus hypassing UROID. 

All are as 

requiring no cards. so makes 

modules 

a much more 

an overview ic use computer Table 3 

of the methodology. 
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Ie III. ew of the Programming ogy 

I. H. T. P. S (HRDA.D) 

Purpose: 

A) Reads O-D p matrix historical 

recor·a 

B) Assi9ns tr to a transportation 

Note: U.T.P.S. ation and 

a complete on on 

UROAD.(20) 

1.1. .FORMAT 

Purpose: 

A) Rea.ds an histol:ical 

origina program URGAD 

B) Mani historical 

into format 'required 

APR1C-1A com tar program 

Note: A te explanation of the 

containe(l FHWA 1 s IBMt.ran 

III. WEATHER 

.Pur .. . ,. 

programs .<9> 

into 

the 

ram is 

on 

A} Reads in su ce observations from a standard 



B) the 

APRAC-1A 

IV. APRAC 

Purpose: 

A) Reads traffic 

options 

Ca 

C) Calculates 

, sta 

, m 

1 data to meet 

format 

data, 

by user 

rates 

tions such as 

y , etc. 

computes the co concentrations at point 

located hout an urban area 



VI. APPLICATIONS AND CASE STUDY 

As ed, p:rogramming odology calculates CO 

conCfantra from the traffic 

a tool transportation 

and a pollution analysis. TIH3: TAPAP ram 

the APRAC-E11 program. In a tioD. to UROA.D 

programs y in of 

nn g analysis volv air quaIi·ty 

impacts. Just a fey of the many pro ications are 

r plications 

that can using TAP.AP 

As for of ra methodology 

fo.1:' 5, the options and appl ons are 

almost un1 in nature. By knowi 

or tra , envi:conroental 

~ t may he city. These im 

i very from vehicles 

to an exclu ve bus lane. The 

1 have to h\~ the tran 

For ,the modal s 

links would have to be 

es in 

(i... ,e 

5-

ation policy 

+' ~.l.on planning 

and t a ed 

ude exclusive bus 

involve 

standards) are with 



in the APBAC-EM program. 

"worst easel' 1 are us:ed as 

input e model for purposes .. include 

low and. limit de "worst 

caseU con will have to user to 

lity sta required for urban are.a .. 

new TAPAP and APRAC-EM diffusion were tested 

using 1975 se year data the city of R d, Virginia 

(popula ,0(0) .. historical for 

Hichm transporta tioD ud.ed 3, and over 

418 ZOIH:::S. The 9 me riad. had 

only two tor rece making any of calibrat 

or veri on of the model virtually iml.'v.';;:;)';;;;}..L.I..J Howevar, 

an a was made to at st obta some kind. of 

correIa on between the ca and obse results. 

Ap ately 1#500 were deleted from the network 

to save co uter time. lin.ksare on the 

HoutskirtsU of the city .. T did not a£fect 

calcula a. n y Ina n ner. This should. 

observed t 's collection radius does not 

include every link in stud.y area .. savings in 

computer verification run be s 

00 values were fed into 
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with e Plots were to 

of re Figure 6 shows a 

typical com rison the and calculated ts 

for a hour using t APRAC-EM program. These 

were useful analy co concentrations. 

The 1 APRAC-1A se 

year w~th no changes. The were somewhat 

ppointing. 1 ustrates a four The 

APRAC-1A ram the correctly. A 

week t period was to show the di in 

actual and pred traffic 

may not a pical 

va com y rent traf cha 

In planners are not with 

Informa about these off-

sketchy at all. More information is 

n in this area. However, results gained from this 

tion t be s for work 

vas by the va s of 

FOEL. FUEL is the amount that is consumed yearly in 

a 22.50 sector ranging 32 1000 k from the 

receptor. The co coneen cal using FUEL 

te for extrau CO tra not by 

the va on the net By increasing or 

9 the values, ent n 
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CALCULATED 

