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INTRODUCTION

This report presents a comprehensive set of updated and reorganized data on a

wide variety of statistics related to urban travel dennand characteristics. Connparable

information on travel characteristics was originally contained in the handbook by

Herbert S. Levinson entitled Characteristics of Urban Transportation Demand — A

Handbook for Transportation Planners ("CUTD"), released by the Urban Mass

Transportation Administration (UMTA) in April 1978. The original handbook drew

heavily from facts contained in the comprehensive, large-scale, Urban Transportation

Planning studies that were conducted in many localities during the 1950s and 1960s.

While providing a very rich source of data that has not been duplicated since, the

information contained in these studies generally reflects travel behavior prior to 1970.

Since the time of those earlier studies many changes have occurred in the

nation's transportation system (e.g., fuel prices, transit retrenchment and expansion)

and in the sociodemographic characteristics of both travelers and households (e.g.,

household sizes have generally declined over time and the availability of autos has

continued to increase). This update to the CUTD handbook presents a compilation

almost exclusively of post-1970 data on travel demand. It is designed to be used by

transportation planners and analysts as a source of data to check the validity and

reasonableness of local forecasts using either conventional or emerging

planning/modeling techniques, or as a cross-check on the similarity of travel statistics

from one locality to another. Certain data may also be used as default values for

modeling purposes if such information is not available locally, or would require new or

extensive data collection efforts. Another use of this report would be to examine how

key statistics have changed over time and to transfer these changes from one area to

another. To assist in this effort, and to help those who would like to compare the

information in this update to the same types of data in the 1978 CUTD handbook, a

key that matches the tables between the two reports is presented at the end of this

introductory section.
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In addition to the 1978 edition of CUTD (PB-293220/LP), its Appendix

(PB-29^989/LP), and this updated report, two sister publications have been released by

UMTA and the Federal Highway Administration (FHWA) as guides to assist in

transportation planning and analysis activities. The first report entitled

Characteristics of Urban Transportation Systems; Sixth Edition (CUTS), October 1985

(PB86~1 268iO/WTS), provides a wealth of data on transportation supply characteristics

(speed, capacity, labor requirements, operating and capital costs, energy consumption,

pollution, and accident frequency) for five urban transportation modes. The second

publication in this series by Barton-Aschman Associates and R.H. Pratt 5c Co., entitled

Traveler Response to Transportation System Changes, second edition, 3uly 1981

(PB82-1 29^53), presents capsule summaries of how travelers have responded to

particular changes that have been made to the transportation system categorized by

many types of changes that have occurred and the related impacts that have been

observed. The publications listed above are meant to provide quick access to

transportation demand, supply, and cause-and-ef feet data in a readily summarized

fashion.

Data Sources

Since 1970, very few urban areas have conducted comprehensive transportation

studies of the type undertaken in the 1950s and 1960s. Many areas, however, have

conducted small-scale data collection efforts either to update earlier data (for model

validation purposes) or for some specialized, rather than area-wide, planning

purposes. As might be expected, those localities that do have available more recent

data on travel demand statistics tend to be the larger metropolitan areas that are able

to support an ongoing transportation planning staff. Thus, not as much updated travel

demand data are available for small- to medium-sized urban areas compared to the

1978 CUTD handbook.

Much of the information contained in the foregoing tables was obtained from

reports, documents, memoranda etc. produced by or for each study area contacted. A

main criterion was that the information collected be based on surveys, measurements,

counts, etc, and not be synthesized results from analytical modeling efforts. (Still

there can be no guarantee that some of the latter have not made their way into the

handbook.) Many of these source documents have not been circulated widely, which

should add to the usefulness of the tables. In those instances in which a limited

number of sources was used to compute the information in a particular table, the

source(s) has been listed.
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One objective of this report was to summarize useful travel demand statistics

that may not be readily available elsewhere. Therefore, little information has been

reproduced herein from many other widely circulated, but potentially relevant

publications. Examples of these types of publications that may supplement the

information contained in this report include:

1. Transportation Research Board, Highway Capacity Manual
,
Special Report

209, 1985.

2. Institute of Transportation Engineers, Transportation and Traffic

Engineering Handbook , second edition, Prentice-Hall (Englewood Cliffs,

N.3.), 1982.

3. Institute of Transportation Engineers, Trip Generation , fourth edition, 1987.

4. Institute of Transportation Engineers, Parking Generation, second edition,

1987.

5. Arthur Sosslau et al., Quick-Response Urban Travel Estimation Techniques

and Transferable Parameters , National Cooperative Highway Research

Program Report 187, 1978.

6. Herbert 5. Levinson et al.. Bus Use of Highways; State of the Art , National

Cooperative Highway Research Program Report 1^3, 1973.

7. U.S. Bureau of the Census, 1980 Census of Population, Vol. 2, Journey to

Work; Characteristics of Workers in Metropolitan Areas
,
PC80-2-6D,

3uly 198^.

8. Federal Highway Administration, Transportation Planning Data for

Urbanized Areas Based on the 1980 Census , DOT -1-85-20, January 1985.

9. Federal Highway Administration, Journey-To-Work Trends Based on 1960,

1970, and 1980 Decennial Censuses
,
July 1986.

10. Reports produced from the "Nationwide Personal Transportation Study."

(Reports are available from the 1969, 1977, and 1983/8^ survey.)

3



Organization and Use of this Report

As an aid in using this report, the tables have been grouped into nine sections

that are organized in a sequence consistent with the traditional 3-C planning process.

The sections are:

A. Socioeconomic Characteristics for Study Areas,

B. Trip Generation: Person and Vehicle Trips,

C. Trip Length and VMT Data,

D. Mode Choice and Auto Occupancies,

E. Temporal Distribution of Travel,

F. CBD Characteristics and Travel Statistics,

G. Truck Travel,

H. Transit Usage Statistics, and

L Highway and HOV Usage Statistics.

Section A contains data on population, land areas and densities for cities,

urbanized areas and Standard Metropolitan Statistical Areas (SMSAs) along with

vehicle availability statistics from the 198C Census for major urbanized areas in the

United States. Users should refer to this information in order to determine which

other cities are most comparable to their own locality along the dimensions of area,

density, and vehicle availability. Vehicle availability can be viewed as a proxy for the

amount of transit available and/or the relative income level of the study population.

The attractiveness of the data in Tables A- 1 and A-2 is that the geographical

boundaries are defined according to a consistent set of Census definitions. This is

rarely the case for the geographical areas used in local planning studies.

Once one or more comparable cities have been identified, the user should refer

next to Table A-3 which presents key socioeconomic statistics about many of the

study areas for which data are presented in subsequent tables. In particular,

Table A-3 identifies for these study areas: 1) the year the information was collected,

2) the size (i.e., population) or boundaries for the study area examined, and 3)

socioeconomic characteristics of the study area. Generally, information on study

areas from this table can then be matched with information on study areas in any

other table for which the study area name, year, and study area description are the

same . (Note that some exceptions are possible, however.)

In addition to the factors discussed above, certain travel demand data can be

expected to change over time. Even though the inclusion of data from before 1970 has

been minimized, there is a time span of at least 15 years between the earliest and

4



latest entries. An even longer time span exists if comparisons are made to data

contained in the 1978 edition of the handbook. Consequently to assist users in

transferring data between two points in time, Table 1 presents how certain underlying

socioeconomic characteristics have changed between i960, 1970, and 1980 based on

the U.S. Census. For example, it is evident that the work force has expanded as a

result of population growth and the increase in the number of women who work outside

the home. Automobile ownership levels have increased, bringing about increases in

the percentage of the commuter trips made by automobile at the expense of mass

transit modes. Understanding the implications of these types of trends for travel

demand should assist users of this report in examining (or transferring) data between

different points in time.

Certain tables also present summary statistics on average nationwide travel

demand characteristics from the 1969, 1977, and 1983/^ NPTS reports. These

statistics are most useful in highlighting how a given travel factor may have changed

over time. The NPTS results can also be used as a reference point to determine how

similar factors from a particular study area compare to a nationwide estimate. Users

should note, however, that differences in definitions, questionnaire designs, and the

relatively small sample sizes associated with the 1983/^ NPTS may not always yield a

true comparison.

Use of the Data and Other Cautions

Nearly all the travel demand data contained in this report postdates 1970; thus a

large amount of older data from the 1978 CUTD handbook has not been included

here. The one exception is statistics related to truck travel. Very little new data on

this subject have been collected since the publication of the 1978 CUTD handbook. As

suggested earlier, individuals interested in the temporal (in)stability of particular

travel demand components may use the cross-reference index (Table 2) to locate and

compare, where possible, data contained in this versus the 1978 CUTD handbook. One

note of caution, however, is that differences in study area boundarie s and the

definitions of terms can easily obscure a true comparison of changes over time. For

example, a "person trip," a basic travel demand measure, can be defined variously to

include or exclude walk trips, trips made in trucks, trips by individuals less than a

certain age (e.g., 5, 12, or 16 years old), to give but a few examples. Trips are

typically defined as those taken on an average weekday, although, again, differences

in definitions are possible. In addition, as shown in Table B-2 for Chicago, the number

of person trips made per household in the City of Chicago compared to the larger

SMSA varies considerably because of differences in auto availability, income, and/or

household composition. Users should note well how these factors may affect the

interpretation of the data.

5
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Table 2

KEY TO MATCHING TABLES TO THE 1978

EDITION OF CUTD

CUTDs CUTD? CUTD: CUTD:
Update 1978 Edition Update 1978 Editi(

A-1 ^-1; ^-2; ^-3 F-1 ^-1; ^-2; i4

A-2 F-2 —
A-

3

— F-3 —
B-i 3-1; 3-2 F-^
B-2 3-3 F-5 4-5
B-3 3-^% 3-6 F-6 —

3-6 F-7
a-j F-8 —
n cD-O 3-/ F-9
Q 7D-/ F-10 4-6
B-6 F-1

1

—
n QD-7 3-^1 1 F-1

2

4-3
D-IU 3-11 F-1

3

4-7
D 1 1D-1 i —

.

