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1. INTRODUCTION AND OVERVIEW
A. Purpose

This compendium includes transportation-related data from the 1990 census for sixteen U.S.
metropolitan areas. The data were obtained from the 1990 Census Transportation Planning Package (CTPP)

and primarily describe journey-to-work, vehicle availability, and income characteristics of households.

This data collection effort is part of a larger project to evaluate the effects of fixed-guideway urban
transit on land use, travel behavior, and urban form. The metropolitan areas selected for this analysis are
candidates for a more detailed analysis of transit and land use relationships. With the exception of Houston
and Detroit each of the sixteen areas contains at least one light, rapid, or commuter rail system; Houston has an
exclusive busway system and Detroit has a downtown "people mover".! The metropolitan areas were also
selected to represent a wide variety of urban area and transit system characteristics. Related data-collection
efforts for this project have included a summary of general socioeconomic and journey-to-work data from 1980

and 1990 for the 35 largest U.S. metropolitan areas.?

In addition to both numerical and graphical presentation of the data, this work includes observations
about these data and trends which may be noted. Conclusions and observations presented in the text are based
on the author's personal insights gained from this data set and not on any formal analysis. In general,
observations are intended to be of a descriptive nature only and are not intended to imply causation. Nevertheless,

it is hoped that they are helpful in making some sense out of a substantial amount of data.

B. Presentation of Data

The data presented in this document were obtained from the statewide version of the 1990 Census
Transportation Planning Package, available on CD-ROM from the Bureau of Transportation Statistics.> The
statewide version of the CTPP is divided into three parts. Part A gives information on workers and
households by place of residence; Part B gives information on workers by place of work; and Part C gives
selected information for journey-to-work flows between places. Part A contains 63 tables, Part B 25, and Part

C 8. A complete description of the tables can be found in the documentation which accompanies the CTPP. *

1 Some obvious candidates, such as Washington, D.C. and Atlanta, were omitted from consideration due to extensive
previous study.
2Porter, Christopher and Elizabeth Deakin. i i -10-

Working paper: Institute of Urban and Regional Development University of
California at Berkeley.
3 The smallest unit of aggregation in the statewide CTPP is the city or Census-Defined Place. The urban version of the
CTPP, which contains data at the TAZ or Census Tract level, has not been released on CD-ROM at the time of this
writing.
4THK and Associates, 1995.
Package, Available from the U.S. Department of Transportanon
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Data are presented here for two sets of metropolitan area populations: residents of the metropolitan
area and workers in the central city. Most metropolitan areas are defined as the Primary Metropolitan
Statistical Area (PMSA) or Metropolitan Statistical Area (MSA). The PMSA was chosen as the unit of analysis
rather than the larger Consolidated Metropolitan Statistical Area (CMSA) since the PMSA usually includes the
vast majority of transit users in the metropolitan area; data at the PMSA level can also show interregional

differences more clearly than can data at the CMSA level 3

There are two exceptions to this convention: data for Boston are presented for the 5-county New
England County Metropolitan Area (NECMA) in order to be consistent with previous data collection efforts.
Data for Chicago are presented for the portion of the Chicago CMSA (Consolidated Metropolitan Statistical
Area) which is in Illinois; this includes the Chicago, Lake County, Aurora-Elgin, and Joliet PMSAs. The
purpose of this boundary adjustment is to include the vast majority of the commute-shed of the METRA
commuter railway system in Chicago. An asterisk denotes the non-standard definitions for Boston and
Chicago. Using PMSAs as units of analysis also creates problems in other large urban agglomerations, notably
San Francisco and Los Angeles. The Los Angeles PMSA includes only Los Angeles County. The San
Francisco Bay Area includes three PMSAs: San Francisco, Oakland, and San Jose. While the three areas have
distinct geographical characteristics, a considerable amount of cross-commuting, including transit commuting,

occurs among them.

Place names which accompany data on residents of the metropolitan area are labeled as "MSA/PMSA
of Residence". Unless otherwise noted, place names listed under "MSA/PMSA of Residence" refer to the

following jurisdictions (as defined in the 1990 Census):

Name Jurisdiction

Boston* Boston, MA NECMA

Buffalo Buffalo, NY PMSA

Chicago* Chicago, Lake County, Aurora-Elgin, and Joliet, IL PMSAs
Cleveland Cleveland, OH PMSA

Detroit Detroit, MI PMSA

Houston Houston, TX PMSA

Los Angeles Los Angeles-Long Beach, CA PMSA

Miami Miami, FL PMSA

Oakland Oakland, CA PMSA

SMSAs, PMSAs, and CMSAs consist of aggregated counties. A county can be part of an MSA or a PMSA but not both.
CMSAs are aggregates of PMSAs. In general, larger urban areas with multiple centers tend to consist of PMSAs aggregated
into 2 CMSA, while smaller urban areas tend to be individual MSAs. In New England, MSAs, PMSAs, and CMSAs are
defined around place rather than county boundaries. For New England cities, the census also presents data for NECMAs,
or New England County Metropolitan Areas.



Philadelphia Philadelphia, PA-NJ PMSA

Pittsburgh Pittsburgh, PA PMSA

Portland Portland-Vancouver, OR-WA PMSAS$
Sacramento Sacramento, CA MSA

San Diego San Diego, CA MSA

San Francisco San Francisco, CA PMSA

San Jose San Jose, CA PMSA

Place names accompanying data on workers in the central city are labeled as "City of Work." Note
that this definition includes anyone who worked in the central city, regardless of where they lived. In all cases,
the name of the central city is the same as the name of the regional name by which it is referred. Some PMSAs,
notably Los Angeles-Long Beach, Portland-Vancouver, Miami-Hialeah, and Detroit include two or more
central cities according to some census definitions. In this compendium, data are presented only for the

primary city (Los Angeles, Portland, Miami, and Detroit).
This compendium references data by the CTPP table from which they were obtained. The

introduction includes a description of each table included in the compendium and how the data are presented,
as well as some observations about the data. In all tables, data are presented alphabetically by city. Some data
are also presented graphically in order to aid interpretation. On most figures, cities or regions are presented in

rank order by some characteristic of interest. This should further aid quick visual comprehension of the data.

Comments on categories of mode to work:

Data which include mode to work are first presented in six modal categories: drove alone, carpool,
public transit, walk/bicycle, other, and worked at home. In the original census data, carpool and public transit
include 3 categories each. "Carpool" includes two, three, and four-or-more-person carpool; "public transit”
includes bus/trolley bus, streetcar/trolley car/subway/elevated, and railroad. Detailed data are also presented
for each of the three public transit categories; these are abbreviated "bus", "streetcar/subway", and "railroad".

"Other" mode refers to taxi, ferry, motorcycle, or other (undefined) mode.

