UC Berkeley

Earlier Faculty Research

Title
Summary of the Nonmonetary Externalities of Motor-Vehicle Use

Permalink
https://escholarship.org/uc/item/9n05i921

Author
Delucchi, Mark A.

Publication Date
1998-09-01

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/9n05j921
https://escholarship.org
http://www.cdlib.org/

The University of California
Transportation Center

Unuversity of Califorma
Berkeley, CA 94720

Summary of the Nonmonetary Externalities
of Motor-Vehicle Use

Mark A Deluccht

Working Paper
UCTC No 319



The University of California

Transportation Center

The University of Califorma
Transportation Center (UCTC)
1s one of ten regional units
mandated by Congress and
established 1n Fall 1988 to
support research, education,
and traimng 1n surface trans-
portation The UC Center
serves federal Region IX and
1s supported by matching
grants from the U S Depart-
ment of Transportation, the
California Department of
Transportation (Caltrans), and
the Umiversity

Based on the Berkeley
Campus, UCTC draws upon
existing capabilities and
resources of the Insututes of
Transportation Studies at
Berkeley, Davis, Irvine, and
Los Angeles, the Institute of
Urban and Regional Develop-
ment at Berkeley and several
academuc departments at the
Berkeley, Davis Irvine and
Los Angeles campuses
Faculty and students on other
University of Califorma
campuses may participate in

Umversity of Califorma
Transportation Center

108 Naval Archutecture Busiding
Berkeley, Califormia 94720

Tel 510/643-7378

FAX 510/643-5456

Center activities Researchers

at other universities within the
region also have opportumties
to collaborate with UC faculty

on selected studies

UCTC’s educational and
research programs are focused
on strategic planning for
improving metropolitan
accessibility, with emphasis
on the special conditions in
Region IX Particular attention
18 directed to strategres for
using transportation as an
mstrument of economic
development, while also ac-
commodating to the region’s
persistent expansion and
while mantaining and enhanc-
ing the quality of life there

The Center distributes reports
on 1its researck 1n working
papers, morographs, and in
reprints of cublished articles
It also pubushes Access, a
magazine prasenting sum-
maries of selected studies For
a list of publications in print,
write to the address below

The contents of this report reflect the views of the author who 1s responsible
for the facts and accuracy of the data presented heremn The contents de not
necessanly reflect the offictal views or policies of the State of Californsa or the
U S Department of Transportation This report does not constitute a standard,

specification, or regulation



Summary of the Nonmonetary
Externalities of Motor-Vehicle Use

Mark A Delucch:

Insttute of Transportation Studies
University of Califorma
Davis, CA 95616

Working Paper
September 1998

Report #9 1n the Senes The Annualized Social Costs of
Motor-Vehicle Use in the United States, based on 1990-1991 Data

UCTC No 319

The University of California Transportation Center
University of California at Berkeley



ACKNOWLEDGMENTS

Thus report is one in a series that documents an analysis of the full social cost
of motor-vehicle use in the United States. The series is entitled The Annualized
Social Cost of Motor-Vehicle Use in the United States, based on 1990-1991 Data.
Support for the social-cost analysis was provided by Pew Charitable Trusts, the
Federal Highway Administration (through Battelle Columbus Laboratory), the
University of California Transportation Center, the University of Califorrua Energy
Research Group (now the Urnuversity of California Energy Institute), and the U. S.
Congress Office of Technology Assessment.

Many people provided helpful comments and ideas. In particular, I thank
David Greene, Gloria Helfand, Arthur Jacoby, Bob Johnston, Charles Komanoff,
Alan Krupruck, Charles Lave, Douglass Lee, Steve Lockwood, Paul McCarthy, Peter
Miller, Steve Plotkin, Jonathan Rubin, Ken Small, Brandt Stevens, Jim Sweeney,
Todd Litman, and Quanlu Wang for reviewing or discussing parts of the series,
although not necessarily this particular report.

Thanks to Kevin Nesbitt for performing the analysis of travel time and trip
distanice by income class, trip purpose, and mode of transportation.

Of course, I alone am responsible for the contents of this report.



REPORTS IN THE UCD SOCIAL-COST SERIES

There are 21 reports in thus series. Each report has the publication number UCD-IT5-

Report 1:

Report 2:

Report 3:

Report 4:

Report 5:

Report 6:

Report 7:

Report 8:

Report 9:

Report 10:

Report 11:

Report 12:

Report 13

Report 14

.
29

RR-96-3 (#), where the # in parentheses is the report number.

The Annualized Social Cost of Motor-Vehicle Use in the U.S., 1990-1991:
Summary of Theory, Methods, Data, and Results (M. Delucchi)

Some Conceptual and Methodological Issues in the Analysis of the
Social Cost of Motor-Vehicle Use (M. Delucchi)

Review of Some of the Literature on the Social Cost of Motor-Vehicle
Use (J. Murphy and M. Delucchu)

Personal Nonmonetary Costs of Motor-Vehicle Use (M. Delucchi)

Motor-Vehicle Goods and Services Priced in the Private Sector (M.
Delucchi)

Motor-Vehicle Goods and Services Bundled in the Private Sector (M.
Delucchi, with J. Murphy)

Motor-Vehicle Infrastructure and Services Provided by the Public Sector
(M. Delucchi, with J. Murphy)

Monetary Externalities of Motor-Vehicle Use (M. Delucchi)

Summary of the Nonmonetary Externalities of Motor-Vehucle Use (M.
Delucchi)

The Allocation of the Social Costs of Motor-Vehicle Use to Six Classes of
Motor Vehicles (M. Delucchi)

The Cost of the Health Effects of Air Pollution from Motor Vehicles (D.
McCubbin and M. Delucchi)

The Cost of Crop Losses Caused by Ozone Air Pollution from Motor
Vehucles (M. Delucchi, J. Murphy, J. Kim, and D. McCubbin)

The Cost of Reduced Visibility Due to Particulate Air Pollution from
Motor Vehucles (M. Delucchi, J. Murphy, D. McCubbin, and J. Kim)

The External Damage Cost of Direct Noise from Motor Vehicles (M.
Delucchi and S. Hsu) (with separate 100-page data Appendix)

ii



Report 15: U.S. Military Expenditures to Protect the Use of Persian-Gulf Oil for
Motor Vehicles (M. Delucchu and J. Murphy)

Report 16: The Contribution of Motor Vehicles and Other Sources to Ambient Awr
Pollution (M. Delucchi and D. McCubbin)

Report 17: Tax and Fee Payments by Motor-Vehucle Users for the Use of Highways,
Fuels, and Vehicles (M. Delucchi)

Report 18: Tax Expenditures Related to the Production and Consumption of
Transportation Fuels (M. Delucchi and J. Murphy)

Report 19: The Cost of Motor-Vehicle Accidents (M. Delucchi)
Report 20: Some Comments on the Benefits of Motor-Vehicle Use (M. Delucchi)

Report 21: References and Bibliography (M. Delucchi)

There are several ways to get copies of the reports.
1). First, you can order hard copies of the reports from ITS:

A. fax: (530) 752-6572

B. e-mail: itspublications@ucdavis.edu

C. ITS web site: http:/ /www .engr.ucdavis.edu/ ~its

D. mail: Institute of Transportation Studies, University of California, One
Shields Avenue, Davis, California 95616 attn: publications

The average cost is $10 per report.

2). I have an e-muail list of persons who wish to receive new or revised reports as
files attached to an e-mail message. I will be happy to put you on the list. There
are two groups, actually: one receives reports as MS-Word for Windows 2.0, uu-
encoded; the other as MS-Word for Mac 5.1, binhex encoded. If wish to be on an
e-mail list, please tell me which one.

3) The University of California Transportation Center (UCTC) has posted Report #1,
the summary, on its website, as a PDF file. (They might post more later). Go to
“Delucchu” in the alphabetical hst at:

http:/ /socrates.berkeley.edu/ ~uctc/text/papersuctc.html

4) FHWA, Planning Analysis Division, Office of Planning, 400 Seventh Street, S. W.,
Rm 3232, Washington, D. C., 20590, has a limited number of copies of Report #1

111



LIST OF ACRONYMS AND ABBREVIATIONS AND OTHER NAMES

The following are used throughout all the reports of the series, although not
necessarily in this particular report

AER = Annual Energy Review (Energy Information Administration)
AHS = American Housing Survey (Bureau of the Census and others)
ARB = Air Resources Board

BLS = Bureau of Labor Statistics (U. S. Department of Labor)

BEA = Bureau of Economic Analysis (U. S. Department of Commerce)
BTS = Bureau of Transportation Statistics (U. S. Department of Transportation)
CARB = California Air Resources Board

CMB = chemical mass-balance [model]

CO = carbon monoxide

dB = decibel

DOE = Department of Energy

DOT = Department of Transportation

EIA = Energy Information Administration (U. S. Department of Energy)
EPA = United States Environmental Protection Agency

EMFAC = California’s emission-factor model

FHWA = Federal Highway Administration (U. S. Department of Transportation)
FTA = Federal Transit Administration (U. S. Department of Transportation)
GNP = Gross National Product

GSA = General Services Administration

HC = hydrocarbon

HDDT = heavy-duty diesel truck

HDDYV = heavy-duty diesel vehicle

HDGT = heavy-duty gasoline fruck

HDGYV = heavy-duty gasoline vehicle

HDT = heavy-duty truck

HDV = heavy-duty vehicle

HU = housing unit

IEA = International Energy Agency

IMPC = Institutional and Municipal Parking Congress

LDDT = light-duty diesel truck

LDDV = light-duty diesel vehicle

LDGT = light-duty gasoline truck

LDGV = light-duty gasoline vehicle

LDT = hight-duty truck

LDV = light-duty vehicle

MC = marginal cost

MOBILES = EPA’s mobile-source emission-factor model.

MSC = marginal social cost

MV = motor vehicle

NIPA = National Income Product Accounts

NOx = nitrogen oxides

iv



NPTS = Nationwide Personal Transportation Survey

OECD = Organization for Economic Cooperation and Development

O3 = ozone

OTA = Office of Technology Assessment (U. S. Congress; now defunct)

PART5 = EPA’s mobile-source particulate emission-factor model

PCE = Personal Consumption Expenditures (in the National Income Product
Accounts)

PM = particulate matter

PM1( = particulate matter of 10 micrometers or less aerodynamic diameter

PM2 .5 = particulate matter of 2.5 micrometers or less aerodynamic diameter

PMT = person-miles of travel

RECS = Residential Energy Consumption Survey

SIC = standard industrial classification

SOy = sulfur oxides

TIA = Transportation in America

TSP = total suspended particulate matter

TIUS = Truck Inventory and Use Survey (U. S. Bureau of the Census)

USDOE = U. S. Department of Energy

USDOL = U. S. Department of Labor

USDOT = U. S. Department of Transportation

VMT = vehicle-miles of travel

VOC = volatile organic compound

WTP = willingness-to-pay



TABLE OF CONTENTS

ACKNOWLEDGMENTS.........oiriiiincrenstentessteisssssssceserssssscssssssssasssssssssasasssasscasssssssssacsssses i
REPORTS IN THE SERIES.......ccccceimmcnircrorinnissessencssssmsisssssssassesssssesessssssssssssssassssssesess i
LIST OF ACRONYMS.....ooimniniinioriiasmsisisiissnisssessssserssssssserenssasssssssessesssssessnssssassssessseses iv
TABLE OF CONTENTS ..o viivecniinininsinsesssesescesisseseasssssssssssssssssi sess s ssssssssssssssesasasasasansans Vi
4. PERSONAL NONMONETARY COSTS OF MOTOR-VEHICLE USE .....ccoovevnenee 1
4.1 BACKGROUND...ctrnierriruecratrecressessssisessescessesossssssssssssssossssssssstissntsssssssisssssornsosssassosasses 1
4.2 TRAVEL TIME, EXCLUDING TRAVEL DELAY IMPOSED BY OTHERS,
THAT DISPLACES UNPAID ACTIVITIES.....c.cciiieciomrucicrnencrscnunnenesessscsssssncassscsssocscnsence 2
4.2.1 Concepts and CategoTies......cccvuvurmrrrieiierennerenserereeseessssse s e ennes 2
4.2.2 Estimafing the Costu......iiniinrccrcenneesiie e 5
4.2.3 Total person-hours of travel time, by vehicle-travel
class (parameter PHT) ....cocoveevecuniirrmronscnnesismsnssessmssssrsessesssesessnsssoses 6
4.2.4 Total person-hours of delay (parameter PHTA). ....ccocvevvverervvecncnnnee. 7
4.2.5 The opportunity cost of travel time (parameter
FIUTLAT). ceoieeiirreineeniecseeeineeineeseeesesscaccencacssssassssonsasasasssssnsassassssessesnases 10
4.2.6 The cost of foregone norunonetary (unpaid)
activities (parameter Crum,ref)......cvoeeccrnrnnecnnnenieniesnssencsssnseaen. 12
4.2.7 The hedonic cost of travel time (parameter
O, AL, TEE ) eeoveecerreerceecrececnerececrerreressestacarsssensssssassusssssssassassssorasarsasscssnassanns 18
4.2.8 The dependence of Cnun,ref and Ch,dr,ref on average
speed (parameters Sref, Bo, Bh) ..o 19
4.3 ACCIDENTAL PAIN, SUFFERING, DEATH, AND LOST NONMARKET
PRODUCTIVITY INFLICTED ON ONESELF .....ccoccunneicrumnsnressrunseecscosessasscnsessnenssscnsanas 20
4.3.1 Background and overview of method.....ccecvceneeeeenccerevennennee. 20
4.3.2 Condensation of the formal method......cuoininineni, 21
4.4 PERSONAL TIME SPENT WORKING ON MOTOR VEHICLES AND
GARAGES, REFUELING, AND BUYING, SELLING, AND DISPOSING
OF VEHICLES. ... cereeecccroteieenecctonscseisicsessesssssresssecssssnssssessssssnnnsesssssrsnnssanssnsnsnses 23
4.4.1 The value of personal time spent working on motor
vehicles and garages, and refueling motor vehicles..................... 23
44.2 The value of time spent buying, selling, and
disposing Of VEhICIes........ccocvvvrvicronnrennriinnntccs s 25
4.5 MOTOR-VEHICLE NOISE AND AIR POLLUTION INFLICTED ON
ONESELF...ccieececrntttennenitnueieinneniriceiscassstsssssscsssecsreescossssossosassssorssnesossssssanssssssssasasssss 26
4.6 SUMMARY OF PERSONAL NONMARKET COSTS....ceeeucmcrisermrrccscoscssserccscnsossnosonsares 26
4.7 REFERENCES.....oiiititriniiietinisarnisnssscacesessestosscacansstncsososssssesasessosssresstssensessessenscasass 27

vi



TABLES

TABLE 4-1. THE COST OF TRAVEL TIME BY VEHICLE CLASS, 1990......cccccocouevvuvcenuencnnn.

TABLE 4-2. BILLION PERSON-HOURS OF TRAVEL (CONGESTED AND
UNCONGESTED CONDITIONS), BY MODE, TRIP PURPOSE, AND

INCOME CLASS, FOR NON-SEGMENTED TRIPS, 1990 ......cccouevenienerrnenennene

TABLE 4-3. BILLION PERSON-MILES OF TRAVEL (CONGESTED AND
UNCONGESTED CONDITIONS) BY MODE, TRIP PURFOSE, AND

INCOME CLASS, FOR NON-SEGMENTED TRIPS, 1990.......cccoovieriinieecnnn.

TABLE 4-4. AVERAGE TRAVEL SPEED, BY MODE, TRIP PURPOSE, AND INCOME

CLASS, FOR NON-SEGMENTED TRIPS, 1990 (MPH).....cccccoceerermamemmnucsrccrecnnae

TABLE 4-6. SUMMARY OF THE PERSONAL NONMONETARY COSTS OF

MOTOR-VEHICLE USE, 1990-91 (BILLION 1991 $). ccvcovurresreecesernrncenernnees

APPENDIX 4.A

..........

0000000000 48

AEIVING ceerreee ettt e et crsrs s sensas s s s snessesnees 49

4.A.1.2 Estimates by drivers of their total mileage.........cc.ccooovueuunn. 52
4.A.1.3 Estimates of miles of travel by household

VERICIES: ettt st 52

4.A.14 Travel during the designated “travel day” ......ccocooveverreurinncnec. 53

4.A.1.5 Long trips during the “travel period.” ......ccoeeeecnreeivernrrerverennenn. 53

4.A1.6 CONCIUSIONS: ..ot ceinrcrnecesse s crsas s assesesesenssestssnsssssssessns 54

4.A.2 MY USE OF THE NPTS DATA AND OTHER DATA ON TRAVEL................ 54

4.A.3 COMPARISON OF THE RESULTS OF OUR ANALYSIS OF THE
NPTS DATA WITH OTHER ANALYSES OF NPTS DATA, AND

WITH OTHER SOURCES OF DATA .....coeerenrieercennnnnrenenecnsencesiesansnstsesesnnens
4.A.3.1 Comparison with other analyses of the NPTS data...........

