CHAPTER 6

Data, Sample, and Variables

6.1. Introduction

This chapter describes the data base developed to provide a test esti-
mation of the model theory. Before describing the data preparation
efforts, however, it is useful to discuss the objectives of the empirical
analysis in order to set the data preparation efforts in perspective.

Primarily, the objective of this empirical effort is not to produce
numerical estimates of model parameters for their own sake, but instead
to illustrate and test the application of the theory. In keeping with this
objective, we shall not attempt to estimate equations for all types of
trips observed in the sample, but rather shall focus our efforts on
modeling those trip types where the decision-making process is relatively
clear and direct and where reasonably accurate data can be developed
for statistical estimation.

This reasoning has led us to concentrate our effort on two trip pur-
poses, work and shopping trips. For work trips we will limit our empirical
analysis to choice of mode. This is done for two reasons. First, the
choices of trip destination and frequency of travel are highly constrained
for work trips. Accordingly, these choices are of less interest than the
choices of mode or time of day of travel for work trips or the choice of
destination or trip frequency for non-work purposes. Second, the
analysis of the choice of time of day of travel to work, while highly
interesting because of its policy implications, is confounded by the
lack of available data on travel times in off-peak hours. Estimates of
off-peak travel times can be developed by making assumptions about
the relationships between peak and off-peak speeds, but the resulting
parameter estimates may be unreliable because of the dependence on

assumed data.
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128 Urban travel demand

For shopping trips, all four aspects of the decision process are of
interest, since the choices of where to shop and how frequently to shop
are open to the trip-maker. We plan to analyze all four aspects of the
shopping trip decision, in part because all four aspects are of interest,
and in part because it is desirable to illustrate the complete workings
of the model for at least one trip purpose. Doing this will require making
up off-peak travel times, but we have discovered that such a small
proportion of shopping trips (especiaily transit shopping tripsj both
originate and terminate in the peak hours that we would probably have
to do this anyway. As a result, some of the empirical resuits will be
confounded by the nature of the data used in the analysis, but never-
theless, the analysis should provide a good illustration of the complete
workings of the theory.

To simplify the analysis at this initial estimation stage we have also
decided to limit the number of modcs to two, auto driver and transit
rider. Moreover, we have deliberately sought to select a city for analysis
where the transit system is largely limited to a single transit mode so
that the estimation is not complicated by differences between transit
modes. Auto passenger trips have been excluded from the analysis for
several reasons. To avoid confounding the parameter estimates for auto
driver trips, auto passenger trips should be separated rather than simply
lumped in with the former. Moreover, we have decided to forego anal-
yzing auto passenger trips in this initial analysis both because the moti-
vation for these trips is more complex than that for auto driver or
transit rider trips, and because the data needed to analyze these trips
properly are not available for many auto passenger trips.

As a result of these decisions, the data preparation efforts have con-
centrated on developing as accurate a data base as possible for a relatively
few—but highly important—trip types.

The first step in obtaining and preparing data for a test estimation
of the demand model was selecting a metropolitan area with appropriate
data on individual trip records and household characteristics, and well-
developed data on travel times and costs. After comparing a number of
metropolitan areas, the Pittsburgh area was selected for reasons that are
described in the section immediately below. Following this is a discus-
sion and evaluation of the available Pittsburgh data. The next section
describes briefly the selection of the areas within the Pittsburgh region
which were sampled to get a suitable cross-section of households and



Data, sample and variables 129

trips. The final section of the chapter describes the actual variables to be
used in the statistical analysis.

6.2. Selection of metropolitan area

The important criteria in the selection of a city for empirical analysis
are that it should have the following:

(1) Good home interview data from a recent survey. This means that
the questionnaires should be designed to provide appropriate,
detailed information on the individual trips and on the socio-
economic characteristics of the trip-makers. Further, the individual
trip records must be accessible rather than already buried in zonal
aggregates.

(2) Good transportation network data. Ideally, the city would have
good coverage on highway driving speeds and transit system opera-
tions so that accurate travel times can be computed. Data should
be available for both the peak and off-peak times of day.

(3) To simplify the analysis at this initial stage of estimation, we want
to pick a city with only one CBD and that is basically a two-mode
city, preferably with only bus and auto. In addition, it would be
desirable for the city to have a fairly typical socioeconomic profile.

We originally obtained a list of cities which reportedly have good data
from recent surveys. A number of these were eliminated because they
have two CBDs—e.g, Minneapolis-St. Paul and San Francisco-
Oakland-Berkeley—or their socioeconomic make-up is unusual—e.g,
Wilmington, Miami, San Diego—or they had more than two basic
modes—e.g., Cleveland.

A number of the remaining cities were eliminated because of the
limited data available on the household questionnaire—e.g., Baltimore,
Syracuse, and Rochester—or because the city offered no apparent data
advantages and its home interview survey was less recent than that of
some of the alternatives—e.g., Baltimore (1962), Toledo (1964).

Of the list of cities, the two which were most seriously considered were
Washington, D.C. and Pittsburgh. Even though Washington is obviously
an atypical city as the nation’s capital, it has a relatively good data base.
After making field trips to both Washington and Pittsburgh, Pittsburgh
was chosen. Both cities have relatively good home interview data but
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both are lacking in coverage on highway driving speeds. Thus, there was
no obvious data advantage in selecting Washington and it has some
potential disadvantages in terms of atypicality. The concentration of
government office employment is obviously atypical. Other atypical
aspects of Washington are the large black population, the existence of

much work travel from outside the central city into the central city
(relative to other cities), age (median age is low), and transientness. In
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addition, Washington’s CBD is very large in land area and car pooling
and taxi riding are unusually extensive.

A general discussion of Pittsburgh’s transport system and socio-
economic characteristics is useful to understanding the implications of
using Pittsburgh for this study. The big corridors go to the east and
south and all the streetcar lines, some of which are on their own right-
of-way, go to the south. Streetcars run all the way into downtown. There
is significant cross-town traffic from the east corridor to the south
corridor. There is only one superhighway, the Penn-Lincoln Parkway,
going east and southwest. Pittsburgh is mostly a dual-mode city, auto
and bus. A few streetcar lines operate in the southern corridor. The
railroad commuter service is very small so that a fairly large universe of
two-mode choice trips is available.

The old pre-automobile towns in the Pittsburgh area were located in
flatlands along the rivers and valleys, and are widely dispersed. These
areas are now generally poor as the automobile and modern building
techniques have permitted newer residential developments in hillier,
previously inaccessible areas. The more affluent and mobile families
live in these areas. The region is extremely hilly and thus the pattern
of development has not been one of simple outward growth, but
also one of upward implosion, we might say, leading to a very heter-
ogeneous land-use pattern and a jumbled and complicated street
pattern.

Table 6.1 gives a comparison of selected characteristics between
Pittsburgh and all SMSAs of over 250,000 population. From this it can
be seen that the population is larger and considerably more dense in
Pittsburgh than in the average SMSA of over 250,000. Of the socio-
economic characteristics, the principal differences appear to be the
relatively lower median family income in Pittsburgh, the relatively high
concentration in manufacturing employment, and the relatively low
percentage of non-whites in the total SMSA. However, the percent of
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non-whites in the central city is the same as that for the average of
SMSA’s of over 150,000 population.