Houston and Detroit have neither streetcar nor subway systems, although data are still reported for
this mode. While only Boston, Chicago, Los Angeles, Philadelphia, San Francisco, and San Jose have formal
commuter rail systems, some data for the railroad mode are also reported for other cities. Most cities are
served by Amtrak rail lines, and a few people may commute this way. Also, in some cities with trolley or

subway lines, workers may have mistakenly reported this mode as "railroad." Railroad data, however, were

éPrevious work for this project (Porter and Deakin, ibid.) presented data for the Portland, OR PMSA, which included
only four counties in Oregon. In this compendium, the Portland PMSA also includes Clark County, Washington. The
Portland PMSA definition appears to vary depending on the data source; the difference was noticed too late to follow a
consistent definition.



usually omitted for Buffalo, Detroit, Houston, and Pittsburgh, as less than 100 workers reported using this
mode in these four cities, leading to zero values in a number of cells. Another source of anomalies in the
mode-use data is that the primary cities of residence and work are not the same for some people. For example,
a lobbyist may have a permanent address in Houston but spend much of the week in Washington, thus

reporting a 33-minute commute via subway from Houston to Washington.
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II. DATA: DESCRIPTION, SUMMARY, AND OBSERVATIONS
A. Metropolitan Area (MSA/PMSA) Residents
Basic Urban Area Statisti

Basic descriptive statistics, including population, number of workers, and density, are presented first.
The largest PMSA in the study was Los Angeles, at almost nine million people. The smallest was Buffalo, at
just under one million. The proportion of total residents who worked ranged from 0.44 (Buffalo and Detroit)
to 0.53 (San Francisco and San Jose). Population growth between 1980 and 1990 was highest in Sacramento
and San Diego, at just over 34 percent; it was also over 10 percent in Houston, Miami, Oakland, San Jose, and

Portland. Population decreased in three areas: Buffalo, Detroit, and Pittsburgh.

The ratio of central city population to workers in the central city varied widely. Miami had the
highest worker-to-resident ratio, 0.96 (Miami's central city is relatively small). Boston and Pittsburgh also had
ratios over 0.8 and Sacramento, San Francisco, and Portland had ratios over 0.7. At the other extreme, Detroit
had a ratio of 0.36. The population density of the central city ranged from 1,166 persons/sq. km. in Houston
to almost 6,000 persons/sq. km. in San Francisco. (Note that Houston's central city encompasses an unusually
large proportion of the metropolitan area residents, so the comparison is not altogether fair.) Boston, Chicago,
and Philadelphia also had central city densities over 4,000 persons/sq. km. Portland, Sacramento, San Diego,
and San Jose had the lowest densities, under 2,000 persons/sq. km. The density of the entire urbanized area
showed much less variation, ranging from a low of 833 persons/sq. km. in Pittsburgh to a high of 2,240
persons/sq. km. in Los Angeles.

Table A17: Vehicle Availabilicy by Household Si
This table presents the percentage of households having no, one, two, or three or more vehicles
available by household size (one, two, and three-or-more person households) and for all households. Data are
also presented graphically, with a separate graph for each household size category. The census determined
"vehicle availability" by asking the question, "How many automobiles, vans, and trucks of one-ton capacity or

less are kept at home for use by members of your household?”

The distribution of household sizes was fairly consistent among most cities, with all but two cities
having between 23 and 28 percent one-person households (the extremes were San Jose with 21.6 percent and
San Francisco with 32.2 percent). All but one had between 39 and 47 percent three-or-more-person households

(San Francisco had 35.5 percent.).

Among all households, the percentage with no vehicles available ranged from a low of 5.1 percent (San
Jose) to a high of 17.8 percent (Philadelphia). One-person households were the most likely to have no vehicles,

ranging from 13.3 percent (San Jose) to 36.8 percent (Pittsburgh). Two-person households were considerably
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less likely to have no vehicles, with a range of 3.2 to 12.3 percent, almost the same as for three-or-more-person
households. However, three-or-more-person households were considerably more likely to have at least two
vehicles than were two-person households. The range of percent having less than two vehicles dropped from

24.1 - 51.0 percent for 2-person households to 15.9 - 35.7 percent for three-or-more-person households.

Table A18: Vehicles Available vs. Workers in Household

Table A18 presents data in a format similar to Table A17. Data on vehicle availability are presented for
households with no, one, two, or three-or-more workers. Overall, no-worker households made up about 15 to
35 percent of all households. Most fell between 20 and 25 percent; the exceptions were San Jose (15.6 percent),
Houston (16.6), Detroit (27.9), Cleveland (27.9), Buffalo (31.6), and Pittsburgh (33.4). Overall, the industrial
cities of the northeast seemed to have high percentages of no-worker households. (This appears to reflect both
higher unemployment rates and the greater percentage of retired people, measured by population over 60, in
these cities.) Most cities had between 34 and 38 percent one-worker households; the exception was Houston,

with an unusually high 44.2 percent.

Vebhicle availability, as expected, was strongly influenced by the number of workers in the household.
In all cities, over 20 percent of no-worker households had no vehicles available, with an extreme of 42.3
percent in Chicago. This fell to a range of 3.7 to 16.3 percent for one-worker households; among two- and
three-worker households, no more than 7 percent of households in any city had no vehicles available.
Households showed a relatively strong but not overwhelming tendency to have at least as many vehicles as
workers; among three-or-more-worker households, anywhere from 51.3 percent (San Francisco) to 74.3 percent

(Detroit) had three or more vehicles available.

The original census data present vehicle availability in seven categories (one to six and seven-or-more)

by household income in twenty-five categories. Data here are aggregated into four vehicle categories (zero,

one, two, and three-or-more) and five income ranges.

Of households with incomes less than $17,500, the percent having no vehicles ranged from 22.9
(Sacramento) to 49.5 (Philadelphia). South and west-coast cities (except for San Francisco) had the lowest
percentage of no-vehicle low-income households. For households with incomes between $17,500 and $34,999,
four cities (Boston, San Francisco, Philadelphia, and Chicago) had more than 15 percent with no vehicles; the
rest were under 10 percent. As incomes increased, vehicle ownership rose substantially. For the highest- |
income group (over $75,000), no more than 2.1 percent of households owned no vehicles and no more than 20

percent owned less than two vehicles.
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Figures 6 and 7 present the data in a slightly different format: zero-vehicle and zero-and-one-vehicle
availability, by income level. Looking at Figure 6, cities can be loosely divided into three groups. Five cities—-
Sacramento, Houston, San Jose, San Diego, and Portland--consistently show the lowest level of zero-vehicle
availability across all income ranges. Four cities~Boston, San Francisco, Chicago, and Philadelphia~-
consistently show the highest levels. (However, vehicle ownership increases even less rapidly with income in
San Francisco than in the other three cities.) These cities can be loosely characterized as dense and "transit-

friendly” compared to the other cities.

The remaining seven cities are ranked in the middle in terms of zero-vehicle ownership among the
lowest income category. Despite substantial variation in this category, zero-vehicle ownership rates are
consistently quite low for all income levels over $17,500, and not much higher than for the first five cities.
Variation in zero-vehicle ownership for the lowest income category seems to be closely correlated with central
city density. This suggests that there are areas in some of these cities in which services are relatively more
accessible by transit or walking, even if these cities as a whole would not be considered "transit-oriented". It
may also be partially explained by variations in demographic characteristics, i.e. more retirees in some cities

and more families with children in others.

Figure 7 (zero- and one-vehicle availability by income level) gives rather more ambiguous information.
Except for the four "transit-friendly” cities, it is difficult to draw conclusions about vehicle ownership which
hold across all income levels. Portland and Sacramento seem to have the greatest incidence of two-or-more

vehicle ownership among the middle income ranges.

General comments on vehicle ownership: As expected, vehicle ownership is strongly related to income,
household size, and the number of workers in the household. Obviously, these three variables are strongly
correlated, and without further disaggregation of data it is difficult to comment on the relative influence of the

various factors.