4.A.3.2 Comparison with estimates of time spent in

.
VEIICIES ..ttt ettt e s crae e e ssseenense e erersens

TABLE 4-A1. SUMMARY STATISTICS FROM THE NPTS, AND FROM FHWA,

FOR 1990 ...........................................................................................................

TABLE 4-A2. BUSINESS AND COMMERCIAL USE OF HIGHWAY VEHICLES:

THE NPTS VERSUS THE TIUS (106 MILES) ...ooorvvvermeeeerneeeeesneneseeneeesensesnnen

Vil

..........



4. PERSONAL NONMONETARY COSTS OF MOTOR-VEHICLE USE

4.1 BACKGROUND

Personal non-monetary costs are those unpriced costs of motor-vehicle use
that a person imposes on herself as a result of her decision to travel. The largest
personal costs of motor-vehucle use are personal travel time in uncongested
conditions and the risk of getting into an accident that involves nobody else or
would have happened regardless of the actions of others.

Note the distinction between personal nonmarket costs and externalities.
Personal costs are caused and borne by the same party, whereas externalities, which
are covered in Report #9 in the social-cost series, and column 6 of Table 1-1 of
Report #1, are imposed by one party on another but not accounted for by the
imposing party. The risk that I will cause an accident and injure myself is a personal
non-monetary cost; the risk that someone else will injure me 1s an external cost, if
the other person does not account for it, and if I would not have been injured had
the other person not driven. The congestion delay that others impose on me is an
external cost; the rest of my travel time is a personal non-monetary cost. These
distinctions are relevant to policy making because personal costs are unpriced! but
efficiently allocated if consumers are informed and rational, whereas externalities
are unipriced and generally a source of nefficiency2. As discussed below and
indicated in Table 1-2 of Report #1, the usual prescription for externalities is a
Pigovian3 tax, whereas the “prescription” for a personal cost 1s just that the affected
party be fully aware of it. Thus, any individual should be taxed for the accident or
travel time costs he imposes on others, and be fully aware of the costs that he
himself faces as a result of using a motor-vehicle.

If an individual does not correctly assess the personal costs to himself, then
he will consume more or less than he would have had he been fully informed and
rational. It is likely that some drivers do make such mistakes some of the time, and
that as a result the observed level of personal nonmarket costs is not optimal. For
example, there is evidence that most drivers overestimate their alertness and

IExphcit prices, which mediate transactions between buyers and seller, obviously are not necessary if
the “buyer” and “seller” are one and the same , and there 1s no exchange, or no market One mught say
that personal costs are priced implicitly or “internally”

2] recognize, though, that the distinction between personal nonmarket costs and nonmarket
externalities 1s awkward to the extent that it 1s not realistic psychologically In reality, if a motor-
vehicle user accounts for, say, exposure to noise and the risk of an accident, she does not necessarnly
distinguish between the noise or nisk that she 1s responsible for and the noise and risk imposed by
others Rather, she probably makes a quahtative judgment about overall exposure to noise and risk

3Named after the English economust A C. Pigou, who made significant contributions to the economic
analysis of social welfare



driving skill, and underestimate their chances of getting into an accident. To the
extent that they do, they underestimate the expected personal cost of driving, and
make more trips, or more risky trips, then they would if they were properly apprised
of their abilities and chances®.

Report #2 in this series contains further discussion of the classification and
interpretation of personal nonmarket costs.

4.2 TRAVEL TIME, EXCLUDING TRAVEL DELAY IMPOSED BY OTHERS, THAT
DISPLACES UNPAID ACTIVITIES

4.2.1 Concepts and categories

The value of the time that people spend in their cars and trucks is the single
largest item in this cost accounting. According to my preliminary estimates, all
travel time in motor vehicles (including compensation of paid drivers) is worth
roughly one trillion dollars annually.

In general, the cost of any travel time, whether monetary or nonmonetary,
personal or external, can be estimated simply as the amount of travel time, in hours,
multiplied by the cost per hour of travel. Total travel time can be estimated in a
straightforward manner from data on travel times or data on average speeds and
distances. It is not so straightforward, however, to estimate the cost per hour of
travel time, and to separate the externality of travel delay from the total travel time.

In thus section of this report, I estimate the value of travel time (excluding
travel delay) that displaces unpaid activities, such as leisure. I estimate the largest

4Miller (1989) cites a 1978 study that found that people typically estimate their crash risk at 60% of
the actual risk. Similarly, Dejoy (1989) refers to two studies that show “that while most drivers
possess fairly accurate perceptions of total, societal traffic risks, they tend to believe that these
aggregate estimates of risks do not apply to them personally Most drivers consider themselves to be
safer, more skillful, and less likely to be involved m an acadent than the average driver”. DeJoy’s
(1989) own study of the risk perceptions of 106 college students found that that was precisely how the
students perceived themselves. namely, as safer, more skiliful, and less likely to be involved 1n an
acaident than the average driver DeJoy (1989) concluded that “in general, it appears that optimusm
arises because people persistently overestimate the degree of control that they have over events” (p
333)

Other researchers have suggested that people believe that their probability of getting i an
accident 1s zero. For example, Jansson (1994) states that “some researchers even go so far as.. [stating]
that the perceived accident cost 1s nil” {p 34) This, however, seems too extreme

3If, as seems to be the case, people really do substantially underestimate their expected personal
accident costs, and 1if these personal accident costs are as large as estimated here, then 1t 1s important
to correct the mus-perceptions. However, the proper corrective is by no means obvious -- certainly, a
prescription for “better information” is too facile and not particularly helpful Dejoy (1989) notes that
because the core problem 1s that drivers exaggerate their ablity to control events, “interventions must
seek to counter the perception of exaggerated control by means that personalize the risk” {p 340)
Alternatively, one could make the true risk explicit by pricing it Thus Jansson (1994) states that
“Turvey (1973), for example, argued that it would be quite reasonable to charge road vehicles for their
owr expected accident costs to make the drivers fully aware of the nsk” (p 34)



component — the cost of personal travel time in household vehicles — n
considerable detail, for different income classes, travel modes, and trip purposes.
(The value of travel time, excluding travel delay, that displaces paid activities, 1s
estimated in Report #5. External costs of travel delay are mncluded with the items
estimated in Report #8 and Report #9, but actually are detailed here.)

The cost per hour of travel time: concepts. We may define the cost of travel
time as the social willingness to pay (WTP) to have the travel time reduced to zero,
all else (including access) equal. In principle, this cost, or social WTP, has two
components: an opporturuty-cost component, and a hedonic component (Hensher,
1997).

The gpportunity cost is the value of activities foregone while in the car. If one
must give up some activity of value while driving or sitting in a car, then one will
be willing to pay something to reduce travel time in the car to zero. Analytically, 1t 1s
useful to distinguish monetary, or paid activities foregone, from nonmonetary, or
unpaid activities foregone. If one would be working productively at a paying job
were one not traveling, then the opportunity cost of the travel time would be paid
work. If one would be watching a home video were one not traveling, then the
opportunity cost of travel time would be unpaid activity. The distinction between
paid and unpaid activity is relevant analytically because the dollar value of the paid
activity is explicit, whereas the dollar value of the unpaid activity has to be
estimated by non-market valuation or indirect market methods.

Note that, in determining whether the travel-time cost is monetary (paid),
we care not whether the traveler is reimbursed for travel, but rather whether the
activities that are foregone because of the travel are themselves directly valued 1n
dollars. If travel displaces monetarily compensated work time, then the travel time
has a monetary cost, and is included either in thus report or, if it also is an external
cost, in Report #8. But if the travel does notf displace paid work time, then the travel
time has a non-monetary cost and is included here or in Report #9.

For example, if business travel displaces paid work, then the cost of the travel
tume is the value of the foregone productivity, which is discussed in Report #5. In
thus case, regardless of whether the traveler is reimbursed explicitly for travel tume
per se, the business travel has a monetary cost. However, if business travel actually
displaces leisure time, then, even if the traveler 1s paid a salary during the travel or
1s reimbursed, the travel time has a non-monetary cost, because leisure time, which
1s the opportunuty cost, 1s not valued directly in dollars.

Of course, the opportunity cost of travel time can be zero. If one is able to do
mn the car precisely what one would do were travel time reduced to zero, then there
1s no opporturuty cost. For example, if a person can conduct business by car phone,
he or she might forego nothing, and hence have a zero time-opportunity cost.

Because the magnitude of the opportunity cost depends precisely on what 1s
bemng foregone, 1t will vary considerably across individuals and trips. For simplicity,
I will consider only two general kinds of foregone activities: leisure, or unpaid
activities, and paid productive work. I will estimate the value of both with respect to
the individual’s income.

The hedonic cost is the pure utility or disutility of the motoring experience
itself. The hedonic cost is determined by several factors, including comfort, safety,



privacy, available space, amenities, and the amount of effort and attention required
to control or in general worry about vehucle. If one actually likes the experience of
driving or being in a car, then the hedonic cost per se actually is negative. I expect,
though, that most people, most of the time, find motoring stressful or boring, and
hence would pay to eliminate the experience, although probably much less than
they would pay to avoid foregomng activities. Because the hedonic cost is non-
monetary, I include the entire amount with the estimates of non-monetary time
costs, here and in Reports #9.

Categories of travel, by type of vehicle, according to the data. Because the cost
per hour depends on the type of trip and the income of the traveler, I estimate cost
per hour and travel time for several different kinds of trips and trip-makers. In the
first instance, I distinguish the following general categories of travel, by type of
vehicle$:

¢ Private vehicles, for personal purposes
- daily travel (LDAs, LDTs)
- long trips (LDAs, LDTs)
e Private vehicles, for business purposes
-- LDAs, without paid drivers
- LDTs, without paid drivers
-- LDTs, with paid drivers
~ HDTs, with paid drivers
® Buses
— intercity and transit buses
- school buses
¢ Public (government) vehicles
— federal civilian vehicles (LDAs, LDTs, HDTs)
— federal military vehicles (LDAs, LDTs, HDTs)
- state and local civilian vehicles (LDAs, LDTs, HDTs)
- state and local police vehicles

The first category, daily travel in private vehicles for personal purposes,
comprises travel to work, shopping and other personal business, and social and
recreational trips, as reported in the Nationwide Personal Transportation Survey
(NPTS).

These travel categories are shown and further explained in Table 4-1, whuch
presents the data and results of the analysis of the cost of travel time. The table
shows total travel data for each category, and then, within each travel category,
estimates the portion of the total travel time that 1s due to delay and hence is an
external cost, and the portion that is not, and the portion of travel that displaces paid

6Hensher et al (1990) distinguish four kinds of trips* 1) private commuting to work m household
vehicles, 1) commuting to work in company-supplied vehicles, 1) travel as a part of work, and 1v)
non-work related personal travel They distinguished between commuters using private vehicles and
commuters using company vehicles because the latter have a higher income than the former, and are
willing to pay a higher percentage of that income to save time



work, and the portion that displaces unpaid activities. The portion that is not due to
delay and that displaces unpaid activity is a non-monetary non-external cost, and is
estimated below.

4.2.2 Estimating the cost
[n each vehicle travel category of Table 4-1 (daily travel, long trips, etc.), the
non-monetary time cost of travel, excluding delay, is calculated as”:

TTCinm = (PHT - PHTd) (-—1—-+(1——!—) Pa)
Oc Oc

2 Bh f4-1]
o
(an,dr Cnm,ref (—f%) + Ch,dr,ref .(Sref ) J

Snd

where:

TTCinm = the personal (internal) non-monetary travel-time cost (10% 1991$)

PHT = total person-hours of travel time (109 person-hours of travel; discussed
below and shown in Table 4-1)

PHTd = person-hours of delay (the travel-time externality) (109 person-hours
of delay; discussed below and shown in Table 4-1))

Oc = average vehicle occupancy (persons/vehicle; Table 4-1)

Pa = the ratio of parameters [Fnm] and [Ch,ref] for passengers to [Fnm] and
[Ch,ref] for drivers ({Fnm,pa]/[Fnm,dr] and [Ch,pa,ref]/[Ch,dr,ref])
(discussed below)

Fnm,dr = the fraction of travel time that displaces non-monetary (unpaid)
activities rather than paid activities, for drivers (discussed below and
shown in Table 4-1)

Cnm,ref = The cost of the foregone non-monetary (unpaid) activities, at the
reference speed Sref ($/person-hour; discussed below and shown 1n
Table 4-1)

Ch,dr,ref = the pure hedonic cost of travel, for drivers, at the reference speed
Sref ($/ person-hour; discussed below and shown in Table 4-1)

Sref = the reference speed, with respect to which the speed-dependence of
Cnm and Ch are estimated (assumed to be 30 mph; discussed below)

7The equation for the bus categores 1s shightly different

Bo Bh
TTCwm = (PHT - PHTd)- (1 - 51—) {an, dr - Cnm,ref (———iﬁ) + Ch,dr,ref (Sref) )
c

Snd

where the cost parameters are for bus passengers All of the time cost of the driver 15 monetary



Snd = the average speed when there is no delay (mph; Table 4-1 and derived
below)

Bo = the exponent that determines the dependence of opportunity cost Cnm
on average vehicle speed when there is no delay (assumed to be 0.15;
discussed below)

Bh = the exponent that determines the dependence of hedonic cost Ch on
average vehucle speed when there is no delay (assumed to be 0.75;
discussed below)

The key parameters are discussed next.
4.2.3 Total person-hours of travel time, by vehicle-travel class (parameter PHT)
In each travel category of Table 4-1 except “private vehicles for personal

purposes, daily travel” (column a), I calculate total travel time simply as:

PMT
Sa

PHT = [4-2]

In most of the travel categories,
PMT = VMT - Oc
where:

PHT = total person-hours of travel

PMT = total person-miles of travel (Table 4-1)

Sa = the actual average speed in 1990 (mph) (Table 4-1)
VMT = tfotal vehicle miles of travel (Table 4-1)

Oc = average vehicle occupancy (persons/vehicle; Table 4-1)

The column notes to Table 4-1 explain the estimates and assumptions of
PMT, VMT, Sa, and Oc.

In the category “private vehicles for personal purposes, daily travel” (column
a), I estimate person-hours of travel as:

PHT = SUM3-1.002

where:

SUM3 = total person hours of travel for all purposes except work-related
business, according to the our analysis of the NPTS (SUMS3 of Table 4-2)

1.002 = factor to account for car trips to access public transit, whuch trips are
not included in Table 4-2 (see the discussion in the notes to Table 4-2).



See the notes to Table 4-2 for details. I have excluded work-related business
travel here because I consider 1t to fall under the general category “Private vehicles,
business purposes,” of Table 4-1.

The NPTS data of Table 4-2 include all travel time, not just uncongested
travel time. In the next section, we estimate the portion of travel time that 1s subject
to congestion, or delay.

4.2.4 Total person-hours of delay (parameter PHTd).

I define person-hours of delay as the difference between the actual total
person hours of travel, calculated above, and the total person hours of travel that
would have obtained if all traffic flowed at the free-flow speed all of the time, but
person-miles of travel remained the same. The free-flow speed is assumed to be the
lowest speed at which an additional vehicle does not reduce the average speed.
Thus, in each of the travel categories of Table 4-1 (private vehicles for personal
purposes, etc..):

PMT
Snd

PHTd = PHT - [4-3]

where:

PHTd = person-hours of travel delay

PHT = total person-hours of travel (Table 4-1)

PMT = person-miles of travel (Table 4-1)

Snd = what the overall average speed in the travel category would have been,
over all miles of travel, had there been no delay

Snd is derived as follows. First we have this relation for the overall actual
average speed:

*

Sa= S’f; .Fd+(1~Fd) Snd"

where (all variables are for 1990):

Sa = the actual average speed over all miles of travel (mph) (Table 4-1)

Snd* = what the average speed over miles subject to delay would have been
had the miles not been subject to delay (mph)

Snd” = the average speed over miles that were not subject to delay n 1990
(mph)

Fd = the ratio of vehicle-hours of delay to total vehicle hours of travel
(discussed below)

R = over miles subject to delay, the ratio of average free-flow speed had there
been no delay to the average speed given the actual delay (discussed
below)



Note that R and Snd* pertain only to miles actually subject to delay in 1990,
whereas Snd” pertains only to miles not subject to delay in 1990, and Snd pertains to
all miles. In order to get an expression for Snd, we must assume that Snd* = Snd”;
i.e., that the average free-flow speed in the formerly congested areas would be the
same as the average free-flow speed in the originally uncongested areas. This means
that Snd* and Snd” = Snd. Then we have:

%-Fd-&—(l—Fd}-Snd:Sa
ey S
?+(1”Fd)

Our estimate of total national person-hours of delay, shown in Table 4-1, can
be compared with the detailed estimates of vehicle-miles of delay by the Texas
Transportation Institute (TTI) , as part of 1ts Urban Mobility Study. TTI estimates
approximately 4 billion hours of vehicle delay in urbaruzed areas (see “Urban
Mobility Study” under http:/ /tH.tamu.edu). This corresponds to 5-6 billion hours of
person delay nationally, which is slightly more than my lower-bound estimate.