6.3. Review and evaluation of the Pittsburgh data

The basic data sources for this study were the existing home interview
and network information available from the files of the Southwestern
Pennsylvania Regional Planning Commission (SPRPC). Their informa-
tion is compiled from a number of sources, but a large part of it is based

on a 4 percent sample home interview survey of the six counties in the

Table 6.1

Comparative profiles of Pittsburgh SMSA
and the average of all SMSA’s over 250,000 population.*

Average Pittsburgh
Population, 1960 (thousands) 1005 2406
Population/square mile 443 789
Median school years (persons over 25) 11.1 10.6
Occupation group (percent)
Prof., tech. 12 12
Man.,prop. 9 7
Clerical 17 15
Sales 7 8
Craftsmen 13 16
Operatives ' 17 17
Service 8 8
Laborers 4 g
Industry group (percent)
Manuf. 29 37
Transp., util. 7 7
Wholesale & retail 18 17
Finance, insurance 5 3
Bus. & rep. 2 2
Personal service 5 4
Prof. 11 11
Public admin. 5 3
Median family income $6,439 $5,954
Percent of population in central city 51 25
Percent non-white population in SMSA 10.8 6.7
Percent non-white population in central city 16.7 16.7

* Source- U.S. Census of Population, 1960.
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Pittsburgh metropolitan area. A second large body of compiled data had
to do with the transportation network itself. In addition to the coded
computer network there exist speed and delay data for portions of the
highway system and considerable information regarding public transit.

We did not undertake extensive field work, but instead confined our
field work to checking the existing SPRPC data and developing limited

cunnlementary information where needed. Qur review and evaluation
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of the home interview and network data are given below.

6.4. The home interview survey

The Home Interview Survey (HIS) was done in September, October, and
November of 1967. Two basic questionnaires were compiled: a person
and trip questionnaire which collected information on all trips taken by
the sample household in the previous 24-hour period, and a household
questionnaire which obtained a wide range of information on the
household’s socioeconomic characteristics. All the data have been put
on tape. The HIS of person and trip data consists of three magnetic tapes
containing about 30,000 records each. It is sorted by survey number,
person number, and trip number, with survey number equivalent to
family number. The HIS of household data is one magnetic tape of about
30,000 records, sorted by survey number. The survey number of both
files refer to the same family so that the household data and the trip
data can be readily combined. The individual trip records are accessible,
unlinked trip data are available, and the data are sorted so that it is
fairly easy to follow the household’s trip behavior for a 24-hour period.

The two questionnaires are shown in fig. 6.1 and 6.2. It is clear from
a review of these forms that they generate a wealth of information on
trip behavior and household characteristics. Nevertheless, there are a
number of shortcomings in the Home Interview Survey when used for
our purposes in calibrating and testing an urban travel demand and
modal split model. Perhaps the greatest omission is the lack of informa-
tion on alternatives. No questions are asked about alternative modes,
destinations, or travel times.! Thus, it is difficult to identify the alter-

! The 1965 Chicago Area Transportation Study (CATS), for example, questioned
households on their alternative modes of transportation and collected portal-to-portal
travel times and costs for both the mode selected and the best alternative means of

transportation. This information was used effectively in two important studies of modal
choice: Warner (1962) and Moses and Williamson (1963).
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SAMPLE NUMBER:

TRAVEL DAY:
PART |

A. SAMPLE LOCATION: BLOCK

STREET ADORESS

ary e

B. TRAVEL DAY—DATE

TYPE OF INTERVIEW:

TYPE OF INTERVIEW:

C. STRUCTURE TYPE:.... cevees

D. NUMBER OF HOUSING UNITS AT SAMPLE ADORESS:.....

€. INTERVIEW HOUSING UNIT NUMBER:........

PART 1l STRUCTURE AND RELATED INFORMATION

A. STRUCTURE TYPE (observation):

CONVEIT

”W‘Z RESOAT {LESS WOUSE_ 10 OVER] | TRL. TRL. CT. ";’.g.‘..“{' OTHER

MARK IF HOUSING UNIT IS MIXED WITH NON-RESID ESTAD. —>

PART Il HOUSEHOLD INFORMATION (ask):

A. NUMBER OF RESIDENTS IN HOUSEHOLD (ask):

B. STRUCTURE CONDITION (observation): 1Iiiz DIt

B. NUMBER OF RESIDENTS 5 YEARS OF
AGE OR OVER IN HOUSEHOLD (usk)

SOUND DETERIORATED  DILAPIDATED 2 3
IF_LESS THAN C. NUMBER OF OUT-OF-REGION VISITORS

C. NUMBER OF FLOORS IN STRUCTURE {observation): oy ARK]

WITH ELEVAYOﬂ WALK -UP

AT HOUSEHOLD ON TRAVEL DAY (ask):

3537 ei w-ig
D. AGE OF STRUCTURE (ask):

E. LOT SIZE (osk) 1 FMLY DETACHED ONLY: sz
LESS 174 174 /2

F. NUMBER OF BEDROOMS AND BATHROOMS IN HOUSING UNIT (ask):

1. BEDROOMS

2. BATHROOMS 2
(INCL. POWDER ROOM) oumsE SHARE

D. AUTOS AVAILABLE TO HOUSEHOLD MEMBERS
{osk)
1. TOTAL AUTOS AVAILABLE: s

a. AUTOS AVAILABLE FOR UNUIMITED USE:

b. AUTOS AVAILABLE FOR RESTRICTED USE
(incl. Visitors Autos):

(incl. company & rental outos):

E. OTHER MOTOR VEHICLE AVAILABLE
(motorcycles, motor bikes, or motor scooters):

G. ARE THERE ADEQUATE PARKING SPACES
AVAILABLE FOR FAMILY:

H. NUMBER OF HOUSING UNITS IN MULTI-FMLY
STRUC. (ask):

OWNED RENT ___ COOP OR LEASED
A

(II (71 l') l!) woy

§ 150-724_173-189 200-249 230-34.9 350 OVER
C. IF RENTED (OR COOP-LEASE) WHAT IS THE INTERVIEWER ESTIMATE -=z::

PART IV MOBILITY STATUS OF HOUSEHOLD (usk)

A. NUMBER OF YEARS AT
PRESENT ADDRESS (osk):

o 1

B. DID YOU UVE IN THE SIX— COUNTY
REGION ON JAN. 1, 1960 (ask):

INTERVIEWER! NOW
GO TO TRIP_REPORT

PART VI SUMMARY DATA—COMPLETE AFTER YOU LEAVE HOUSEHOLD

A NUMBER PERSONS 5 YEARS OF
AGE OR OVER MAKING TRWS

MONTHLY RENT, EXCLUDING UTIUTIES ($): T

120-149 180199 200 OVER

[ NUMBER PERSONS 5 YEARS OF AGE
OR OVER WITH TRIPS UNKNOWN:

UNDER 40 40-ay ]

D. HlGHEST EDUC%TION ATTA"!D BY HEAD OF HOUSEHOLD: — REFUSAL D. NUMBER OF LICENSE DRIVERS IN
TRy e o) RECEWED o g HOUSEHOLD:

. ¥ COLLEGE ORAD SCH. 0 2

E. TOTAL HOUSEHOLD GROSS INCOME IN 1968 ($000): ESTIMATE £. TOTAL NUMBER OF

(I) ll) i3) (4) e ie)