F-H 4-7

B-12 — F-15 4-10
B-1 3 — F-16 3-30; 4-1

i

B-i'^ — G-1 3-14
B-15 — G-2 3-15
B-1

6

3-12 G-3 3-16
C-1 3-21; 3-2^ G-^ 3-17
C-2 3-19 G-5 —
C-3 --- G-6 3-29

3-18; 3-22 G-7 3-31

C-5 3-25 G-8
D-i 3-1; 3-2 H-1 5-7
(TV Ol

D-2 H-2 5-1; 5-2
D-3 H-3 5-2

D-^ H-^
D-5 H-5 5-3

D-6 H-6
D-7 3-13 H-7
D-8 3-13 H-8 5-5
D-9 3-13 H-9 5-6

E-1 3-26 H-10 5-9

E-2 3-27 I-l 7-i

E-3 ^-8 1-2 7-2

E-^ 1-3

E-5 l-tt

1-5
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As a general rule, the numbers presented in the following tables are reported at

the same level of accuracy (i.e., in terms of the number of decimal places), but where

reports from individual study areas did not give that level of accuracy, fewer decimal

places are used. In short, trailing zeros after a decimal point have not been used for

the simple purpose of presenting a standardized number of decimal places for any

given entry.
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A. SOCIOECONOMIC CHARACTERISTICS FOR STUDY AREAS

Table A-1 of this section presents information on basic demographic

characteristics (population, land area, density) defined for a consistent set of

geographical units (city, urbanized area, SMSA) for localities generally included in

subsequent tables of the handbook. The demographic statistics in Table A-1, in

combination with the data presented in Table A-2 on vehicle availability, can be used

to assess the similarities, and thus potential transferability, of travel demand factors

from one study area to another that appear elsev/here in this handbook. Table A-3

summarizes in one place the socioeconomic characteristics for the particular study

areas and year(s) for which travel demand data are presented, thereby eliminating the

need to repeat this information in each table throughout the handbook.
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Table A-1

POPULATION, AREA, AND DENSITIES FOR SELECTED LOCALITIES
THAT ARE INCLUDED IN SUBSEQUENT TABLES (1980)

City Locality^

Population

(000s)

Land Area
(Sq, Miles)

Density

(Persons/Sq. Mile)

Rank City/U.A./SMSA Cit^ U.A. SMSA City U.A. SMSA City U.A. SMSA

29 Atlanta ^25 1,613 2,030 131.0 905 4,341 3,244 1,783 468
10 Baltimore 72>7 1,755 2,174 80.3 523 2,247 9,798 3,357 968
20 Boston 563 2,679 2,763 47.2 857 1,237 11,928 3,126 2,233

3^ Buffalo 358 1,002 1,243 41.8 266 1,572 8,561 3,768 791

2 Chicago 3,005 6,780 7,104 228.1 1,498 3,724 13,174 4,526 1,908

32 Cincinnati 385 1,123 1,401 78.1 420 2,139 4,935 2,675 655
18 Cleveland 57^ 1,752 1,899 79.0 629 1,520 7,264 2,786 1,250

19 Columbus, OH 565 834 1,093 180.9 305 2,462 3,123 2,733 444

7 Dallas/ 90^* 2,451 2,975 333.0 1,280 8,326 2,715 1,915 357

33 Ft, Worth 385 — — 240.2 — — 1,604 — —
70 Dayton 203 595 830 48.4 248 1,709 4,202 2,399 486
2^ Denver ^92 1,352 1,621 1 10.6 439 1,646 4,452 3,080 349
6 Detroit 1,203 3,809 4,353 135.6 1,044 3,939 8,874 3,649 1,105

5 Houston 1,595 2,412 2,905 556.4 1,049 6,752 2,867 2,300 430
12 Indianapolis 701 836 1,167 352.0 433 3,077 1,991 1,932 379

27 Kansas City, MO 1,098 1,327 316.3 589 3,332 1,417 1,864 398

3 Los Angeles/ 2,967 9,479 7,478 464.7 1,827 4,070 6,384 5,189 1,837

37 Long Beach 361 — — 49.8 — — 7,256 — —
^^^ Louisville 298 761 906 60.0 261 1,402 4,974 2,916 646
til Miami 3'f7 1,608 1,626 34.3 340 1,955 10,113 4,730 831

16 Milwaukee 636 1,207 1,397 95.8 496 1,461 6,641 2,433 956

Minneapolis/ 371 1,788 2,114 55.1 980 4,609 6,732 1,824 459
514 St. Paul 270 52.4 5,157

21 New Orleans 558 1,079 1,187 199.4 230 1,907 2,796 4,688 623

1 New York City 7,072 15,590 9,120 301.5 2,808 1,382 23,455 5,552 6,602

Manhattan 1,^28 22.2 64,337

Philadelphia 1,688 4,113 4,717 136.0 1,015 3,522 12,413 4,052 1,336

9 Phoenix 790 1,409 1,509 324.0 641 9,127 2,437 2,199 165

30 Pittsburgh 1,810 2,264 55.4 713 3,054 7,652 2,539 741

35 Portland 366 1,026 1,243 103,3 349 3,653 3,547 2,940 340

99 Providence 157 796 919 18.9 282 757 8,297 2,824 1,214

26 St. Louis ^53 1,849 2,356 61.4 597 4,968 7,379 3,096 474

11 San Antonio 786 945 1,072 262.7 354 2,516 2,992 2,669 426

8 San Diego 876 1,704 1,862 320.0 611 4,212 2,736 2,789 442

13 San Francisco/ 679 3,191 3,251 46.4 796 2,482 14,633 4,008 1,310
if3 Oakland 339 53.9 6,296

Table continued on following page.
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Table A-1 (Continued)

POPULATION, AREA, AND DENSITIES FOR SELECTED LOCALITIES
THAT ARE INCLUDED IN SUBSEQUENT TABLES (1980)

City Locality^

Population

(000 s)

Land Area
(Sq. Miles)

Density

(Persons/Sq. Mile)

Rank Citv/U.A./StMSA City U.A. SMSA City U.A. SMSA City U.A. SMSA

17 San 3ose 629 1,2't't 1,295 158.0 326 1,293 3,98i> 3,816 1,002

23 Seattle ^94 1,392 1,607 1^*^.6 't85 ^,226 3,1*15 2,869 380

53 Tampa/ 272 521 1,569 231 2,071 3,217 2,255 758

58 St. Petersburg 239 833 55.5 296 it,300 2,815

15 Washington, DC 638 2,763 3,061 62.7 807 2,810 10,181 3,^24 1,089

Key to Notes

a ~ In some instances, the name of the "Locality" listed is an abbreviation of the

exact title for certain urbanized areas and SMSAs. See sources below.

SOURCE: U.S. Bureau of the Census, Statistical Abstract of the United States: 198^

(lO'tth edition), Washington, D.C., 1983; U.S. Bureau of the Census, State
and Metropolitan Area Data Book, 1982 U.S. Government Printing Office,

1982; U.S. Bureau of the Census, 1980 Census of Population, Vol. 1,

Characteristics of the Population, Ch. A, Number of Inhabitants; United
States Summary, April 1983.
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Table A-2

VEHICLE OWNERSHIP DISTRIBUTION FOR THE URBANIZED AREA OF
LOCALITIES GENERALLY INCLUDED IN SUBSEQUENT TABLES
(Includes Autos, Trucks, and Vans)^

% Vehicles Available (for Households)

Study Area Year 0 1 2 3 or More

Atlanta 1980 12.1 34.3 35.7 17.9

Baltimore 1980 20.9 37.5 30.8 10.8

Boston 1980 20.8 42.3 27.7 9.2

Buffalo 1980 19.0 43.5 28.6 8.9

Chicago 1980 21.1 40.0 29.4 9.5

Cincinnati 1980 16.1 36.7 33.6 13.6

Dallas 1980 6.8 34.8 37.2 21.2

Denver 1980 8.6 34.1 35.1 22.2

Detroit 1980 13.1 36.0 35.2 15.7

Honolulu 1980 12.6 43.4 29.4 14.6

Indianapolis 1980 11.

1

38.2 36.2 14.5

Kansas City 1980 11.0 36.1 36.3 16.6

Los Angeles 1980 11.1 37.4 32.3 19.2

Louisville 1980 13.6 36.4 35.6 14.4

Miami 1980 18.^ 40.8 29.5 11.3

Milwaukee 1980 16.1 39.7 32.7 11.5

Minn./Sto Paul 1980 11.7 36.8 35.5 16.0

New York 1980 36.1 34.4 21.9 7.6

Oklahoma City 1980 6.7 35.6 37.2 20.5

Philadelphia 1980 22.2 39.0 28.9 9.9

Phoenix 1980 6.1 38.3 34.2 21.4

Portland 1980 11.9 36.9 33.0 18.2

Sacramento 1980 9.4 36.6 33.6 20.4

St. Petersburg 1980 12.0 52.6 26.2 9.2

San Antonio 1980 10.9 36.9 34.0 18.2

San Diego 1980 9.8 37.3 32.6 20.3

San Francisco 1980 15.8 38.0 30.3 15.9

Seattle 1980 11.0 34.4 33.6 21.0

Tucson 1980 8.0 39.8 32.7 19,5

Washington, DC 1980 14.7 39.3 32.6 13.4

Key to Notes

a — For data on vehicle registrations consult: Rand McNally <5c Co. Commercial
Atlas and Marketing Guide, 1984 edition.

SOURCE? U.S. Bureau of the Census, 1980 Census of Housing, Vol. 1, Characteristics

of Housing Units, Ch. 8, Detailed Housing Characteristics, 3une 1983.
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B. TRIP GENERATION: PERSON AND VEHICLE TRIPS

This section presents data on total person and vehicle trip rates for selected

study areas in the United States. Trip rates are further cross-classified by pertinent

factors such as automobiles per household, income, size of household, and trip

purpose. Depending on local practice, certain trip-purpose factors are presented

according to the "home-based" and "nonhome-based" convention (which classifies trips

according to the origin and destination purpose), while other tables use only

destination purpose to assign trip purpose. In some instances, transit trip rates are

also presented.

Given information on population and average trip rates for either an entire area

or disaggregated by a particular market segment, it is possible to compute an

approximate estimate of the total number of trips made in an area. Caution must be

exercised on the basic definition of trips; for example, do they include walking or only

motorized modes, trips by trucks, trips by persons of all ages, and for transit are they

linked or unlinked trips.
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Table B-1

TOTAL DAILY PERSON TRIPS BY AREA RESIDENTS

Total

Study Area Person
Study Area Year Description^ Trips Notes

Atlanta 1972 1,6^^0,000 4,087,000

Baltimore 1977 T.P.A. 3,407,541

Dallas 1980 T.P.A. 1 1,103,909

Denver 1982 Urbanized Area 4,852,000 b

Indianapolis 1973 T.P.A. r\ /" r\ r\f\f\
2,060,000

Los Aneeles 1976 6 County 31,949,900

Louisville 1975 T.P.A. 1,857,765 c

Miami 1980 SMSA 5,219,000 d

Milwaukee 1972 7 County 4,681,800 e

Minn. /St. Paul 1982 7 County
Philadelphia 1977 SMSA (+) 25,380,000

Phoenix 1980 T.P.A. 3,715,565

Portland 1977 SMSA 3,550,300

San Francisco 80/81 CMSA (-) 17,168,000

Seattle 1977 T.P.A. 5,507,910

Washington, DC 1968 2,714,000 5,879,000

NPTS 1969 USA 145,146 f

NPTS 1977 USA 211,778 f

NPTS 1983 USA 224,385 f

Key to Notes

a — Numbers in this column refer to study area population,

b — For a typical weekday.
c — Calculated assuming truck occupancy equals 1.0.

d -- Taxi not included,

e — Walk not included,

f ~ In millions.