OBSERVED 

o~-=~~~~~~~~ __ ~~~~~~~~ 
0

000 
THU 

RICH MO NO, V R. [5 T R. 1) 
Figure 6. A 96-Hour Comparison of Observed and Calculated 

Results Using APRAC-EM 
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CRLCULRTED 

OBSERVED 

a . 
0000THUR I FRr I· SAT 721.mSUN I 24.00 48.00 9aoo 

T I f\1 (HOURS)' 

R I [H M 0 NO. V R ,[5 T R, 1) 
Figure 7. Comparison Between Observed and Calculated CO 

Concentrations Using the APRAC-lAEmission . 
Rates 
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CO concentrat r or wered to coincide with 

the values. The ues were 

t user a.re The calibration 

up this 

abov·a 

bratiol1 .. 

j results ad 

In f 8, APRAC-EH employing VIC ra 

was appli It can be 

that ks were more line 

h some the runs made d 

t VIC ratio modification 

These CO concentrations 

values .. 

to 

were about 2.5 ppm 

As previously sta 

any 

1.'1 

a. 

periods, 

high s. 

co 

, more receptors 

validity to this 

comparison. t.ne a of program to 

ahsolute values was not completely , 

t s are encouraging_ As 

th·€! ed observed values di 

9 illustrates, 

greatly. This 

nee between ealculat results by 

APBlC-EM is use the location of the 

tor te a.nd loco. on the 1 data 

is ob In 

from downtown 

culated results 

concent 

most ties the 

are made usually 

area. However, the 

the 

away 

of the 

CO 
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CRLCULATED 

OBSERVED 

a4-~~~ __ ~ ___ ~~ ___ ~~~~ __ ~~~~~ 
o 000 THUR 24. OJF R I 48.rnSAT 72. rnSUN 96. OJ 

T I r-1E (HOURS) 

RIC HMO NO, V R . [5 T R, 1 ) 
Figure 8. Comparison Between Observed and Calculated CO 

Concentrations Using APRAC-EM 
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ass YR-1975 (1975 5rO) 
CAL YR-1975 (1975 5TO) 

a~ ____________ --~~ ____________ ------~ 
o 

000 6 00 12. CD L8. co 2i.CO 
T I ME (HOURS) 

R I CHM 0 NO. V R. [5 T R. 1) 
Figure 9. Difference in Observed and Calculated CO 

Concentrations Using APRAC-IDt 



To i ustrat a p 

computer run was made 

1 The same receptor 

e 1985 
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applica 

O-D 

te was 

prov 

of TAPAP,a sam 

ror 1 a~nd 

used as in the first 

p s 

and n for future transportation network. nee 

t w-ill in the transportation 

I was left unchanged. 

10 VIS from present (1975) concen tions 

cal 

Goneen t:ra tions. 

for traff 

TAPAP program to 19 

ca ulation was m 

for autom 

to 

calculated CO 

assuming 

growth rate 

J 

rcent year. Of course, some tr 

zones will 

Because of 

e ill 

versatili 

grow rates than 

the GROAD traffic ment 

, all of these ua tioD,s can b in TAPAP 

values of CO p.rogram. 

concentrations 

198 The av 

found to be around 

ic volumes. A 

11 

with 

di in concentrations 

1. the 

a is a tant 

11 

, eve.!l with 

o.f ent 

12) • 

on 

set 

vels was 

a 

The TltP.AP 

EPA auto 

in 

vidly 

Th 
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1975 ESUL TS '1975 STO) 

1985 E L TS (19?S 5TO) 

Maximum Mix. Depth: 1500 ft. 
Maximum Wind Speed: 2.5 mph 
Stability Index: 2 

a~~~~ __ ~ __ ~~ __ ~ __ ~~ __ ~~~~~ 
0

000 
THU 

R I [H M ON 0 .V R. [5 T R. 1) 
Figure 10. Comparison Between 1975 and 1985 Calculated CO 

Concentrations Using 1975 Emission Standards 
With TAPAP 
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1975 RESUL TS 11975 STOl 