The ratio of vehicle-hours of delay to total vehicle hours of travel, in 1990, in
each travel category (Fd). The best data sources indicate that this ratio is in the
range of 0.15 to 0.30. Lindley (1987) performed a detailed analysis of the Highway
Performance Monitoring System Database (HPMS) and estimated that in 1984,
freeways in urban areas of 50,000 or more persons had 1.25 billion vehicle hours of
delay. The total freeway travel in these areas was 277 billion vehicle-miles, which,
at, say, 40-50 mph on average, corresponded to 5.5 to 7 billion vehicle hours of total
travel.

Lindley (1987) assumed that congestion began when traffic volume (V) was
77% of capacity (C). According to Lindley, a V/C ratio of 0.77 corresponds to a
“service” level between C and D on the highway performance severity scale. At
level of service (LOS) C, speeds are “at or near” free-flow speeds (Federal Highway
Admurustration [FHWA], 1996). At LOS D, “speeds begin to decline slightly with
increasing flows” (FHWA, 1996). (The FHWA [1996] assumes that congestion begins
at V/C = 0.80, which corresponds to LOS D) However, Lindley assumed that the
average free-flow speed was 55 mph, which probably is a bit too low. If he had
assumed a higher free-flow speed, he would have estimated more vehicle-hours of
delay.

With these considerations, Lindley’s analysis implies that vehicle-hours of
delay, at least on freeways, were 15% to 30% of total vehicle hours of travel.

Turner (19927) reports that the Texas Transportation Institute (TTI) estumated
2.9 billion vehicle-hours of delay on freeways, and 1.3 billion on principal arterials,



in 10 urban areas, apparently around 1987 or 19888. Nine of the 10 urban areas are
included in Lindley’s study (above); in all nine of these urban areas, the TT1I
estimates 3 to 5 times more vehicle hours of delay than did Lindley. Moreover, the
congestion severity index, which 1s the ratio of vehicle-hours of delay to million
vehicle-miles of travel, is at least 5 times higher in the TTI study than in Lindley’s
study I cannot explain this difference.

Repetto et al. (1992) also performed an original analysis of data from the
HPMS, and estimated that in 1989, the “most congested” VMT was about 40% of
total VMT on urban roads.

Fially, the FHWA (1991a) reports the number of miles of each type of
roadway subject to various levels of congestion during the peak period, as estimated
from the HPMS. In 1990, 45% of all urban interstate mileage, 33% of all other
freeway mileage, 29% of principal arterial mileage, 17% of munor arterial mileage,
and 8% of collector mileage was subject to delay (V/C >0.79) during the peak period.
The bulk of this congestion was at V/C >0.95. This indicates that during the peak
period, a substantial fraction of the roads in urban areas are severely congested. The
FHWA (1991a) data also show that in rural areas in 1990, 8% of interstate mileage,
and virtually none of the mileage of other road types, was subject to congestion.
However, because these data refer to highway mileage (not VMT) congested during
the peak period (not during all periods, on average), it is difficult to infer the ratio of
vehicle hours of delay to total vehicle hours of travel.

These studies suggest that the ratio of vehicle-hours of delay to total vehicle-
hours of travel 1s at least 0.15, and probably not more than 0.30. It is likely that most
bus passengers spend a relatively high fraction of the time in congested cond:itions,
but that most people traveling long distances spend a relatively small fraction of the
time in congestion. The high average speed of private LDAs used for business
suggests that these too spend a relatively small fraction of their time in congestion.

With these considerations, I have made the assumptions shown in Table 4-1.

The ratio of average free-flow speed without delay to average speed with
delay (R). In its annual Urban Mobility Study, the Texas Transportation Institute
(TTI) estimates the following ratios of free-flow speed to delay speed (available on
TTT's web site, http:/ /tti.tamu.edu):

free-flow  moderate heavy severe
congestion congestion congestion
freeway speed (kph) 97 61 53 48
arterial speed (kph) 56 45 40 37
freeway ratio 1.00 1.59 1.83 2.02
arterial ratio 1.00 1.24 1.40 1.51

8The most recent TTI report on congestion, “Urban Roadway Congestion - 1982 to 1992” reports about 4
billion vehicle hours of delay in urban areas m 1992 (Bureau of the Census, Statistical Abstract of the
United States 1996, 1996, Bureau of Transportation Statistics, 1995)



Other papers by TTI researchers suggest sumilar ratios. For example, Turner et
al. (1996) suggest the following “default” values to represent free-flow travel
conditions:

» freeways and expressways: 90 to 100 kph
® Class I arterials: 50 to 55 kph
¢ Class II arterials: 30 to 40 kph

Turner et al. (1996) also present functions that predict average peak-hour
speed as a function of the average daily traffic per lane, and the number of access
points per mile (in the case of freeways) or the number of signals per mile (in the
case of arterials) The results of these functions, compared with the default free-flow
speeds above, suggest free-flow /delay speed ratios of less than 2.0.

Finally, in the analysis discussed above, Lindley (1987) assumed that badly
congested traffic moved at 20 mph (at V/C > 1.00, and LOS F), and uncongested
traffic at 55 mph, giving a ratio of 2.75. However, 1t appears that most of the
estimated vehicle delay hours occur at less than LOS F. Meyer (1994) reports that
Cottrell calculated that the miles of travel at V/C > 1.00 (LOS F) was about 1-2% of
total VMT on freeways and other principal arterials m 1990. Given that the ratio of
all delayed miles to total miles of travel is at least 20%, Cottrell’s analysis indicates
that much of the measured congestion is occurring between LOS D (“the level at
which speeds begin to decline slightly with increasing flow” [FHWA, 1996]; V/C =
0.80) and LOS F (“breakdowns in vehicular flow” [FWHA, 1996]; V/C >1.00). Thus,
under “average” congestion, vehicles travel faster than the 20 mph assumed by
Lindley, and the ratio of free-flow to average delay speed is 2.00 or less.

On the basis of these studies, I assume that the ratio of average free-flow speed
to average speed during delay, on all types of rocads, 1s 1.50 to 2.00.

4.2.5 The opportunity cost of travel time (parameter Fnm,dr).

The parameter Fnm,dr, the fraction of travel time that displaces
nonmonetary rather than monetary achvities, mught be called an “opportunity-cost
parameter.” In general, we may distinguish travel time in motor vehicles with
respect to three different kinds of opporturuty costs:

i) Time spent productively in the car, doing what one would do anyway if all
travel time could be reduced to zero (call this parameter Fo). This time has no
opportunity cost.

i1) Time at the expense of unpaid (nonmonetary) activities (parameter Fnm).
The value of these foregone nonmonetary activities must be estimated by indirect
methods. This is discussed below

iii) Time at the expense of paid (monetary) activities (Fm; the monetary
analog of the parameter Fnm). The value of these paid activities can be represented
by the full compensation rate {the parameter Cm), which is estimated in Report #5.

All travel time falls into one of these three categories, so that the fraction of
travel time that displaces nothing (cost C = 0}, plus the fraction of travel time that
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displaces non-monetary activities (at cost/hour Cnm), plus the fraction of travel
time that displaces monetary activities (at cost/hour Cm) -- is equal fo one:

Fo+ Fnm,dr + Fm,dr =1.0

Because time spent productively in the car has zero opportunity cost, I need
explicitly estimate only the fraction of time at the expense of unpaid or
nonmonetary activity (Fnm) and the fraction of time at the expense of paid or
monetary activity (Fm). Hence, Table 4-1 shows Fm and Fnun but not Fo. (Of course,

Fo can be calculated as Fo = 1-Fnm,dr-Fm,dr.)

In the following, I estimate Frum and Fm for the different travel categories.
Except as noted, the estimates pertain to drivers.

Private vehicles, for personal purposes. This travel category is defined to
exclude travel for business purposes, such as the “work-related” purpose of the
NPTS (see above). It therefore is reasonable to assume essentially all travel in this
category displaces unpaid rather than paid activities, and hence that Fm,dr = 0.0.
However, not all personal travel will displace unpaid activities; for example,
driving for pleasure 1s an activity in itself, and displaces nothing. I assume that
Fnm,dr = 0.95 to 0.98, and that Fo therefore = (.02 to 0.05.

Private LDAs and LDTs without paid drivers, used for business purposes, and
government civilian vehicles I assume that travel in private vehicles for business
vehicles usually, although not necessarly always, displaces productive work, and
hence that for this category, Fm,dr is relatively large, and Fnm,dr relatively small.

Although Fm,dr in this category usually is large, in general it probably is not
equal to 1.0. It would be equal to 1.0 only if business and government workers did
nothing productive while in the car, and would have worked at full productivity
were they not in the car. However, neither of these conditions are likely to obtamn.
In the first place, it appears that more and more travelers are using car phones,
tapes, and other communication and information technologies in order to be
productive while in transit. To the extent that a business traveler is able to work or
even just think productively while in transit, the opportunity or productivity cost of
the travel time is zero.

In the second place, business travel might be tantamount to overtime work,
which means that if that travel were eliminated the traveler might spend some of
the saved time at home or at play, not at work. In this case, some of the cost of
business travel 1s leisure time, which generally is much less valuable than is fully
compensated work.

So what, then, is the value of Fm,dr? It 1s not much help to approach the
problem by eshimating the extent to which business travel is “overtime,” because
one cannot presume that overtime travel displaces leisure time: it well might
displace additional productive overtime work. With little more to go on than my
judgment, I assume that for these travel categories, Fm,dr 1s between 0.65 and 0.75,
and Fnm,dr is between 0.15 and 0.20. I assume that the remaming fraction of the
travel time is used productively, at zero cost (Fo = 0.05 to 0.20).

Private LDTs with paid drivers, private HDTs with paid drivers, bus drivers,
and military vehicles. Because truck drivers and bus drivers are paid to drive - to
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produce “driving” - one reasonably can assume that the drivers would be doing
something else productive were they not driving. Driving 15 their job; if they were
not doing that work, they would be doing other work, not playing. Consequently, it
is reasonable to assume that truck driving and bus driving displaces other paid work
entirely, and hence that for these categories, the parameter Fm,dr = 1.0, and Fnm,dr
= 0.0 and Fo = 0.0.

I assume that military vehicles in effect have paid drivers.

Intercity and transit buses (passengers). I assume that most travel in intercity
and transit buses is for “personal” reasons (note that the journey to work is a
“personal” purpose), and hence liable to displace unpaid activities, and that only a
relatively small fraction of 1s for “business” purposes and hence liable to displace
paid activities (Fm = 0.10 to 0.15, and Fnmn = 0.75 to 0.80, for passengers). The
remaining travel time (Fo = 0.15 to 0.05) either is used productively while on the
bus, or else is an end in itself.

School buses (passengers). 1 assume that no travel in school buses displaces
paid activity. I would guess that about half of the time on a bus, school children are
doing things -- socializing, studying, sleeping -- that they would do even if the bus
travel time were reduced to zero. Hence, I assume that Fm = 0.0, Fnm = 0.50, and Fo
= 0.50, for school-bus passengers.

Police vehicles. Only a portion of the time that police spend in their cars
actually displaces other activity. If an officer is driving solely to get from point A to
point B, and would do something else were zero-time transportation available, then
all of the travel time has an opportunity cost. However, if an officer is driving to
patrol, and not to get somewhere, and would spend the same amount of time doing
the same patrol activity even if zero-time, zero-cost transportation were available,
then nothing is foregone, and the travel-time cost is zero.

I assume that half of the time mn police cars is patrol fime, which has little or
no opportunity cost. The other half -~ the time spent actually traveling -- presumably
displaces other police activities. I assume that these displaced police activities are
paid. Thus, I assume that in this category, the parameter Fm,dr = 0.50, Fnm,dr = 0.0,
and Fo = 0.50.

Adjustment for passengers. The foregoing estimates of Fm and Fnm are
meant to apply to drivers, except as noted for buses. Because passengers can sleep,
read, and do other things that drivers cannot, they forego less activity,
uncompensated as well as compensated, than do drivers. Thus, for passengers, Fm
and Fnm will be lower, and Fo higher, than for drivers. I assume that Fm and Fnm
for passengers in cars and trucks are 75% to 90% of the values for drivers.

4.2.6 The cost of foregone nonmonetary (unpaid) activities (parameter Cam,ref)

The hourly cost of nonmonetary activities foregone during travel depends on
the income of the traveler, and the purpose of the trip. The hedonic cost of travel
(Ch) depends further on the mode of transportation. Because of this, we have
analyzed the raw data of the NPTS in order to differentiate travel time by nine
income classes, four trip purposes, and five modes.

12



Income ar

e < 10,000

¢ 10,000 - 19,999

e 20,000 - 29,999

e 30,000 - 39,999

¢ 40,000 - 49,999

e 50,000 - 59,999

e 50,000 - 79,999

e > 79999

s not ascertained

It is important to differentiate travel by income class because the value of
foregone nonmonetary activities usually is presumed to be related to income, and
because as households get wealthier, they take more and longer trips (Nationwide
Personal Transportation Survey: Pisarski, 1992; Hu and Young, 1993a; Vincent et al,,
1994). For example, households with mcomes above $40,000/year make slightly
longer trips than do households with $30,000 to $39,999 yearly incomes, and at least
50% longer trips than do households with incomes below $10,000 per year. In urban
areas, average weekday vehicle trips per household increases steadily from 2.09/day
for households with an annual income of less than $5,000 to 7.01/day for
households with an annual income of $45,000 to $49,000, and remains at about 7/day
for all higher income groups (Vincent et al., 1994). (The length of work trips and of
social and recreational trips is more strongly related to household income than is
the length of personal-business and educational and religious trips.) As a result, an
estimate of the travel-time cost based only on overall average income and to al
travel ttme by all travelers may underestimate the true total cost.

Irip purposes.

® Travel to or from work

e Work-related business

» Shopping, school, church, doctor, dentist, other famuly or personal
business

* Visit friends or relatives, pleasure drive, vacation, other social or
recreational trips

It 1s important to differentiate by trip purpose because the cost of the travel
time can depend on the purpose of the trip (Hensher, 1997). For example, the time
cost of a sightseeing trip probably 1s different from the cost of a commute trip.

Travel modes.

¢ Auto, station wagon, passenger van, cargo van, pickup truck (with or
without camper), other truck, motorcycle, moped/motorized bicycle,
taxi

13



¢ Bus

e Amtrak or commuter tramn

e Streetcar, trolley, elevated rail, or subway
e Bicycle or walk

As mentioned above, it is important to differentiate by travel mode because
the hedonic cost of travel depends to some extent on the mode.

Table 4-2 shows the results of our analysis of the NPTS data tapes®. In the
following, I first estimate hourly time costs for different income classes. Then, I will
estimate an average hourly cost of time for each of the vehicle-travel categories
above by weighting the time cost by income category by the amount of travel by each
income group, for the particular vehicle-travel category.

Travel-time cost as a function of income. Studies of the value of travel time
abound. I offer but a brief review of a few of those that related the cost of travel time
to income.

Analysts often assume that the value of travel time is a fixed fraction of
income, regardless of income. For example, Miller (1989) reviews several studies of
the value of time, and concludes that it lies between 60% and 80% of an hour of pay.
In earlier work, Miller et al. (1985) recommended a value of 55%, with sensitivity
analysis of 30% and 80%. Barnes (1995) states that values in the literature center
around 50% of the wage rate.

However, Hensher (1997) has estimated somewhat lower percentages. He and
his colleagues designed a route choice experiment in Australia, in which drivers
were given a survey asking them to choose, hypothetically, between a tolled route
with a certain travel time and an un-tolled (free} route with a longer travel time.
The amount of the toll and the travel times were varied. Respondents were asked to
report their income and trip purpose. On the basis of the toll paid and the travel
time saved, Hensher estimated the following travel-time values, as a fraction of the
gross income of the traveler, for five different trip purposesi®:

trip low high mean
commute in personal vehicle 0.13 0.61 0.22
commute in company vehicle 0.14 0.71 0.27
travel as part of work 0.10 0.71 0.20
social-recreation 0.26 0.42 0.31
other personal business 0.22 1.07 0.44

9As discussed elsewhere, we also analyzed the NPTS data to estimate total person-mules of travel, for
the same trips and modes and mncome classes (Table 4-3) Then, we calculated average travel speeds by
income class, mode, and trip purpose, by dividing person mules by person hours (Table 4-4) Appendix A
to this report compares the results of our analysis of the NPTS data with other similar analyses of the
NPTS data

105ee also the earher, similar survey by Hensher et al. (1990)
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The time value of travel as a part of work is surprisingly low here. Hensher
(1997) speculates that they may have captured a large fraction of travel outside of
normal working hours, and suggests that in any case, 1t 1s better to esttmate the time
value of travel as part of a work on the basis of marginal productivity, rather than
on the basis of personal utility. (Thus is just what I do in Report #5, mn which I
estimate the value of paid activities foregone while traveling.)