SOURCE: Reports from individual study areas.
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Table B-6

AVERAGE DAILY VEHICLE TRIPS PER HOUSEHOLD BY FAMILY INCOME
AND VEHICLE OWNERSHIP (1983A)

Family
Income - Number of Household Vehicles

(Dollars) 1 2 3 1^+ All

0-9,999 2.6 3.7 5.1 6.8 1.9

10-19,999 3.1 ^.9 5.5 7.0 3.8

20-29,999 5.1 5.9 8.5 ^.9

30-39,999 3.1 7.0 8.2 5.6

iiO,000+ 2.9 5.7 6.9 9.2 6.2

All 3.0 5.1 6.3 8.^

SOURCE: Federal Highway Administration, Survey Data Tabulations; 1983-

1984 Nationwide Personal Transportation Study, November 1985,

p. 11.
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Table B-9

PERSON TRIPS BY HOME- AND NONHOME-BASED

Percentage Distribution

Home- Home-
Study Area Based Based Nonhome-

Study Area Year Description Work NonWork Based Total

Atlanta 1972 l,6if0,000 25.4 55.4 19.2 100

Baltimore 1977 1,7^*9,125 22.3 54.7 23.0 100

Cincinnati 1978 T.P.A. 28.7 53.3 18.0 100

Dallas 1980 T.P.A. 19.9 59.7 20.4 100

Denver 1982 Urbanized Area 25.2 54.0 20.8 100

Detroit 1980 7 County 20.3 53.8 25.9 100

El Paso 1970 363,000 19.7 55.9 24.4 100

Evansville 1978 T.P.A. 19.1 46.9 34.0 100

Indianapolis 1970 T.P.A. 25.4 53.4 21.2 100

Kansas City 1970 8 County 18.7a 59.1 22.2 100

Los Angeles 1976 6 County 19.2 52.7 28.2 100

Louisville 1975 Urbanized Area 26.6 54.1 19.3 100

Milwaukee 1972 7 County 33.0 47.0 20.0 100

Minn./Sto Paul 1982 7 County 17.9 53.7 28.4b iOO

Pensacola 1970 T.P.A. 14.8 59.2 26,0 100
Philadelphia 1977 SMSA(+) 23.0 55.0 22.0 100

Phoenix 1980 T.P.A. 25.7 53.5 20.8 100

Portland 1977 SMSA 19.3 57.9 22.8 100
Sacramento 1978 3 County (-) 13.9 58.8 27.3 100

San Diego 1977 County (-) 14.6 57.5 28.0 100

San Francisco 1980 9 County 18.2 51.4 30.4 100
Washington, DC 1968 2,714,000 24.4 62.8 12.8 100

Key to Notes

a ~ "Serve Passenger" not included in Home-Based Work trip purpose,

b ~ 45 percent are Nonhome-Based Work trips.

SOURCE: Reports from individual study areas.
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Table B-13

WEEKDAY PERSON TRIPS PER HOUSEHOLD BY PURPOSE
AND AUTOMOBILE OWNERSHIP

San Francisco (1981)

Autos/Household
Trip Purpose 0 1 2 3 All

Home-Based

Work 0.72 1.30 2.21 2,79 3.68 1.89

Shop 1.16 1.7^ 2.66 3.25 3.05 2,27

Social-Recreational 0.63 0.97 1.^1 1.83 2.01 1.26

School 0.5'f 0,58 1.06 1,60 1,89 0.95

Nonhome-Based 0.95 1.71 2.75 3,31 3,95 L21

TOTAL ^.00 6.30 10.10 12,78 1^^,58 8,71

Percentage of

Households 11% 35% 36% 12% 6% 100%

SOURCE: H. Kollo and C.L. Purvis "Changes in Regional Travel Characteristics in

the San Francisco Bay Area: 1960-1981", Transportation Research
Record 987, 198^.
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Table B-i3

PERSON AND TRANSIT TRIP GENERATION RATES
NEAR WMATA RAIL STATIONS BY LAND USE TYPE

Washington, DC (1986)

Land Use

Office

Downtown
Close-in suburban stations

Residential*^

Close-in suburban stations

Retail (major complex)

Downtown
Close-in suburban stations

Hotel^

Downtown
Close-in suburban stations

Key to Notes

Typical Daily

Person-Trip

Generation Rate
(per 1,000 S.F. GFA)

15

15

Typical

Daily

Transit

Mode Share^

35%
15

Implied Daily

Transit Trip

Generation Rate
(per 1,000 S.F. GFA)

5.3

2,3

30

30

1^

1^

35

35

15

15

10

10.5

^,5

2.1

a — Transit as a percentage of all trips, including walk trips. Transit mode
shares as a percentage of nonwalk trips would be substantially higher,

especially for office and retail uses.

b -- Assumes 750 square feet of gross floor area (GFA) per dwelling unit,

c ~ Assumes 750 square feet of gross floor area per hotel guest room.

NOTE; Person-trip generation rates are "typical" rates derived from a

combination of sources including data collected in the DC metropolitan

area and from the Institute of Transportation Engineers' Trip Generation
Manual. Rates for any individual site could vary widely from these typical

rates.

SOURCE? 3HK & Associates, Development-Related Ridership Survey; Final

Report , prepared for the Washington Metropolitan Area Transit

Authority, March 1987, p. 80.
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Table B-16

VEHICLE TRIP ATTRACTION RATES BY LAND USE CATEGORIES

San Diego (1983)

Land Use

Commercial

Regional Shopping Centers (sq. ft.)

<100,000
iOO-300,000
>300,000

Offices

Standard {< 100,000 sq. ft.)

Large {>iOO,000 sq. ft.)

Government
Medical

Industrial

General Manufacturing

Business Park (With Commercial)
Business Park (Without Commercial)

Recreational

Parks — City, Developed
Parks ~ Amusement, Theme
Sports ~ Outdoor Stadium
Sports — Indoor Arena
Sports -- Racetrack

Educational

Universities (^ Year)

High Schools

Elementary/3unior High Schools

Hospitals (General)

Residential

Single Family DU/Acre)
Condominium (<30 DU/Acre)
Apartments (>30 DU/Acre)

Key to Notes

a ~ Double for weekends.
b ~ Increase to 130/acre during summer.

1,000 S.F. GFA
Daily Trips (in and out) per;

Other Acre of Land

120

70

50

20

17

30

90

16

10

20

0.2/Seat

0.1/Seat

0.6/Seat

2.5/Student

1.5/Student

1.0/Student

20/Bed

10/DU
8/DU
6/DU

1,200

700
500

300
600

800

^0
200
120

50^
80*^

50
30

100

50
30

200

SOURCE: San Diego Association of Governments, "Brief Guide of Vehicular Traffic

Generation Rates for the San Diego Region," August 1983.
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C. TRIP LENGTH AND VMT DATA

This section can be thought of as the product of the trip distribution phase of

travel demand modeling. Data are presented on average trip length characteristics

for all trips and disaggregated by trip purpose and by mode. Where possible, trip

lengths are reported in miles and/or minutes. Trip rates in combination with trip

lengths can yield daily vehicle miles traveled. As in Section B, users should be aware

that differences in the definitions of trips and whether trip times include just line-haul

and/or access and transfer times can affect the transferability of the data.
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Table C-i+

DAILY VMT: TOTAL AND PER PERSON

Total Daily

Study Area VMT VMT per

Study Area Year Description (000,000) Person

Atlanta 1972 1,6^^0,000 12.6 13.8

Chicago 1970 8 County 95.6 12.6

Chicago 1975 SMSA 99.0

Dallas 1983 County ^^0.6 2^.7

Denver 1983 Urbanized Area 25.6 16.^f

Detroit 1980 7 County 56.3 —
Evansville 1970 175,000 1.8 10.3

Honolulu 1970 750,000 8.9 11.9

Houston 1977 2,300,000 ^1.0 17.8

Los Angeles/Long Beach 1982 Urbanized Area 165.^ 17.^

Louisville 1975 Urban Area 10.8 12.7

Louisville 1981 Urban Area 13.0 15.6

Milwaukee 1972 Urbanized Area 13.0

Milwaukee 1972 7 County 20.1 11.1

Minn. /St. Paul 1980 7 County 36.1 18.2

New York City 1980 City ^^1.8 5.9

Philadelphia 1977 SMSA (+) 57.7^ 11.3

Phoenix 1979 T.P.A. 10.3° 9.0

Portland 1977 SMSA 10.7 11.1

Sacramento 1982 Urbanized Area 15.2 19.1

San Diego 1982 Urbanized Area 30.8 18.1

San Francisco/Oakland 1982 Urbanized Area 52.6 16.5

San 3ose 1982 Urbanized Area 22.0 17.7

Seattle 1975 1,800,000 23.6 13.1

St. Louis 1972 2,U00,000 20.2 8.^

Tucson 1973 k07,000 5.0 12.5

Washington, DC 1980 SMSA (-)

NPTS 1969 USA 10.6

NPTS 1983 USA 11.9

Key to Notes

a — Includes 10.2 million VMT by truck,

b ~ Major streets and freeways only,

c ~ Includes 5.6 million VMT by truck.

SOURCE: Reports from individual study areas.
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D. MODE CHOICE AND AUTO OCCUPANCIES

This section presents information on total person and vehicle trips by mode (and

vehicle type for vehicle trips) and by trip purpose. Because mode shares are sensitive

to the size of the geographic area under consideration, one table contains modal

shares for journey-to-work trips based on the consistent urbanized area definition used

in the 1980 Census of Population. Users should note, however, that the Census records

information on only the (single) mode used for the longest portion (based on distance)

of the trip to work even though multiple modes might have been used. Thus, a

relatively long trip by a single driver in an automobile followed by a short bus ride

would be characterized as a "Drive Alone" trip.