UNDER 3.0 30-43 50-43 70-99 K00-H

TRIPS REPORTED:

F. NUMBER OF WORKERS CONTRIBUTING
TO_HOUSEHOLD GROSS INCOME:

G. RACE OF HEAD OF HOUSEHOLD (observation):

B8 TIME REQUIRED TO COMPLETE INTERVIEW (hrs.):

/2 -
INTERVIEWER'S REMARKS: TELEPHONE CALLS MADE - PERSONAL CALLS MADE :
RESPONDENT'S TELEPHONE NO. DATE TIME DATE TIME
AM AM
/ /87 - / /7 P
AM AM
/ /67 PN / / 67 PM
Al AM
/ /87 P / /87 g
"'y CERTIFY THAT THE INFORMATION LISTED ON THIS INTERVIEW FORM IS ACCURATELY OTHER REMARKS:
AND COMPLETELY RECORDED AS REPORTED TO ME BY THE RESPONDENTS."’
INTERVIEWER'S SIGNATURE
— COMPLETED
FINAL DISPOSITION CODE INTERVIEW FINAL EDIT BAT ’W—

QUALITY CONTROL

CALL-BACK MADE 560D . POOR DATE TNITIALS

NN RN NN R NN NN RN RN RRRRRRRARRR AR



uonewIout
dn pue uosiad vosstwwo)) Bumueld reuoiBay TlEAfsuUsg WAMQINOS TG B1q

[EIGLTL)
ASTUYIN -
o1 3mL
sawE NED | S NOILYHIL 0! o
s M L N0 LY oWy NOILLYIUI3¥ O INANISO  TIVIINO L0 ONONO  ADO
(308 | ‘QIS34 0 IIVSIOHAO dONYWO
$300: MommQ 2r09v v
) Ho31Y O $200)
oiko o} 2a3s)
{S32 AN} suv1i0a | suv1i0a | sunow MI2NNO 1Y Ainan oK
anmn
AsAuvaN
o1 amy
$an3> | saimen o quodIw} "u NOILY3¥D ¥ O INAUASO NYIIBO | dMl O  ONON O  ALIO
‘USIBO  ATVSAIOHAO CANNYHO
“nowow O (3r00v| Ll
KAV Qo | saco>
awiy atva suv1v0a | suvivoa | sunon NIoIO 1Y ) oMo 0| Tlnmn  wnow e
WL LIVAl o sa000 % waAl BT
ST 90T | awva ANV ) IMIRYE | xwva | aanava o NOILYMILSAO LY |-AVEL
L]
$iol0 v siouo| BV 1503 |worivena uu: X307 oMIENa 0341083 S3OAINE onmwvams | o e
T [y T @ 1 T B 3 % T ¥ | NOILYINIIWOQ  3DNAWISO WYIINO | dmiO  O¥ORO  ALDO ¢ wasl
TIML ATINYNL Y 404 T1uL ¥DAING DUNY VIV ¥O4 S v 404 Q0D GSIU O AIVSIOHAQ dNNYW QO —_ ..o:.nmono.._ .
(NOLLYNILS30 9140 df AINCL OINTVYA Hroduns v
. 's8vd OLOY SV ‘534 T ¥YINDILUYY ON 301N} GINYYE LON 'O NioiHo diut i u,_uwu__o»ux ”
WIAINO OLNY §Y 'S34 'T (440-dONG HO 4NXND1d) GINVYY LON '4 IONIESV4 SNE TOOHIS 8 I TR K] ) oqun.
3J10HI ON "4 ALUIJON TVILNION3Y "¢ . A I 1a NOISIAIQ VIAY ($SIMAQY 43IWLS 1INJ QUODFN) NOILYDIOT OMA diWL 1504und
3514338 ¥04 1937 *L WIONISSY AINBL ¢ ALIANLDY 2SN ONYY
300D UIONISSYY Qivd 39VEYD 9 YIINISSYA 1XVL "y s v 1 £ z
01NV ¥O WA OLAY 2304 20vHYS °§ ¥IONISSYA INITINI ¥O HYD LITULS S
NY SY ATINIINIANOD 3OV avd 101 ¥IONISEYA SNG TYIDNINNOD * ANYIZNOMLEIN °9 (IWOM 31VAIY 1Y) TVI0S %0
NI39 IAYH JINL LISNYEL SIML 23w 107 € ¥IONISTYE AVOUTIVY ¢ NOLONIHSYA *§ NIOINO JINL LXIN OL ¥ IVR 2L 00MIS 50
QINOI,, ‘NSY d1¥1 LISNYNL . WIONISTYE OLNY T ¥3UN (NOILYNILSIQ ¥YINDILUYd ON) 301 " 1L dONS “P
VIONN J0ON 4O FDIOKD ¥O4 FILON uilawi3auls 'z ¥3A140 010 't ¥3Avae - 300W TIAVNL FONYHD ‘01 NOILYD07 90T WIHLO = ANOM '£0
399 13308 oNouLSHUY "L WIONISIVY JANIS 60 NOLLYDOT §Of ANYANODIS - NNOM ‘10
ANIHOITTIY “t SSINISNT TYNOSHId NOILYI07 GOT ANVWING ~ U0 "10
13002 SMINWYL 4O DéAL $3G02 12AVNL 40 BOOW £2005 ALNNOD (HOILY507 "GISTU-NON LY} TYNOLL YIUIIN “L0 ImOH 00
$300) 1504¥NJ dINL ‘ ‘a L—E .H
— -
TN 2000 ¥3R10 O 3DANIS O MIViaw O
dIHLO - ON 6 Aiwnod ‘GISIN O IIVEAI0NA O ‘dnNvm N FINOD amis 1uve T
u“_mﬂmwu%n L] (Invm Ll (ANY4NOD 40 3JIA¥IS ¥O ‘ANLSNONI ‘SSINISNY 391¥D330) LN L
. tag navis
ATYYHOSNIL = ON "L AL O WAD | %0ILY0Y
b . L]
7 WIS -ON '9 (3% 33143) okos O (X1440% QHY JNYR wi) FON (NN ANYJNOD - ¥3A0TIND 4O IMVN (20 2003 dtud)
NOILYDYA snivis 8or
O AYQITOH AYYQNOO3!
‘440°AV0 = ON °§ n
wa._wwuz.(uux%azv Atans> YIS O aIVEIIONE S camnm g 3M0 XM ANIONLE 40 D4INISNON LON-SUIANOA T WAL NIOHNOD | 3wy Lyva T
3540 avodau : (ANYJNOD 40 3JIAUTS HO AUASNONI ‘SSINISNY FI¥I53Q) A¥O W34 TUNOM IVOM 4O 9 SXUOA MOSIA ¥ 4! | ) YN ¢
3OH LY aw.v..xO) ; "4kl O INOISIAK snavis
¥O QINTYA - $3A °C MO 373H3) ONOS O Ha HOILY30Y (10 3002 d1¥1) | |
NYOM OL HONYL ALld O (Xt4JNS ONY INVYN 1330L8) _ ('¥i0)_ (ON 133V, (INYN ANVIWOD - WIAOTJNI 40 INVN)
¥ 3A08Q - S3A T SNLVLS 807
IIHIA N Adywidd
NHOM OL INIM - $34 1
LAYG TIAYL WL YIA0TWI 40 SSINAAY LIFULS ¥IA0TdWI 4O SSINISAE 40 IdAL ANY INYN (11e18q up #a19) 371111 NOILISOd A0 NOLLYENDIC SNLYLS 8o
NO NOILYDOT $IHL LY