On the basis of this evidence, one might assume that the value of travel time
is up to 50% of the wage rate. However, it is likely that the value of travel time 1s
nonlinearly related to income, such that the value of time as a fraction of mcome
depends on income. It is not clear, however, whether travel-time cost as a fraction of
mcome mcreases or decreases with increasing income. There is evidence both ways.

Anderson and Mohring (1997), Barnes (1995), and Mohring et al. (1987) cite
Lisco’s 1968 findings that the value of journey-to-work time increases linearly from
zero, for those with zero income, to 50% of the hourly wage, for those who earn
about $35,000 year, and remains at 50% of the hourly wage for those with incomes
above $35,000 (ca 1995 dollars). Barnes (1995) says that his re-analysis of the
Mohring et al. (1987) data on bus riders in Smgapore suggests that Lisco’s results are
correctll. And Anderson and Mohring (1997) cite another study in which the value
of travel time ranged from 31% of the hourly wage for the lowest income group to
55% for the highest.

However, according to Haight (1994), a large research project in the United
Kingdom found that “although value of time increases with income, the trend 1s
not linear...When income groups were compared, a threefold difference in income
led to a difference of only 40 per cent in value of time” (p. 18). He also cites the
following results from the study, presumably in 1985 dollars

urban bus $1.62/hour
long-distance bus or train $3.67 /hour
long-distance car $3.78/hour
commuters $3.24/hour
leisure $4.86/hour

Barnes (1995) cites the same study as evidence counter to findings of Lisco.

I believe that the findings of Hensher (1997), and of the UK research project
(as reported by Haight, 1994), are more pertinent: the findings of Lisco are old, and
the findings for bus riders in Singapore (Mohring et al., 1987) may not apply to car
drivers in the U. S. For these reasons, I will assume that the travel time as a fraction
of income declines with mncreasing income, and that the fractions themselves are
relatively low (as estimated by Hensher [1997]). (Of course, the absolute value of
travel time should increase with increasing mncome.) Formally, I assume That the

11The Singapore data mndicate that the cost of wating time as a fraction of income increases with
mcome, for Smgapore bus riders Mohring et al (1987) estimate that the value of time spent waiting for
the bus increases from about 60% of the wage rate for the bottom mcome decile to 120% for the top
mcome decile
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cost of unpaid or non-monetary travel time can be estimated as gross income
multiplied by a constant fraction plus an income-dependent fraction:

Crmref 1 ;= (Km, , +Ii-a) I [44]

where:

Cnm,refm p,; = the cost of unpaid travel time by mode m for purpose p by
people of household income class i ($/hr), at the reference speed Sref of
equation 4-1

a = exponent that determines the income-dependent fraction; values of 0.90
(low case) to 0.65 (hugh case), combined with the values assumed for
the constant K (below), give results consistent with those of the studies
cited above

Km,p = constant income fraction, dependent on the trip purpose and mode;
assumed values as follows:

modem =PV  modem =bus

purpose p = low high fow high
To and from work 0.20 0.30 0.20 0.30
Work-related business 0.25 0.35 0.25 0.35
Shopping, school, etc. 0.25 0.35 0.25 0.35

Visit friends, pleasure, vacation, etc.  0.25  0.35 0.25 0.35

Ii = hourly income class i, equal to annual household income divided by 2024
work-hours per year; for the nine income classes above, I make the
following assumptions:

annual _<10 _10-20  _20-30  30-40 40-50 50-60 _60-80 >80 na
hourly 3.71 791 1260 1729 2199 2668 3360 4694 1359

subscript m = travel mode (private vehicle [PV] or bus)
subscript p = trip purpose (4 purposes; see below)
subscript i = income class (9 classes; see below)

I specified the income in the category “n.a.” (respondent refused to give
income, or didn’t know) by comparing the travel statistics (distribution of travel
time across modes and purposes, and average speeds across modes and purposes) of
the “n.a.” persons with the statistics of the persons who reported their income. This
comparison revealed that the “n.a.” persons were simular to the persons in the
$20,000 to $30,000 and the $30,000 to $40,000 categories.

Note that I estimate the cost of travel time as a function of speed. Thus
dependence of the opportunity cost on average speed, as represented in equation 4-1,
is discussed below.
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Finally, note that although Table 4-1 shows estimates of the value of foregone
paid (monetary) work (the parameter Cm), those estimates are derived in Report #5,
not here, because they pertain to monetary rather than non-monetary costs.

The cost of nonmonetary travel time for trips in private vehicles for personal
purposes (daily travel). Given the estimates of Cum,p,i from equation 4-4, the
overall average cost of unpaid time in this category 1s calculated as:

Y. PHTh, , X Cnm.refpzpy,p,

Crm, ref ppy = 2~ > e
PHTh,,_py p,
P 1 o

where:

i = nine income classes above

p = trip purposes “to and from work,” “shopping, school, etc.,” and “visit
friends, pleasure, vacation, etc.” (we treat the purpose “work-related
business” separately, below)

m (the mode parameter) = values for “PV”, in equation 4-4

Cnm,refppy = the average cost of nonmonetary daily travel time in private
vehicles for personal purposes, at the reference speed Sref ($/hour;
shown in Table 4-1)

Cnm,l'efm=pv’p,i = Cnm,refm,p,i for mode m = PV, equation 4-4

PHThm=pv,p,i = person-hours of travel in personal household cars for
personal purpose p, by persons in income class i (data for mode m= PV
in Table 4-2)

(Note that the denominator here is equal to Sum3 of Table 4-2)

The hourly cost of nonmonetary travel time in private vehicles for personal
purposes (long trips). Thus is calculated with equations 4 and 5, except that the data
for orly one trip purpose, “visit friends, pleasure, vacation, etc.,” are used. The
results are shown in Table 4-1.

The hourly cost of nonmonetary travel time in private LDAs and LDTs,
without paid drivers, used for business purposes. This is calculated with equations 4
and 5, except that the data for only one trip purpose, “work-related business,” are
used. The results are shown in Table 4-1.

The cost of nonmonetary travel time in intercity and transit buses. The
hourly cost of travel time in buses is calculated with equations 4 and 5, except that in
equation 4-4 the mode data are for “bus” (m = bus) rather than for “PV,” and all four
trip purposes p are mncluded. The results are shown i Table 4-1.

The cost of nonmonetary travel time in school buses. I assume that displaced
nonmonetary activities are worth very hittle to young school chuldren. For a few
especially busy hugh school students, displaced nonmonetary activities could be
worth as much as $2 or $3/hour. On average, nonmonetary activities foregone on
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account of travel on school buses might be worth on the order of $0.50 to
$0.75/hour.

The cost of nonmonetary travel time in government vehicles. I esimate the
cost of nonmonetary travel time i government vehicles on the assumption that
the ratio of the unpaid (non-monetary) time cost to the paid (monetary) time cost
for travel in government vehicles equals the same ratio for travel in private LDAs
used for business purposes (data in Table 4-1; monetary time costs are discussed in
Report #5). This assumption 1s consistent with, and indeed required by, our
assumption that the nonmonetary time cost is a function of the wage rate.

4.2.7 The hedonic cost of travel time (parameter Ch,dr,ref}

The pleasaniness or unpleasantness of driving or being in a car, as an
experience in itself, is a benefit or cost of motoring apart from the value of any
activities foregone while in the car. For example, one might be able to conduct
business over a car phone, but find it stressful and unpleasant because of the noise
and distractions of motoring. In this case, the motoring experience itself has a cost,
even though no productive activities are foregone. (Put another way, one would be
willing to pay something to be able to conduct the same business in a more pleasant
office environment.) On the other hand, one might enjoy the privacy and freedom
of being in a car, and value motoring positively as a sort of leisure.

I speculate that most of the time, most but certainly not all people find
driving to be more of a chore or a bore than a pleasure. Thus, I assume that on
average driving is slightly unpleasant, and has a pure “disutility” cost, apart from
the value of the activities foregone, of (values for drivers, except as noted):

e Private vehicles, for personal purposes $1/hr to $1.50/hr.
- daily travel
— long trips
* Private vehicles, for business purposes
-- LDAs, without paid drivers
-- LDTs, without paid drivers
* Public (government) vehicles
-- federal civilian vehicles
-- state and local civilian vehicles
* Buses drivers: $0.00/hr., because in
-- intercity and transit buses principle their compensation as
drivers already includes the
hedoruc cost of driving

passengers: $0.50/hr to $0.75/hr. -
less than the cost in private
vehicles because nobody has to
drive
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* Buses drivers. $0.00/hr., because in
-- school buses principle their compensation as
drivers already includes the
hedonic cost of driving

passengers: $0.00/hr, because the
passengers are school children who
can play or socialize or read on the

bus
¢ Private vehicles, for business purposes $0.00/hr., because in principle their
-- LDTs, with paid drivers compensation as drivers already
-- HDTs, with paid drivers includes the hedoruc cost of driving
e Public (government) vehicles (see Report #5)
— state and local police vehicles
¢ Federal military vehicles $0.00/hr., because I assume that

drivers of military vehicles
effectively are compensated as
drivers

Except as noted in the case of buses, these are costs for drivers, at the reference
speed, Sref, in equation 4-1. It is likely that the hedonic cost per hour decreases with
increasing speed, if only because driving in low-speed congested conditions usually
1s more stressful than is cruising at high speed. This speed dependence is discussed
below. It also is likely that the cost for passengers is less than the cost of drivers,
because driving is stressful. I assume that the cost for passengers is 75% - 90% of the
cost for drivers.

4.2.8 The dependence of Cnm,ref and Ch,dr,ref on average speed (parameters Sref,
Bo, Bh)

In the route choice experiment in Australia mentioned above, Hensher (1997)
found that the cost of time per hour declined as travel time increased from 5 to 10
munutes. (This, according to Hensher (1997), is consistent with findings from his
own earlier work.) The dependence of hourly cost on travel time was rather strong:
for business, commute, and personal-business travel, the cost per hour of a 10-
munute trip was half that of a 5-minute trip, which means that the total cost was
independent of trip length or time.

We suspect, however, that the total time cost is fixed, and independent of the
travel time, only for relatively short travel times, for which the total time cost may
be dommated by an initial, fixed, “psychological inertia” (or, to use an analogy from
chemistry, a fixed “activation energy”), or for differences in travel time so small as
to be perceived to be zero. However, as the time of travel increases, the opporturuty
and disutility cost of the lost time begins to dominate the “fixed” inertial cost of
making the trip. Similarly, as differences in travel time become larger, they become
perceptible. Thus, any case, it is unlikely that the total time cost of a 1-hour trip will
be close to the total cost of a 30-minute, which m turn will not be close to the total
cost of a 5-minute trip. Rather, it is likely that, over wide ranges of travel time, the
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cost/hour declines much less sharply with increasing travel than is impled by the
Hensher (1997) results for 5 minutes vs. 10 minutes.

However, instead of assumung that the cost/hour declines with increasing
trip length, I assume that it declines with increasing average speed. I do thus for
three reasons: 1) it is easier to estimate average speed than average trip length by
vehicle/travel class; 2) a relationship between average speed and the hourly time
cost can be made to reflect the additional opportunity cost and pure disutility of
driving in congestion, because congestion reduces the average speed; 3) average
speed is positively related to trip length anyway.

The higher the exponent B in equation 4-1, the more sensitive is the cost to
deviations of the actual average speed Snd from the reference speed Sref. I believe
that the hedonic cost 1s much more sensitive to average speed than is the
opporturnuty cost, and so assume a much lugher value for Bh than for Bo. The
values assumed in equation 4-1 seem to give reasonable results.

I assume that there is no threshold below which travel-time cost should be
zerol2.

4.3 ACCIDENTAL PAIN, SUFFERING, DEATH, AND LOST NONMARKET
PRODUCTIVITY INFLICTED ON ONESELF

4.3.1 Background and overview of method

In 1991, motor vehicle accidents damaged nearly 30 'million motor vehicles,
injured nearly 6 million people, and killed 42,000 people. This property damage,
injury, and death cost society several hundred billion dollars in medical expenses,
lost productivity, vehicle repair and replacement, pain and suffering, and other
costs. In the entire analysis of the social cost of motor-vehucle use, only travel time is
more costly.

In Report #19, I derive expressions for the total cost and the external cost of
motor-vehicle accidents as a function of vehicle miles of travel, the rate of accidents,
and the cost per accident. I begin with a simple expression that equates the total
social cost of accidents to the product of the number of persons injured (or killed), or
vehicles damaged, and the social cost per person injured or vehicle damaged. Then,
I express the number of accidents as a function of vehicle miles of travel (VMT). The
first derivative of this total social-cost function is the marginal social-cost function,
which can be used to estimate what I call the potential external cost: the difference
between the marginal social cost and the marginal private cost. The marginal
nonmonetary private cost is estimated in this report.

With functions that distinguish external from “internal” (private, or
personal) costs, and cost data that distinguish monetary from nonmonetary costs, I

125trand (1993) suggests that 1t might not make sense to treat 30 one-minute savings the same as one 30-
minute saving, because the many small packets might be useless and so i toto amount to nothing
Haight (1994) disagrees
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disaggregate the total accident cost into the four categories of acadent costs mn this
social-cost analysis:

i) personal (or private) nonmonetary costs, such as pamn and suffering due to
injuries from accidents that are not externalities (for example, if a person falls asleep
and runs into a tree and injures herself, the pain and suffering from the injury is a
personal or private nonmonetary cost)

11) private monetary (or priced) costs, such as the cost of repairing vehicles
damaged in accidents that are not externalities, or the cost of liability insurance
against damages inflicted on others;

iii) external monetary costs, such as vehicle repair costs inflicted by
uninsured motorists; and

iv) external nonmonetary costs, such as pamn and suffering and lost non-
market production inflicted by others and not covered by user payments.

I distinguish external from private costs because the economically efficient
policy is to price the externality but do nothing about the privately incurred costs,
other than keep people informed of the risks they facel3. I distinguish monetary
from nonmonetary costs because the latter are much more difficult to estimate, and
hence considerably more uncertain. Also, I distinguish accidents involving non-
motorists, accidents involving single motor vehicles, and accidents involving two
or more vehicles.

4.3.2 Condensation of the formal method

In essence, to estimate the personal nonmonetary cost of motor-vehicle
accidents, I multiply the number of injuries of various types, and the number of
fatalities, and the number of vehicles involved in property-damage-only (PDO)
crashes, by the nonmonetary cost per injury or fatality or vehicle, and then by the
private-cost fraction of accidents. The method is developed m Report #19. The
sumplifed formula for personal nonmonetary costs is:

PNM =Y NM, IO, OFF, PNCF,
1

[4-6a, 4-6b]
NM, =Y NM, . W,
c

where:

PNM = total personal nonmonetary cost of motor-vehicle accidents ($)
NM;j = Nonmonetary cost per myjury of type i ($/imury or vehicle)

1?’.T.\Iew:nerry (1988), Janson (1994), Elvik (1994), Persson and Odegaard (1995), Mayeres et al (1996), the
Transportation Research Board (1996), and others discuss accident externalities See Report #19 for
details
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I0; = number of persons with MAIS injury type i, or the number of fatalities,
or the number of vehicles involved i PDO crashes, on public roads
(Blincoe [1996]; Report #19), where the MAIS injury scale 1s as follows:

MAIS 0 person uninjured, in an accident in which
at least one person is injured or checked for
mjury

MAIS 1 a minor injury (e.g., 1st-degree burn)

MAIS 2 a moderate iryury (e.g., major abrasion)

MAIS 3 a serious injury (e.g., multiple rib fracture)
MAIS 4 a severe injury (e.g., spleen rupture)
MAIS 5 a critical injury (e.g., spinal cord injury)

OFF;j = factor to account for accidents off the road or on private roads, and for
non-collision injuries or deaths (e.g., from falling down while getting
into car) (Report #19)

PNCEFj = of total MAIS injuries, or fatalities, or property-damage-only (PDO)
vehicles, the fraction that is a private nonmonetary cost (Report #19)

NM;j ¢ = the nonmonetary cost type c per accident type i (Blincoe [1996] and
Miller [1997]; see Report #19)14

W = the fraction of NMj ¢ that is not counted elsewhere in the social-cost
analysis) (Report #19)

subscript i = the type of accident (a total of 8 types: 6 types of injury-accidents,
where injuries are expressed according to the MAIS 0 to MAIS 5 injury
scale shown above; fatal accidents; and PDO accidents)

subscript ¢ = the kinds of nonmonetary costs: pain and suffering, and lost
nonmarket productivity (household productivity)

Note that equation 4-6 1s a condensation of the actual method used, which as
mentioned above specifies total cost functions, derives marginal cost functions, and
estimates the marginal private cost as the average accident cost. This is done for
three different categories of accidents (nonmotorist, single-vehicle, and two-or-more
vehicle), as well as for the different accident severity classes

Table 4-6 shows the estimated personal nonmonetary costs of motor-vehicle
accidents.