Also presented in this section are average automobile occupancies by time of

day and separately by trip purpose. Again, trip purpose is defined using the "home-

based" and "nonhome-based" trip end convention as well as by purpose at the

destination end. Internal trips are those with both ends in the study area; external

trips have one end outside the study area; and through trips have neither end in the

study area, but do pass through the study area.
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Table D-7

AUTO OCCUPANCY BY TIME OF DAY

i

Study Area Average Auto Occupancy
Study Area Year Description All Trips Peak Periods Off-Peak

Atlanta 1981 7 County l.^^ia — —
Chicago 1979 SMSA 1.33 —
Chicago 1970 7,593,000 L5 —

-

—
Chicago 1956 5,169,700 1.6 —

-

—
Dallas 1980 T.P.A. —

-

—
Denver 1982 Urbanized Area 1.23 L20 1.32

Detroit 1980 7 County iAl — —
El Paso 1970 362,800 lAl
Honolulu 1981 County 1.52 —
Kansas City 1970 1,237,000 lAl
Los Angeles 1976 6 County lA
Louisville 1982 Urban Area 1.32

Milwaukee 1972 7 County 1.^3

Minn./St. Paul 1982 7 County L30 1.26^

Philadelphia 1977 SMSA (+) 1.53

Phoenix 1982 T.P.A. 130^ 1.26^ 1.31®

Portland 1977 SMSA 1.50

San Antonio 1982 County 1.36 1.28^ 1.39

San Diego 1981 County L2^
San Francisco 80/81 CMSA (-) 1,30

Key to Notes

a -- Includes light trucks.

b — Morning peak equals 1.22; evening peak equals 1,31.

c — Twelve-hour average (6:00 A.M. to 6:00 P.M.),

d — Unweighted average of A.M. and P.M. peak.

e — Unweighted average of midmorning and midafternoon.

SOURCE: Reports from individual study areas.
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Table D-9

AUTO OCCUPANCY BY TRIP PURPOSE

1 1 1 c ]A r\ rr~\ _
I HJI 1 1 v;

jiuQy .nrea oasea B3.scd

oiuuy rArcd I cdi 1—'CbCl 1 p L 1 Ol 1
\X/orU-W Ui K INvJI IW vjl K 1 OLal

Ddi Lim ore 1 Q7717// T P A
1 .Z'J

Chicago 1 7/

U

I on

Dallas 198it T.P.A. 1.13 1.55 1.39 1.36

Honolulu 1981 County 1.20 1.65 1.5'f 1.52

Kansas City 1970 8 County 1.11 1.61 1.56 1.51

Los Angeles 1976 6 County 1.15 1.71 1.65 1.54

Minn. /St. Paul 1982 7 County 1.15 1.^0 1.24 1.31

Portland 1977 SMSA 1.13 1.56 1.65 1.50

Sacramento 1978 3 County(-) 1.06 1.5^ 1.75 1.50

San Diego 1977 County (-) 1.08 1.63 1.58 1.50

San Francisco 1980 9 County 1.07 1.52 1.51 1.41

Tucson 1977 T.P.A. 1.18 1.55 1.37 1.42

SOURCE: Reports from individual study areas.
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E. TEMPORAL DISTRIBUTION OF TRAVEL

This section presents statistics on the temporal distribution of person and transit

trips over the course of an average weekday. Factors are also presented, however,

that can be used to compare or compute the relative magnitude of person trips taken

on weekdays versus weekend days by mode and by trip purpose.
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Table E-1

HOURLY DISTRIBUTION OF PERSON AND TRANSIT TRIPS
(In Percent)

NYC Phila. Chicago Miami
San Francisco (80/81) (1984) (1979) (1970) (1985)

Vehicle All Rapid Rapid Rapid Rapid
Hour Driver Transit Ail Transit Transit Transit Transit

Besinning^ Trips Trips Trips Trips Trips Trips Trips

Midnight 0.3 0.0 0.3 0.8 0.5 0.9 __

hOO A.M. 0.3 0.1 0.3 0.5 t t ___

2:00 0.3 0.0 0.2 0.3 0.7 1.1 _____

3:00 0.2 0.0 0.2 0.3
1 1

4:00 0.2 0.2 0.1 0.4 i i ___

5:00 1.0 1.0 0.7 1.1 1.2 1.7

6:00 2.7 6.1 2.6 5.1 4.6 6.0 6.1

7:00 6.8 13.7 7.1 9.9 13.5 13.3 11.3

8:00 6.3 8.7 7.4 10.6 12.4 12.5 8.1

9:00 li.Z 4.7 4.3 6.0 4.9 4.0 4.3

10:00 5.2 3.7 4.6 3.8 3.6 3.0 5.0

11:00 6.1 4.3 5.6 3.1 3.5 2.8 5.5

12:00 Noon 6.9 5.1 6.7 2.8 3.8 2.7 6.4

1:00 P.M. 6.3 4.4 6.2 3.5 4.5 3.1 5.8

2:00 6.7 9.3 7.8 4.9 6.5 4.0 6.6

3:00 8.0 10.2 8.8 6.3 7.1 6.2 7.7

t:00 9A 10.9 9.1 9.6 11.4 12.5 11.9

5:00 8.6 9.5 8.4 11.1 10.4 13.9 11.7

6:00 5.7 3.1 5.7 6.3 3.8 4.8 4.5

7:00 5.0 1.5 5.1 3.9 2.5 2.3 1.9

8:00 3.2 1.0 3.3 2.6 1.7 1.6 1.4

9:00 2.8 1.0 2.8 2.1 1.4 1.3 1.0

10:00 2.0 0.8 1.8 2.1 1.0 1.2 0.5

11:00 P.M. 1.1 0.6 1.1 1.2 1.0 1.1 0.3

TOTAL 100.0 100.0 100.0 98.3*^ 100.0 100.0 100.0

Key to Notes

a ~ Time of trip determined by time at trip origin.

b — Does not include certain "high turnstile" (iron maiden) counts.

c ~ Based on 24-hour traffic checks at maximum use points on each route (10 locations).

SOURCE: Metropolitan Transportation Commission, 1980 Regional Travel

Characteristics -- 1981 MTC Travel Survey (Working Paper 8), June 1983;

New York City Transit Authority; Southeastern Pennsylvania

Transportation Authority; Chicago Transit Authority; Metro-Dade
Transportation Administration.
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Table E-2

PEAKING CHARACTERISTICS IN SELECTED AREAS BY MODE

Percent of

Traffic in Peak Hour
Study Area Year Mode Hour (Two Directions)

Manhattan 1982 Commuter rail A.M. 20.6

(CBD cordon) 1982 Subway A.M. 17.1

1982 Bus A.M. R.O

Manhattan C.1970 Pedestrian Trips Noon 11.9

(midtown)

Manhattan C.1970 Pedestrian Trips

(excluding Department store Noon 23.8

midtown) Other buildings P.M. 17.6

Restaurant Noon 19.0

Apartment P.M. 10.7

New York c.1970 Auto trips P.M. 8.8

suburban c.1970 Taxi trips A.M. 8.2

New York 198^ Subway System P.M. 11.3

Chicago, IL 1970 Rapid transit P.M. 13.9

1970 Bus A.M. 11.8

Philadelphia 1979 Rapid Rail A.M. 15.6

Minn. /St. Paul 1982 Bus A.M. 15.3

Auto P.M. 9.7

San Francisco 80/81 All transit A.M. 13.7

Auto P.M. 9A

Hartford c. 1970 Bus P.M. [5A
New Haven c. 1970 Bus P.M. 12.0

Stamford, CT c. 1970 Bus P.M. 12.6

SOURCE: B. Pushkarev and 3. Zupan, Urban Space for Pedestrians, A Report of the

Regional Plan Association , MIT Press, Cambridge, Mass., 1975; B.

Pushkarev and J. Zupan, Public Transportation and Land Use Policy
,

Indiana University Press, Bloomington, Ind., 1977; Chicago Transit

Authority, 1970 survey; NYCTA; SEPTA; Transportation studies for

Minneapolis and San Francisco.
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Table E-3

TYPICAL HOURLY DISTRIBUTIONS OF PEDESTRIAN TRIPS BY STREET TYPE
(In Percent)

Hour Beginning Office Streets Retail Streets Mixed Retail/Office Streets

7t00 A.M. 5.6 L9 4.1

8:00 10.1 4.1 7.2

9'o00 5.2 4.2 5.4

10:00 5.4 4.8 6.2

IhOO 7.5 8.0 8.8

12:00 Noon 14.2 13.4 13.1

1:00 11.5 13.6 12.8

2:00 7.7 10.8 9.0

3:00 7,0 10.5 8.7

4:00 11.3 11.7 9.5

5:00 10.9 11.2 10.2

6:00 P.M. 3.6 5.8 5,0

100.0 100.0 100.0

SOURCE: L. Kagan et aL, A Pedestrian Planning Procedures Manual, Vol. Ill,

Technical Supplement ,
(FHWA-RD-79-47), November 1978.
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Table

HOURLY DISTRIBUTION OF TRANSIT MODE SHARES FOR TRIPS TO/FROM CBD
(In Percent)

New York (1986)^

Hour Beginning Denver (1977)^ Bus Subway Commuter Rail Minneapolis (198^)'

3:00 A.M. 3.7 45.1 1.0

6:00 2^.1 6.6 55.3 5.6

7:00 24.2 10.0 60.7 10.8 2.7

8:00 15.2 9.8 64.4 12.2 1.8

9:00 12.7 9.1 59.0 7.4 1.5

10:00 11.5 8.7 48.2 5.6 1.7

11:00 10.1 8.^* 44.5 4.1 1.4

12:00 Noon 9.8 7.9 43.4 4.0 1.4

1:00 P.M. 10.8 7.3 42.7 3.4 1.6

2:00 11.7 7.7 43.4 2.8 1.6

3:00 13.3 7.2 47.3 2.2 2.4

!+:00 16.5 6.7 51.3 2.0 3.9

5:00 16.6 6.0 48.6 3.2 2.5

6:00 P.M. 7.9 5.6 36.3 3.3

Key to Notes

a ~ Includes trips entering and leaving CBD.
b ~ Inbound trips only.