AUOA NOSHId SIHL Q10

T

{omg (1ny 30 ped paingd

Q3Lu04I¥ S41¥L TViOL

$133M5 40T L33HS NOSUIZ HIYT ¥O4

I Fhl AvQ x3ia "L
g R i

gyoetny  NOSHIJ GIA0TdNI INL 1IN ¥ WIKL BIAISNOD
AYQ 33d JUOW YO SUNOH 9 SHUOA NOSU3d Jt FILON

(AYG ¥3d SENOH 9 NYHL 5331)
A3IHIO0 ‘0 INIL LUV JBOM ~ LNIGALS S
3 A0TAWANN ‘6 AN3AN1S ¥

q3¥113% SE0C AYOM YO OML — NUOM 'L

(AYQ ¥3d SUNOM 9 NYHL $337) INIL L¥Yd 907 INO ~ NUOM T
90r INIL L¥Yd - 3IIAISNON °L (3WOW YO SUNOH 9)

FJIRISNOH "9 ANIL 1IN HOF INO ~ NUOA °L

(43070 ¥O 30Y 40 SUYZA 1 39 LSAW ¥INAOA) SNLYLS NOILYJNDDO °9

esaad 10} pe331) Y1Y0 NOILY4RII0 ANV 3IV1d NUON ‘8

(91 ¥IONN SNOSYAd 1Y)

GISNADIT LON 'y

1MMyid SUINUYIT 'E
HiINOW LSV NIHLIA

JAIMO LOR A1G-AIWNIDN T
HLNOW LSV

(@ovy

NIHLIA 3A0¥Q-0ISKIDIT “L uunwwu. -J“uwn «_
SNLYLS ONIAIYQ OLAY °§ 39v Y X3s 't

ANFUVIONYED

(san0

¥IWLO0 0 WILSIS ** MIHIOWE 'S

K3 ANIUYE Y

¥30UY09 ‘8 A1 ‘€

SUOLISIA I$N0dS ‘T
L GIOHISNOH

‘r 40 QY3IH ‘I

(OMINOTT04 FHL 40 INO 300D)

GIOHISNOK 40 QYIH OL JIHSNOILYT3Y 7|

(epos o
) voung)

{GI0HASNOH
40 QYR

%03 ..10.. 350)

YISWNN
NOS¥3d 'L

ade jo sivadg wesiad yara 10j) NOILYWUOANI NOSY3d ¥



Data, sample and variables 133

natives that are relevant to the traveler, and any data on travel times
and costs for alternatives must be generated by the researcher.

One specific result of this omission is the difficulty caused in studying
trips in which a traveler parks his automobile at a transit station (“park-
ride”) or is driven to a transit station and dropped off (“kiss-ride™). In an
area where the transit trip involves park-ride or kiss-ride, the required

are auailahkla f +
data are available for transit trips employing these modes. It is easy to

determine that the relevant alternative is the auto trip. For auto trips
in this area, however, it is not clear whether the relevant transit trip is
a park-ride or kiss-ride.
Data are not available from the Home Interview Survey on car
"occupants from households other than those included in the survey.
Thus, it is impossible to analyze car pools insofar as they involve riders
from other households. In this context, it is important to recognize that
some 30 percent of all trips (based on the analysis of a sample of 150
households presented in appendix A) are auto passenger Or serve-
passenger trips. Thus, the fact that kiss-ride, park-ride, and car pooling
are difficult or impossible to analyze with the available data is a serious
shortcoming.

Another important omission for both auto and transit trips is lack of
information on the highway or bus route taken. Thus, in this study, the
route had to be determined by the researcher on the basis of his judgment.
This is particularly troublesome for transit trips when there are choices
between infrequently scheduled express buses and frequently scheduled
local buses.

A major omission in the Home Interview Survey was “time travel
originated”. The forms did contain “time of arrival” but this is useless
by itself, as total perceived travel time could not be computed. The
existence of “time travel originated” would have been very useful
although it would have clearly been perceived rather than actual travel
time. “Desired time of arrival” would also be extremely useful as a
means of estimating the effects of the reliability of the transportation
alternatives.

On the transit trips a number of items were missing that would have
improved the usefulness of the data. In particular, there was no measure
of comfort or convenience. Therefore, the existence of crowding, the
necessity to stand, lack of air conditioning, association with undesirable
people, etc. cannot be taken into account in evaluating the choice of
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mode. It would also have been interesting and useful to know whether the
traveler normally used public transit or normally went by another mode.

6.5. Network data

The network data actually used in this study came from a variety of
sources. The principle source of topological data was the coded net-
works compiled by the SPRPC. SPRPC actually has two highway
networks. The first and older one employed a five-digit node numbering
scheme, and the links drawn on the maps corresponded to actual road
segments. The second and newer network was a computer-plotted
straight line (spider web) network utilizing a four-digit node numbering
scheme. This latter network was designed for eventual use as a multi-
mode network; however, SPRPC is currently employing it in their
forecasting work. It seemed clear that this four-digit network would be
hard to relate to the base maps, owing to the straightline links, and so we
selected the older, not entirely updated maps of the five-digit network.
The two networks are convertible, as all nodes are supposedly in the
same places.

No written documentation on the data sources for the highway
network exist; however, two data banks were used as sources. One was
a speed and delay study done in 1967 by the Bureau of Traffic Planning
of the City of Pittsburgh. This study recorded actual peak-hour time
trials on major and intermediate arteries within the city limits but
outside of the CBD (Golden Triangle). The second source was called the
Rational Priority File and was done by another state agency. The file
essentially consists of zero-volume safe speeds for state numbered high-
ways. The remaining roads were assigned speeds determined strictly by
judgment, and the two original data banks have also been modified.
A minimum speed of 10 mph was required on all links, so all the CBD
streets ended up with that speed.

The speeds actually coded on the highway network were called
assignment speeds because the network was used for traffic assignment
purposes. However, realistic peak-hour speeds resulted in an under-
assignment to downtown streets, so the speeds were frequently raised
or lowered to bring assigned traffic volumes into closer accord with
ground-count traffic volume. These network data sources are summar-
ized below.
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Area Data available Comments
CBD Assignment speeds; Based on assumptions rather
uniform 10 mph because than evidence. Probably
of assumed minimum speed. inaccurate.
City of Assignment speeds and Speed and delay data appear to
Pittsburgh— speed and delay study. be as good as we can expect.
outside CBD Assignment speeds will probably
not be useful for our purposes.
Qutside Assignment speeds. Probably not adequate.
Pittsburgh Assignment speeds may be speed

limits in many cases.

The principal problem with the coded networks is the lack of under-
lying data for any part of the region except the city of Pittsburgh outside
the CBD. Moreover, the available underlying data—the speed and delay
studies—only give peak-hour speeds, so assumptions about speeds are
needed to analyze any non-peak-hour trips. The networks are useful in
defining the physical characteristics of the street network and identifying
major arteries. Because of the importance of travel time to overall results

" we carefully examined the underlying speed and delay data generated
by the Bureau of Traffic Planning. We attempted to check and supple-
ment this data base with a number of travel times obtained by the
Charles River Associates’ staff actually driving the principal streets. All
three areas were actually driven with a view to the following items.