14Miller and others have a developed a model of the cost of highway crashes The model s
documented m detail in Miller et al (1991), and updated 1 Miller (1993), Miller (1997), and elsewhere
Blincoe and Faigin (1992) rely heavily on the work of Miller et al (1991), and Blincoe (1996) updates
Blincoe and Faigin (1992) on the basis of Miller’s (1997) update to Miller et al (1991), and other sources
Those authors present detailed, original analyses of unit costs and mnjures
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4.4 PERSONAL TIME SPENT WORKING ON MOTOR VEHICLES AND
GARAGES, REFUELING, AND BUYING, SELLING, AND DISPOSING OF
VEHICLES

4.4.1 The value of personal time spent working on motor vehicles and garages, and
refueling motor vehicles

Data from surveys of time use can be used to estimate the amount of time
people spend working on motor vehicles and garages and buying fuel. Wiley et al.
(1991) surveyed the activity patterns of California residents over the age of 11,
during 1987 and 1988, and reported what the respondents did, and where, over the
course of a day. They found that Californians over the age of 11 spent an average of
6.1 minutes per day buying fuel and repairing, cleaning, maintaming, and turung-up
their vehicles. Males aged 55-64 spent the most time in these activities (14
muinutes/day), and females aged 12-17 spent the least (1 mmute/day). Unemployed
persons spent more time at these activities than did employed persons. Califorrans
also spent 19.8 munutes per day working in their yard and painting and fixing up
their homes (including their garages). Again, older men spent the most time doing
this, and younger women the least, and unemployed people spent more time than
employed people.

I assume that 10% of the 19.8 minutes spent on house and yard work was
spent working on garages and driveways. Thus, I estimate that people in California
spent a total of 6.1 minutes (working on cars and buying fuel'5) + 0.1*19.8 minutes
(working on garages and driveways) = 8 minutes/person/day working on cars and
garages or buying fuel. I assume that this includes time spent disposing of motor-
vehicles and motor-vehicle parts and equipment and maintenance supplies.

Wiley et al. (1991) also reported the amount of time spent in various
locations. In 1987 and 1988, Californians spent 10.1 minutes/person/day in a car-
repair shop, gas station, or parking garage, and 9.1 minutes/person/day in a home
garage. Unemployed persons spent much more time in home garages than did
employed persons, but less time in repair shops, gas stations, and parking garages.
One should assign to motor-vehicle use all of the time spent in a car repair shop or
parking garage, most but not all of the time in a gas station (some time is spent
buying food), and some but not most of the time in a garage (people probably spend
most of their time in a garage doing things unrelated to automobile use). This
suggests something like 10-15 minutes/person/day related to motor-vehicle use, a
figure that 1s roughly consistent with the 8 minutes/person/day derived from the
activity data, above.

15] estimate that out of this 6 1 munutes, 1 to 2 minutes per person per day were spent just buying

gasoline In 1990, motornsts consumed 131 6 billion gallons of highway fuel (FWHA, 1991a) Assuming
10 gallons per refill, 5 munutes per refill including paying), and 1 4 persons (over age 11) per car per
refueling, we calculate (131 6/10)*5*1 4/365 = 0 252 billion person-munutes per day spent refueling
Given 0 2056 billion people over age 11 in the U.S mn 1990 (Bureau of the Census, Statistical Abstract of
the United States 1992, 1992), we calculate 1.2 minutes/person/day refueling vehicles We exclude
persons under the age of 12 because the time-diary survey of Wiley et al (1991) excludes them, and
because the time cost for children under 12 presumably 1s relatively low.
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On the basis of these findings, I assume that on average every person in
California over the age of 11 spends 8 to 11 minutes per day working on cars and
garages or refueling vehicles!é. I assume that people i other states spend about the
same amount of time, so that the national average also is 8 to 11 minutes!’.

What is this time worth? I suspect that 1t is worth considerably less than
average wage rate, in part because older men and unemployed persons do most of
the work on cars and garages. (On the other hand, wage earners might do most of
the vehicle refueling.) Also, some people might enjoy working on cars and around
housel!8. I assume that the time cost is $5 to $8/hour (1991 $) - somewhat less than
the cost of time in cars (Table 4-1), on account of it being more pleasant for some
people to work on a car than drive one. Given 0.2056 billion people over age 11 in
the U.S. in 1990 (Bureau of the Census, Statistical Abstract of the United States 1992,
1992), the total value of time spent working on cars and garages and buying fuel is a
substantial $50 to $110 billion per year.

Included in this amount is the cost of time spent repairing vehicles damaged
in motor-vehicle accidents. However, as mentioned in Report #19, this particular
time cost also is embedded in my estimate of the nonmarket productivity cost
motor-vehicle accidents. Therefore, to avoid double counting the cost of time spent
repairing vehicles damaged in accidents, I estimate the amount included in my

16This includes all time spent repairing vehicles - even time spent repairing vehicles damaged n
automobile accidents. Now, the primary sources of data that I use to estimate the cost of motor-vehicle
crashes count the cost of personal time spent repairing accidentally damaged vehicles as a household-
productivity cost To avoid double counting the personal time-cost of reparr, [ have deducted from the
crash-cost estimates my estimate here of the cost of personal time spent repairing accidentally
damaged vehicles

1750 far, we have been able to find only these barely relevant data from other states Walker and
Woods (1976) reported that in 1967 and 1968, 1296 husband-wife households in Syracuse, New York
spent an average of about 30 minutes per day per household (1 e, 30 minutes total for all those doing
household work) on care of the car and the yard Car care included washing the car at home, taking the
car to a car wash, waxing the car, and servicing the car at home, but apparently not servicing the car
away from home, or buying gas Yard care included care of dniveways, walkways, lawns, shrubs and
trees, flower beds, and vegetable gardens, but not care of the garage If we assume that there were
three working household members per household, then each person spent an average of 10 minutes per
day on yard and car care. If the time spent on the motor-vehicle related activities that were not
covered (buying gas, repairing the car away from home, and cleaning the garage} was about equal to the
time spent on the non-motor-vehicle-related activities that were included (yard work other than work
on the driveway), then people i Syracuse spent about 10 minutes per person per day on doing work
related to motor vehicles. Thus rather ad-hoc caiculation 1s consistent with the recent findings in
California

18] perhaps could analyze the value of the time spent dealing with motor vehicles 1n the same way
that I analyze the value of compensated travel time 1n a car as equal to the value of the activities
foregone, plus the value of the pleasantness or unpleasantness of the actual experience (see Report #5 1n
this social-cost series) However, 1n the case of time spent working on cars or buying and selling cars, I
doubt that one could make a good enough estimate of what 1s foregone, the value of what 1s foregone,
and the pure hedonic cost of the experience to make the resulting estimate of the total cost of the time
more accurate then simply estimating the total cost directly on the basis of one’s judgment
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estimate of the nonmarket productivity cost of accidents, and deduct it from the
total cost of time spent time spent working on cars and garages and buying fuel,
estimated in this section. As explained in Report #19, the amount to be deducted is
about 4% of the total nonmarket productivity cost, or about $0.5 billion.

Thus, summarizing the calculation:

Low High
minutes/day maintenance, buying gas 6.0 6.0
minutes/day working on garages, driveways 2.0 5.0
persons over age 11 (106) 205.6 205.6
value of time ($/hour) 5.0 8.0
calculated total cost (109 §/year) 50.0 110.1
amount included in lost nonmarket productivity -0.5 -0.5
due to motor-vehicle accidents
net total cost (109 $/year) 49.5 109.6

4.4.2 The value of time spent buying, selling, and disposing of vehicles

Finally, one must count the value of time spent buying, selling, and disposing
of motor vehicles. (Dealer costs are estimated in Report #5 of this social-cost ser:es;
see the list at the beginning of this report). I estmate this as the number of vehicle
transactions multiplied by the average time per transaction multiplied by the value
of time:

PTBS = (NP - PHNP + UP- PHUP+VS- PHVS)-CBS [4-7)

where:

PTBS = the personal time cost of buying, selling, and scrapping vehicles (10°
1991 $)

NP = purchases of new vehicles in 1990 (in 1990, 14.1 million new cars and
trucks were sold in the U.S. [Motor Vehicle Manufacturers Association,
1992])

PHNP = person-hours per new-vehicle purchase (I assume that buying a
vehicle requures a total of 3 to 6 hours of one person’s time, for
research, test drives, paper work, and so on)

UP = purchases of new cars i 1990 (I estimate about 26 million: in 1990,
households purchased $93 billion worth of used vehicles [Division of
Consumer Expenditure Surveys, 1993]; at about $3,600 per transaction
[see estimates of registration weighted used-car prices, mn Report #5]}

PHUP = person-hours per used-car purchase (I assume 4 to 8 person hours --
more than for new-car purchases, because in this case the time of the
seller must be counted [in the case of new cars, the cost of the dealer’s
time is included in the price of the car])
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VS = vehicles scrapped (I estimate about 10 million per year: from 1970 to
1990, U.S. retail sales of cars and trucks averaged 13 to 14 million per
year [Motor Vehicle Manufacturers Association, 1992], and the fleet of
registered vehicles grew by nearly 4 million per year [FHWA, 1987,
1991a])

PHVS = person-hours per vehicle scrapping (I assume 2 to 3 hours).

CBS = the time-cost of a person-hour spent buying, selling, or scrapping
vehicles (I assume the same value for time as m section 4.3.1, $5 to $8
hour)

The result of the calculation expressed by equation 4-7 is $0.8 to $2.6 billion
per year - a relatively small amount.

4.5 MOTOR-VEHICLE NOISE AND AIR POLLUTION INFLICTED ON ONESELF

Noise costs and air pollution costs in principle can be disaggregated into costs
inflicted by motor-vehicle users on themselves (personal nonmonetary costs), and
costs inflicted on others (external costs). However, most analysts do not make this
distinction, presumably because they believe that the personal nonmarket costs are
trivial compared to the external costs. This assumption most likely is correct in the
case of air pollution, because the exhaust plume is directed away from the vehicle,
and most pollutants disperse widely -- although researchers have found that levels
of carbon monoxide (CO) inside vehicles are much higher than ambient levels (Ott
et al., 1994). In the case of noise, though, 1t is not immediately obvious that personal
nonmarket costs are trivial compared to external costs, because vehicular noise s
intense at the source, and diminishes rapidly with distance. Nevertheless, we have
followed the usual practice, and have not estimated personal noise or air pollution
costs apart from the external costs. We report the total external+personal-
nonmonetary cost of noise and air pollution as an externality. The total noise costs
are estimated in Report #14, and the total air-pollution health costs are estimated in
Report #11. Both are summarized m Report #9.

4.6 SUMMARY OF PERSONAL NONMARKET COSTS

Table 4-6 summarizes the personal nonmarket costs estimated above. The
largest personal costs of motor-vehicle use are personal travel time in uncongested
conditions and the risk of getting into an accident that involves nobody else.
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The parameters PHT, Fnm, Fm, Cnim, Ch, R, Fd, Snd, and PHTd are discussed in the text. The
parameter Cm 1s discussed in Report #5 The other parameters are discussed wn the following
notes.

aThus category is daily travel in privately owned vehicles for “personal” rather than “business”
purposes I consider the following purposes, as used in the NPTS, to be “personal”:

i) travel to work,
ii) shopping, school, church, doctor, dentist, other famuly or personal business,
iif) visit friends or relatives, pleasure drive, vacation, other social or recreational trips

Note, though, that the NPTS travel data actually mught include some personal travel in
publicly owned velucles (see the discussion in Appendix A).

Vehicle miles of travel (VMT) is equal to the 1,409 6 billion non-commercial VMT
reported in the “travel-day” section of the NPTS (Hu and Young, 1993a) less 42.3 billion
VMT for “work-related” trips (Hu and Young, 1993b). (I exclude the work-related trips
because I classify these as trips for business purposes.) These figures mclude VMT as part of
“segmented” trips, which are trips that mnvolve a change of mode.

The occupancy is equal to PMT/VMT .

Person miles of travel (PMT) is SUM3 from Table 4-3, multiplied by 1.002 to account for
car trips to access public transit, whach trips are not included 1n Table 4-3 (see the discussion
in the notes to Table 4-3).

The average speed is Sum3 from Table 4-4 (the average speed m motor vehicles for all
purposes except work related business; equal to PMT divided by PHT)

bThis category 1s long-distance travel in privately owned vehicles for personal rather than
business purposes, m addition to any long-distance travel already included in the daily travel
estimates of column 4. Personal and business purposes are as defined for column/note 2
VMT is equal to:

VMTrp,pov,p
VMT 1p,pov,pers = VMT1p,pov = VMI1p,pov,10 = VMT 1P POV Ut | L =0
TP,POV

where

LD = long-distance

POV = pnivately owned vehicle .

TP = travel-period section of the NPTS

TD = travel-day section of the NPTS

Pers = personal purposes

Busi = business purposes

VMTLD POV Pers = long-distance VMT m privately owned vehicles for personal reasons

MTtp pov = total VMT in POVs, reported in the travel-period section of the NPTS (Hu

and Young, 1993a, 1993b)

VMT1p pov,LD = long-distance travel, in POVs, that 1s reported in the travel-day
section as well as the travel-period section (Hu and Young, 1993a)

VMTTP POV bus: = work-related VMT in POVs, reported in the travel period section (Hu
and Young, 1993b)

This method starts with total VMT by POVs in the travel period, deducts the portion
that already 1s included in the travel-day estimates (column a of this table), and then deducts
work-related travel in POVs that 1s reported in the travel-period section but not already
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deducted via the deduction for all VMT already included in the travel-day section. That 1s,
the long-distance travel reported in the travel-day and deducted here (VMTTD POV LD)
already mcludes some work-related travel, so we must remove from this already-deducted
amount from the total work-related travel reported for the travel period. We assume that the
fraction of total long-distance work-related travel that 1s included n the travel-day section is
equal to the fraction of total long distance travel (for any purpose) that 1s mcluded m the
travel-day section.

The occupancy 1s equal to PMT/VMT .

PMT 1s calculated with the same equation used to calculate VMT, except of course that
PMT mnstead of VMT data are used

The average speed 1s my estimate I assume that the average speed for long-distance
travel 1s shightly greater than the average speed for work-related business travel in light-duty
autos (column ¢)

CThis category 1s travel in privately owned automobiles (i.e., motor vehicles excluding vans and
trucks) for business purposes (publicly owned velucles, and trucks used for business
purposes, are treated separately).

The estimate of VMT is a residual, equal to total VMT in all categories in 1990 (FHWA,
1992) munus VMT 1n all categories other than this one See the discussion m Appendix A to
thus report.

The occupancy is equal to PMT/VMT .

The estimate of PMT is a restdual, equal to total PMT in all categories in 1990 (FHWA,
1992) minus PMT in all categories other than this one.

The average speed 1s the average for the work-related business travel, as estimated from
the NPTS data (Table 4-4).

dThs category is travel m privately owned hight-duty trucks without paid drivers, for business
purposes In the analysis presented here, an LDT has a gross vehicle weight (GVW) of 8,500
Ibs or less, whauch I assume corresponds to an average weight of 7,500 Ibs or less. (See Report
#10 for details )

VMT is equal to total VMT by all business-use LDTs, with and without paid drivers,
less business-use VMT in LDTs with paid drivers Total VMT by all business-use LDTs in
1990 is linearly interpolated between total business-use (non-personal) VMT for LDTs in
1987 (calculated from the data in columns e and k of Table 10-6, for average weight classes
1425 to 6,000 Ibs and 6,001 Ibs to 7,500 Ibs) and total business-use VMT for LDTs in 1992
(calculated from the 1992 TIUS; Bureau of the Census, 1995). Business-use VMT in LDTs
with paid drivers 1s estimated in column e.

I assume an occupancy rate of 1.1 persons per vehucle

PMT is equal to VMT multiplied by the occupancy rate.

I assume that busimness-use LDTs without paid drivers travel in the same traffic
conditions as do private passenger vehucles used for daily personal purposes, and thus have
the same average speed This results m a lower average speed than that for business-use
LDAs, whach 1s reasonable because salesman and others who travel long distances at
relatvely high speeds probably use LDAs more than LDTs

€This category 1s travel in privately owned light-duty trucks, with paid drivers

VMT 1s equal to the number of paid operators of LDTs in 1990, multiplied by the miles
driven per operator The Bureau of Labor Statistics (1993) reports 570,000 operators of light
trucks mn 1990 Assumung 30,000 miles per year, the result 1s 17 billion VMT (Note that I use
the same BLS source to calculate the wage rate of operators of LDTs, m Report #5

Fassume an occupancy rate of 1.0 persons per vehicle — 1.e, that the vehicle has the
driver only.