SOURCE: Barton-Aschman Associates, Downtown Denver Circulation Plan: Denver,

Colorado prepared for the Regional Transportation District, September
1977; George Medveczky, Hub-Bound Travel 1986 , New York Metropolitan

Transportation Council, November 1987; City of Minneapolis, Traffic

Engineering Division, Central Business District 1984 Cordon Count,

undated.
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F. CBD CHARACTERISTICS AND TRAVEL STATISTICS

This section presents statistics concerning person, vehicle, and truck travel as

related to the Central Business Districts (CBDs) of urban areas. It should be noted,

however, that there are multiple definitions of the geographic boundaries of a CBD
that can have a major influence on the statistics presented. While the CBD area as

defined by the Census can be easily ascertained, few areas choose to use this

definition as it encompasses too small an area of interest. Where possible, the local

acronym for the "central area" (e.g., "Boston Proper") has been used in place of the

word "CBD"; however, only the lack of a local convention prevents a wider use of this

approach. While much of the data pertains to CBDs, the term might better be

translated to mean central, built-up areas of cities. Note also that the definitions

used for "Floor Space" vary widely among localities.

Also presented in this section are summaries of cordon counts for persons and

vehicular trips taken over an entire day (or nearly so) and during the peak hour. These

data tend to be based on actual counts rather than on samples. Comparisons of cordon

counts over time are possible if one can be assured that the geographic boundaries are

the same. However, the inclusion of an artery or expressway with much thru traffic

can distort the comparability of the cordon data. Similarly, because of the

traditionally high peaking characteristics of transit trips to the CBD, peak mode

shares based on two-way flows will artificially reduce the importance of transit trips

compared to measurements based on the one-way peak direction.
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Table F-1

CENTRAL BUSINESS DISTRICT CHARACTERISTICS

Stiidv ArpA fSn MilpO
U LJ

Fmnlnvmpnt

LJ 1—

/

1— 1 1 ipioyeco

per
Sn Milp

r loor jpace
^nnn AfVUUU Oi

Sn Ft ")

A tl A n t::^ 1.20 62,000 51,700
R a 1 1 imATP 140 000 94 600 10 000

DUi icllO 1
qynd

v^nicago 1 67 finn

u.ou nnnJ J 9UUU '?5n

^leveiana i oynd 1 1 ni . 1 u 7£i nnn
1 1 1m 1 1 cV^OlUlllUUa 1 qynd

1 7 / U n QnU.7U /i s nnn 5n nnn

uaiias 1 Q2Zi
1 70f 1 .0 70 nnn fiT. nnn

Denver 1 Q7nd n onU.7U /i nnn •^n nnn

Detroit 198

1

1.1
1 nc AnnlUSjUUU QQ Ann78,UUU

Houston 1 OO 1 1 7 /i AAA
1 / ¥,000 1 1 /* AAA

1 16,000 ^0 AAA58,000

Jacksonville 1983
/• 1 AAA63,000

Kansas City 19/1 U.9
CO AAA58,000 /T /i /i AA64,4UU 3 1 AAA

i 1 ,000

Los Angeles I7/U t /i 1 nnn s I 1 nn

Miami 1 Q 0 A1980 0.38 /i A 0 1 A
'f0,8 10 1 A7 /i AA

1 0/,4U0
ft s * 1 tMilwaukee 198^^ 1.25 67,'f'fO

C /. AAA54,000 ^A 'j c 1 a
20,451

Minneapolis 1980 0.97 1 10,050
11"^ e AA
1 13,500

New Haven 1982 0.52 TA AAA20,000
'3 0 AAA38,000 1 T AAA13,000

New York 1 76Z. Q n7.U
"5 n/iQ nnnbZ,U'|7,UUU TJ7 7nnIII yi UU

Nf^w OrlPAns 1978 2.69 113,730 42,300

Pittsburgh 1970^ 0.55 76,000 138,200

Portland 1970^ 0.^0 33,000 82,500

Providence 1977 0.5 26,000 52,000 10,000

St. Louis 1978 1.0 102,000 102,000

St. Paul 1980 0»S7 55,900 64,500

San Diego 1980 0A7 38,000 80,800

San Francisco 1970 2.2 30it,000 138,000

Seattle 1980 l.'fl 115,000 81,600 23,500C

Tampa 1980 0.83 2^^,500 29,500 7,300

Washington, DC 1970^ iAO 147,000 105,000

Key to Notes

a Shown is occupied floor space,

b — Payroll employment,
c — For 1982.

d — Source: L. Bronitsky et al.. Urban Data Book , Report No. DOT-TSC-OST-75-45,
Transportation Systems Center, November 1975.

SOURCE: Transportation studies and information furnished by various cities, except where noted.
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Table F-8

CBD TRIP GENERATION RATES FOR THE PEAK MIDDAY HOUR

Los Angeles (1975)

Land-Use Type

Private Office

Government Office

Retail

Service, Hotel, Institutional

Manufacturing, Wholesaling

Trip Generation Rate
(nonworker trips produced per

thousand square feet of building

area during peak noontime hour)

OA

OA

1.9

0.5

0.1

SOURCE: Barton-Aschman Associates, Internal CBD Travel Demand Modeling, Task
tt5 Report prepared for the Los Angeles Community Redevelopment
Agency, August 1976.
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Table F-9

CBD PEDESTRIAN TRIP RATES

Type of Use Location
Gross Floor
Space (Ft^) Hours

Destinations

or Arrivals/

1,000 Ft^ Source

Urban Office Buildings

Mixed use Manhattan 31if,000 2t 8.7 (1)

Headquarters Manhattan 1,631^,000 2* 7.1 (1)

Headquarters Manhattan l.O'f8,000 24 6.6 (1)

2^* buildings Seattle 5,2tl,000 24 7.7 (1)

W Westminster (general) Providence 286,000 7 A.M.-6 P.M. 10.3 (2)

Industrial Ntl. Bank (general) Providence 350,000 7 A,M.-6 P.M. 13.7 (2)

Hosp. Trust (general) Providence 538,000 7 A.M.-6 P.M. 13.1 (2)

Providence Journal (specialized) Providence 162,000 7 A.M.-6 P.M. 14.2 (2)

State Capitol Providence lif6,000 7 A.M.-5 P.M. 8.9 (2)

Seven Office Bldgs. Downtown Boston 11,600,000 7 A.M.-6 P.M. 7.5a
(3)

estaurants

Cafeteria 57th Street 7,200 10 A.M.-8 P.M. 246.0 (1)

Sandwich shop Garment District 1,000 6 A.M.-3 P.M.° 215.0 (1)

Restaurant Times Square 12,000 9 A.M.-9 P.M. 86.5 (1)

rban Retail Stores

Delicatessen Manhattan 2,500 10 A.M.-IO P.M.<^ 1,230.0 (1)

Supermarket Staten Island 7,500 9 A.M.-9 P.M. 142.5 (1)

Supermarket Manhattan 5,100 9 A.M.-6 P.M.*^ 254.5 (1)

Supermarket Manhattan 14,500 9 A.M.-9 P.M.D 186.5 (1)

3unior dept. store Manhattan 69,600 9 A.M.-9 P.M.t" 192.5 (1)

Dept. store Manhattan 176,700 9 A.M.-9 P.M."^ 126.0 (1)

Boutique Manhattan 3,'fOO 11 A.M.-7 P.M.'' 102.5 (1)

Dept. store Providence 'fSl.OOO 8:45 A.M.-6 P.M.^" 244.0 (1)

Dept. store Boston 792,000 7 A.M.-6 P.M. 18.3^ (2)

Hotel Boston 644,000 7 A.M.-6 P.M. 4.3^

Key to Notes

a — "Primary" destinations,

b — Weekday,

c — Saturday.

SOURCE: (1) B. Pushkarev and 1. Zupan, Urban Space tor_ Pedestrians, A Report of the Regional P|an

Association , MIT Press, Cambridge, Mass., 1975. (2) Downtown Providence Traffi^ Circulation

and Development Study , Wilbur Smith and Associates, New Haven, Conn., 1978. (3) Final. Report,

An" Access "Oriented Parking Strategy for the Boston Metropolitan Area, Wilbur Smith and

Associates, New Haven, Conn., 1972.
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Table F-10

CBD PERSON TRIP DESTINATIONS BY PURPOSE AND MODE
(In Percent)

Purpose at Trip Destination

Social/

Study Area Year Mode Work Business Shop Rec. School Other

Boston 1972 All 55 ___z^5

Milwaukee 1972 All Modes 50 22 9 9 6

Milwaukee 1972 Auto Drive 5^ 2^ 5 9 5 3

Milwaukee 1972 Auto 39 28 9 17 3 It

Passenger

Milwaukee 1972 Bus 50 11 21 3 11

Minneapolis 197^ All 21 10 10 12

Providence 1977 All 37 36 18 a 9

Key to Notes

a — Included in business

SOURCE; S, Sullivan and 3. Lusk, "Characteristics of Travel in the Milwaukee
Central Business District, 1963 and 1972." Southeastern Wisconsin Regional
Planning Commission, The Technical Record, Vol. 3, No. 6, April 1976;

Reports from individual study areas.
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Table F-12

TRANSIT SHARE OF CBD-BOUND WORK TRIPS
(In Percent)

Study Area 1 r\'7A
1 970 1980

Anaheim/Santa Ana/Garden Grove 1.1% 3A%
Boston 60.6 58.5

Chicago 7^.9 7 ItA
Dallas/Fort Worth 19.9 19.2

Houston 12,9 15.0

Los Angeles/Long Beach 21.^ 23.8

San Diego 8,7 13.7

San Francisco/Oakland if7.9 52.^

St. Louis 29.7 26.7

Washington, DC 36.5 ^2.6

SOURCE; Urban Mass Transportation Administration, The Status of the

Nation's Local Public Transportation; Conditions and
Performance, Report to Congress under Section 310, September
198^, based on U.S. Census Journey to Work data.
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Table F-13

PARKING CHARACTERISTICS FOR SELECTED CBD AND URBAN AREAS

Average
Study Total Peak Percent Walking Average

Study Area Year Blocks Spaces Accumulation Accumulation Distance Duration

Boston 1972 340 39,230 36,120 90.9 895 ft. 4H:40M
Cleveland 1978 2.0 mi2 53,912 39,700 73.6 671 ft. 4H:17M
Dallas 1981 1.6 mi^ 59,616 49,600 83.1

Denver 1981 300 60,568

Honolulu 1980 100 20,070 1.7 bks.

Kansas City 1978 CBD 30,846

Jacksonville 1981 200 31,517 21,953 69.7 285 ft. 3H:37M
Memphis 1981 CBD 16,986 12,253 72.1

Milwaukee 1972 CBD 30,707 28,142 92.

Philadelphia 1977 CBD 41,684

San Diego 1981 CBD 15,545

Seattle 1980 100 42,508

Tampa 1983 173 20,841 17,740 85. 560 ft.