(1) Establish an average peak period speed for the CBD. The Golden
Triangle is very densely built up and covers around 100 blocks. The
boundaries are the rivers and the Crosstown Boulevard—Civic
Center area on the east. The streets are small and congested. Trolley
tracks, passenger islands, and crowded bus stops are on just about
every block. It thus seemed reasonable to treat all the streets as
having equal speeds. A possible exception may be Liberty Street,
which is the main travel street downtown.

(2) Check the speed and delay study times on some main arterials
within the city limits in the eastern corridor.

(3) Check the assignment speeds on main roads outside the city limits.

To establish an average CBD speed, two different loops in the CBD
were driven a number of times. The loops were selected to cover a
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variety of streets, that is, both two-way and one-way. One loop was
driven several times in both morning and evening peak hours. A second
loop was only driven in the morning peak hour. Driving each loop
several times should eliminate effects of local or specific congestion, so
that a reasonable average speed is calculated. The speed on heavily
congested Liberty Street was 4 mph and on moderately congested Grant
and Forbes and Seventh Avenue was 6 mph. The speed on lightly con-
gested Smithfield and Wood Street was 9 mph. However, it should be
noted that we did not experiment enough to establish meaningful
confidence limits. In addition, it became clear that the travel time pattern
downtown was complex; for example, Boulevard of the Allies seemed to
have high speed, over 20 mph, low volume, and synchronized traffic
lights; but no formal time trials were taken. Another single trial cover-
ing random streets downtown was taken and the average speed was
8 mph.

The speed and delay study was checked by driving four different
routes in the Eastern Corridor which were all included in the speed and
delay study. Three of the routes were on main radials and cross-town
routes, scattered so as to obtain a representative sample. The fourth was
on the parkway. _

The congestion on the parkway appears to be heavy and erratic. As a
result, the time trials from one day may not be indicative of average
travel. The situation is complicated by the fact that inbound on-ramps
are often closed in the morning peak hours. The travel times observed
are substantially lower (faster) than the speed and delay elapsed travel
times which were based on more trials spread out over several days.
Thus, we do not feel that the speed and delay parkway data were ade-
quately validated. This is unfortunate because the parkway is easily the
most important artery in the city.

The other three routes provided a reasonable check on the speed and
delay data. Observed times for individual road segments were often quite
different from the speed and delay mean elapsed times. This is often due
to the effects of stoplights. However, when the mean observed times were
added over several road segments, they often showed good agreement
with similarly aggregated times from the speed and delay data. In addi-
tion, the variations in aggregated mean observed times from the aggre-
gated speed and delay mean times did not seem to show a bias. That is,
some observed aggregate mean times were higher and some were lower.
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Comparisons of the driving times obtained by the Charles River
Associates’ staff with both the Pittsburgh speed and delay times and the
highway assignment speeds outside the city of Pittsburgh are presented
in table 6.2.2 It should be noticed from an examination of that table that
even the speed and delay study shows large variations from the mean
of our empirical times for individual road segments. With the exception
of the trials on the Parkway, the city generally carried out ten different
peak-hour trials on each road link using the “average car” method
[Walker (1967)]. Theoretically, then, the speed . and delay study gives
data as accurate as are economically feasible. For example, for a 5 percent
maximum error, 95 percent degree of confidence, same type of road,
forty time trials are required [Walker (1967)].

Travel time variations are known to be large in urban areas. They
increase rapidly as the system becomes congested. It is these fluctuations
that account for the differences between the city's and CRA’s observed
times. Percentage variation can be expected to go down as trip length
goes up. Since the speed and delay study gives data by road links,
usually stoplight to stoplight, the variations on each link were felt to be
quite large.

After observing that the travel times were so highly variable we
decided to prepare “variability of travel time” for use as an explicit
variable in the model. This was measured as the variance in line-haul
travel time and was computed for each trip along with total travel times.
Where possible, the variable was computed from the different time trials
on each link obtained from the speed and delay study. For links not
covered by the speed and delay study, the variable was inferred from
similar links on the speed and delay study. '

The source data for the transit networks built by SPRPC were an
internal set of operating schedules from 1967 provided by PAT and the
other independent bus companies. These schedules reflect operating
rather than scheduled speeds.

The PAT system is the only authorized bus system within Allegheny
County. Independents running into downtown are permitted to drop off
anywhere in the county but not pick up on inbound trips, and pick up
anywhere but not drop off on outbound trips. The vast majority of the

2 A long route outside of the city limits, but primarily within Allegheny County, was
driven in the evening peak period to check the assignment speeds on roads outside
Pittsburgh.
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PAT routes are radially oriented with respect to downtown. They start
somewhere, run into downtown, make a loop, and then run out again.
Many routes are express from downtown to an outlying neighborhood
where they become local routes making frequent stops. There are, how-
ever, a few circumferential routes plus a downtown distribution bus that
loops around the CBD. In addition, the fare is on a zone basis; zones
are different for each bus route. The fare in 1967 was a base charge of
thirty cents, plus five cents to buy a transfer, plus five cents for each zone
boundary crossed. Zone 1 is essentially the City of Pittsburgh, with the
other zone boundaries located approximately every two miles going
radially away from the city boundaries.

The bus loops in downtown were not coded into the transit network,
but are represented schematically. In order to tell exactly where the bus
routes go, a detailed map of the PAT system as it existed in 1967 was
obtained from SPRPC and a complete set of published schedules from
each bus route from 1967 was obtained. These schedules located the fare
zone boundaries exactly.

In summary, the highway and transit networks were closely analyzed
to determine whether they accurately reflect peak-period speeds. The
highway network is insufficient but the speed and delay study is helpful.

We have calculated average CBD peak period speeds and plan to use
the speed and delay study data wherever possible. Outside Pittsburgh,
the only available highway data are the assignment speeds. Since the
speed and delay study provides peak speeds only, assumptions are
needed about off-peak speeds to be able to analyze off-peak trips. The
transit data are fairly complete. Both the schematic transit networks
prepared by SPRPC and the underlying route maps and operating
schedules are available.

6.6. Selecting the areas to be sampled

Experience with both the problem and the data led us to the conclusion
that it would be more important to select a small sample and prepare
the data for each observation meticulously than to sample broadly but
prepare data less carefully. An examination of the data from one tape
suggested that it would be possible to obtain an adequate sample size
by taking data only from two major corridors: one east of the CBD to
the city limits, and the other to the suburbs in the south. Restricting the



140 Urban travel demand

1 Highland and East Liberty 8 Homestead Steel Mill
2 The Hill 9 Dormont

3 Golden Triangle (CBD) 10 Mt. Lebanon

4 Qakland 11 Castle Shannon

5 Squirrel Hill 12 Bridgeville

6 Jones-Laughlin Steel Mill 13 Upper Saint Clair

7 South Side 14 Bethel Park

Fig. 6.3. Areas included in the sampie.

observations to two corridors, we felt, would make the preparation of
network data reasonably efficient. The areas of the region which are
included in the sample are shown in fig. 6.3.