Nevertheless, in addition to all of these factors, there does seem to be a relationship between urban
form, transit service characteristics, and vehicle availability. Zero-vehicle ownership shows a strong correlation
with central city density. Large, dense, transit-friendly cities, including Boston, Chicago, Philadelphia, and San
Francisco, show high rates of 0- or 1-vehicle availability across 4/l ranges of household size, number of workers,
and incomes. While less transit-oriented cities with larger lower-income populations, such as Buffalo and
Miami, also tend to show high rates of 0- or 1-vehicle availability in the aggregate, this relationship disappears

when households are disaggregated by income level.

Table A29: Diff {2 Mode Use by Gend
Tables 1 and 3 give the percent female of workers using each mode, as well as the percent female of all

workers in each region. Tables 2 and 4 give the ratio of the percent female by mode to the total percent of



workers who are female. This is to adjust for the fact that females do not make up exactly half of all workers.

A ratio greater than 1 indicates that females tend to use the given mode more than the average worker.

Females always made up less than half of total workers. The percentage ranged from 47.6 (Boston) to
41.5 (San Diego). Southwestern cities (Houston, San Diego, Los Angeles, and San Jose) tended to have

proportionally fewer female workers, while northeastern cities had proportionally more females.

In all cities except San Diego, females tended to be slightly less likely to drive alone than males. In all
cities, females were slightly more likely to carpool (the ratio of percent female of carpoolers to percent female
of total workers ranged from 1.01 to 1.12). Females were substantially more likely to take public transit, with
ratios ranging from 1.14 (Oakland) to 1.36 (Pittsburgh), except in San Jose (0.97). In absolute terms, usually
over half of public transit commuters were female (the maximum was 62.4 percent, in Pittsburgh). This

tendency was more pronounced for the bus mode and less pronounced for streetcar/subway.

Women were more or less likely to bicycle or walk, depending on the city (the ratio ranges from 0.89
to 1.11, with the exception of San Diego (ratio of 0.66; only 27.2 percent of total bicyclists/walkers in San
Diego are female)). Women were always less likely to use other modes (taxi, ferry, and motorcycle) and almost

always more likely to work at home.

Table A30: Mode to Work

The percent of workers using each mode is summarized and also given in detail by type of public
transit and by walking and bicycling. The absolute number of workers using each mode and the relative rank
by mode share are also given. Mode splits may disagree slightly with mode splits given in other tables,
particularly mode by vehicles available (Table A48). This may be due to the fact that some workers did not
answer other questions, such as vehicle availability. The largest discrepancy is in San Diego, where Table A30

reports a 70.9 percent drive-alone mode split while Table A48 reports 74.2 percent.

The percent of workers driving alone ranged from 56.3 in San Francisco to 83.4 in Detroit. Between

10 and 16 percent of workers carpooled in each city. Walking and bicycling ranged from 2 percent (Detroit) to
6.7 percent (San Francisco). However, in most cases bicycling was small compared to walking. Total bicycling
mode split was under one percent in every city except Sacramento, San Jose, and Oakland. On the whole,
bicycle mode splits appeared to be substantially higher in west-coast cities (with mild climates). It is very likely
that in harsher climates bicycling shows a greater seasonal variation and that reported mode use would depend
on what time of year the census was administered. "Other" modes, including motorcycle, ferry, and taxi, made
up a small portion of the journey to work, less than two percent in all cases. The percent of workers working

at home ranged from 1.6 in Detroit to 5.0 in San Diego.

Overall public transit use by workers in the metropolitan area varied from 2.4 percent in Sacramento

to 19.0 percent in San Francisco. Four cities-San Francisco, Chicago, Philadelphia, and Boston-had public



transit mode splits greater than 10 percent. These correspond to denser cities which were built around rail-
based transit systems and have retained significant portions of these systems. Combined streetcar, subway and
railway mode splits were over 5 percent only for these four cities and for Oakland. In all other cities with new
rail systems, rail mode split was under 1 percent. (Note that while a 0.0-percent mode split is reported for the
streetcar mode in Los Angeles, the Metro Blue Line did not report significant revenue-service until 1991.) Bus
mode split was substantially greater in San Francisco than in any other city (13.6 percent; next highest were

Chicago and Pittsburgh, at 7.2 and 7.7 percent).

Table A31: Time Leavine for Worl
Percent of workers leaving for work is given by half-hour time period for intervals between 5:30 and
9:30 AM. The original data show the number of workers leaving by 15-minute time intervals during this
period and by half-hour or hour intervals for the rest of the day. However, the data for each pair of 15-minute
periods correspond closely, with the second 15 minutes of every half-hour showing a considerably smaller
numbers of workers leaving. (This is probably due to the tendency of work to start on the half-hour or hour
combined with a typical 20 to 30 minute journey time.) The rank of each half-hour within this period is also
given. Sample cumulative departure curves for 15-minute intervals during the morning peak are shown for

four cities in Figure 2.

7:00 to 7:29 was the peak half hour for workers leaving in all but one city; 7:30 to 7:59 was second and
8:00 to 8:29 was third. In each region, between 14 and 19 percent of all workers left home during the peak
half-hour. Percent of total workers leaving in the two and three peak half-hours (not necessarily consecutive)
are also given. Between 40 and 48 percent of all workers left during the three peak half-hours, that is, between
7:00 and 8:29 or between 6:30 and 7:59 (in all but one city).

To examine the degree of peak spreading, "peaking factors" were calculated. Peaking factors were
calculated for the peak half-hour and for the peak hour. The peaking factors are defined here as the ratio of
worker-leaving "flow" (workers leaving per unit time) for the peak half-hour to the peak three half-hours, and
for the peak hour to the peak three hours. For example, if 16.0 percent of workers left in the peak half-hour,
and 44.2 percent left in the peak three half-hours, the ratio of 0.5-hr. flow to 1.5-hr. flow would be (3 * 16.0) /
44.2 = 1.09. The 0.5-to-1.5-hour peaking factor ranged from 1.00 in San Francisco (almost no peaking) to 1.22
in Houston (substantial peaking). The 1-to-3-hour peaking factor ranged from 1.25 in San Diego to 1.42 in
Portland.

Peaking factors, as well as the percent of all workers leaving in the peak half-hour, hour, and 1.5 hours,
are plotted in Figure 1. The results give conflicting evidence on the peaking tendency of flows. For example,
San Francisco and Boston showed almost no short-term (half-hour) peaking and moderate one-hour peaking,

but were among the highest in terms of percent of all workers leaving in the peak hour and 1.5-hour periods.



(Note that Boston had the greatest percentage of a// workers leaving in the total morning period, 5:30 to 9:30
AM). Los Angeles showed a relatively high degree of half-hour peaking, but had the lowest percentage of total

workers leaving in the peak hour and 1.5 hours.

Table A32: Hours Worked vs. Mode to Work
This table gives the percent of total workers who worked a given number of hours per week, as well as the
percent of all workers using each mode who worked the given hours per week. While the census presents data

in five hours-worked categories (less than 15, 15-20, 21-34, 35-40, and more than 40), data here are collapsed

into three categories: less than 35 (part-time), 3540 (full-time), and more than 40 ("over-time").