SOURCE: Reports from individual study areas.
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Table F-1^

TRIP PURPOSE OF PARKERS IN SELECTED CBD AND URBAN AREAS

Study Trip Purpose (%)

Study Area Year Blocks Work Slop Business Sales Other

Baltimore 1969 30 13 ii[ 16

Boston 1972 3^0 36 15

Cleveland 1978 liO 10 no
Jacksonville 1981 200 Ul 7 38 1 13

Milwaukee 1972 CBD 59 5 17^ 19

Tampa 1983 173 ^5 9 lie

Key to Notes

a ~ Personal business.

SOURCE: Reports from individual study areas.
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Table F-15

CENTRAL BUSINESS DISTRICT TRUCK TRIPS

CBD Truck
Floor CBD CBD Trips To,

Study Area Space Truck Truck Trips From, WithirL

Population (Mil. Trips per CBD/1,000 ft^

Study Area Year (Millions) Sq. Ft.) (000) 1,000 People of Floor Space

Baltimore 1962 1.6 33 22 14 0.667

Dallas 1964 1.8 31 27 15 0.871

Los Angeles 1960 7.6 76 31 4 0.431

Philadelphia 1960 4.0 124 43 11 0.330

Pittsburgh 1958 1.5 32 19a 13 0.594

St. Louis 1957 1.3 39 19 15 0.487

Key to Notes

a — same for 1967.

SOURCE: Comprehensive origin-destination studies in each urban area.
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Table F-16

CBD TRUCK STOPS FOR VARIOUS LAND USES

Type of Establishment

Average Daily Truck Stops

per 1000 Ft^ of Floor Space^
Typical

Range Value

Office

Retail

0.15-0.2^ 0.20

Apparel
Department
Furniture

0.18-0.67

O.H-0.37
0.19-0.60

2.70-6.10

0.03-0.20

0.35-0.68

0.35-0.53

QA5
0.25

0.30

3.60

0.10

0.50

0.50

Restaurant
Hotel

Manufacturing
Warehousing

Key to Notes

a — Truck "stop" is equivalent to a visit to a particular establishment.

SOURCE: Adapted from H. S. Levinson and P. E. Conrad, "Urban Truck Road Systems
and Travel Restrictions," Vol. 2, Appendices, prepared for FHWA by Wilbur

Smith and Associates, Columbia, S.C., 1975.
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G. TRUCK TRAVEL

This section presents nearly all the data in the report concerning truck travel

(exceptions are certain tables in Sections D and F). Following the basic outline used

for the entire report, statistics are presented for average truck trip rates per day,

average trip length, percentage of trips that are trucks, trip rates by trip purpose, and

hourly variation of truck trips for all trips and by facility type. Many of the data are

drawn fronn studies conducted in the 1960s as, unfortunately, very few studies of this

kind have been undertaken since that time.
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Table G-1

AVERAGE DAILY TRUCK TRAVEL IN ELEVEN URBAN AREAS^

Truck Class

Truck Trip Category Light Medium/Heavy Total

Trucks Making Trips

Number 72,989 28,691 101,680
Percent 7L8 28.2 100.0

Daily Trips

Number 608,606 289,810 898,^16
Percent 67.7 32.3 100.0

Daily Truck-Miles
Number 2,075,660 l,i0'f,7^2 3,180,^02

Percent 65.3 3^.7 100.0

Daily Mileage
Per Truck 28.^^ 36o5 31.3

Per Trip 3A 3.8 3.5

Daily Trips

Per Truck^ 8.3 10., 1 8.8

Key to Notes

a — Shown are summations of trip values for the following 11 areas:

Albuquerque, New Mexico (1962); Baltimore, Maryland (1962); Baton Rouge,
Louisiana (1965); Columbia, South Carolina (1965); Lewiston, Maine (196^);

Littie Rock, Arkansas (196^); Manchester, New Hampshire (196^); Monroe,
Louisiana (1965); Richmond, Virginia (196^); Sioux Falls, South Dakota
(1963); and Winston-Salem, North Carolina (1965).

b — These values are for trucks making trips on a typical weekday. When related to

all trucks registered in the urban area, the average is 5.9 trips per day, since a

proportion of the registered trucks are idle on any given day.

SOURCEj Wilbur Smith and Associates, Motor Trucks in the Metropolis, The
Automobile Manufacturers Association, August 1969, p. 29.
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Table G-3

TRIP PURPOSES OF URBAN TRUCK TRIPS IN ELEVEN URBAN AREAS^

Percent of Total

Trip Purpose at Destination Daily Trips

Home Base 19.3

Personal Use 9.1

All Pickup and Delivery: ^1.1

Retail 17.3

Wholesale 16.3

Merchandise 7.5

Mail and Express 6.1

Construction U.9

Maintenance and Repair 8.0

Business Use 7.2

Other ^.3

All Purposes 100.0

Key to Notes

a — Shown are summations of trip values for the following 1 1 areas:

Albuquerque, New Mexico (1962); Baltimore, Maryland (1962); Baton Rouge,
Louisiana (1965); Columbia, South Carolina (1965); Lewiston, Maine (196^); Little

Rock, Arkansas (196^); Manchester, New Hampshire (196^); Monroe, Louisiana

(1965); Richmond, Virginia (196^); Sioux Falls, South Dakota (1963); and Winston-
Salem, North Carolina (1965).

SOURCE: Wilbur Smith and Associates, Motor Trucks in the Metropolis, The
Automobile Manufacturers Association, August 1969, p. ^6,
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Table G-^

TRUCK TRIP LENGTHS
(Miles/Minutes)

Study Area Type of Truck

Study Area Year Description Light Medium Heavy All Measure

Baltimore 1962 1,607,800 3.0 3.0 7.3 3.2 Miles

Chicago 1970 7,593,000 6.5 11.2 5.3 Miles

Milwaukee 1972 7 County 7.3 Miles

New York 1963 16,302,000 2.8 13.^ 2.9 Miles

Philadelphia 1977 SMSA (+) 9.8 Minutes
Richmond 196^ ^17,600 3.0 3.1 7.2 3.1 Miles

Washington, DC 1980 SMSA (-) 9.8 Miles

SOURCE: Reports from individual study areas.
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Table G-5

AVERAGE TRUCK TRIP LENGTH BY TRIP PURPOSE
(In Miles)

Chicago 1970

Internal Internal- Through
Trip Purpose Trips External Trips

Pickup ^.9 27.14 7^.1

Deliver ^.1 31^.5 77.2

Pickup and Deliver 3.5 31.5 75.5

Garage-Home base 8.7 32.7 78.0

Service Call 16.0 ^8.1

Personal Use 6.3 18.1 69.9

Average (Weighted) 5.3 29.8 75.7

Percent of VMT 77%

SOURCE: Chicago Area Transportation Study and Northwestern Indiana Regional
Planning Commission, A Summary of Travel Characteristics, 1977.
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Table G-6

TRUCK TRIP DESTINATIONS BY LAND-USE TYPE

Land Use

Residential

Manufacturing
Transportation

Retail-Wholesale Trade
Services, Schools, Etc.

All Developed Land

Daily Truck Trips per Acre
Median
7 Cities Ran^e

1.2 0.1-2.0

2.5 OA-5.9
1.7 0.9-^.0

16.0 10.3-35.0

3.0 2.6-5.2

1.3 0.6-3.5

SOURCE: Transportation studies in Monroe, LA (1965); Columbia, SC (1965); Little

Rock, AR (196^); Baton Rouge, LA (1965); Richmond, VA (196^); Nashville,

TN (1959); Chicago, IL (1959).
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Table G-7

HOURLY VARIATION IN WEEKDAY TRUCK TRIPS
(In Percent)

Average for 11 Cities^

Hour Beginning
Light

Trucks

Medium-
Heavy
Trucks

Total - All

Truck Types
San Antonio

(1981)

6:00 A.M. 3.0 3.3 3.1 2.7

7t00 6.2 6.6 6.3 7.8

8:00 8.5 10.2 9.1 10.6

9:00 9.5 10.8 9,9 3.k

10:00 9.7 10.7 10.0 9.1

11:00 9A 10.2 9.7 9.^^

12:00 NOON 7A 7.0 7.3 3.7

1:00 P.M. 8.^ 8.8 8.6 3.7

2:00 8.0 8.2 8.0 9.^

3:00 7.2 7.'^ 7.3 9.7

^:00 7.7 6.0 7.1 7.8

5:00 5.7 3.1 ^.8 ^.6

6:00 P.M. 2.5 1.0 2.0

7:00 P.M. - 5:00 A.M. 6.8 6.7 6.8 7.7

TOTAL 100.0 100.0 100.0 100.0

Key to Notes

a — Shown are summations of trip values for the following 11 areas:

Albuquerque, New Mexico (1962); Baltimore, Maryland (1962); Baton Rouge,
Louisiana (1965); Columbia, South Carolina (1965); Lewiston, Maine (196^);

Little Rock, Arkansas (196^); Manchester, New Hampshire (196^); Monroe,
Louisiana (1965); Richmond, Virginia (1964); Sioux Falls, South Dakota

(1963); and Winston-Salem, North Carolina (1965).