In selecting the sample from which the observations were taken, an
effort was made to include the sections of Pittsburgh which are job
centers and shopping centers, as well as a broad cross-section of inner-
city and suburban residential neighborhoods. The following were select-
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ed as work and shopping areas: the CBD, Oakland, the Homestead and
Jones-Laughlin steel mills, East Liberty, and Bethel Park. The CBD
and Oakland double as both employment and shopping centers. The
CBD houses major companies, government offices, department stores,
and general services. Oakland houses the universities and specialty
shops. The steel mills are a major source of blue-collar employment in
Pittsburgh and are the main industry of the metropolitan area. The East
Liberty Mall and Bethel Park’s South Hills Village are, respectively,
inner-city and suburban shopping centers, both of which provide alter-
natives to downtown shopping.

Four inner-city residential sections were chosen: the Hill, Highland
Park, Squirrel Hill, and the South Side. The Hill is a large ghetto area
just outside the CBD, with an 88 percent non-white population. Median
income in the Hill is near the poverty level. Highland Park is a blue-
collar neighborhood with a 91 percent white population. Squirrel Hill
is a wealthy inner-city neighborhood with an almost exclusively white
population made up of professionals and white-collar workers. The
South Side is a white, blue-collar, low-income community located imme-
diately across the river from the CBD.

The selected suburban communities form the commuting corridor to
the south of the city. Furthest out are Bridgeville and Upper Saint Clair.
Bridgeville was selected because it is a small town relatiyely more self-
sufficient than some of the others. Of the suburbs chosen, Bridgeville has
the highest non-white population (3 percent). Its workforce, like High-
land Park’s, is blue collar. Upper Saint Clair is a newer low-density,
middle-class suburb that extends to the border of Allegheny County and
lies at the end of transit routes. Mt. Lebanon is an older, wealthy suburb,
which has reached the limits of its development. Castle Shannon and
Dormont are the last two suburbs included in the sample. Both are
essentially blue-collar, lower middle-class communities. Castle Shannon
was chosen because it is the hub of the southern corridor’s streetcar lines.
Dormont was the first of the suburbs developed, as it is at the mouth of

the tunnels leading downtown.
Once the residential, job, and shopping areas were selected, the

trip data were taken from the tapes. The criteria used for selecting
the trips to be put in the file were: (1) that the home location of a
household had to be in one of the selected areas, and (2) that some-
where in the trip record an origin and a destination had to fall within
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the selected area. For each trip record that met these criteria, the trip
data for that person’s whole household was put in the file.

6.7. Variables for analysis of individual trips

The remainder of this chapter describes the variables developed for the
empirical analysis. It starts with a discussion of the computations of
travel times and costs for the individual observations. Data are developed
for the complete door-to-door trip for both the mode used and the alter-
native mode. For shopping trips, data are also developed on the door-
to-door travel times and costs for the actual and the alternative times
of day (peak and off-peak), for the actual and alternative destinations,
and for the potential destinations for households that did not make trips
during the 24-hour sample period. Following this is a brief description

of the available socioeconomic data.

6.8. Auto and transit line-haul times for work trips

To obtain data as accurate as feasible on individual point-to-point travel
times and costs, estimates of times and costs were made manually using
the underlying network information as a data base. Large and detailed
maps of the Pittsburgh area were used to generate data. Both highway
and transit networks were displayed. Data were generated one trip at a
time working from trips taken directly from a printout of the Home
Interview Survey. Since the underlying speed and delay data are restricted
to peak times only, the work trips selected were limited to peak-hour
trips.

Once the block face of the trip origin and destination had been
identified on the map, the best route between the two was determined
according to the judgment of the researcher. The auto route was selected
giving priority to freeways and major arterials. For some trips informa-
tion on bridges crossed could be utilized to select the appropriate route.
If the route were a transit trip in the survey, then a logical minimum
time path was picked manually based on the judgment of the researcher.

Once the route was chosen, all links of the route were analyzed to see
if they were in the speed and delay study. If they were, the mean travel
time and the variance for each such link was recorded. As mentioned
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earlier, the variances for these links were computed from the different
time trials taken for each link in the speed and delay studies.

For links not covered by the speed and delay study, a travel time was
assigned manually, utilizing the following guidelines:

(1) The highway network assignment speeds;
(2) Local land use conditions;

(3) Type of road;

(4) Topographical conditions;

(5) General knowledge of the area.

Since variances were not available for these links, they were estimated
from similar links on the speed and delay study. Since it is probably
easier to develop judgmental estimates of speeds than variances of
speeds, it is likely that the resulting variances will be less reliable than
the travel times. Once each link had been assigned a travel time, all links
on the route were added up to obtain the highway travel time and
variances for that particular observation.?

For transit trips, line-haul times were calculated from schematic
network schedules, supplemented where necessary by the transit system’s
operating schedules.

The PAT schedule division timetables are the internal schedules used
by the transit company itself and represent as complete a description of
the transit system as exists. CRA obtained a set of these schedules for
each bus route from 1967 or 1968. The transit network was coded
originally by SPRPC using these schedules. Determining times was
somewhat simplified by working basically from the SPRPC network
because the schedules are voluminous and complex.

Further validation of the SPRPC data source did not seem economical.
The schedules allow for make-up time at strategic points so that drivers

3 Summing the variances on each link to get the total trip variances requires the further
assumption that all the covariances between links are zero. That is, it is assumed that if
travel time is higher than average on one link on a given time trial, it is not likely to be
higher on successive links. If the actual covariances are positive, the assumption of zero
covariances results in an underestimate of the trip variances, and conversely if the co-
variances are actually negative. Positive covariances would occur, for example, on a
rainy day where the entire system is slowed down. Negative covariances might occur
with an auto accident, where the speeds on links approaching the location of the accident
are lower than usual. Since no data were available on covariances, we simply assumed
they were zero. However, this assumption probably adds to the unreliability of the
variance estimates.
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of buses can get back on schedule if they are held up by congestion. In
addition, running times are assigned according to different time periods
during the day. That is, a bus route will be expected to cover a certain
route segment in, say, six minutes before 6:00 A.M. and, say, eight
minutes between 6:00 A.M. and 9:00 A.M. Both PAT and SPRPC felt
that the schedules, while not perfect, are very accurate and do represent
the real operating conditions. This was, in fact, partly verified by CRA
as part of another data collection task.

The procedure followed in estimating trans:it line-haul times was
roughly the same as that for highway line-haul times. First, the route
was selected given the origin and destination. The available information
was “bridges crossed” and “transfer walk and wait time”, which indicated
whether a transfer was made at all during a transit trip. Once the route
was selected, the line-haul time from the schedules was added up. When
a transfer was involved, the times from all routes were added together.
As we suspected, the only problem here was that of determining boarding
and alighting points. Other than that, no conceptual problems com-
plicated the data collection, although the work was laborious and time-

consuming.

6.9. Auto and transit line-haul travel times for shopping trips

Shopping trip line-haul times were basically estimated in the same way
as work trips. That is, point-to-point travel times were developed
manually using the same source materials and methods as for work trips.
However, shopping trips presented some additional problems in cal-
culating line-haul times. First, whereas work trips normally are made
during the peak, shopping trips are not. In fact, shoppers generally seek
to avoid the peak if at all possible. The result was that our sample yielded
only about 10 percent of the shopping trips in which both legs of the
trip occurred during the peak hours, about 25 percent of the shopping
trips in which one leg of the trip occurred in the peak hours, and about
two-thirds of the trips in non-peak hours.