Also presented is the ratio of percent working the given hours/week, by mode, to the percent working
the given hours/week for all modes. This "corrects" the hours/week by mode for overall differences in
percent working hours/week. A ratio greater than 1 indicates that workers working the given hours/week
were more likely than the average worker to use the given mode. An unweighted average of ratios across the
16 cities is also presented for each category. Tables C and D give detailed information by type of public

transit.

Overall, about one-fifth of all workers worked less than 35 hours per week, one-half worked 35-40
hours, and one-quarter to one-third worked over 40 hours (these ratios varied among cities within a range of
about 10 percent). Buffalo had the highest percentage of part-time workers (25.8) and Houston the lowest
(16.1).

Relative to other hours worked, workers working full time (35-40 hours per week) were more likely to
carpool, with a ratio of percent carpooling to total percent working 35-40 hours per week of 1.05-1.13.
Workers working less than 35 hours were slightly less likely to carpool (average ratio 0.97) and workers
working more than 40 hours were also somewhat less likely (average ratio 0.86). Public transit commuters
were more likely to be part-time or full-time workers (average ratios of 1.18 and 1.16) rather than over-time
workers (0.61). Some exceptions include Boston, Chicago, Philadelphia, and Oakland, where public transit
commuters are less likely to work part-time (ratios of 0.86-0.92) and somewhat more likely to work 35-40
hours or more. When disaggregated by type of public transit, bus users showed a definite tendency to work
part-time or full-time but not over-time. Streetcar and subway commuters, however, showed a greater
tendency to work full-time and (in some cases) over-time. Railroad commuters also showed a strong tendency -

to work at least full-time.

Commuters bicycling or walking were much more likely to be part-time workers (average ratio 1.93;
26-52 percent of bicyclists/walkers worked part-time, as opposed to 16-26 percent of all workers). However,
San Francisco and San Diego had unusually high proportions of bicyclists/walkers who worked more than 40

hours/week. People who worked at home were substantially more likely to work part-time (average ratio
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1.93) but were also somewhat more likely to work over-time (1.05) rather than a standard 35-40 hours (0.59).

San Diego, however, had an unusually high proportion of work-at-homers working long hours.

Table A33:; Mode to Work vs. Earnings of Worker

Workers were divided into five categories, according to level of earnings, and the percent using the
given mode was reported for each category (workers who reported no earnings were not included in this data
set). Table B gives the ratio of percent using mode by earnings category to the total percent using mode (of all
workers with earnings). A ratio greater than one indicates that workers in that earnings category were more
likely to take the given mode than the average worker. Mode splits for all workers and for the lowest and

highest earnings categories are presented graphically by mode.

As expected, the tendency to drive alone increased with earnings. San Francisco clearly showed the
lowest tendency to drive alone and Detroit the highest across income categories. Except in these two cities,
between 50 and 70 percent of workers earning less than $10,000 drove alone, while between 70 and 90 percent
of workers earning more than $50,000 drove alone. At earnings over $30,000 the tendency to drive alone was
nearly constant. Carpooling was highest for those earning under $20,000 and declined thereafter. Houston,
Los Angeles, and Miami showed unusually high carpool rates among low-earning workers: 18.6 to 20 percent
for the lowest earnings category. San Francisco, Oakland, Pittsburgh, and Sacramento showed the highest rates

of carpooling among the highest-earning workers, about 10 percent each.

As expected, overall public transit use fell off rapidly as earnings increased. The rate of fall-off,
however, differed drastically among cities. Oakland and Chicago reported nearly equivalent public transit use
rates for the lowest and highest earnings categories. Sacramento reported the lowest public transit use (3
percent) in the under-$10,000 category and the second-lowest overall public transit use. Los Angeles and San
Francisco showed the greatest differences in public transit use between low-earning and high-earning workers:
the percentage declined from 13.4 percent to 0.7 percent in Los Angeles and from 24.0 to 10.7 percent in San
Francisco (public transit use in San Francisco was still second only to Chicago among the highest-earning

workers).

An even more interesting picture emerges when data are disaggregated by type of public transit. (Cities
in Figures 4, 4a, 4b, and 4c are all sorted in the same order for easier comparison). Ranked by increasing public
transit use, the cities did not follow the same relationship in increasing bus use. Cities with heavily used rail
systems—Oakland, Boston, Philadelphia, Chicago, and San Francisco-did not show significantly higher bus use
than most other cities (with the exception of San Francisco). In fact, Pittsburgh was second only to San
Francisco in bus mode share, with 7.7 percent. Los Angeles showed the second-highest bus use among the

lowest-earning workers; Houston and Pittsburgh were second only to San Francisco in the highest-earning
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category, at about 3 percent each. Even Boston showed only a 6 percent bus mode share in the lowest-earning

category.

For the streetcar/subway modes, the strong relationship between mode use and earnings disappeared
(Figure 4b). Streetcar/subway use generally peaked in the middle-earnings categories, and in a few cities
(Cleveland, Miami, and Pittsburgh, and Oakland) was highest for the highest-earnings workers. Nevertheless,
in absolute terms, the streetcar/subway mode split was never very large: between 3 and 6 percent in Boston,
Oakland, San Francisco, Chicago, and Philadelphia, and under 1 percent in all other cities. Railroad mode
share was over 1 percent only in Chicago (3.8 percent), Philadelphia (2.1), and Boston (1.3), and was under 0.2
percent in all other cities except San Francisco, San Jose, and Oakland. Railroad use showed a strong tendency
to increase with earnings; nearly 10 percent of workers in Chicago with earnings over $50,000 commuted by

rail.

Like bus use, walking and bicycling also fell off drastically-and consistently—with earnings. Mode
splits ranged from 4.8 percent (Detroit) to 13.6 percent (Boston) for those earning less than $10,000 but from
only 0.4 percent (Detroit) to 3.8 percent (San Francisco) for those earning over $50,000. The work-at-home
category showed somewhat of a dichotomy; "mode" splits tended to be greatest for the lowest-earnings
category and second-greatest for the highest category. San Diego showed the highest percentage of workers
working at home, 4.7 percent. For other cities, the percentage ranged from 1.7 (Detroit) to 3.6 (Oakland).
Overall, west-coast cities showed the highest percentage of workers working at home, while the industrial cities

of the northeast and midwest showed the lowest.

Table A36: Time Leavine for Work vs. Mode of Travel

Table A shows the percent of workers using each mode in each time interval, for five time intervals:
5:30-6:29 AM, 6:30-7:29 AM, 7:30-8:29 AM, 8:30-9:29 AM, and 9:30-5:30 AM. The CTPP also gives data for
the 9:30 to 10:30 AM time period, but the percent of workers in this category is small. Time intervals are
grouped by mode, and total mode share for all workers is also presented. Table B shows the ratio of percent
using mode in the given time period to total percent using mode. A ratio greater than 1 indicates that workers
in that time period were more likely to use the given mode than the average worker across all time periods.

Unweighted averages of these ratios across all 16 cities are also given for each time period and mode.