SOURCE: Wilbur Smith and Associates, Motor Trucks in the Metropolis, The
Automobile Manufacturers Association, August 1969, p. 185; State

Department of Highways and Public Transportation, San Antonio - Bexar

County Highway Travel Facts and Figures ,
September 1982, p. 26.
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Table G-8

HOURLY DISTRIBUTION OF TRUCK TRIPS BY FACILITY TYPE
(7-County Detroit Area, 1982)

Hour Urban Urban Rural Rural
Besinnins Freeways Ar terials Freeways Ar terials

12:00 Mid. 1.7 0.8 1.8 0.5

1:00 A.M. 1.5 0.7 1.4 0.5

2:00 1.7 0.5 1.4 0.5

3:00 0.8 OA 1.2 0

^:00 1.5 0.5 1.6 0.5

5:00 2.1 1.8 4.2 2.7

6:00 ^.2 3.7 5.2 7.6

7:00 5.5 7.0 9.1

8:00 5.5 7.8 5.3 6.9

9:00 6.2 7.2 5.4 5.8

10:00 6.5 7.1 6.0 5.2

11:00 5.0 7A 6.0 5.3

12:00 Noon 5.5 7.1 5.7 5.2

1:00 P.M. 5.6 6.0 6.0 5.7

2:00 6.1 6.1 7.1 7.0

3:00 9.4 7.2 7.0 7.6

^:00 9.0 8.3 5.7 7.1

5:00 6.0 6.4 5.3 5.8

6:00 i^.G 3.7 3.9 4.8

7:00 2.8 3.5 3.2 2.7

8:00 2.6 3.3 2.7 2.9

9:00 2.3 2.8 2.9 2.7

10:00 2.1 1.7 2.4 2.0

11:00 1.8 1.6 1.6 1.9

TOTAL 100.0 100.0 100.0 100.0

SOURCE: Carmine Palombo (Southeast Michigan Council of Governments), Regional
Vehicle Classification and Occupancy Study, November 1982,
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H. TRANSIT USAGE STATISTICS

This section presents statistics on the usage characteristics of transit

facilities. Annual ridership data and selected productivity statistics (e.g., person trips

per revenue car mile operated) are reported for all commuter rail, rapid transit, light

rail transit, and streetcar systems and for major bus systems. Ridership data for

recently-opened rail and DPM systems are shown separately. Peak-hour volumes on

selected lines are also reported for various rapid transit, light rail, and streetcar

systems. Mode of access at the systemwide level and by selected stations/terminals

are reported. Note that access modes in the morning (at outlying stations) are much

different than access modes (at center city stations) on the return trip in the

evening. Thus, access mode shares can be expected to vary significantly depending on

whether they are given as AM inbound only, systemwide, and/or by station or

terminal. The distribution of access modes at stations and terminals is heavily

dependent on parking availability and cost, feeder bus service, and neighborhood

characteristics.
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Table H-ti

BUS TRANSIT (LARGE SYSTEMS): RIDERSHIP AND SYSTEM PROFILES (1986)

Annual
Maximum Revenue Annual Unlinked

Revenue Vehicles Vehicle Miles Unlinked Rides

Study Area System In Service (000s) Rides (000s) per VMT

Atlanta (MARTA) 60^ 25,521 85,257 3.3

Baltimore (MTA) 723 20,29^^ 101,529 5.0

Boston (MBTA) 778 22,310 96,789

Chicago (CTA) 1862 72,326 ^65,866 6A
Cleveland (RTA) 561 18,7^3 67,238 3.6

Dallas (TS) 602 18,1 19 ^^8,355 2.7

Denver (RTD) 631 25,3^7 53,5^7 2.1

Detroit (DOT) 571 21,099 72,369 3A
Detroit (SEMTA) 200 7,1 12 8,70^ 1.2

Houston (MTA) 71U 30,0^ 68,182 2.3

Los Angeles (SCRTD) 2073 91,395 ^50,378
la ft

Miami (DCTA) 1 7 QQQ

Milwaukee (MCTS) 17,28^ 75,230

Minneapolis (MTC) 821 21,993 72,693 3.3

Newark (N3T) 1621 66,260 135,598 2.0

New York City (NYCTA) 3781 98,073 7^8,070 7.6

Philadelphia (SEPTA) 11^1 33,01^* 173,90^^ 5.3

Pittsburgh (PAT) 802 28,083 81,7^^0 2.9

Portland (MTD) ^28 18,^22 50,39^ 2.7

San Francisco (Muni) 393 13,392 100,751* 7.5

Seattle (Metro) 8^1 25,578 61,323 2A
St. Louis (Bi-State) 637 19,950 52,386 2.6

Washington (WMATA) 1380 38,^16 170,757

SOURCE: U.S. Department of Transportation, National Urban Mass Transportation

Statistics, 1986 Section 15 Annual Report, (UMTA-VA-06-0127-88-1), June
1988.
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I. HIGHWAY AND HOV USAGE STATISTICS

This section presents statistics on the usage characteristics of major highways

and high-occupancy vehicle (HOV) facilities located on freeways. A key output of any

dennand modeling project is flows on the network. For comparative purposes, average

daily traffic (ADT) and the percentage of ADT occurring in the peak hour (as

measured at maximum load points) are presented for selected freeway facilities. For

HOV sites, peak-hour volumes on the general-purpose and HOV lanes (by carpool

and/or bus) are given as measured approximately one year after implementation and as

most recently available (typically, for the years 1982-1985). Information is not

presented here on changes in demand volumes due to the introduction of an HOV
treatment, thus the statistics presented are most useful for comparison with other

forecasts.

I-l



rtl

ooooooooooooooooooooolr^OOOOOu-^OOOOOOoOOOOO'AO

(U 0^<J^O^O^<T^O^O^O^C7^0^a^O^CJ^(J^O^CJ^CT^O^O^O^O^

I

>-

<

CO
LU

a,

X
UJ

Q
z
<

>-

<

UJ
UJ

z
<
Di

D
z
o
UJ

J
o
>
UJ

u

o

< s

o
OO
ON

N

XI- X <

c
o
(->

i3"3

a.
o
a,

<
>>l

Zi

CO

00
OO !^oo*7^^oooo ioooot^2lco!^2

VD O — —

,

00

VD OO

c

y
ON

c
n3
>,

c
ttJ

Q
*
ON o oO O i/A O —

I
—

' O
ON ON I VD

I I I I '5
I I

(T3

"O o
o .

-I UJ

ct)

u
c
o

c

OO

(L>

uo

CQ

c
o
+-•

DO
c
Ic
CO

(U
CuO

ON ON
I I

ON
o
OJ CM lO

a J, J,

DO fO

:s ^

CQ (U

td

+->

^z
OS

LU to

OO D
ITN CM ON

I I I

C^OnOCN—iCMONCNOOONOOr^OOOO^—i-*<NJ—ic^—'t\00'Au-sir\0 —iONr->-OOt~^ON —iOON-3-OnCNJvO
vDvD^^r^•*f*^oo-d-o<J-vDCNlOlr^oo^^—'CsimiAi^
—iCNvD-^OvJ-^f^NCNI-HON-H—H—iu-\—<—<r<^—<—

H

CM

< o

o <
s u

<

- c ^
<
u
o
DO
<u

<
u
o
u
CO

u
c

< CQ

u
a

(—) +-• CX_r-

c- E^ r: cTj

OO (y^ 1— ^

td

c
(13

J3

u
n3

0)

c
=>

o
u
<u

E
_3

o
>

tlj

u

o
1/5

1-2



<

UJ

a
X
UJ

Q
Z
<

<

UJ

Z
<

D
Z
o

tLl

o
>
UJ

y
X
UJ
>

O
X

I

<
UJ
a,

Q
z

id J

O 0)

ON ON ON

00 00 00 00
• * •

NO NO 3-
o
00

ON)

1 1 1 o o (N
1

o o o
ON 1

1

1

1
NO o NO 00 00 o lA m

00 (N 1

"A NO 00
•\

*A NO ^» ON d" •A

o o o o o o o O o o o O Oo o o o o o o o O o
ON O 00 CN in o o o o
oT NO •A \o lA lA fN?
ON ON -a- 00 ON •3- (NJ

•3- 3- -3- d- ^ -a- CNJ lA a- lA
00 00 00 00 00 00 00 00 00 00 00 00
ON ON ON ON ON ON ON ON ON ON ON ON ON

00
00 00 00 00 00 NO 1 00 NO 00 00 NO NO

NO

u

>
<
c

u
o

©
Q
CD

U
o

UJ

o
(N

I

>

00
c

•(->

(0

o
CM

I

(U

>
<

'c

Q
U

lA
00

I

o

Z
Q
CD

U

0 ^
(/ Z
lA lA

1 I

lA

I

o

Z
lA
oo

I

lA
ON
3-

ON
I

c
o
Q-

E
CO
x:
•M

©

X
llJ

uj

X

o

00

10

UJ

I

I

lA
ON

c
o
M-l

U
©
UJ

Q.
X
UJ

c
o
to

c
>
<D
•!-«

OO

I

I

lA
«A

I

<
©

O
SI
(/)

O
I

O
JZ
+->

3
O
C/5

lA
(N

I

a
O

D
>

oo
0}

jO

u
i

o
I

>
s

(U

(L>

NO

Q.

W)
C

o

o
00
ON

"CI

"3 <
<L» ^ O
1- <U .2< N -M

-5^ CO 13

3 -Q a
(Jo D Q-

<
a o
^ o

iS ^

o

(/5 NO

-J—
' o
•> o
O O

U 00

jc -

O ^

o

> lA
C ro

c
o

(U

C

c
o
u

f2

1-3



o> up"

5iID

o

nj CL I/)

k oi

O OO — o
1^

o O O o o o O o o oo o
00

-3- \D 00

a
a;

c
+-<

c
o

y
I

<

UJ

Qi
CL

X
UJ

Q
Z
<
to
>-

<

UJ
UJ

a:

z
<

D
Z
o
to
UJ

O
>
UJ

y
UJ
>
oi

o
X

I

<
UJ
a,

Q
Z
<
>
-J

<
Q

1^ ^ '^l

n3

031

< ^

O o
O nji

Z -J|

o o o o O o o O o oo o o o o o o o o
-a- a\ ON o fNJ

rsi o ro
o -3- O

00 o "A
00 00 00 00 CO
0^ ON ON ON ON ON a\

00 \D 00 00 o CO o 00 o

U
^
ON

I

U-

c
a;

ON

U-

1-

L.

o

-o
>
CD

o
CO

03

UJ

DOo
O

<D>

(J

Q.
O
O

O
z
O

00

*->

o
Z

O

e

I

>
<

u
5

OO

I

OO

03

I-

03

UJ

03

U
u

c
c
03
x:

U
.9r

OO

03

UJ

1 1
ON ON 1 1 oo o
OO VO

1 1 D D 1 1

X
-o

O

<v
CO
03

Q.

W3
C

o

c
o
o
=5
c
+->

c
o
u

ii
JQ
fOH

1-4



a
Z3

JZ
•M
c
o
U

I/O

>-

<
CO
OO
UJ

Di
CL

X
tu

Q
z
<
t/0

<

UJ
UJ

z
<
CD

D
Z
o
CO
UJ

ZD
J
o
>
UJ

U
X
UJ
>

D
O
X

<
a.

Q
z
<

<

o u> <u

t-

I

(Nl

o

(0 Q- I/) 03

c
4: o

^ ^ tfl

03

t

(N

03
i-

03

<U

>-

O D
. C
O 03

Z J

o
00
ON

"5 <
1- <D .2< N (->

03 :3

on D CU

in 00 ON ON 0 00 00 NO

•A r'N NO NO

0 0 0 0
!