In order to analyze shopping trips, we had to use some mixed-peak
and off-peak trips which required adjustment of travel times. For the
southern corridor, the assumption was made that the highway times in
the suburban areas would change significantly only on those streets
serving as arteries to the parkway and tunnels leading downtown. Speed
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and delay study times were altered on these roads according to the
judgment of the researcher. The assignment speeds and rational priority
speeds were compared with the peak-hour data; and, both land use and
type of road were considered as well. The method used in calculating
off-peak auto times in the city was to add up the peak times on the
links used in the trip and cut the travel times on arterials by an arbitrary
constant percentage. For the CBD, speeds were kept at the peak level
as downtown Pittsburgh is highly congested at both peak and off-peak
times. No changes were made in speeds on the collector and distributor
system. It was assumed that arterial speeds would be 25 percent faster
in the off-peak. These gross adjustments were decided upon because the
highway system in the city is so much more complex than that of the
suburbs. In addition, the travel time variance was dropped for shopping
trips because of the lack of any genuine data base for this variable for
off-peak times.

For transit trips, off-peak line-haul times were developed by using
operating schedules to adjust the basic transit network. Since the transit
system in the city is extremely complex, however, it was also necessary
to develop rules of thumb for some transit trips. In the more complex
areas, we simply assumed that off-peak transit line haul times were
85 percent of the comparable peak hour transit network times.

Finally, for shopping trips, it was necessary to develop travel times
for alternative destinations in order to analyze choice of destination.
Travel times were also needed for households which made no shopping
trips, in order to examine shopping trip frequency. Since the latter is
comparable to selecting alternative destinations, the two are discussed
together.

The method used to select alternative destinations was to prepare a
matrix of shopping origins and destinations for the actual trips on the
sample. From this, the different shopping destinations actually used by
each residential area in the sample could readily be determined. This
matrix was used to specify alternative destinations for both the house-
holds actually making trips and the households which did not record
shopping trips in the 24-hour sample period. For most households, two
to four alternative shopping destinations were identified, in addition to
the actual destinations.
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6.10. Park and unpark times

Parking data requested in the Home Interview was “type of parking”.
For surveyed auto trips this information basically identified whether the
traveler parked on the street, in a lot, or in a garage. An inventory of
available parking spaces was made for downtown Pittsburgh in 1969 by
the Parking Authority of Pittsburgh. This inventory gives the following
breakdown of parking spaces by type.

Number of Total Average Downtown

Type facilities capacity capacity capacity
Authority garage 8 6,100 763 2909,
Public garage 10 5,800 580 27.6%
Large public lot

(capacity 100 +) 27 6,500 241 31.0%
Smail public lot

(capacity under 100) 54 2,600 48 12.4%;

99 21,000 212 100.0%;

On-street spaces account for only 3 percent of capacity in downtown

and so were ignored.
CRA collected empirical data on park and unpark times for various
types of downtown parking facilities. They are given below.

Parking times in downtown Pittsburgh.

Type Place Capacity Park Unpark
Garage
(Authority) Sixth and Ft. Duq. 938 3:30 6:25
Mellon Sq. 1,040 3:00 5:45
Smithfield and Forbes 867 3:00 3:13
Garage
(Public) Liberty and Sixth 300 2:30 2:50
Washington PL and Fifth 2,200 2:40 3:45
Forbes and Diamond 325 2:45 2:45
Liberty and Comm. 750 3:02 2:42
750 4:50 3:42
750 3:18 3:55
750 3:47
750 4:06
Lot

35 1:50

—

(Pubilic) Grant and Fourth 139
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Based on these figures, we assumed that all downtown auto trips took
three minutes to park and four minutes to unpark.

Since no data were available for other trip destinations, it was neces-
sary to rely on arbitrary assumptions. The assumptions used were as

follows.

Park Unpark
Type of area (minutes) (minutes)
Industrial 2 2
Oakland 2 2
High-density shopping area 2 2
Low-density shopping area 1 1
High-density residential 1 1
Low-density residential 0 0

6.11. Walking times—auto and transit

Walking is the normal access and egress mode for auto trips, but it need
not be for transit trips. In fact, transit access and egress has traditionally
been one of the most complicated variables to develop. Much of the
difficulty has arisen in the past from including different modes like rail-
road and streetcar in the same transit network. Where access to the
transit system by automobile has been prevalent, additional difficulties
have been created. Typically, the time to drive to the transit stop has
been included as part of access time, which has led to problems in
specifying the model or interpreting the result.

The Pittsburgh data does not present these particular problems
because only one mode (bus) is predominant. The railroad was not being
considered and the streetcar lines are limited. In addition, auto access
to bus routes is negligible and therefore we are only allowing for walk
access to transit. The few trips which use auto to access transit were
deliberately excluded from our sample. Thus, in contrast to some models
of mode choice, a very homogeneous transit mode is being evaluated.

The only data source that existed on walking is the number of blocks
walked at origin and destination for all types of reported trips from the
Home Interview Survey. For alternative trips the number of blocks
walked had to be estimated from the base maps by the researcher. By
utilizing an average walking speed and an average block size, the walking
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time was calculated. The SPRPC suggested a speed of 2 mph in down-
town Pittsburgh and 3 mph elsewhere in the area. These speeds were
based on their own empirical evidence. They are probably a reasonable
reflection of conditions, and they agree with typical speeds in other cities.
To get data on typical block sizes, a large number of blocks from
different areas were actually measured from the highway network base
maps, resulting in the following table.

Arca type Walk speed Block size Block speed

Downtown Pittsburgh; 2 mph 322 it/blk 1.83 min/blk
congested streets and

sidewalks; delay at

every intersection

Homestead; high-density 3 mph 368 ft/blk 1.4 min/blk.

residential and commer-
cial suburban district

Squirrel Hill; medium- 3 mph, 546 ft/blk 2.0 min/blk
density residential and

commercial suburban

district

In low-density districts it seems reasonable to assume that “blocks
walked” will either be zero or will have been estimated by the trip-maker
at no more than about ten blocks to the mile. Unfortunately, the SPRPC
Home Interview Survey Manual does not define a block.

The results of these computations were somewhat unusual. Actual
auto trips almost always reported zero blocks walked. Either auto
drivers, in fact, park very near their residences and find parking places
very nearby their final destinations, or they-assign zero disutility to
walking time. In computing the auto walk time for the alternative trip
when the actual trip was transit, the researcher was often unable to find
a parking facility at the final destination, so alternative auto trips
frequently had positive walk times. Because of this discrepancy, two
alternative assumptions were made about auto walk times: one assump-
tion was that all auto trips had zero walk times; the other was that the
combination of reported and estimated walk times as described above
provided a closer approximation to true auto walk times.

For transit trips, the same discrepancy exists between perceived blocks
walked for actual transit trips and estimated blocks walked when transit
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is the alternative mode, but the disparity is less clear-cut since a sub-
stantial number of transit users actually report some number of blocks
walked. :

6.12. Transit wait and transfer times

The estimation of transfer times was straightforward. For actual transit
trips, transfer time is reported on the Home Interview Survey. For alter-
native transit trips, transfers were determined from the network. Then
the transfer time was taken to be half the headway on the subsequent
route, following the assumption that transit schedules are not coor-
dinated between routes.