PMT is equal to VMT multiplied by the occupancy rate.
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I assume that busmess-use LDTs with paid drivers on average have a somewhat lower
average speed than do private vehicles used for daily personal purposes.

fThis category 1s travel in privately owned heavy-duty trucks, for busmess purposes. In the
analysis presented here, an HDT has a GVW of over 8,500 Ibs, which I assume corresponds to
an average weight of over 7,500 Ibs (See Report #10 for details )

VMT in 1990 1s linearly interpolated between business-use VMT for HDTs in 1987
(calculated from the data in columns e and k of Table 10-6, for average weight classes over
7,500 Ibs) and business-use VMT for HDTs in 1992 (calculated from the 1992 TIUS; Bureau
of the Census, 1995) Note that the result is consistent with 1.614 million operators of heavy
trucks in 1990 (Bureau of Labor Statistics, 1993) each driving about 60,000 miles per year. (I
use the same BLS (1993) data to estimate the wage of operators of HDTs, in Report #5.)

The FHWA (1992) estimates that combination (cab+trailer) trucks (most heavy-duty
trucks are combmations) have an occupancy of 1.0 — i.e., that the vehicle has the driver only

PMT 15 equal to VMT multiplied by the occuparncy rate.

Average speed: on any given road, HDTs travel more slowly than do LDAs and LDTs
However, data from the FHWA (1991c¢) indicate that HDTs travel a larger fraction of their
total VMT on high-speed roads (interstates and other freeways) than do LDAs and LDTs.
Thus, the average speed of HDTs, over all road types, should be close to the average speed of
LDAs.

8VMT 15 equal to the FHWA's (1992) estimate of total VMT in buses in 1990 nunus my estimate
of VMT in school buses in 1990

The occupancy is equal to PMT/VMT [ assume that the driver is counted as an
occupant

PMT is equal to the FHWA's estimate of total PMT in buses 1n 1990 minus my estimate
of PMT in school buses in 1990.

The average speed is equal to total person-miles of travel in buses (Table 4-3, all trip
purposes, except that only half of the bus person-mules for “Shopping, school, church, doctor,
dentist, other family or personal business” is counted, on the assumption that half of that is
m school buses) divided by total person-hours of travel m buses (Table 4-2, all trip purposes,
except that only half of the bus person-miles for “Shopping, school, church, doctor, dentist,
other farmmuly or personal business” is counted, on the assumption that half of that is in school
buses).

Note that the values shown for the cost parameters Fnum, Fm, Cnm, Cm, and Ch are
those for passengers. Parameter values for drivers are discussed in the text. The total
calculated costs (TTCinm, TTCim, TTCem, TTCenm} include the cost of driver time as well

hVMT is estimated as. FHWA's estimate of total VMT by buses in 1990 (FHWA, 1992),
multiplied by Davis and Strang’s (1993) estimate of the ratio of VMT by school buses to VMT
by all buses m 1990 (Davis and Strang [1993] estimate VMT separately for transit buses,
mtercity buses, and school buses, whereas the FHW A reports only total VMT for all buses
use Davis and Strang’s estimate to disaggregate the FHWA total, rather than use the Davis
and Strang estimate directly, because I rely heavily on FHWA estimates of VMT, person-miles
of travel, vehicle registrations, and highway finances throughout )

The occupancy rate 1s calculated using VMT and PMT data from Davis and Strang
(1993) and FHWA (1992). I assume that the driver 1s counted as an occupant

PMT 1s equal to the occupancy rate multiphed by VMT.

The average speed 1s from Table 4-4, purpose “Shopping, school, church, doctor,
dentist, other family or personal business,” row “bus,” column “total”

Note that the values shown for the cost parameters Fnm, Fm, Cnm, Cm, and Ch are
those for passengers Parameter values for drivers are discussed in the text The total
calculated costs (TTCinm, TTCim, TTCem, TTCenm) include the cost of driver time as well
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IYMT s calculated as the total number of vehicles n the federal fleet m 1990 less mihtary
vehicles and buses {(General Services Admurustration, 1993?), multiphied by muiles traveled per
vehicle in large federal fleets in 1990 (General Services Admunistration, 1993?)

The occupancy rate 1 my estimate.

PMT 1s equal to VMT multiplied by the occupancy rate.

I assume that the average speed of these vehicles is the same as the average for all cars
and all trip purposes (Table 4-4)

JVMT s equal to the number of domestic military vehicles in 1990 multiplied by miles per
mulitary vehicle in 1990 (General Services Admunistration, 1993?), multiphed by 50% (I
assume that 50% of travel by military vehicles 1s on military bases, and therefore probably
should not be included m this analys:s).

The occupancy rate 1s my assumption.

PMT 1s equal to VMT multiphed by the occupancy rate.

I assume that the average speed of these vehicles is the same as the average for all cars
and all trip purposes (Table 4-4)

KVMT is calculated as: the number of state and local passenger vehicles (FWHA, 1992) less
police vehucles (this table) multiplied by average mules per passenger vehucle for all passenger
vehicles (FWHA, 1992), plus the number of state and local trucks multiphed by average miles
per truck for all trucks (FWHA, 1992), plus the number of state and local motorcycles
multiplied by average miles per motorcycle for all motorcycles (FWHA, 1992) (all data for
1990)

The occupancy rate 1s my estimate

PMT is equal to VMT multiplied by the occupancy rate

I assume that the average speed of these vehicles is the same as the average for all cars
and all trip purposes (Table 4-4)

IWMT 1s estimated as: the number of police vehicles multiplied by my assumption of 15,000
miles per vehicle per year The number of police vehicles is calculated as* the number of
vehicles per sworn officer multiplied by the number of sworn officers (Bureau of Justice
Statistics, 1992a, 1992b).

I assume two officers per vehicle, on average.

PMT 1s equal to VMT multiplied by the occupancy rate.

I assume that the average speed of these vehicles is the same as the average for all cars
and all trip purposes (Table 4-4)

Note that some of the police travel-time cost estimated here 1s counted already 1n our
estirnates of police expenditures in Report #7 In Report #5, we estimate and deduct this
overlap, to avoid double counting.

MThus category is all travel by all vehicles

VMT and PMT are from FHWA (1992).

The occupancy 1s equal to PMT/VMT

The average speed 1s equal to PMT/PHT.

Person-hours of travel, person-hours of delay, and the total cost of travel time are
calculated as the sum of the figures from columns a through [.

Note that the FHWA's estimate (Highway Statistics ) of total vehicle-miles of travel
includes travel on public roads by passenger cars and trucks used by the mihtary (because the
VMT estimates are based on traffic counts), but that its estimates of the number of publicly
owned vehicles does not include any vehucles used by the military Also, the estimate of VMT
apparently excludes travel on mulitary bases and other nonpublc roads. I assume that 50% of
all VMT by military vehucles (as reported by the General Services Admunistration, 19937 )
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occurs on public roads and therefore 1s included in the FHWA's estimates of VMT (The
assumption 1s urumportant, because all VMT by military vehicles 1s less than 0 05% of all
VMT on public roads.)

NCalculated using equation 4-1
OCalculated using this equation from Report #5:

TTCim=(PHT ~ PHTd)- (-—l—- + (1 - —1—-) Pa} Fm,dr Cm
Oc Oc
where.
TTCim = the internal, monetary travel-time cost (109 1991%)
Fm,dr = the fraction of travel time that displaces monetary (paid) activities rather than
unpaid activities, for drivers
Cm = the cost of the foregone monetary (paid) activities ($/person-hour)
all other variables defined m text

(Note that the equation for buses is slightly different.}

PCalculated using this equation from Report #8:

TTCem = PHTd (—1— + (1 - —l—) Pa)- Fm.dr-Cm
Oc Oc

where:
TTCem = the external, monetary travel-time cost (10% 1991%)

all other variables as defined in notes and text above
(Note that the equation for buses 1s slightly different )

qCalculated using this equation from Report #9:

Bo Bh
TTCenm = Pmd-(ég+(1~5%) Pa). Frm, dr - Cnim, ref - —E +Ch,dr,ref - ——‘g
R R

where:

TTCenm = the external, non-monetary travel-time cost (107 1991$)
all other variables as defined i notes and text above

(Note that the equation for buses is slightly dufferent )

IThe sum of personal nonmonetary, private monetary, external monetary, and external
nonmonetary costs. The totals shown here include some monetary costs of police time already
counted as government costs of police protection in Report #7 See Report #5 for further
discussion. In the final totals reported for monetary costs in Report #5 and Report #8, this
double-counted police time cost is removed.
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TABLE 4-2. BILLION PERSON-HOURS OF TRAVEL (CONGESTED AND UNCONGESTED
CONDITIONS), BY MODE, TRIP PURPOSE, AND INCOME CLASS, FOR NON-SEGMENTED
TRIPS, 1990

— I
| mode Annual household mcome (103 §)b
il Travel to or from work

| <10 | 10-20 [ 20-30 | 30-40 ] 40-50 [ 50-60 ] 60-80 | >80 | na | Total ]
lcar 0488 1332) 1823 ]2192] 1.584 [ 1.557 | 1469 | 1.064 | 3335 |14.843
Bus | 0.060 | 0118 | 6.092 | 0.080 | 0.036 | 0.026 | 0039 | 0.040 | 0.217 | 0.709
| Train1 | 0.005 | 0.006 | 0035 | 0.026 | 0.017 | 0.026 | 0.055 | 0051 | 0.075 | 0.297
Tram2 | 0.008 [ 0045 | 0.045 | 0.047 | 0.038 | 0.043 | 0.043 | 0021 | 0.092 | 0.382
Walk | 0.040 [ 0.049 | 0.059 | 0.032 | 0.029 | 0017 | 0.023 | 0017 | 0.102 | 0.368

Work-related business
<10 | 10-20 | 20-30 | 30-40 | 40-50 |} 50-60 | 60-80 | >80 | na
it Car 0.035 | 0.051 | 0.108 | 0.169 | 0.100 | 0185 | 0.152 | 0.169 | 0.257
Bus 0005 { 0.014 | 0.002 | 0.000 { 0.002 | 0.006 | 0.002 { 0.000 { 0003
Traini | 0.000 | 0.000 } 0.005 | 0.000 | 0.018 | 0.000 | 0.009 | 0.000 | 0.000
| Train2 | 0.000 | 0.001 | 0.004 | 0.002 | 0.001 | 0.000 { 0.000 | 0.002 | 0.002
Walk | 0.006 § 0001 | 0.001 j 0.003 | 0002 | 0.007 | 0.001 | 0.002 | 0013
Shopping, school, church, doctor, dentist, other family or personal business
<10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 | >80 | n.a
| Car 1.496 | 2821 | 3.631 | 3.652 | 2.589 | 2.080 | 1.946 | 1.535 | 5.464
il Bus 0.135 10184 | 0102 | 0.044 | 0.041 | 0016 | 0 020 | 0.058 | 0.265
VE Trainl | 0.012 | 0002 | 0.003 { 0.001 | 0.022 { 0002 | 0.004 | 0015 | 0.022
| Train2 | 0.014 | 0.019 | 0.022 | 0.024 | 0.010 | 0.005 | 0.009 | 0.011 | 0.050
Walk | 0.316 } 0.218 | 0.215 | 0.182 | 0.098 { 0072 | 0.068 | 0.053 | 0.324
Visit friends or relatives, pleasure drive, vacation, other social or recreational trips
. <10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 | >80 na
| Car 0.937 | 1.927 | 2.426 § 2683 | 2177 { 1756 | 1534 | 1.188 | 3716
| Bus 0046 | 0053 | 0.045 | 0057 | 0.026 | 0.011 | 0.006 | 0.004 | 0.093
i Tramnl | 0.000 | 0.037 | 0014 { 0003 | 0000 | 6.006 | 0000 | 0.002 | 0014
| Tram2 [ 0013 | 0.021 | 0027 [ 0014 | 0008 | 0001 | 0010 | 0003 | 0015
Walk | 0205 } 0159 | 0.169 | 0172 | 0124 | 0.087 | 0.137 | 0.083 | 0.278
Suml | 3.820 | 7.060 | 8.828 | 9.383 | 6.921 | 5.901 | 5.527 | 4.318 | 14.339
i Sum2 | 2.955 | 6.132 | 7.989 | 8.696 | 6.449 | 5.577 | 5.101 | 3.957 | 12.773

2.921 | 6.081 | 7.881 | 8.527 | 6.349 | 5.392 | 4.949 | 3.788 | 12.516
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Source: our analysis of the NPTS data files.

We summed minutes of travel (variable TRP_MIN, survey question H13) by household
mcome (HHFAMINC, survey question K), main means of transportation on day trip
(TRPTRANS, survey question H15), and reason for day trip (WHYTRP, survey question H7),
from the data files of the 1990 Nationwide Personal Transportation Survey (see FHWA,
1991b). Then, we multiphied the resultant travel hours m each category by 1.03062, to account
for the people who refused to answer or did not know the answer to any of the questions
about travel time, trip purpose, and trip mode, or who gave “other” as the reason for the trip
Thus scaling by 1.03062 assumes that: i) the people who refused to answer or did not answer
one question are not the same as the people who refused to answer or did not answer the
others; and i1) that had these people answered the questions, the distribution of their
responses would have been the same as those who did answer.

Note that the estumates presented 1n this table are of the distance of all trips that did
not mvolve public transit, plus the distance of all pubhc transit trips that did not involve a
transfer to another vehicle or mode. (All such trips are called “non-segmented”.) That is, the
estimates exclude the distance of all parts of all trips that involved a transfer to or from
public transit. Data m Hu and Young (1993b) suggest that the omitted segmented mileage is
only 0.2% of the non-segmented mileage by cars. Therefore, the estumates of total travel in
Table 4-1 are equal to the estimates of this table multiplied by 1.002.

Note too that the estimates here are of travel time in all conditions, congested as well as
uncongested. In Table 4-1 I separate congested from uncongested travel.

@Car = auto, station wagon, passenger van, cargo van, pickup truck (with & w/out camper),
other truck, motorcycle, moped/motorized bicycle, taxa
Bus = bus (excluding school bus)
Trainl = Amtrak or commuter train
Train2 = streetcar, trolley, elevated rail, or subway
Walk = walk or bicycle
We did not include “school bus” or “other” modes We distributed “not ascertained”, and
“refused” proportionately to the other modes.

SUM1 = total person hours, all trip purposes, all modes

SUM2 = total person hours, all trip purposes by car
SUMS3 = total person hours, all trip purposes except work-related business, by car

Pna =not ascertained, or refused {o answer



TABLE4-3. BILLION PERSON-MILES OF TRAVEL (CONGESTED AND UNCONGESTED
CONDITIONS) BY MODE, TRIP PURPOSE, AND INCOME CLASS, FOR NON-SEGMENTED TRIPS,
1990

Trippupose S— — — —
mode Annual household mcome (103 $)b

il Travel to or from work
<10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 { >80 | na
{Car | 16.8 | 46.1 | 60.8 | 790 | 569 | 545 | 51.4 | 376 | 111.0
i Bus 0.8 1.9 11 1.0 0.7 | 0.5 0.8 0.8 2.8
| Trainl | 0.2 01 1.0 0.4 0.5 0.6 1.4 1.7 1.3
[ Tram2 | 0.2 0.5 0.7 0.6 0.6 1.1 0.9 0.2 1.6
bwalk | 02 | 03 | o4 | 02 | 02 | 61 | 61 | 01 06
| Work-related business
| <10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 | >80 | n.a.
| Car 1.4 2.0 5.3 7.2 3.6 8.4 6.9 7.8 | 10.2
Bus 0.0 01 00 0.0 0.0 | 0.1 0.1 0.0 0.1
Traml| 00 0.0 03 0.0 0.7 | 00 0.1 0.0 0.0
Train2 | 0.0 0.0 00 0.0 0.0 0.0 0.0 | 00 0.0
Walk | 0.0 00 0.0 0.0 00 0.0 0.0 0.0 00
| Shopping, school, church, doctor, dentist, other family or personal business
<10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 | >80 | na.
| Car 43.2 | 86.1 | 117.2 11204 | 838 | 67.2 | 654 | 53.4 | 176.1
| Bus 1.7 | 54 15 09 0.5 | 0.3 0.8 | 1.4 40
I Train1| 02 | 00 | 01 | 00 | 04 | 01 | 01 | 02 | 02
I Train2 | 0.1 0.2 0.3 03 02 | 0.0 0.1 0.1 0.5
Iwalk | 1.3 11 0.9 0.8 0.4 0.3 0.4 | 02 15
Visit friends or relatives, pleasure drive, vacation, other social or recreational trips
<10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 | >80 | na.
| Car 31.1 | 713 | 87.7 | 1061 ] 87.0 | 67.6 | 623 | 50.6 | 1348
| Bus 0.4 1.4 06 21 0.8 0.0 00 0.1 26
| Tram1| 00 | 22 | 01 | 14 | 00 | 04 | 00 | 00 | 05
| Train2 | 0.0 05 03 0.1 0.3 01 60 | 00 0.1
Iwalk | 0.9 07 038 11 0.5 | 0.4 0.8 | 05 1.4

ISum1 | 988 | 219.8 | 2791 321.7 | 237212019} 1916|1546 | 4493
|Sum2 | 92.6 | 2054 | 271.0 | 3127 | 2313 | 1978 | 1860 | 1494 | 432.2

Sum3 | 91.2 7 512 1893 | 179.1 | 141 422.0
ums | 2034 § 265 305 277 141 6
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Source. our analysis of the NPTS data files

We summed mules of travel (variable TRPMILES, survey question H13) by household
mcome (HHFAMINC, survey question K), mam means of transportation on day trip
(TRPTRANS, survey question H15), and reason for day trip (WHYTRP, survey question H7),
from the data files of the 1990 Nationwide Personal Transportation Survey (see FHWA,
1991b) Then, we multiphed the resultant mileage in each category by 1.02949, to account for
the people who refused to answer or did not know the answer to any of the questions about
trip distance, trip purpose, and trip mode, or who gave “other” as the reason for the trip
Thus scaling by 1.02949 assumes that: i) the people who refused to answer or did not answer
one question are not the same as the people who refused to answer or did not answer the
others; and 1i) that had these people answered the questions, the distribution of their
responses would have been the same as those who did answer.