1985 RESUL TS (1985 STOl 

Maximum Mix. Depth: 1500 ft. 
Maximum Wind Speed: 2.5 mph 
Stability Index: 2 

o~~~~ ____ ~~~ __ ~ __ ~~ __ ~~~~~ 
o ODD THU r2. mSUN 96. CD 

R I [H M 0 NO. V R, (5 T R. 1) 
Figure 11. Comparison Between 1975 and 1985 Calculated CO 

Concentrations Using 1975 and 1985 Emission 
Standards, Respectively, With TAPAP 
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1985 ESUL TS {197S STOl 

1985 E L TS (19S5 STOl 
Maximum Mix. Depth: 1500 ft. 
Maximum Wind Speed: 2.5 mph 
Stability Ind~x: 2 

O~~~~ __ ~ __ ~~ ___ ~ ___ ~~ __ ~~~~~ 
o ODD THU 24. C1JF R r 48. C1JS T 96.ClJ 

T I ME (HOURS) 

.R I CHMOND. VR. (STR. 1) 
Figure 12. Comparison Between 1985 Predicted Concentrations 

Using 1985 and 1975 Auto Emission Standards 
With TAPAP 
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mission standards probably be revised future. 

no air 

stan a maximum t hour 9 CO and 

a maximum one hour 35 P CO.<3> values have 

been mined necessary to the public 

Usi "worst case" a can be 

these rus are met. 

Ex TAPAP were lili til t 

rg turnpike data. Construction two .new 

lanes now nearing completion. A receptor was mulated 

at a the ke. F 

13 oW's the on of the receptor a of 

th{:; collection area. The raction was chaasen 

such a .four- the CQuld 

i for the analy Traffic conditions 

calcula VIC The four-lane and lane CO 

concentrations were calc 

( r~ 14) .. 

six-lane 

VIC 

was applied, 

increased 

( 15) • 

by thJ~Si? 

co c 

due to inc rea 

However, as a 

1975 

e of slower 

Tht31 1985 

ions 

are but a few the 

d using the TAPAP 

ons the 

and 

rcent annual growth rate 

s 

s 

standard 

16) " 

, concentrations 

volumes 

any 

ications t 
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INTE"R­
CHANGE9 
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Figure 13. Receptor Location for Turnpike Analysis 
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4-LANE YR-1975 (1975 STO) 
6 .. LRNE YR-1975 (1975 5TO) 

Max. Mix. Depth: 1500 ft. 
Max. Wind Speed: 2.5 mph 
Stability Index: 2 

a4-________ ~ ____ ----~--~----~--------~ o 
000 6 00 12. CD 18. CD 2i.CO 

TIME (HOURS) 

RIC HMO NO, V R. [R P TPK) 
Figure 14. -Four-Lane and Six-Lane CO Concentrations Using 

1975 Traffic Conditions and Auto Emission 
Standards Using TAPAP 
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6 .. LANE YR .. 1975 (1975 5 TO) 
6-LANE YR-1985 {1975 SrOl 

Max. Mix. Depth: 15.00 ft. 
Max. Wind Speed: 2.5 mph 
Stability Index: 2 

a4-________ ~ ______ --~--------~--------~ o 
000 6 00 L2. 00 18.00 21.00 

T I ME (HOURS) 

RICHMOND. VR. (RP 
Figure 15. Comparison Between Six-Lane 1975 and 1985 CO 

Concentrations With 1975 Auto Emission 
Standards Using TAPAP 
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6.LANE YR-1985 (1975 STO) 
6.LANE YR-1985 (1985 STO) 

Max. Mix. Depth: 1500 ft. 
Max. Wind Speed: 2.5 mph 
Stability Index: 2 

a~ ________ ~ _________ ~~ ______ ~ _________ ~ 
o 

000 6 00 12. rn lS.00 21.00 
T I ME (}-fOURS') 

RIC' HMO NO, V R. fR P TPK) 
Figure 16. Comparison Between 1985 Six-Lane CO Concentrations 

With 1985 and 1975 Auto Emission Standards 
UsingTAPAP 



-72-

made using TAP1P. applica ODS are limited on b t Y 

user's resources. As many as 625 receptor points can set 

up using model. With of run, a 

"horizont of CO ons can for 

ent n area. Since t TAPAP computer m has 

a decreased amount manual manipulation the 

user can more time different cations 

rather than time to lems. 



