UC Berkeley

Earlier Faculty Research

Title
Information Technology and the Implications for Urban Transportation

Permalink
https://escholarship.org/uc/item/42p8r7sm

Authors

Mason, Jonathan
Deakin, Elizabeth

Publication Date
2001-09-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/42p8r7sm
https://escholarship.org
http://www.cdlib.org/

Revised May 2001

Information Technology :

Implications for Transportation

JONATHAN MASON
ELIZABETH DEAKIN

Univerdsity of California Transportation Center
108 Naval Architecture Bldg.
Berkeley CA 94720-1782
[imason@uclink.berkeley.edu
edeakin@uclink.berkeley.edu

9-1



Summary

Electronics and telecommunications are rgpidly changing and are having significant impacts on
sociad and economic activity, with mgor implications for trangportation. Location of businesses
and households may be dtered as telecommunications options improve. Already, thereis
evidence that businesses have become less dependent on proximate locations as eectronic links
have become more effective dternatives to face-to-face communications. And while full-time
telecommuting is relatively rare today, telecommunications systems do gppear to enable many
workersto “commute’ from ahome office on a part-time bass.

In an erawhen mgor physica infrastructure projects are increasingly hard to complete and yet
travel demands have never been greater, information technology offers great promisein
enhancing existing capacity with relatively minor adjustments to existing physica infrastiructure.
In implementing information technology, however, it isimportant to appreciate the politica
context. Seemingly ironic, learning from failure and improving on mistakesis actudly crucid in
technological innovation and progress.

Introduction

The dam that informationa technology is changing the way we live and work in citiesis
commonplace and increasingly accepted, but what exactly these changes might be and how they
actudly come about is not as well thought-out. The transformations are fundamenta for the
trangportation system, long aleading factor in urban change. The implications of information
technology upon transportation patterns must be properly understood, and the social and
organizationd process of how to best integrate information technology into trangportation
operationsis essentid, yet largdy underinvestigated.

Information technology is smultaneoudy increasing the demand for travel and moility; yet
interestingly, it also offers the ability to facilitete these same increases in travel. Its
implementation should not be approached as “ one-sze-fits-dl”. Its successful integration
requires knowledge of how technologies are actudly used by individuadsand groups and how
innovation actually comes abot.

Drawing upon the literature on the topic, this paper discusses the increased demand for travel
and the telecommuni cations—trangportation relationship; the difficulty of getting large-scale
infrastructure built and the possibility of using informetion technology as an dternative, and
lessons for successful implementation.

Thelncreasing Demand to Travel: The Telecommications— Transportation Relationship

It iswell understood that most travel is a derived demand; people travel not for the sake of
movement, but because they have areason to be somewhere. Likewise, goods movement aso
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has clear purpose. Information technology -- a broad term for any system used to communicate
information: telegraphy, telephony, replication technologies, the Internet -- stimulates and feeds
these needs to be somewhere, and physica contact, in turn, often stimulates the need for more
information exchanges. This reflexive reationship between communications and trangportation
islong-standing, dthough it has not dways been recognized

The relationship between individua trangportation trips and individua teecommunications
connections is complex, but we do have abasic understanding of the rdationship. While as
recently asthe 1970s it was commonly thought that telecommunications improvements could
subdtitute for physica travel and thus perhaps be environmentaly beneficid, it isincreasingly
recognized that telecommunications activity and physicd transportation movements are
complementsto each other rather than substitutes in the aggregate. (Gould and Golob, 1998;
Graham and Marvin, 1996; Niles, 1991, 1994; Plaut, 1997) A telecommunications link may
subdtitute for what was once a physicd trip, but the telecommunications activity actualy
generates further new trips, simulating more travel, not less. Higtoricdly, this was demondrated
with the Smultaneous extension of telegraph and railroad networks in the nineteenth century. A
telegraph link would reduce the need for certain types of travel, but the relaive ease of
communication provided by the telegraph expanded business and persond networks and
enhanced the efficiency of railroad shipping operaions. While a person might not need to make
certain trips due to better telecommunications, this increased *tele-connection’” dso alowsthem
to extend and deepen their persona and business networks, dlowing a greater awareness of more
opportunities and thus encouraging more travel.

This offers an important lesson for any travel reduction program. In the aggregate, the demand
to travel and interact is highly unlikely to diminish in an increasingly networked society

(Gillespie and Richardson, 1999), so reducing the environmental impacts of such travel is
critical. The goa should be to dlow people to travel in more environmentaly benign forms of
movement, not to limit the ability for peopleto interact. This aso implies profound possibilities
for the organization of land uses. If people can meet their interaction needs over shorter
distances and closer proximities, a genuine ‘ network effect’ can be redized with aminimd
ecologica burden. Traved distances are reduced, but the increased travel (interaction) demands
have been met.