Opverall, carpoolers tend to leave earlier in the morning; for the earliest time period (5:30 to 6:29), the
ratio of percent carpooling to total percent carpooling ranged from 1.09 to 1.42. This ratio fell below 1 for
nearly all cities after 7:30 AM. Public transit usage followed a nearly identical pattern, with the average ratio
declining from 1.23 (5:30 to 6:29) to 0.73 (8:30 to 9:29). Houston, Los Angeles, Miami, and San Jose showed
particularly strong trends toward early transit usage. San Francisco and Boston, however, did not exhibit such

atrend. Streetcar and subway use tended to peak during the second time period (6:30 to 7:29) in most cities,
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although San Diego and San Jose still exhibited strong first-period peaking and Boston and Philadelphia peaked
during the third period (7:30 to 8:29). Very few workers who commuted via railroad left home after 8:30 AM.

Walkers and bicyclists showed a distinct tendency to leave later in the morning; the average ratio
increased from 0.52 (5:30-6:29 AM) to 1.67 (9:30 AM - 5:30 AM). People who commuted via "other" modes

were less likely to leave during the morning peak hour, with mode usage lowest between 7:30 and 8:29 AM.

Table A37: Travel Time to Work by Mode

This table gives the 20th, 50th, and 80th percentile travel times to work, for all workers and for
workers according to mode. Percentiles are interpreted in the following way: X percent of workers had a
travel time less than the Xth percentile travel time. The 50th percentile travel time is the same as the median
travel time (50 percent of workers had a travel time less than the median). Percentiles are derived from the
original data, which give the number of workers with a travel time within each of fifteen time intervals. These
intervals are (in minutes): less than 5, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-
74, 75-89, and 90 or more. Due to the tendency of people to round times to the nearest five or ten minutes,
computed percentiles may be underestimated in some cities and overestimated in others. For example,
percentiles between 25 and 32.5 minutes are probably underestimated, while percentiles between 32.5 and 40

minutes are probably overestimated (see separate discussion at the end of this section).

Mode shares are presented for each city for comparison. Note that these mode shares, unlike shares
given in some tables, do not include workers working at home. Travel time percentiles are also presented
graphically for the various modes. On the graphs, cities are ranked from left to right by increasing median

travel time. The vertical scale is kept constant across all modes for comparability.

For metropolitan area residents, median travel times ranged from a low of 19.8 minutes (Buffalo) to a
high of 26.8 minutes (Chicago). No city except Chicago had a median travel time greater than 25 minutes.”
80th percentile travel times ranged from 31.2 to 46.9 minutes, and cities seemed to fall into two general
categories based on their 80th percentile travel time. Cities with longer "long" commutes included Boston,
Philadelphia, San Francisco, Los Angeles, Oakland, Houston, and Chicago, with 80th percentile travel times
over 40 minutes (Boston was 38.9). All other cities had 80th percentile times less than 35 minutes.? Oakland

and Chicago were the longest, at over 45 minutes.

The median travel time for workers driving alone did not exceed 25 minutes in any city, while the 80th

percentile approached 40 minutes in only four (Los Angeles, Houston, Chicago, and Oakland). Median times

7As a side note, median travel times are, when averaged across cities, approximately the same as those reported in the 1980
census, although individual cities have reported increases or decreases on the order of one to two minutes (see Porter and
Deakin, ibid.).

8Note, however, that the "clean break” observed between the two groups of cities is probably more a function of the
previously-mentioned anomalies due to rounding than of any clear distinction between the two groups.



for carpoolers were slightly higher, with most cities between 22 and 25 minutes but four cities (again, Los
Angeles, Houston, Chicago, and Oakland) approaching or greater than 30. For these four cities, 80th
percentile carpool travel times exceeded 45 minutes. For this table only, travel times are presented by size of

the carpool (Tables 3a-3c). As the size of the carpool increased, so did travel time.

Travel times for transit users showed substantially more variation, ranging from 32.1 minutes (Buffalo)
to 47.3 minutes (Oakland). Median travel umes were highest (over 44 minutes) in San Jose, Houston, Chicago,
and Oakland; travel times were about 40 minutes in Los Angeles, Detroit, and Philadelphia and were close to
35 minutes in most other cities. 80th percentile travel times also varied dramatically. Travel times were in the
50-minute range in seven cities, about 60 minutes in one (Philadelphia), and over 64 minutes in eight cities (San
Diego, Miami, Los Angeles, Detroit, San Jose, Houston, Chicago, and Oakland). Even the 20th percentile

travel time exceeded 30 minutes in two cities: Chicago and Oakland.

Travel times tended to be somewhat higher for streetcar/subway users than for bus users. Median
streetcar/subway travel times exceeded 40 minutes in all but six cities (San Francisco and Boston were the
exception among cities with a large rail mode split) while median bus travel times were under 35 minutes in all
but five cities. The extremes were Houston, with a 45.8-minute median bus travel time, and Oakland, with a
51.8-minute median streetcar/subway travel time. Railroad users had very long travel times, with a median

time exceeding 60 minutes in four cities (Oakland, San Francisco, Chicago, and San Jose).

Bicyclists and walkers tended to make very short journeys; the median time fell between 10 and 15
minutes in all cities and the 80th percentile time never exceeded 25 minutes. San Francisco had the longest

bicycle/walk travel times.

Tables A41, A43: Vehicle Occupancy
The average number of workers per vehicle for residents of the metropolitan area showed little

variation among cities, ranging from 1.06 (Detroit) to 1.11 (Los Angeles, San Francisco, and Miami). The

average number of workers per carpool varied only slightly more, between 2.12 (Cleveland) and 2.27
(Oakland).

Table A45: Household Income by Mode to Work

Table A gives the 20th, 50th, and 80 percentile household incomes, for all workers and for workers by
mode to work. (Again, 20 percent of all workers have a household income less than the 20th percentile
income.) Percentiles are derived from the numbers of workers in 25 income ranges. Table B gives the ratio of
income percentile for each mode to the same income percentile for all workers. A ratio greater than 1 indicates
that workers using that mode tended to have higher household incomes than the average worker. An

unweighted average across all 16 cities is also calculated.



Table C presents the information in a different form: workers are divided into five household income
categories and the percent using each mode is given for each category. The five categories include: less than
$17,500; $17,500 to $34,999; $35,000 to $49,999; $50,000 to $74,999; and $75,000 or more. Distributions of
workers by household income category are shown in Figure 1. Table D gives the ratio of percent using mode
in each income category to the total percent using each mode. A ratio greater than 1 indicates that workers in

a given income category were more likely than the average worker to use that mode.

(Note that Table A45 presents household income data for workers, not for households. Table A45
should not be used to make inferences about income distributions among households. No-worker households
are not included; also, higher-income households would be oversampled since higher income households tend

to have multiple workers.)

Figures 2 shows the median income of bus and streetcar/subway users compared to the median
household income for all workers. Figures 3-6 show the percent of workers using each mode for all incomes

and for the lowest and highest income categories.

The data for this table lead to conclusions similar to those obtained from Table A33, earnings of
worker vs. mode to work. As expected, public transit users and bicyclists/walkers tended to have lower
incomes than the average worker. The average ratios of median income by mode to total median income were
0.73 and 0.70 respectively, ranging from 0.56 to 0.90 for public transit and 0.56 to 0.78 for bicyclists/walkers.
Average ratios were even lower for the 20th percentile income (0.66 and 0.60) and somewhat higher for the
80th percentile income (0.79 and 0.78). Relative incomes of public transit users were lowest in Detroit and
highest in Oakland. Examined by type of public transit, median incomes for streetcar/subway users were
slightly higher than average in Cleveland, Miami, Oakland, Pittsburgh, Sacramento, and San Jose, and were
between $5,000 and $15,000 higher than the median incomes of bus users in every city. Median incomes of

railroad users were about 20 percent higher than for the average worker.