VII. DISCOSSION AND CONCLOSION 

'The TAPAP program was developed 

transportation assignment c r program 

sion 1 computer Futher, 

ion-rate 1 was modi to better 

conditions (APR1C- The main in 

was to provide a tool to anal 

transporta'tion 

area. 

The card 

Both t.he 

are used as i 

~rogram from a ta 

s on quality 

problem to APR1C-1A was 

record a 

to APRAC-El'J. 

or disk 

for 

are 

device. 

to 

APRAC-EM cont most of the 

the original APR1C-1A. However# 

ons and input 

and disk 

procedures 

a 

an urban 

e vehicle 

traffic 

TAP.AP 

of 

urban 

reduced. 

weather 

the 

program 

hy 

devices 

be 

overriddt311. 

Hautomat 

TAPAP can be 

program UROAD. 

before or a the 

a 

ted hi 

com se cha 

mak,3 the some APHAC 

tool. 

Thee was 

traffic 

'-73-

opt.ion 

to 

I/O are 

m a 

to more 

ens found d 

the 

APRAe-EM 

, as 

planning 

vely 

peak 
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hours. S co veh as a fu of 

V/C yeilds ions of CO 

durin,g hours. T 1 

emiss rate 1 was not as in 

rates peak-hour s. The values 

calculated. gthe ina! If method" were 

also found to signi lower resu 

As as the p 9 process is concerned, the TAPAP 

can bee to m.ak~?' 

dif rent transportation 

are CO concBntrat 

can be .. .. 

sons 

com 

types 

transportation 

network and 

can put toe t in the traffic 

progra.m; vehicle mission standards are 

i mplc::,! urban m .. 

The TAPAP is a major forwa ssess1ng 

impact an urban tran 

5fith s modi diffusion (.APRAC·-El\i) j predict 

of peak-hour condi DS has become more These 

tiona are ofma concern because the 

concentrations occur during the pea hour. In addition, 

el s to be futu.re mission 

stan ds. The automation of input certai 

the model more useful. TAPAP program provides a 



versatile a 

transporta a 

Fut.ure 

First, more 

to 

planning tool 

lution field.. 

jQf! 

ve to be carried out in areas .. 

of the TAPAP computer program will va 

T number of receptors 

• By increa the number of receptors, TAP.AP 

could 

addition, 

out .. 

t TA-PAP 

ven some ty 

eater 

s 

second area 

of statistical validity. In 

vity analysis should be 

locating ons 

as creating a more user-oriented 

of program sequence is program. C 

badly nr";;·~!.I?<-"n from users concerning the type of 

output 

problems and 

to guide 

APRAC-1 .. 

ons and 

result would be a more 

The traf 

concern. Ext ve research 

simulate the sec 

trips could be 

enu.ssJ..ons. 

valuable input. User 

most useful in locating 

5e suggestions would be used 

the program. The 

user-oriented package. 

s are the third area of 

11 have to be undertaken to 

such as interzonal 

secondary traffic 

tion should also be 
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addressed. Modifications in both the APRAC-EM and oROAD 

models could yield more reliable results during both peak 

and non-peak hour periods. 



1. Beaton, J. 'L •. 1 

Skog"J. B. , 
Highway Impact 
!Ql.:.. I.I.!.. I' 

Adm:inistration, 

.REFERENCES 

y, .E. C., and 
to Estimating 

ill!£liil !!.£!D ll~l.!. 
I' Federal Highway 

Ra, 
U,Mathemat 
on ,Air 
Rept. 
Washington, D.C., April, 1972. 