Tedecommunications improvements aso seem to enhance the flexibility of work and timein
generd, reflecting an accompanying boom in leisure and * off-pegk’ travel. Given that the urban
trangportation professions have historically been geared to handle work-commute trips, thereisa
relatively poorer understanding of leisure and off-peek travel, yet such travel makes up as much
as 80% of totd trips (U.S. Department of Transportation, 1997).

Handling thisincreased travel demand is a daunting task, made even more difficult by the
contemporary urban political climate. Just a atime when the demand for trave is dramatically
increasing, however, the ability to build sgnificant new physicd infrastructure to handle
increasesin travel isimpaired.
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Increasing Obstaclesto L arge-Scale Development of Physical Infrastructure

Mgor transportation construction projects are more expensive than they were in the past. Higher
codsreflect the introduction of vastly improved community safeguards and environmentd
protection and extensve safety features (including, in Cdifornia, earthquake engineering). Costs
aso reflect the redlity that many of today’ s projects must be built or rebuilt in developed areas or
through environmentally and socialy important properties (e.g., wetlands, unique farmlands),
with the result that projects are both more complicated and more likely to be contested. The
tremendous cost and time overruns of such recent major projects as the “Big Dig” in Boston and
Denver Internationd Airport attest tho the difficulties mgor infrastructure projects face.
Environmenta regulations, community politics, and disputes over the goas and financing of
projects combine greetly complicate the implementation of mgor physicd infrastructure. Even

if these processes are somehow streamlined, the basic concerns remain, and the political dimate
has been irrevocably dtered. Any threat of mgor disruption to a community’s perceived
environment is unlikely to go unchdlenged. Indeed, information technology alows

communities of opposition to magor projects to be rapidly formed and mobilized.

In addition, there increasingly are pressing needs to maintain and repair existing infrastructure.
Not only is much existing infrastructure in need of attention, it is frequently very codtly to do the
necessary work. Diverting traffic from crowded freeways and arteridsis not dways possible,
because there literdly are no dternative routes with sufficient capacity to handle the diversions.
Shifting to night construction helps somewhat, but is more costly and more dangerous for both
workers and drivers. Further, with many urban and suburban freeways and arterias carrying
heavy traffic loads for 16-18 hours a day, even night work can disrupt traffic substantidly. Thus
maintaining the existing infrastructure has become amgor expense, further limiting both

funding availability and palitica will for new condruction.

I nformation Technology as the Solution?

At atime when travel demand is burgeoning due to a society “networked” through information
technologies, the ability to roll out new infrastructure isimpaired; however, information
technology actudly offers some solutions to the very problem it is helping to generate.
Information technology alows trangportation systems to be “smart”, whereby complex and vast
amounts of data can be sensed and managed in a comprehensive or iterative manner.
Movements can be tracked and monitored, and facilities can be better managed. Exigting in situ
infrastructure can handle new increased capacities through the appropriate use of information
technology. The very “sedthiness’ of information technology processes dso dlowsiit to escape
agreat ded of protest or criticiam.

Information technology promises great improvements to transportation systems through the three
principle organizationd advantagesit offers:

1) enhancing esse-of-use

2) inventory management
3) increasing flow capacity
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1) Enhancing Ease-of-Use

Information technology can be used to make travel transactions easier and more convenient.
Switching modes or utilizing different trangport systems can be increasingly seamless, dlowing
for integrated multi-modal trangport. Payment can come from a single sourcein the form of a
“smart” card that can be detected by different devices. Tolls can be collected automaticaly,
dlowing for smooth, continuous movement. Other flexible payment schemesinclude parking
meters and other fees being paid through cell phone accounts. Such systems are dready
operationd in parts of Scandinavia.

One of the flaws of contemporary mess trandit syslems is the regular need to transfer and the
annoyances involved with this process. With the “wirdess’ Internet, the technology exigts for
trangt riders to monitor bus movements and to have religble estimates of arrivd times. This
confidence of use would make trangt more effective and likely more widdy used. Aswill be
discussed later, the centra issueis actudly reduced to one of implementation.