Carpoolers had incomes only slightly lower than average. Median income ratios ranged from 0.87
(Houston) to 1.04 (San Francisco). People who drove alone had slightly higher incomes. People who worked
at home again showed somewhat of a dichotomy. Median incomes were right on the average, but 20th
percentile incomes were about 10 percent below average and 80th percentile incomes 10-20 percent above

average. Workers using "other" modes were also somewhat below average.

Grouping workers by household income level led to further conclusions. Low-income workers were
substantially less likely to drive alone; for households with incomes less than $17,500, the ratio of percent
driving alone to total percent driving alone ranged from 0.7 to 0.9. Absolute mode share for this category
ranged from 40.4 percent (San Francisco) to 67.5 percent (Detroit). The propensity to drive alone increased
greatly at incomes over $17,500, with an average ratio of 0.94 for the $17,500 to $34,999 category. Carpooling

was slightly more common in the lower to middle-income ranges. It was least common for the highest (over



$75,000) range, with an average ratio of 0.88. However, four cities (Oakland, Pittsburgh, Sacramento, and San

Francisco) had ratios greater than 0.95 for this income range.

As expected, public transit usage was substantially greater for the lowest-income ranges; on the average,
workers with household incomes less than $17,500 were more than twice as likely to use public transit than the
average worker. Absolute mode shares ranged from 4.1 percent (Sacramento) to 26.6 percent (Chicago). For
workers over $75,000, absolute transit mode shares remained above 10 percent in only two cities: San Francisco
and Chicago. Four other cities (Boston, Oakland, Philadelphia, and Pittsburgh) had shares between 5 and 10
percent. Once again, streetcar/subway use showed considerably less tendency to drop off with income than
did bus use, and actually increased with income in a number of cities, most notably Miami, Oakland, and

Pittsburgh. Railroad use increased rather substantially with income.

Bicyclists and walkers exhibited trends similar to bus users. Mode shares ranged from 6.0 percent
(Detroit and Houston) to 14.4 percent (San Francisco) for the under-$17,500 category, but from only 1.0
percent to 3.8 percent for the over-$75,000 category. Workers in both the lowest and highest income

categories were more likely than average to work at home, while those in the middle were less likely.

Comparing Tables A45 and A33, worker earnings seemed to be a somewhat better predictor of
carpooling and working at home than did total household income; for both modes there was more variation in
mode split across worker earning categories than across household income categories. However, the results for
bicycling and walking were mixed, and public transit use seemed to be predicted somewhat better by
household income than by worker earnings (see Figures 4 of Tables A45 and A33). Particularly for the
streetcar/subway mode, the results based on household income were not always parallel to those based on
individual earnings. For example, in Boston, Chicago, and Philadelphia, streetcar/subway use peaked in the
middle ranges of worker earnings but in the lowest range of household income. This may suggest that workers
using the streetcar/subway tend to have moderate or higher-paying jobs but are members of households
predominantly supported by one income. The above conclusions are somewhat tenuous, particularly since the
proportions of workers in each of the five earnings categories were different than those in the five income

categories (see Figures 1 of Tables A33 and A45).

Final observations: even the lowest-income workers in Sacramento were not likely to take public
transit, while high-income workers in Oakland were almost as likely as the average worker to take public
transit. Detroit showed the highest incidence of driving alone for all income levels, while San Francisco

showed the lowest.

The definition of vehicles available is the same as in Table A20, "vehicles available vs. household

income." Workers are divided into four vehicle availability categories: none, one, two, and three-or-more.
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(The original data include seven categories of vehicle availability.) The percent of workers using each mode is
given for each vehicle availability category. Table B gives the ratio of mode share by vehicle category to total
mode share. Vehicle availability for all workers is plotted in Figure 1. Vehicle availability by mode is also
plotted graphically (figures 2-5).

As expected, workers with no vehicles were considerably less likely to drive alone and workers with
one vehicle were somewhat less likely (average ratios of mode share to total mode share were 0.33 and 0.88,
respectively). However, very few workers had no vehicles available in the household (the percentage ranged
from 2.0 in San Jose to 9.2 in San Francisco). Interestingly, a nearly constant 1 percent of all workers in each
city reported having no vehicles available but driving alone vo work. The propensity to drive alone stayed
nearly constant once two or more vehicles were available in the household. It was also relatively constant
across cities, with the drive-alone mode share for three-or-more-vehicle households ranging between 75 and 85

percent for all cities except San Francisco (71.1 percent) and Detroit (87.7 percent).

Carpooling was most common among workers in one-vehicle households; the average ratio of mode
share to total carpool mode share was 1.23. Relative propensity to carpool, however, varied considerably
among zero-vehicle households (see Figure 3). For most, the ratio fell between 0.8 and 1.2. San Francisco,
however, showed an unusually low ratio (0.44, or 5.4 percent) while Cleveland, Detroit, and Houston showed
unusually high ratios (1.41, 1.42, and 1.72, respectively). Carpool mode share for no-vehicle households in
Houston was 20 percent; it was greater than about 15 percent in Cleveland, Detroit, Miami, Sacramento, and
San Diego. San Francisco was the only city in which workers in two and three-or-more-vehicle household

were more likely than average to carpool.

Public transit commuters, as expected, were much more likely to own no vehicles or one vehicle.
Absolute mode share for no-vehicle households ranged from 17.4 percent (Sacramento) to 57.7 percent
(Chicago). All cities except Sacramento, San Jose, Detroit, San Diego, and Houston had mode shares of over
35 percent in this category. Mode shares for one-vehicle households ranged from 3.8 percent to 25.0 percent.
For households with two vehicles, only two cities, Chicago and San Francisco, had transit mode shares greater
than 10 percent, with Philadelphia, Oakland, and Boston falling between 5 and 10 percent.

When disaggregated by type of public transit, however, only San Francisco showed a significant
tendency (over 5 percent) for workers with two or more vehicles to use the bus. Among one-vehicle
households, only Pittsburgh, Chicago, and San Francisco had bus mode shares over 10 percent. Boston had the
highest streetcar/subway mode shares among one-vehicle households (9.2 percent) while Qakland had the
highest share for two and three-or-more-vehicle households (4.8 and 3.1 percent, respectively). As noted
previously, the significant differences in public transit use among Philadelphia, Boston, Oakland, and Chicago

and other cities appear to come from subway/streetcar and railroad use rather than bus use. The greatest
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railroad mode shares came from one- and two-vehicle households in Philadelphia, Boston, and Chicago;

however, no consistent ordering of railroad mode shares by vehicles available was noted across cities.

Bicyclists and walkers showed trends similar to public transit users. Mode shares for no-vehicle
households ranged from 10.8 percent (Detroit) to 25.8 percent (Sacramento) but declined precipitously once a -
vehicle was available (always under 10 percent for 1-vehicle households and under 4 percent for 2-or-more
vehicle households). Users of "other™ modes were also much more likely to have no vehicles available. People

who worked at home showed no strong tendencies toward vehicle ownership.