2. Beaton, J. L., Banzieri, A. J., Skog, J. B., 
Emission Factors Es mates of Highway 

o nr: Qua lit y, U iiI Q..!Ht!.;!.!;.y Ma n u£L. .! 01. XL. 
FHWA-BD-72-34, Federal Highway Administration, 
Washington, D.C., April, 1 2. 

3 .. 13 ea ton, J. L .. " E. C .. , 
Analyzing and Reporting 

.2J!ali.n ,i1anual. Iol.!,. 
Federal Highway Administra 
1972. 

and Skag, uA 
Impact on Air I" 

Hept. PHWA-RD-72-39, 
ington, D.C., April, 

4. ton, J. L., , E. e. , and stag, J. B., 
Information Requirements Estimates 
on Air Quality," Manual. 
'FHWA-RD-72-35, HighwaY--
Washington, D.C., I' 1972. 

5. Beaton, J. L. , J. B. , "Synthesis 
on Highway Transporta Air Quality," 
l1g,J!ual~ !.ol~ !I!I..r. FHWA·-RD-72-40, 
Administration, Washington, D.C., December, 1 

6. Curry, David A. 
fIstimating .§.ighll! 
~!l.§.£i§.L NCHRP 
National Academy 

Dud Ie y G., .R!'Q£,§:~l!!fg§ !Q~ 
!i£ gQl1Y!iQBL ~~g !2!~ 

Highway Research Board, 
'1972, pp. 37-41. 

7. Dabberdt, walter F., n Observations OD 
ing,n !§§.§§§ing !!:an§.Eortation-Related 

I!f!.2a.£tsL TR.B Special 11e t 167, National A 
Sciences, Washington, C., 1976, pp. 163-165. 

'-77-



8. 

9. 

10,. 

11. 

12. 

13. 

14. 

B.l G • 14 ., U M es 0 S 

ImE~ctsl THB 
Sciences, Via 

ng:A 
Tr i!.!t§.E,Q£! a t iQ!!=f!.gl£i~£' 

1 Report 167, National 
ngton, D.C., 1976~ pp. 

Highway Administr ,f!!!! 
I~an s.E'Q£i.2: t .i ,Q1l g!s.l1ni!!Sll 

fQJ3.~ll!L i!ll~ !!Q£!!!illt.t~t.!'Q!!L Was h.in 9 ton, 

Ad mi , !!~ba n I!:£ill;§]22Il£.tiQ!l 
In f o!:l!l at ;!..Q11 ftD,9 III t r ..QQ u ct iQ.lllQ 2.Y.§1§:!! 

, D • c., J un , 1 970. 

Highway Research Boa £~.Eac!ll 
BRB Report 87, , D.C., 1 

Hirst, , nAutomob 
!!:!!!!.§£f!!:.:!;' ati Qll ]!Uli!!~e r in£! 
10. TE4, lovember, 1974, 

Energy 
:!2.Y];]E!! of A Sf].L 

• 815-818. 

ff 
I 

Vol. 100, 

HoI Z 'iii 0 rt h, C.,.tai.!i1lll 
Poten!ia! Qrb§:..!l Ail;: 
£2'!!.:!:.i9:.Y:21!§ Q.nite,g 2.1atesL 
Agency, Research Triangle 

!!gig!!!§!L !i-n d~Eg,§{h~.L 
f,QllutiO!l Th!:Q!!ghout 

Environmental 
, N.C., January, 1 

B. ,Lud wig" ,F. and Moon, 1. E., 
of a Prac 

for Carbon 
~YJ1E2§!.Y.m Multi1?lg::s O!!!:£,g 
u.s. Environmental Protection 
Park, N.C., 1970, pp. 5.1-5. • 

Multipurpose an 
I n Pr Q£~ggill!l§ .Q! 
,Qi£fnsi21! !1QQe1h 

, Research Triangle 

15. .Koz:kowski, 
Quality 
Traff 

P., "SAPOLLUT: Estimating 
Vehicular Em Resulting From a 

n t,n !.§g.§.§ig.9: Tr 2.!!.§l!2!;:ta ~ion =.B.!2.1£ te d 
ImE.!£:!2LTRB Special Report 167, National 
Sciences I Wa on, D. c., 1976, 