0 0 0 00 0
CO 0 NO 0 "A lA ON ON (N
r<^ ON nO^ 00 NO "A 0

w
NO 3- •A f<r 00 NO NO NO

0 0 0 0 0 0 0 0 0 0 0 0 0
00 lA fN 0 0 0 0 0 0 0 "A •a-0 rv. 0 0 CM ON 0 0 0 lA

00 0 fO 0 (NJ c<^ 0 NO 0
CN 00 (N ON ON

(N

a- a- a- <J- •3- (NJ (N ^ 00 00 ON
00 00 00 00 00 00 00 00 00 00 00
ON ON ON ON ON ON ON ON ON ON ON ON ON ON

00 00 NO NO NO NO NO 3- NO —

H

00 00 NO

.s ?
CO

C
O
u

I

z

c

1_

a
o

u-

(/)

1

z

00

NO
CM

©

I

UJ

00
NO

u-

o
oN

=)

03

a
X
UJ

o
c

c
o
-4

z

O
>- ON

z -

>

Q

Q
U-

c
c
(-

c

o
X

C
c

(U

c
c
DH
>>
>-

lU
•!->

•M

I

c

.S 2

o
00

&0

CQ

>»
03

OD
I

T3
C

OJ

O

to

u

(0

£
OJn

o
00

u-

0)

+-•

:3
o

t/1

D
a;

;d

CD

<UM
03

a
c
(D

"o

<
u
o
u

03 O
ON

bO
03
Q.

W)
C

o

c
o
o
a;

I
c
o
u

i-s



-a
(U

C

c
o
U

j2

to

<
CO
oo
UJ

cd

X
UJ

Q
Z
<
to
>-

<
UJ
UJ

z
<
Di
D
Z
o
UJ

D
J
O
>
UJ

U
X
UJ
>
a;

D
O
X

I

<
UJ
Dm

a
z
<

<

(/5

a .2

o>

Q- .S

(Tl

<

H
Q

^ ct3

I

>>

c
>2

>>i

I

(N

O (U
. c
O n3

Z -I

o
00
ON

^<
I- <u .2< N -t^

-n ct3 D
3 -Q a
CO D a,

>

5 u

E
o
+-•

o
a,

1-

>
O

W)
;o

as
I

U
Q
c
o o
+^ o
ClOo
c •>— m

as

oo
o
a;

as

a- o
• • •

l/N

o o
!

1

vD 1

o CM 1 1

»>

o O o oo o O oo 1^

—

H

00 CN
—1

<^ J-
00 00

as as as as

00 00 so M3

a
CO

o
0^

CQ

>
(/)

o
o

03

o
X

03

O
U
03

^ ^

M
O
Z

c

03
•M

O
(U

c
3
o
u
x:

y

03
<U

>-

I

I

+->

03

e

CO

UJ

03 -Q

to

03
(U
k>

03

a
•->

v>

a

•o
c

E
o

M
u.

O
cu
0)

UJ

u

D
O

1-6



Z
o
I-
<
z
liJ

UJ
-1
a

UJ

<

<
>

z
o
>-
_)

<

><

o
cu

<
I/)

u
<

<
UJ
UJ
a

>
o

z
o
to
UJ

D

>
a:
•D
O
X

I

<
UJ

El
>
' o cn
> ^O

X

^ E I
O 3 3 CL
•n 03 o Cu

n < o >

o o

O >^
Z

c
o

^'^

< £

SI

>
O i:

>

irsa-'o—<oo^>or^l^^N.^^
—1

43- ^ 00 (N VD vo

^ lo
(N (NJ —< rsl f<^ m 00

<
CL

z

CO
X)

"^Z'^'^t^Z-'^Zf^'^

-H\£)Ot~^v£>Or>.>OrnOr<^\f>

0\ 0\ C\ 0\ ^ 0\ ON 0s ON

o 000 00 00
o 000 00 00
a. cl a. CL a. o. a. a.

U

O

fO rt (0

u u u
+ + +

U U
+ +

<0 03

U U
>^+ + + >^+ + >^+ +

333333333333
CQcQCQcQcOcOcQcQcQdIlCQcQ

L.

Q.
X

(0

lA
I/)

L.

Q.
X

UJ UJ

(0

D
+->

3
o

o -a

c c

a;

a; 0)

^ CQ CCl

3 c c
O (0 ««

_ L- l_

^ u- u-

5 131:5 !i

ON ON .h;

>>

bp

_ -H S
o o >,

(/) in

10 (/) 00 1/5 1-;, J, J {Q CQ D D uo

C>0 00 O
c c c c ._ ._ s,
O O < < £ E ^
(/) V) 10 «i n3 fO ^
O O O o Si
CD CD J J 2 S Z

u
Q
c
o
bO
c

^ II- u-

(T3

T3 -O
C C
ra CO

o o
u u

*u 'u
c c

o o
0- D-

c c
CO CO

(/I

a;
+j
o
Z
o

>•
V

c

> .O J2X "o

.5 S.
L.

•O (0

0) U

Is
1

1

^ u

3 -M
(0 C

.t: 3

2 <->

u o
^ O
o ^
Z {-

CO XI

a;

u
COa
a;

oa
V
oi

"cO
_U

'cX
u
a;

H

V
3

'cX
u
V

>
O
X
o

I/)

V
E
3

>

>
(0

CL

<

J-O
(N
00

Q

<

I
u-

c
o

M C
.2 £

< ^
I- ^
I!
X

D CO

1^ 1)
cOX a!

U u-

U
D
O

1-7



^ o o
^ o oO Q. a

o <^
00 o

in

V
in

1- fl

o o
o o

J >

o 00 00 o o oo o
• • •

O in o m o OO CO in ON mO o ON^ (Nl vD ON

ro f»N 00 (N

o *n «n vD tn in o (NJ

tn Q On
00 oo_ o J- in fo (JN^ in

r^T PO (N •-^

^ '
/—

s

f—

>

—

^

o (N o o o |N>

O vD >r\ ON 00
«^

CO fNJ

O 00 00 fNJ CM in ro O
1O 00 vD v£> O

ON fSl 00 m f*N 43-
1

<N r^T CM (nT (N

(NJ J- •a- CS- C3- m »n
00 00 00 oo 00 1^ 00 00 00 00 00
ON ON ON ON ON ON ON ON ON ON ON

"o "o "o "o "o "o
©

"o "o
o o o o o o o o o a. o
Q. a Q. Q. D. Cl Q. a Q. Cl Cl
c i» t_ k_ L. L. i_ s_

rt) (fl (T3 (0 (13

> U U U u U U O U U U
+ + + + + + + + + + +
00 (Nl (Nl fo (Nl po CO

v> to to (/> (/) 1/5 00 lO CO to

3 Z! 3 3 3 3 3 3
CD CD CD CD 02 03 23 CO 03

ft> (fl

(T3

.COZ

J- X

o m—< (N

On •

J, o
c
(0

CQ D D

c
o
*->

lO
3
O

V
GO
c
<
(O

O

J3 C

(T3 (0 I- C

=2 D-

O
to (T3

U _fO

(t! U

>n
ON
C*N

I

(^

&0

(/5 J.

u u

C (tl

(D a;
t/) (/) 1/5

c c

to to
(13 (B

to
0)
+->

o
z
o

>.

t«
u
o
4->

JS
"o

>

c
(0

o
oa
c
>

"o
o
a.

u
to
3
XI

_

to

(L>
•

D
3
"u
c

c
(0
XI

D
I

I

XI

•o

i
_)

]y
!c
a;

>

u
c
(0 .

Djin
00
ON

3
u
u
o
53

Cl

c
c
(0

XI
c
(«

c

3
u

L.

o

oX
03

hJ

(3

c
o

in
03

z

o
3

o
o
X .h!

^ (0

to

tl-

c
03

u
a;a
to
O

X

X
3
o
in

C H-l

U
D
o

1-8



H

<

>
o
X

<
H
</)

z
<

Z S
O03U
UJ

D
J
O
>
z
o

03

0^ Q-

o
X

I

<
UJ
D-

Q =j

Z -Q
<! to

> -o
-I a

§1

o
o
Cl
L.

03

U
•u
c
03

<i;

Ml
c
<u

CO
«J

CL

CO

•M

'oO

C
03

03 X

CL 03

t3

•M

E

a

o o o oo o o oO ON O (N
«^

cj- in m r<^

-oo
2
O O OO O O
lO O

a <D O CD
CslO oO CO ON

f^loooOlr^<^^'Nrs!ON
in OJ —I \^ in —( —

I

O
OO CV)
3- tv.

\0 CO

lA-a-ooooooinooooovooo
lO—coo—iOONU-\oor^vDt^—"ONx^vDvOO—'-a-t^oOONiAONvD—<(N—iO<NrorNJ(NI
^ ^ fN CM m fNj c^

ro —

1

CO (N| (Nl r<^ CM 1^ —

(

0N4a-r<N>O\0"^^<N^^OOcS-c^v0^0l^^0NCN
t^oor^oor^oooot^r^r^r^oooooor^vooo
ONO^O^O^O^O^ONONONONONO^O^ONC7NO^ON

O3f0o3o3o3O3{0O3o3c0o3fClo3(do3o3o3

O —4

03

CO

CD

ON*
I

J^:2^2
5^

<U

IT) +j
-3- 03

J,

a
03

ON

I

03

&0

ON
in

cQ c o u cQ

"o cQ c (0

o
(N4

NO
c/0

<
I/) CO

(L) (U

c
o

c bO bO
o c c

(rt to ^ ^ _
5 2 to to 03 o3O O o o

" o_ <D 3 3 s„
&0-Q JO

C C <^

o o o o
u u u u
to to I/) to

'u u 'u "u
c c c c
03 03 OJ 03 (u (1)

L. Ji:^ Ji^

[L U- U_ U- +-•

U U
Q
c
o

c c

. - - -4_,4_,r;cCCCo3o3frt(Tj
(U

^0
00
ON

O
x:

T3

—H C

> io U
QJ O

0) u

O 3
o

ir> If)

^ £
5 o

to

>>
03o

c
o

Is
CM Q.
If) V

o <
I I

I I

03 X! U T3

2^ 03 -O

- ^ ^
U

00
ON

0)
JD
O
+->

u
O
to

>>
cd

•—I

c
03

H
c
o
M
CO

u
o
CO

<

to

c
03

U

c
03
U

£
<

U
a:

D
o

1-9





I

I





NOTICE
This document is disseminated under the sponsorship of the U.S.

Department of Transportation in the interest of information

exchange. The United States Government assumes no liability for its

contents or use thereof.

The United States Government does not endorse manufacturers or

products. Trade names appear in the document only because they

are essential to the content of the report.

This report is being distributed through the U.S. Department of

Transportation's Technology Sharing Program.
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