Some rather speculative observations about mode use in general: very few people in any income or
auto-ownership category use transit in Sacramento or San Jose. However, Sacramentans are unusually likely to
walk or bike if no vehicles are available?, and residents of Portland and Boston are almost as likely. Residents
of Detroit, San Diego, Buffalo, Houston, and Miami will take transit but only if no alternatives are available;
usage drops off particularly precipitously once income rises and/or a vehicle becomes available. Residents of
Chicago, Detroit, and Cleveland are particularly unlikely to walk or bike even if no vehicle is available.

Residents of Detroit and Houston, and to some extent Cleveland, tend to carpool if no vehicles are available.

B. Workers in the Central City
Table B7: Mode to Work

Table B7 is arranged in a manner similar to table A30, presenting mode shares, absolute mode use, and
relative rankings for workers in the central city. As expected, considerably fewer workers drove alone and
more took public transit or walked compared to metropolitan area residents as a whole. The percent of
workers driving alone ranged from 38.3 percent in San Francisco to 78.3 percent in San Jose. Carpooling rates
were similar, 10 to 16 percent. "Other” modes again accounted for under 2 percent in all cities except for San
Francisco (2.8 percent; probably due to ferry commuters). A smaller proportion of central city residents
worked at home than for the entire metropolitan area. Walking exceeded 8 percent in Boston and

Philadelphia, but was less than 2 percent in San Jose. Bicycling, again, was less than 1 percent except in

Sacramento.

Public transit use was considerably greater in most central cities than for the metropolitan area; over 30
percent of workers in Boston, Chicago, and San Francisco took public transit (Philadelphia was close at 28.9
percent). Pittsburgh also showed high transit use (21.3 percent). All other cities were under 15 percent, and
Sacramento, San Diego, and San Jose still showed the lowest public transit ridership, under 5 percent. Looking
at the individual modes, San Francisco, Pittsburgh, Chicago, and Philadelphia each showed bus ridership over

15 percent (Pittsburgh had nearly the same mode split as San Francisco). Streetcar/ subway mode share was

’Note that the Sacramento MSA includes Davis, a bicycle-oriented university town with a population of roughly 45,000.



almost 15 percent in Boston and also substantial (between 5 and 10 percent) in San Francisco, Chicago,
Philadelphia, and Oakland. Railroad use was over 5 percent in Boston, Chicago, and Philadelphia.

Table B8: Ti vine at Worl

Statistics similar to those in Table A31, time leaving for work, are presented here for central city
workers. Figure 2 shows cumulative arrival curves for four cities; unlike departure times, reported arrivals do
not seem to be clustered in alternating 15-minute intervals. (This may seem strange at first, but it is probably
due to the fact than many workers who start work on the hour or half-hour actually attempt to arrive a few

minutes early).

Not surprisingly, the peak period for arrivals was between 7:30 and 7:59 for most cities (recall that the
peak departure period was 7:00 to 7:29 AM). A maximum of 19 percent of all workers (Portland and
Sacramento) arrived in the peak half-hour, while nearly 50 percent of workers in Boston, Houston, and
Sacramento arrived in the peak three half-hours. One-hour peaking (compared to the maximum three-hour

volume) was least pronounced in Los Angeles and San Diego and most pronounced in Buffalo.

Table B10: Earnings of Workers by Mode

Data for Table B10 are presented in a similar manner to Table A33 (earnings of workers living in
metropolitan area). However, B10 shows considerably more variation in mode split among cities, reflecting
the influence of transit modes in some of the central cities. Less than 50 percent of central-city workers in San
Francisco, Boston, Chicago, and Philadelphia drove alone; Pittsburgh was next lowest at about 55 percent. All
other cities showed drive-alone mode splits very close to overall mode splits for the metropolitan area. This

time, however, San Jose-not Detroit—showed the highest percentage of drive-alone commuters (79.1 percent).

Carpooling was slightly higher for central city workers than for workers in the metropolitan area.
Boston was lowest, at 10.8 percent, and Sacramento highest at 15.8 percent. Carpoolers were most likely to fall
in the second-lowest earnings category ($10,000 to $19,999) and least likely to fall in the highest category.
Carpooling in Boston and San Francisco did not show a tendency to decline with earnings; carpooling declined
most strongly with earnings in Houston, although once again Houston showed the highest carpooling rate

among the lowest-earning group of workers.

Only in Chicago was the highest-income group of commuters slightly more likely than average to take
public transit. This can be explained by looking at the modes in detail: the railroad mode share was a
substantial 22.8 percent for workers earning more than $50,000, compared to just under 10 percent for all
workers. The tendency of railroad ridership to increase markedly with earnings held true for the other cities

with major rail systems.
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Bus use was highest in Pittsburgh and San Francisco at about 20 percent, although in all cities bus use
declined significantly with income. San Jose, San Diego, and Sacramento had bus mode splits of under 5
percent. Most other cities fell in the 5 to 10 percent range, with Philadelphia and Chicago at about 15 percent.
Streetcar/subway use was highest in Boston but declined markedly for workers earning over $30,000. Chicago
and Philadelphia showed income trends similar to Boston. In San Francisco, streetcar/subway use was lowest
for the lowest-earning workers and showed little fall-off above $20,000. Oakland showed a slight tendency to
peak at middle earnings. Miami, Cleveland, and Pittsburgh showed relatively high streetcar/subway use among

higher-earning workers.

Finally, walk/bicycle mode shares were higher in the central city than for the region as a whole,
ranging from 2.2 percent (Houston) to 9.0 percent (Philadelphia). Work-at-home "mode" split topped 3
percent only in Oakland and San Diego. Again, the lowest-earning workers tended to work at home the most
(about 7 percent in Oakland and San Diego). Workers earning over $50,000, however, were more likely than

average to work at home in Los Angeles.

Tables B14, B16: Vehicle Occupancy
Vehicle occupancy varied only slightly more for workers in the central city than for metropolitan area

residents. Workers per vehicle ranged from 1.08 to 1.13 for all cities except San Francisco (1.19). For the other

fifteen cities, workers per carpool averaged 2.12 (Cleveland) to 2.24 (Los Angeles); San Francisco averaged 2.37.

Table B18: Time Arrivi Work vs. Mode of Travel
Mode use data showed somewhat different trends for time arriving at work for central city workers,
compared to time leaving for work by metropolitan area residents (Table A36). Workers arriving during off-
peak hours showed somewhat greater tendencies to drive alone. The difference was more pronounced in cities
with lower overall drive-alone mode splits. For example, in Boston 60.3 percent of workers arriving between
5:30 and 6:29 AM drove alone, compared to 37.6 percent between 8:30 and 9:29 AM and 45.6 percent overall.
Similar mode shifts took place in Chicago, Philadelphia, San Francisco, and, to a lesser extent, Pittsburgh.
However, in most other cities the tendency to drive alone showed little variation by time of day. This shift is
probably due primarily to the attempt to avoid peak-hour congestion by taking public transit, particularly rail.
In the off-peak hours, particularly the early morning, driving is relatively more attractive, as transit service is

less frequent and surface congestion is less severe.

This observation is verified by changes in public transit mode use by time of day. Public transit use
peaks strongly in the previously-mentioned cities for workers arriving between 7:30 and 9:29 AM and also
peaks during this period for most other cities. This peaking was particularly pronounced for streetcar/subway

users but was not evident for bus users in cities with lower bus mode splits. (Note that the time lag between



workers leaving and arriving is one reason why public transit use peaks earlier for metropolitan area residents
leaving home than for central city workers arriving at work.) Absolute public transit mode share exceeded 40
percent for at least one peak-hour period for workers in Boston, Chicago, and San Francisco; streetcar/subway
mode share approached 25 percent in Boston between 8:30 and 9:29 AM. Finally, in cities with commuter
railroads, arrivals peaked between 7:30 and 8:29, with Chicago showing a 15.8 percent railroad mode split in

this time period.