·-79-

16. Mancuso, R. L. and Ludwig, .F. L., !I.§g.£~§ Ma!!!!.E:lfo~ J:!L§ 
!~lt!~.::l~ !!£l2.:Sln.!2i!f3!§..io !l !IQs!:gl S20ffilli!!§.!: g!:Q£~!!L 
Stanford Research Institute, Menlo Park, California, 
NTIS PH 2B 091, September, 19724 

17. Nash# Carlton T. , "User Experience with SAPOLLUT," 
!;§§£§§i!L9: %ll.ll'§£.Q!ta !i2.n::l!gl§l!.§g !i~.Q.!!al i!.Y I IDQi!ct E.L 
THE Special Report 167, National Academy of Sciences, 
Washington, D.C., 1976, pp. 173-175. 

18. Office of Air Quality Planning and Standards, 
~Q!!£!la!lon of li£ R.2.!lu t~!t! ~.!!li§si2l! !ac.i,Q!.§.L 2nd Ed. I 

u.s. Environmental Protection Agency, Publ. AP-Q2, 
Research Triangle Park, N.C., April, 1973. 

19.. ott, Wayne, Clacke, John F., and Ozolins, f.~1..£!!latin.9: 
:Fut 11 £.§! C a !:.!!.QJ! l1Qn..Q~_i£~.§ mis§b,2!!.§§.fi d £Q~!!t r §:112!l§ 
Fr.Q!!! UrQ§;!l .!.£.a!.!!£ QJ!i~ Na tiona 1 Center for Air 
Pollution Control, Cincinnati, Ohio, June, 1967~ 

20. Urban .Mass Transportation Administra tioD, !!.!..T •. R.!..2..!.. 
Prog;£E1.El§. lQR01H!L .2:!l51QQ£y'!!gg.t.2~iQ.!l.L Washington, D.C., 
1974. 

21. Zimmerman,~J. R. and Thompson, R. S., Usg£'s !l!!.!~§ !Qf. 
fir!! Y : ! Hi 9: h W i!'y !i! P Q.11l!!.!.Q.!! 11 od ,gIL u. S. 
Environmental Protection Agency, Dept. 
EPA·-650/7-74-008, Research Triangle Park" N. C.:I July,. 
1974. 



VITA 

On January 10, 1953, Harold Arthur Scott, Jr. was born 

in Alexandria, Virginia. He graduated from west Springfield 

High School in June of 1971 and entered the Georgia 

Institute of Technology in September of that year. He 

earned the Bachelor of Civil Engineering degree in June 

1975. 

In the fall of 1915, he entered the graduate program in 

the Department of Ci viI Engine;s!' iug at Vi:rginia Po.lytechnic 

Institute and State University in pursuit of the degree of 

Master of Science in the field of Transportation. 

Harold Arthur Scott, Jr. 

-80-



A TRANSPORTATION APPROACH TO 

URBAN DIFFUSION MODELING 

by 

Harold A. Scott, Jr 

(ABST.RACT) 

An analytical tool is developed that is capable of 

predicting both present and future transportation policy 

impact on urban air quality. The Transportation Air 

Pollution Analysis Pr6cedure (TAPIP) combines a versatile 

traffic assignment computer program model with an urban 

diffusion computer program model. TAPAP assesses the air 

quality impact of transportation policies such as 

extra lanes to an urban freeway, construction 

adding 

of new 

roadways, changes in auto emission standards, and exclusive 

bus lanes. With the stringent air quality standards now 

being legislated, TAPAP's ability to quantitatively measure 

a transportation system's present and future impact on air 

quality is indispensable to urban plannin~. 

The TAPAP program utilizes a modified version 

(APRiC-EM) of th~ original APRAC-1A urban diffusion computer 

program model. APBAC-EM, with its emission model, more 



mulates CO during hoor 

periods CO concentration are most critical. 