Note that the estimates presented m this table are of the distance of all trips that did
not mvolve public transit, plus the distance of all public transit trips that did not involve a
transfer to another vehicle or mode. (All such trips are called “non-segmented”.) That 1s, the
estimates exclude the distance of all parts of all trrps that involved a transfer to or from
public transit. Data i Hu and Young (1993b) suggest that the omitted segmented mileage 1s
only 0.2% of the non-segmented mileage by cars. Therefore, the estimates of total travel in
Table 4-1 are equal to the estumates here multiplied by 1.002.

Note too that the estimates here are of travel miles in all conditions, congested as well as
uncongested. In Table 4-1 we separate congested from uncongested travel

aCar = auto, station wagon, passenger van, cargo van, pickup truck (with & w/out camper),
other truck, motorcycle, moped /motorized bicycle, taxi
Bus = bus (excluding school bus)
Tramnl = Amtrak or commuter train
Train2 = streetcar, trolley, elevated rail, or subway
Walk = walk or bicycle
We did not include “school bus” or “other” modes. We distributed “not ascertamed”, and
“refused” proportionately to the other modes.

SUM]1 = total person miles, all trip purposes, all modes

SUM2 = total person miles, all trip purposes by car
SUMS3 = total person miles, all trip purposes except work-related business, by car

bn.a = not ascertained, or refused to answer



TABLE 4-4. AVERAGE TRAVEL SPEED, BY MODE, TRIP PURPOSE, AND INCOME CLASS, FOR
NON-SEGMENTED TRIPS, 1990 (MPH)

I Tip ptrposea -

l mode Annual household tmcome (103 $)b

| Travel to or from work
! <10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 | >80 | n.a.
I Car 345 | 346 | 333 | 36.0 | 359 | 350 | 350 | 353 | 333
Bus 13.2 | 15.7 | 124 | 127 | 19.0 | 21.0 | 201 | 205 | 129
Traml| 408 | 13.9 | 28.4 | 15.0 | 30.7 | 241 | 258 | 329 | 167
Tram2| 205 | 11.7 | 157 | 132 | 154 | 249 | 212 | 7.8 | 17.0
Walk | 4.8 6.3 7.5 | 6.0 6.8 | 6.3 3.6 | 5.1 6.0
| Work-related business
| <10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 | >80 | n.a
| Car 39.8 | 387 | 489 | 429 | 36.0 | 456 | 453 | 459 | 396
| Bus 49 | 99 | 171 | ne. | 0.0 | 146 | 372 | 250 | 20.0
| Tranl| ne | ne | 65.6 | 52 | 39.5 | ne 8.7 | ne. | ne
| Train2 | ne 4.0 35 | 7.6 75 | ne. | ne | 7.2 | 14.0
IWalk | 42 | 75 | 47 | 27 | 62 | 03 | 71 | 48 | 27
Shopping, school, church, doctor, dentist, other family or personal business
<10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 | >80 | n.a.

| Car 289 | 305 | 32.3 | 33.0 | 324 | 323 | 33.6 | 348 | 322

| Bus 127 | 293 | 143 | 196 | 126 | 189 | 382 | 236 | 149
ITram1| 202 | 40 | 275 | 72 | 199 | 69.6 | 36.1 | 102 | 106
[Trainz | 99 | 100 | 149 | 122 | 166 | 105 | 107 | 6.2 | 107
|walk | 42 5.1 42 | 43 4.0 | 41 54 | 4.3 4.6
Visit friends or relatives, pleasure drive, vacation, other social or recreational trips
| <10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-80 | >80 | na
ICar | 332 | 370 | 36.1 | 39.5 | 40.0 | 385 | 406 | 426 | 363

Il Bus 95 | 255 | 128 | 36.6 | 31.1 | 38 89 | 258 | 27.6
ITranl | ne. | 599 | 62 |5376) ne. | 63.1 | ne | 182 | 322
Tram2 | 02 | 239 | 11.6 | 10.6 | 366 | 784 | 24 | 169 | 90

| Walk | 46 | 44 | 45 | 66 | 43 | 48 60 | 58 51
{Suml | 259 | 31.1 | 316 | 343 | 343 | 342 | 347 | 358 | 31.3
lSum2 | 313 | 335 | 339 | 360 | 359 | 355 | 365 | 377 | 338
\Sum3 | 312 | 33.4 | 33.7 [ 358 | 359 | 351 | 362 | 374 | 337
" Notes. see next page - - - ' '
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Equal to person-miles (Table 4-3) divided by person-hours (Table 4-2)

aCar = auto, station wagon, passenger van, cargo van, pickup truck (with & w/out camper),
other truck, motorcycle, moped /motorized bicycle, taxi
Bus = bus {excluding school bus)
Trainl = Amtrak or commuter train
Train2 = streetcar, trolley, elevated rail, or subway
Walk = walk or bicycle
We did not mclude “school bus” or “other” modes. We distributed “not ascertammed”, and
“refused” proportionately to the other modes.

SUM1 = Average speed, all trip purposes, all modes
SUM2 = Average speed, all trip purposes by car
SUMS3 = Average speed, all trip purposes except work-related business, by car

bna = not ascertamed, or refused to answer.
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PDO = property damage only; MAIS = maximum abbreviated mjury scale (see the text); all mj.
= all injuries;

2The unut costs shown under “all injuries” are the calculated injury-weighted averages

bSee equation 4-6 Note that a small amount of the potential external cost estimated here
actually is pard through hability claims, and therefore 1s counted as a private monetary cost,
not a nonmonetary cost. See Report #19 for details.
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TABLE 4-6. SUMMARY OF THE PERSONAL NONMONETARY COSTS OF MOTOR-VEHICLE

USE, 1990-91 (BILLION 1991 §).

oot

Cost item

Travel time, excluding travel delay imposed by others,
| that displaces unpaid (nonmonetary) activities

Accidental pain, suffering, death, and lost nonmarket
| productivity inflicted on oneself

| Personal time spent working on motor vehicles and
| garages, and refueling motor vehicles

l Personal time spent buying and selling and disposing
| of vehucles, excluding dealer costs

: Motor-vehicle noise inflicted on oneself

Motor-vehicle air pollution inflicted on oneself

A3

0.8 2.6 A3

included with external
noise costs

included with external

See the text for details.

aQ = Quality of the estimate (see Table 1-3 of Report #1).

pollution costs




APPENDIX 4.A: THE NATIONWIDE PERSONAL TRANSPORTATION
SURVEY

This Appendix discusses the characteristics of the data from the Nationwide
Personal Transportation Survey (NPTS), delineates our use of the NPTS and other
sources of travel data, and compares the results of our analysis of the NPTS data
tapes with other analyses of the NPTS data, and with data from other sources. The
ultimate aim here is to determine how best to disaggregate and characterize total
travel, for the purpose of calculating the amount and cost of time spent in motor
vehicles.

4.A.1 CHARACTERISTICS OF THE NPTS DATA

The NPTS is the most comprehensive and useful source of data on personal
travel in the U.S. The NPTS collects data on vehicles, drivers, households, trips, and
other characteristics of travel. The data of the 1990 NPTS were collected from phone
interviews of 47,499 persons in 21,869 households between March 1990 and March
1991 (FHWA, 1991b).

The NPTS focuses mainly on travel for “personal” purposes, which actually
includes all travel except that done as an “essential” part of one’s job. (The NPTS
labels driving as an essential part of work “commercial” driving. I will discuss this
mmportant distinction between personal and commercial fravel more momentarily).
Although the 1990 NPTS did, for the first time, ask about “commercial driving,” the
mtent was not to provide “statistically robust estimates of commercial travel” (Hu
and Young, 1993b), but rather to allow commercial drivers to participate in the
NPTS without spending an inordinate amount of time describing their business
trips. The FHWA did not intend to measure commercial driving comprehensively,
and cautions against using the NPTS estimates of commercial travel (Hu and
Young, 1993b). Nevertheless, the NPTS results do include estimates of commercial
driving, which I will compare with independent estimates of “business-use” of
trucks, from the Truck Inventory and Use Survey (TIUS).

For my purposes, there are five main sources of data in the NPTS: 1) estimates
by drivers of their “commercial” driving; ii) estimates by drivers of their total
muleage; iii) estimates of miles of travel by household vehicles; iv) travel during the
designated “travel day;” and v) long trips during the “travel period.”

4.A.1.1 Estimates by driver of their “commercial” driving.

Question F-6 of the survey asks drivers how many miles they drive as “part of
their work,” not counting commuting (FHWA, 1991b). Driving as a “part of work”
means driving m a licensed motor vehicle on a daily or regular basis as an
“essential” part of work (Question F-3). As an example, the survey hists cab drivers,
truck drivers, and delivery people. The responses to question F-6 are tallied to
produce an estimate of total “commercial” driving (Table 4-A1 below).
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The difficulty with this estimate of commercial driving is that different
respondents will interpret “driving as an essential part of work” differently. Hu and
Young (1993b) state that “commercial” driving was meant to include any driving by
paid drivers, and any other driving that was “central” to the performance of work
(such as some driving by sales people), but not regular or occasional trips as part of
the work (such as travel to meetings). Regular or occasional trips as part of work
were, according to Hu and Young (1993b), supposed to be classified as non-
commercial work-related business travel. However, as noted above, the actual
published survey gives as examples of commercial drivers only cab drivers, truck
drivers, and delivery people who must driver to perform their work. Thus, 1t 15 not
clear if respondents actually were given as much detail about commercial driving as
Hu and Young (1993b) believe they were. And even if they were, there still was
room for differences in interpretation, as Hu and Young (1993b) properly note.

Hu and Young (1993b) present evidence that some respondents who,
according to the intent of the survey, should not have called themselves
commercial drivers, nevertheless called themselves commercial drivers. They argue
that it is likely that some people who did regular but “non-essential” driving as part
of work mistakenly considered the driving to be “commercial”. I believe that, if this
is true, 1t might have resulted in an overestumate of commercial driving in
automobiles, because automobiles and not trucks tend to be used for the sort of trips
(e.g., to meetings) that might be mistakenly considered to be “commercial.”
However, as I explain next, there is compelling evidence that the NPTS dramatically
underestimated commercial driving in frucks1®.

Table 4-A2 compares the NPTS estimates of commercial driving in trucks
and vans in 1987 with the TIUS estimates of non-personal driving in trucks and
vans in 1987 and 1992. The TIUS, which is based on a much larger sample, estimates
considerably more “business-use” (non-personal) mileage in trucks and vans than
does the NPTS. The difference in the estimates for pick ups and vans is most
striking.

For several reasons, I believe that the TIUS data are more accurate. First, the
TIUS sampled 150,000 trucks in 1992, of which more than 30%, or at least 45,000,
were used for business (Bureau of the Census, 1995), whereas the NPTS sampled
only 4,789 “commercial” drivers in 1990 (FHWA, 1991b). Second, the TIUS asked
respondents to estimate how many miles a particular vehicle was driven in a year,
rather than how many miles a particular driver has driven, and in general it is
easier to estimate mileage by vehicle than by driver, because mileage is recorded by
vehicle. Third, the TIUS was a mail survey rather than a phone survey, and in
general respondents have more time to fill out a mail survey than answer questions
on the phone. Fourth, the TIUS distinguished between business use and personal
use more clearly than the NPTS distinguished between commercial use and
personal use. Item 18 of the TIUS states that a truck is used for business if 1t is

19Hu and Young (19932) probably would agree they state that it 15 “highly likely that the estimate of
commercial driving in the NPTS 1s underestimated” (p 1-10) If overall commercial VMT 1s
underestimated (as per the previous statement), but commercial VMT by LDAs 1s overestimated (as per
the discussion 1n the text), then commercial VMT by trucks must be greatly underestimated
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operated by and for a private business (including self-employers) or a company, and
15 used in related activities of that business. Moreover, the TIUS asked respondents
to identify velucles that were used both for personal transportation and business,
and estimate the percentage of personal use; it turns out that very few trucks were
used for both (Tables 2a and 10 of the Bureau of the Census, 1995).

However, none of these advantages of the TIUS data necessarily explain why
the TIUS estimated so much more non-personal mileage in trucks than did the
NPTS. For this, there are four possible explanations.

1). The proportion of commercial drivers in the NPTS sample almost
certainly 1s less than the proportion of commercial drivers in the population,
because the NPTS missed some people who were not at home durmng the time of
the survey, and commercial drivers - especially long-haul operators - are at home
less than are most people. The NPTS started with 73,579 randomly selected
telephone numbers, and from this set 1dentified 26,172 households with telephones.
This means that 47,407 phone numbers were excluded because they did not
positively identify a household, either because the number did not work, or was a
business number, or simply was not answered?. Thus, the NPTS sample under-
represents households that answer their phone less frequently than average.
Households with truck drivers probably answer less frequently than average,
because the drivers are away so much, and, perhaps, because commercial drivers
might tend to be single.

Beyond that, the NPTS 1dentified 54,313 eligible household residents, but was
able to complete interviews for only 47,499 of them. Thus, people who tend not to be
home -- such as long-distance truck drivers - were under-represented in the
interviews.

These under-representations could explain the difference between the NPTS
estimate and the TIUS estimate of commercial miles driven in “other” (mainly
heavy-duty) trucks, because operators of heavy-duty trucks often are not home.

2). It 1s concervable, albeit unlikely, that in the TIUS, some of the “business-
use” mileage by trucks might be the commute to work. It 1s conceivable simply
because some respondents might have believed that a commute to work 1n a
company-owned truck constitutes a business use. However, 1t 1s unlikely because
the TIUS questionnaire explicitly includes “travel to work” as an example of a
personal (non-business) use of a vehicle. (The NPTS categories “commercial
driving” and “work-related business” also explicitly exclude commuting to work.)

3). It is conceivable, albeit unlikely, that NPTS respondents did not count as
“work-related” trips any business trips that were made in non-household vehicles.
This is conceivable because the “vehicle” section of the survey, which comes before
the travel-day section, asks respondents to give details about household vehicles
only (vehicles that are owned by or regularly available to the household). This
mught have conditioned respondents to presume that the travel-day questions
applied only to trips made m household vehicles, in spite of the instruction in the
travel-day section to consider all trips except commercial trips.

20Ky (1996) states that interviewers tried a phone number at least nine times within a six-day period
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4). The several disadvantages of the NPTS, discussed above, simply might
have happened to result in an underestimate of business driving.
On the basis of the foregoing, I conclude the following:

1) The NPTS might overestimate commercial driving in automobiles
2) The NPTS greatly underestimates commercial driving in pickups and vans
3) The NPTS slightly underestimates commercial driving in large trucks

4.A.1.2 Estimates by drivers of their total mileage

Question F-7 of the survey asks each driver how many miles he or she drove,
in all licensed motorized vehicles, and including miles driven as an essential part of
work (“commercial driving”) during the past 12 months. The VMT tallied from the
responses to this question thus should include VMT by all licensed vehicles,
including heavy trucks, public vehicles, mulitary velucles, and school buses.

As shown in Table 4-Al, the NPTS esttmate of total VMT, based on drivers’
estimates of their total mileage, is close to an independent estimate of total VMT by
the FHWA. However, this correspondence is to some extent lucky, because the two
actually are not measuring the same thing. In the first place, the FHWA data include
VMT by any type of vehicle that travels on the lughways, whether the vehicle is
licensed or not. By contrast, the NPTS data apparently exclude travel in unlicensed
vehucles, and may exclude travel in certain kinds of military vehicles as well. On the
other hand, the NPTS data probably include off-road travel, which the FHWA
traffic-count data exclude. Also, the NPTS does not sample people away from home
at the time of the survey. To the extent that these people tend to drive differently on
average than do the people who were at home, the NPTS will mis-estimate total
driving. (For example, as discussed above, commercial drivers, who often are away
from home and drive a lot, probably are underrepresented in the NPTS.)

If the two sources actually had the same coverage, then the close agreement in
the results would suggest that traffic-count method used by the FHWA and the
driver-recollection method used by the NPTS were relatively unbiased. However,
given that the agreement may be fortuitous, 1t is possible that one or both methods
are biased.