Carpoolers showed a definite tendency to arrive earlier in the morning, with arrivals peaking between
6:30 and 7:29 AM in most cities. Carpooling mode split ranged from 14 to 22 percent in this time period but
only from 8 to 15 percent for workers arriving between 8:30 and 9:29 AM. Bicycling and walking increased
substantially toward the middle of the day. In no city did more than 6 percent of workers arriving 5:30 to 6:29
bicycle or walk, while between 4 and 15 percent of workers arriving 9:30 AM to 5:30 AM bicycled or walked.
Mode use in this time period exceeded 10 percent in Boston, Buffalo, Philadelphia, Pittsburgh, and San

Francisco. "Other" mode use also tended to be lower during peak commute hours in most cities.

Table B19: Travel Time to Work by Mode
Table B19 gives information in a format similar to Table A37, for workers who worked in the central

city. Travel times were always higher for workers in the central city than for residents of the metropolitan

area as a whole.

For all workers, the median travel time ranged from 22.0 minutes (Buffalo) to 33.1 minutes (Chicago).
Travel times were again slightly lower for workers driving alone, slightly higher for carpoolers, and

considerably higher for public transit users.
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III. ADDENDUM: CALCULATION OF TRAVEL TIME PERCENTILES

Due to the way in which travel time data is reported in the census, the standard method of calculating
travel time percentiles, including the median travel time, may systematically overestimate the "true" percentile
by about two minutes and may lead to "random" variations among cities of roughly +3 minutes. The _
systematic overestimation holds for all percentile calculations up to about 60 minutes (percentiles beyond this
point would be rough estimates anyway because the time intervals become larger). The amount of "random"
variation is not really random; it depends on the location of the estimated percentile and can be predicted with

some accuracy based on this location.

In order to explain this phenomenon, some background must be given on how the census reports
travel times and computes percentiles. First, respondents are asked to write down their estimated travel time to
work (in minutes). The census then groups travel times into 5-minute increments: less than 5, 5 to 9, 10 to 14,
etc. and gives the number of respondents in each interval. The median is computed by constructing a
cumulative distribution of worker travel times based on these intervals (percent less than 10 minutes, less than
15 minutes, etc.). A linear interpolation is made between the two cumulative times which bound the 50th

percentile worker. Other percentiles can be computed in a similar manner.

The first possible source of error is that many people would be expected to round their travel time to
the nearest 5 minutes. Since this puts most people at the bottom of each category, the computed median will
exceed the actual median (this assumes that people's reported travel times are not systematically greater or less
than their actual travel times). If everyone rounded to the nearest 5 minutes, the median would overestimate
the "true" median by about 2.5 minutes. However, since this bias would be constant across all populations,
relative travel times would still be the same and travel time differences—between cities, over time, etc.—could

still be compared accurately.

Plotting a histogram of reported travel times by intervals reveals a much more interesting situation.
Large spikes exist in the 30-34, 45-59, and 60-74 minute ranges, while relatively few people report travel times
between 25-29, 35-39, or 55-59 minutes (Figure 1). Since there is no logical physical explanation why actual
travel times should cluster around 30, 45, or 60 minutes, it is apparent that most people with travel times
greater than about 20 minutes round to the nearest 10 or 15 minute interval, particularly if it falls on the half
hour. (This lends particular support to the assertion that most people at the very least round to the nearest 5

minutes, even at short travel times).

To evaluate the magnitude of error which this may cause, the author applied an arbitrary correction,
allocating some of the 30-34 and 45-49 minute intervals to their two neighboring categories in order to obtain a
smooth distribution of travel times, and allocating some of the 60-74 minute interval to the 55-59 minute
interval. Since the true distribution is unknown, smoothing was done visually, so the corrections are

somewhat arbitrary.
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To show how this correction could change the computed percentiles, a cumulative travel-time curve
was plotted for the "uncorrected" and "corrected" data (Figure ii). The data for public transit users in Boston
illustrate this point: by interpolating along the "corrected" curve, the 50th percentile travel time is computed as

37.8 minutes, nearly 3 minutes greater than the "uncorrected" median.

Some general conclusions can be drawn. First, the cumulative percent curve is probably fairly accurate
up to 25 minutes. The "reported" curve then dips below the smoothed curve for a maximum difference
(overestimation) at 30 minutes, then crosses the smoothed curve for a maximum difference (underestimation) at
35 minutes. The curves again cross at 40 minutes, overestimation occurs to a lesser extent at 45 minutes,
underestimation occurs at 50 minutes, and the curves once again meet at 55 minutes. While the pattern of
under- and over-estimation should be the same for all populations, the exact amounts will differ depending on

the reported and assumed distributions.

These observations ignore the previously-mentioned systematic overestimation of 2-2.5 minutes due to
rounding to the nearest 5 minutes. While the two effects will interact to some degree, an approximation of this

effect can be obtained by shifting the cumulative travel-time curve to the left by about 2 minutes.

A rough guide to the overall correction factors can now be given (Table i).

Table i. Approximate Errors in Travel Time Percentiles and Medians
Due to Rounding of Reported Travel Times

If travel time percentile, Potential error due to 30, 45, Potential overall error,
calculated from reported data, | and 60-minute rounding: (+ | including 5-minute rounding
falls in range: signifies overestimation) tendency:
0-25 min 0 up to +2.5 min
25-32.5 min up to +3 min (max at 30) up to +5.5 min (at 30)
32.5-40 min up to -3 min (max at 35) +2.5 or less (~0 at 35)
40-47.5 min up to +2 min? (max at 45) up to +4.5 min? (at 45)
47.5-55 min up to -2 min? (max at 50) +2.5 or less (~0 at 50)
55-75 min up to +5 min? (max at 60) up to 7-8 min? (at 60)
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Table A17

1990 CTPP Data

One-Person Households

(Ranked by percent with no vehicles)

Fig. 2. Vehicle Availability
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All Modes

(Sorted by median travel time)

Fig. 1. Travel Time to Work

1990 CTPP Data: Table A37
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1990 CTPP Data: Table A37

Fig. 2. Travel Time to Work by Mode: Drove Alone

(Sorted by median travel time)
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1990 CTPP Data: Table A37

Fig. 3. Travel Time to Work by Mode: Carpool

(Sorted by median travel time)
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1990 CTPP Data: Table A37

Fig. 5. Travel Time to Work by Mode: Walk/Bicycle

(Sorted by median travel time)
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1990 CTPP Data: Table A45

Fig. 2. Household Income: Workers Using Public Transit vs. All Workers
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1990 CTPP Data: Table B19
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1990 CTPP Data: Table B19

Carpool

Fig. 3. Travel Time to Work by Mode

(Sorted by median travel time)
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1990 CTPP Data: Table B19

Public Transi

Fig. 4. Travel Time to Work by Mode

(Sorted by median travel time)
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1990 CTPP Data: Table B19

Railroad

(Sorted by median travel time for all public transit users)

Fig. 4c. Travel Time to Work by Mode
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