Estimating wait times was complicated and involved a number of
alternative assumptions. Wait time is related to the schedule frequency
and is usually defined as half the headway up to some maximum. For
actual transit trips, wait times are reported in the trip questionnaire.

The basic data sources are estimates of headways from the transit
network and the operating schedules, the reported wait times for actual
transit trips, and a sample of actual wait times and headways collected
by CRA in Pittsburgh in the morning peak for work trips. From this
data, reported wait times were plotted against estimated headways for
the actual transit trips to see if a discernible relationship could be
developed to assist in estimating wait times for the alternative transit
trips. The plot resuited in a wide scatter of observations with a number
of the reported wait times exceeding the estimated headways and no
discernible relationship between the two. In fact, the scatter diagram
casts doubt on the accuracy of either the reported wait times, the
estimated headways, or both.

Following this, the CRA data were plotted. This is shown as fig. 6.4.
This diagram also shows considerable scatter, but waiting times appear
to be one-third to one-half the headway. However, the data do not show
any obvious maximum wait time.

Based on these comparisons, we decided to develop a range of alter-
native measures of wait times, based on a variety of different assumptions.
One measure assumed that the wait time was the reported wait time for
actual transit trips and one-half the headway up to a limit of five minutes
(per one-way trip) for alternative transit trips. This is the conventional
assumption. Another set of measures based the wait times for both actual
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and alternative transit trips on the estimated headways. Wait times were
assumed alternatively to be one-third and one-half the headway, with
no limit and with limits of five, ten, and fifteen minutes (per one-way

trip).
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Fig. 6.4. Measured wait times vs. measured headways (Rt. 73, Highland and Stanton,
Pittsburgh).

6.13. Travel costs—auto and transit

Mileage figures were given for all links in the highway network in
addition to the speed and delay study. The data source was engineering
blueprints provided by various public works departments. No reason to
doubt these mileage figures existed, and CRA did not attempt to validate
them, although it would have been simple to do so.

Gasoline, oil, tires, and maintenance costs for the Pittsburgh area
were obtained from a major oil company. From these, operating cost per
mile was calculated (three cents per mile in 1967) and multiplied by the
mileage of each observation’s highway route, the result being an estimate
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of automobile operating line-haul cost. Capital costs and insurance were
not included in these figures. These are typically common costs over the
trip purposes and individual trip-makers in the household rather than
marginal costs of the given trip. Thus their aliocation to a given trip is
typically arbitrary. They were accordingly excluded from the analysis.
Auto out-of-pocket costs include those items a trip-maker must pay
for during the actual trip—tolls and parking charges for the relevant cost
items. The only major toll facility in the Pittsburgh area is the Penn-
sylvania Turnpike. This was not used by any of the trip-makers in our
sample, so out-of-pocket costs are restricted to parking charges.
Parking charges are requested on the Home Interview Survey. For
actual ayto trips we used the reported data. When auto was the non-
selected mode, an average parking charge was calculated, given trip
purpose and destination. Two sources of data were available. The first
is a tabulation of average cost per hour by downtown zone by two
purposes (work and other) compiled from all reported trips in the Home
Interview Survey. These data are given below. Note that these data are

for downtown zones only.

Parking charges in downtown Pittsburgh calculated
from all trip records in 1967 Home Interview Survey, SPRPC.

Destination zone Long-term Short-term
(SPRPC analysis zone) purpose = work purpose = other

1 $0.078/hr. $0.122/hr.
2 0.089/hr. 0.133/hr.
3 0.099/hr. 0.207/hr.
4 0.094/hr. 0.281/hr.
5 0.071/hr. 0.210/hr.
6 0.050/hr. 0.093/hr.
7 0.102/hr. 0.250/hr.
8 0.094/hr. 0.219/hr.
9 0.037/hr. 0.194/hr.
10 0.078/hr. 0.308/hr.
968 0.044/hr. 0.152/hr.

The second source is the 1969 Parking Authority Study and contains
average rates by type of facility for one-, two-, three-hour periods and
an all-day period. Weighted averages of rates by size and type of facility
were calculated and are presented below. They agree fairly closely with
the SPRPC parking cost estimates.
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All day $1.94
One hour 0.56
Two hours 0.83
Three hours 1.10
Additional hours 0.27

Again, it should be noted that these data apply only to the downtown.
However, the survey results overwhelmingly showed free lots as the type
of parking facility used by auto travelers at destinations outside the
CBD. It was assumed, accordingly, that the same would follow for
reported transit users if they were to use auto. So parking charges for all
non-downtown destinations were assumed to be zero, unless parking
charges were reported for an actual surveyed auto trip.

For downtown trips, the reported charges were used for actual auto
trips and the SPRPC hourly cost estimates, applied by downtown
destination zone, were used for trips where auto was the alternative
mode. The duration of parking was determined from the trip record.

The transit cost is simply the fare on the transit trip. For a reported
transit trip, these data were taken from the survey. For actual auto trips,
the alternative transit fare was determined from the PAT fare structure

on the basis of fare zone boundaries given by the actual route maps.

6.14. Socioceconomic variables

As can be seen from fig. 6.1 and 6.2, the Home Interview Survey provides
a fairly broad list of socioeconomic variables. The following were
determined to be the most useful to this study:

(1) Number of residents in the household, and number S years and
older;

(2) Autos per household;

(3) Family gross income—1966;

(4) Number of workers;

(5) Race—white, non-white;

(6) Number of licensed drivers;

(7) Occupation of head of household;

(8) Occupation status of trip-maker and head of household (e.g.,
employed, unemployed, student, etc.);

(9) Sex of head of household and trip-maker;



Data, sample and variables 153

(10) Age of head of household and trip-maker;
(11) Employment by industry by traffic analysis zone.

\Ithough most of these variables need no explanation, a few merit some
discussion. The family gross income was either reported by the re-
spondent, or when the respondent refused, was estimated by the survey
worker. A check of the household print-out showed that about half the

incomes in our sample were estimated by the survey worker. Thus, it is

likely that the incomes are subject to substantial reporting error.

A number of variables required some transformations to make them
applicable to the study. Occupation of head of household was converted
to a simple white-collar vs. blue-collar variable. Occupation status was
converted to an “employed full time” vs. “other” dummy variable. Age
was converted to a 65 and older vs. less than 65 dummy variable.

The auto ownership variable was transformed into a number of
different measures of auto ownership in an attempt to provide measures
of the number of autos relative to the number of users. Thus, autos per
person in the household was computed, as were autos per person 5 years
and older, autos per worker, and autos per licensed driver. In addition
the following four dummy variables were constructed: D; = 0if no auto,
1 otherwise; D, = 0if autos < workers, 1 otherwise; D; = 0 if autos <
licensed drivers, 1 otherwise; D, = D, multiplied by D.

The first identifies whether or not the family owns at least one auto,
the remaining variables are measures of the extent to which the autos
must be allocated within the family.

The remaining variables developed for the study measured weather
conditions on the travel day. Data were obtained on noontime tempera-
tures and the amount of rainfall by hour of the day. The latter variable
was converted to the following dummy variables. For work trips, the
variable was 1 if any rain occurred in the morning peak, and zero
otherwise. For shopping trips, the variable was 1 if rain occurred by
midday, and zero otherwise.