4.A.1.3 Estimates of miles of travel by household vehicles:

Question B-6 of the NPTS asks the respondent to state the mileage driven on
every licensed vehicle owned or, if not owned, then regularly used, by the
household (FHWA, 1991b). Thus, the total VMT estimate calculated from the
responses to this question apparently excludes:

i) unlicensed vehicles
ii) vehicles that are not owned and not used regularly by the household.

Note that the wording in the “vehicle data” part (B) of the survey does not
specifically exclude commercial vehicles, such as heavy trucks, that are “used”
regularly by household members. Thus, it is conceivable that a driver of, say, a post-
office truck would count the truck among vehicles owned or used regularly by the
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household. We expect, however, that either most respondents did not even
consider such “commercial” or “institutional” vehicles to be covered by the survey,
or else, if the question came up, were told to exclude them. This is supported by the
Hu and Young’s [(1993a]) reference to covered vehicles as “household-based
vehicles” (e.g., p. 3-46).

4.A.1.4 Travel during the designated “travel day”

The main body of data in the NPTS are statistics on travel for one whole
recent day (4:00 AM to 3:59 AM). Section H of the survey asks respondents about all
trips, for all purposes, by all modes, except trips made as an “essential” part of work.
The travel-day data, then, should include all PMT and VMT (including travel m
publicly owned automobiles) except “commercial” travel as defined in the NPTS
(see above).

There 1s an ambiguity regarding travel in publicly owned automobiles.
Nothing in the travel-day section of the survey itself excludes non-commercial
travel in publicly owned automobiles (for example, occasional travel in a
government passenger sedan for government business). However, throughout their
discussion of results, Hu and Young (1993a, 1993b) refer to “privately owned
vehicles;” which taken literally would exclude publicly owned automobiles. (And
there 1s no other mode category that conceivably could include publicly owned
passenger vehicles.) I presume that travel in publicly owned vehicles actually is
included in the travel-day statistics, the use of the term “privately owned vehicles”
notwithstanding.

4.A1.5 Long trips during the “travel period.”

Section G of the survey asks about trips of 75 miles or more from home,
during a recent two-week period.

Note that the travel-day data include any long trips also. In Table 4-Al, the
long-trip VMT and PMT recorded for the travel day are shown in parentheses.
These values are about 1/3 of the long-trip VMT and PMT estimated on the basis of
the travel period reporting. Hu and Young (1993a) assume that the travel-period
estimates of long trips are more accurate than the travel-day estimates, and so, when
computing grand-total travel (short trips plus long trips) deduct travel-day estimates
of long trips from travel-day total, and then add travel-period estimates of long trips.

In principle, however, this procedure will not produce correct estimates of
total travel, or for that matter correct estimates of short trips and long trips, because
1t does not address a fundamental shortcoming of the NPTS: namely, that the NPTS
sample was limited to individuals who were at their home, and had a telephone
and answered 1t, at the time of the survey. As discussed above, because of this, long-
haul truck drivers, who often are away from home, probably were
underrepresented. As regards short trips, long trips, and total travel, the problem 1s
that the NPTS, by design, did not survey people who at the time of the survey were
traveling away from home and camping, staying in motels or rest stops, traveling in
RVs, or visiting friends. It 1s likely that, on average, people who were traveling away
from home would have given different responses to the travel-day and even travel
period questions than did the persons at home who actually answered the survey.
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Some people take more long trips than do others. Those who do are less likely to be
at home at any given time, and hence less likely to have answered the NPTS survey.
Hence, the NPTS probably underestimated long-trip travel, and, reciprocally,
overestimated short-trip travel2l.

The best way to estimate total travel, long trips, and even commercial driving
is of course to sample everybody randomly, regardless of where they are at the time
of the survey. If one did this, one would have to ask only about the previous day’s
travel; one would not have to ask about the previous two-week’s travel.

4.A.1.6 Conclusions:

As mentioned above, the NPTS is the most comprehensive and useful source
of data on personal travel in the U.S. However, as with any survey, there are a
number of caveats regarding its use.

1). Most importantly for our purposes, the NPTS is not intended to be a
comprehensive estimate of commercial driving in the U. 5. Thus, the NPTS
estimates of “commercial miles driven” in trucks is substantially less than the
amount of miles actually driven by trucks operated by businesses.

Also, the meaning of “commercial driving” in the NPTS is somewhat non-
intuitive. In the NPTS, “commercial driving” refers neither to driving in vehicles
used exclusively for business or commercial purposes, nor to trips made for
commercial or business purposes, but rather to miles driven as a part of work by
those who drive regularly as an essential part of their work.

2). The NPTS sample is not representative: people who were away from
home, and presumably had traveled a lot recently at the time of the survey, were
excluded; hence, their travel behavior was underrepresented.

3). Agreement between the NPTS and the FHWA estimates of total VMT may
be fortuitous, because of differences in coverage.

4). Long-trip travel probably 1s under-represented in the NPTS.

5). Either the term “privately owned vehicle,” used throughout the
discussion of the NPTS results (Hu and Young, 1993a, 1993b), actually includes
publicly owned vehicles, or else travel in publicly owned vehicles actually is
excluded from some of the reported results.

4.A.2 MY USE OF THE NPTS DATA AND OTHER DATA ON TRAVEL

Recall that my ultimate aim here is to determine how best to disaggregate and
characterize total travel, for the purpose of calculating the amount and cost of time
spent in motor vehicles. For example, I need to determine how best to distinguish
business travel from personal travel, because business travel displaces mainly
productive work, whereas personal travel displaces mainly leisure, and productive

ZINote that one cannot get around this problem simply by extending the travel period from two weeks
to, say, one month or even longer That merely would give one a more accurate measure of long-trip
travel from the unrepresentative sample.



work 15 worth more than leisure. Beyond that, I need to determine the best source of
data on business travel and personal travel.

I use the FHWA (1992) data on total VMT and PMT, because as discussed
above the NPTS data on total travel in my view have shortcomings. I then separate
business travel, in four different vehicle classes: automobiles, ight-duty trucks
without paid drivers, light-duty trucks with paid drivers, and heavy-duty trucks. I
distinguish between LDTs with paid drivers and those without because the former
mncur a higher time cost. I use the TIUS data to estimate business travel in HDTs and
LDTs, because as discussed above, the TIUS data on business travel in private trucks
are more complete and more accurate than the NPTS data on business travel in
trucks. I esimate total business travel in private LDAs as a residual: the difference
between total travel in all vehicles and total travel except business travel in private
LDAs. I use ttus residual method, rather than use the NPTS data on business travel
in autos, because of the problems with the NPTS estimates of commercial travel,
and because the NPTS data include business travel in publicly owned autos, which I
count separately. I also separate travel in publicly owned (government) vehicles,
because travel data are available for several different kinds of publicly owned
vehicles (in FHWA, 1992, and other sources; see Table 4-1), and because travel in
public vehicles most likely comes at the expense of productive work. Similarly, I
separate travel in buses.

However, I use NPTS data on personal household travel, because it is the
most detailed and comprehensive source of data on personal travel. In the NPTS
data set I distinguish two kinds of personal travel, where “personal” travel excludes
commercial and work-related travel as defined in the NPTS: i) all personal travel
reported for the travel day, and ii) any additional personal ravel reported for the
travel period but not the travel day (see the discussion above). That is, I subtract the
“overlap” between the travel-day and the travel-period data from the travel-period
or “long-trip” results, rather than from the travel-day results, as the NPTS does.
The NPTS subtracts the overlap from the travel-day results because it wants a
separate, complete estimate of long-trip travel. I do the reverse because I have
analyzed the travel-day but not the travel-period data set in detail, and wish to
retain all of the detail for all of the trips, including whatever long trips are reported
in the travel-day data set. Note, though, that I make no corrections for errors
introduced by the unrepresentativeness of the NPTS sample (as discussed above).

A final note: to the extent that individuals drove public vehucles for purely
persorial reasons (wherein “work-related travel” is not a “personal” purpose), and
reported such driving in the “travel-day” section of the NPTS, my estimates here
will double count mileage in publicly owned velucles: once as “daily travel in
private motor vehicles for personal purposes,” and again as mileage recorded for
federal or state civilian vehicles. I suspect, though, that few people actually drove
public vehicles for purely personal reasons, and that few of those who did reported
such rmileage as personal mileage in the travel-day section of the NPTS. I assume
that all personal travel reported in the travel-day section of the NPTS was in
privately owned vehicles.
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4.A.3 COMPARISON OF THE RESULTS OF OUR ANALYSIS OF THE NPTS DATA
WITH OTHER ANALYSES OF NPTS DATA, AND WITH OTHER SOURCES OF
DATA

4.A.3.1 Comparison with other analyses of the NPTS data

Our analysis of the raw NPTS data, the results of which are presented in
Tables 4-2, 4-3, and 4-4, 1s consistent with other published analyses of the NPTS data.

1). Hu and Young (1993a) analyze the NPTS data and report that in 1990,
persons 5 years old and older traveled 2,040 billion person miles in autos, vans,
pickups, and other private vehicles. Our estimate of total personal travel in cars,
excluding travel to public transit modes, is 2,078 billion person-miles (Table 4-3)
multiphied by 1.002 (to account for access trips to public transit; see notes to Table 4-3)
= 2,082 billion, which is 2% higher than the Hu and Young (1993a) estimate. Part of
this minor difference might be due to the difference in coverage: we include trips 1n
taxis, and they do not, but they include trips m recreational vehicles and motor
homes, and we do not. It also might be due to a different treatment of non-
responses.

Hu and Young (1993a) also report PMT by six household income classes. Our
estimates of PMT by income class are within 1% to 2% of theirs.

2). Pisarski (1992) analyzes the NPTS data and estimates that commuters spent
19.0 minutes to travel 11.0 miles to work in a “personally-occupied vehicle,” making
an average speed of 34.7 miles per hour for the journey-to-work trip. The average
commute time for all modes was 19.7 minutes?2. We estimate that commuters by
car drove at an average of 34.6 mph to work (Table 4-4). These two estimates are
almost identical. The tiny difference most likely is due to the difference between
Pisarski’s “personally occupied vehicle” and our “car” (see Table 4-4). It also might
be due to different definitions of the journey to work trip, although this is unlikely.

In general, our estimated travel speeds, which are equal simply to miles
divided by hours in each category, are plausible (Table 4-4). Average speeds by car are
between 30 and 40 mph; average speeds by bus, between 10 and 20 mph. Average
speeds by car are highest for work-related business trips (which probably include a
lot of freeway travel by salesman), second highest for social or recreational trips
(whuch tend either to be relatively long, or else to occur during uncongested times),
next highest for work-commute trips, and lowest for shopping and person business
trips (which generally are relatively short, and occur on slow surface streets). In fact,
our estimated ranking of average speed by trip purpose follows the ranking of
average length by trip purpose (Hu and Young, 1993a). This seems reasonable:
longer trips involve more higher-speed, freeway driving.

There 15 one caveat, however. A few of the combinations of trip purpose,
mcome class, and travel mode are quite rare — so rare that random errors in
reporting or estimating travel time or trip distance could have combined to generate
inaccurate results. In general, some respondents will overestimate travel time or

22p;sarski (1992) also states that the American Housing Survey found a median commute time of 20
minutes n 1989, and that the U S Census found an average commute time of 22 4 minutes m 1990
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trip distance, and some will underestimate them. With a large enough sample, the
overestimates will roughly cancel the underestimates (unless there is a systematic
reporting bias), and the total travel time and distance will be reasonably accurate.
However, if for example only a few wealthy people in the survey reported work-
related travel by train, then 1t is possible that the total reported travel time was
significantly undereshmated, and the reported trip distance significantly
overestimated, with the result that the average speed was grossly overestimated.
The reverse could have happened, too. This could explain why our calculated range
in average speed for train travel varies from 0.2 mph to 537.6 mph. (The other
possibilities are errors in data entry or coding in the NPTS data tapes, or errors in
our own data-extraction program.) With car travel this problem presumably is
avoided, because there were so many responses that it is likely that the average is
fairly accurate.

4.A.3.2 Comparison with estimates of time spent in vehicles

The estimated total number of person-hours in Table 4-2 can be translated
into minutes per day per person and compared with surveys of how people spend
their ttme each day. In 1975 and 1976, persons 18 and over in the U.S. reported that
they spent an average of 83.5 minutes per day in travel (Hummon, 1979). Similarly,
in 1985-1987, persons 18 and over n the U.S. spent an average 84 minutes in travel,
including riding publc transit, but excluding travel during work (Wiley et al., 1991).
In 1987 and 1988, teenagers and adults in California spent an average of 111 minutes
in travel, including walking and travel during work, of which 91 minutes were m a
car or a van (Wiley et al., 1991). Apparently, these estimates does not include the
time of commercial drivers, such as drivers of interstate trucks, or others, such as
highway patrolman, who in effect work in their vehicles.

Our estimated travel time per person is lower than the time per person
results from these surveys. If we sum the annual person-hours in “uncompensated
personal” travel, “compensated work” travel, “Federal civilian” travel, and “state
and local crvilian” travel, from Table 4-1, divide by 365 day/year, multiply by 60
minutes/hour, multiply by 0.90 adult-hours/person-hour (Hu and Young, 1993a)2,
divide by 186 million persons 18 or older in the U.S. in 1990 (Bureau of the Census,
Statistical Abstract of the Umted States, 1992, 1992), we get 63 minutes per adult per
day in non-commercial motor vehicles, which is lower than the results from the
time-budget surveys. If we add about 13 billion person-hours in public transit, we get
about 73 minutes per person per day. I cannot explain the discrepancy between thus
figure, and the figures reported from time-budget surveys.

23The data of Table 4-2 pertamm to all persons 5 years of age and older Data mn Hu and Young (1993a)
mndicate that travel by persons 18 and older 1s 90% of travel by persons 5 and older

57



NPTS
travel-day
adjusted
(section H )

NPTS

travel-
period
(section G )

NPT
commer-
cral
driving

NPTS total

NPTS
driver data
(section F)

NPTS
vehicle
data
{section B)

TABLE4-A1. SUMMARY STATISTICS FROM THE NPTS, AND FROM FHWA, FOR 1990

FHWA
(1992)
data.

2,315,273 -

886,235

ne

2,868,303

n.e.

3,295,298b I

333,205¢€ =
1,982,068
adjusted

1,409,513 -

133,784€ =
1,275,729

337,332 302,824 1,915,948 } 2,139,7039 | 2,058323¢

2,144,362f |

aPerson-mules of travel by car, motorcycle, truck, bus, walking, tramn, or bicycle; equal to
adjusted travel-day PMT plus travel-period PMT.

BThis is based on data from the NPTS, the Truck Inventory and Use Survey, and the Natiwonal
Transportation Statistics annual report. Hence, it 1s not completely independent of the NPTS
estimates. It includes PMT in highway vehicles only. cars, motorcycles, buses, and trucks, but
not trains.

CThs 1s the amount of PMT or VMT that originally is included m both the travel-period and the
travel-day results. To avoid double counting, Hu and Young (1993b) subtract this amount
from the raw or unadjusted travel-day totals, to arrive at the adjusted totals See the
discussion in the appendix text above

dTotal miles driven mn any licensed motorized vehicle.

€Total VMT by licensed motor vehucles owned or used regularly by households

fTotal miles of travel by highway velucles: cars, motorcycles, buses, and trucks The estimate 1s

based primarily on traffic counts reported by the states, and hence 1s completely independent
of the NPTS estimates.
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TABLE 4-A2. BUSINESS AND COMMERCIAL USE OF HIGHWAY VEHICLES: THE NPTS
VERSUS THE TIUS (10% MILES)

1990 NPTSa 1987 1992 1990
TIUSP | TIUSC |TIUS1.d
Commer | Work- Total Non- Non- Non-
-cial related personal i personal | personal
driving { travel uses uses uses
Automobile 110,605 33,204 143,809 n.i. n.i. n.i
Pick-up truck 58,660 4,951 63,611 93,267 | 129,128 | 114,784
Van® 28,005 2,794 30,799 48,424 77,592 65,925
Other truck 90,981 1,375 92,356 100,668 | 115,583 | 109,617
Other vehiclef 14,573 12 14,585 n.i. .. n.1
All trucks§ 177,646 9,120 186,766 | 242,359 | 322,303 | 290,326

NPTS5 = Nationwide Personal Transportation Survey, TIUS = Truck Inventory and Use Survey,
ni =not included in survey, 11 = linearly interpolated. Note that the TIUS excludes mileage
m publicly owned vehacles, the NPTS does not.

aFrom Hu and Young (1993b)

PErom the Bureau of the Census (1990)

CFrom the Bureau of the Census (1995)

dLinear mterpolation (11 ) values are equal to 1987 values plus 3/5 of the difference between

1992 and 1987

€Passenger van and cargo van m the NPTS, minivan, panel truck, van, utility truck, or station

wagon in the TIUS

fOther private vehicle, bus, school bus, other, and vehicle-type-not reported, in the NPTS

&Pick-up trucks plus vans plus other trucks
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