2) Inventory Management

Reservations management is the greet cgpability triumph of information technology. The
flexibility of information technology can be utilized to better manage inventories of people and
vehides. Reservations management can be gpplied to seat dlocations, parking spaces, times of
use: basicdly anything that can be scheduled. It should be no surprise that the airlines were
pioneersin the utilization of information technology. Since the 1960s, information technology
has radicdly transformed airline operations and dlowed for ggnificant efficiencies. The ability
to reserve spaces remotdly and in advance greetly enhances the “load factor” of the use of a
facility. The continuous stream of data on availability and demand that can be provided through
information technology alows for varigble pricing schemes, dlowing for more efficient
utilizations. For example, a times of heavy demand, areservation is quite expensve. At times
of low demand, areservation isinexpensive or free. Ingantaneous, flexible pricing maximizes
the inventory capacity of parking lots, buses, trains, etc., alowing consumers to make choices on
the necessity of thair use of the facility. Car-sharing programs, for ingtance, can be grestly
enhanced through information technology, as the availability of certain vehicles can be quickly
recognized.

3) Increasing Flow Capacity

Redated to its capabilities in inventory management, information technology can aso increase
flow capacity with little additional physical infrastructure. Information technology is thus
capable of enhancing capacities of trangportation equipment and facilities with little or no new
physical expanson. Examples of enhancing flow capacity with little additiond physicd
infrastructure include Traffic Congestion Management (survelllance of congestion points),
freeway ramp metering, and “smart” traffic Sgnals. Vehicle capacities themsalves could also
increase Sgnificantly, as new innovative forms of trangt or “jitneys’ could have arenaissancein
a“wired” world. Arranging shared rides may be easer than ever before in an eraof mobile
phones and the Internet. In their theoretica development, automated highways would aso offer

9-5



great capacity increases, dthough there are considerable obstacles in getting such projects
implemented.

Beyond the Technology: L essonsfor Successful I mplementation

While information technology has some remarkable capabilities, the way new technologies are
actudly implemented is profoundly important, requiring the greaetest consderation. It isnot
amply the development of a technology, but the process of how it isimplemented and utilized.
This tends to be a neglected area of research, especialy compared to the development of the
technology itsdlf, yet it is criticaly important to trangportation organizations. “Technology
transfer” cannot Smply be described mechanidticdly ether. 1t involves how technology is
appropriated, utilized, and innovated upon within different socid frameworks.

The older view of technologica determinism declares that technological development isthe
driving force of history. It assumes that technological progressisinevitable and removed from
politics. Technology drives society, and society can only adapt to it sooner or later. Innovation
is supposedly linear and rationd, yet actud studies of innovation processes put technologica
determinism into question. While technological determinism has yet to be satisfactorily
disproved, it isincreasingly challenged and disputed by scholarship on the nature of technology.
(Marx and Smith, 1994)

A more contemporary and increasingly prevaent view of technology is the socia congtruction of
technology (SCOT) gpproach: technology is a part of society, not removed from society.
Technology is not isolated as a mysterious “black box” but very much aintegra product of
society and human politics. It iscreated in response to socia and political needs, and its
effective implementation very much depends on the socid and political context. 1t chalenges
the technologicad determinist assumptions of technology as benign, inevitable, and beyond
humean palitics

Accordingly, if we congder technology as a product of human society, it is thus very much
subject to the process of politics. It has sometimes been assumed that new technology can
overcome political problems, yet thisisincreasngly refuted. Technologica innovation cannot
adequatdly address problemsthat are primarily politica in nature. Political problems require
politica solutions.

Examples of the socid process of technology abound in the trangportation field and reved the
importance of understanding the socid and political processes of implementing appropriate
technologies. One prime example is the decades-old, but largdly fruitless, process of
implementing congestion pricing. Many trangportation experts agree that thiswould be aviable
method to manage congestion, yet rarely has it ever been implemented.  In democracies, the
politica will to implement congestion pricing is often lacking, despite what rationa andyss
touts about its benefits. While it istechnologicaly feasible and even desirable in terms of
efficiency, congegtion pricing is paliticaly unviable. The implementation of congestion pricing
technology will not occur until the political and socia obstacles are overcome.
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Automated highways exemplify atechnology that seemsfeasible in tegting, yet islikely never to
be implemented due to serious socid and political congtraints on the gpplication of the
technology. Since the automated system would be assuming the responsbility of the driver, the
ligility risk for any accidents through system failure isimmense. An accidentd blown tireor a
piece of debris could be devastating to such asystem. The necessary stringent safeguards to
ensure system confidence would likely make the system prohibitively more expensive than its
proposed benefits. In addition, if indeed every car needed to be outfitted with specid radar and
sendang-control equipment, this would be an enormous cost borne by the consumer and would
rase particular equity congderations. Also, how automated highways can seamlessly be
integrated into a non-automated street network is a considerable dilemmathat has not been
sgnificantly addressed. Thisis not to say that individud technologies associated with automated
highways will not eventualy find useful gpplications, but despite what its proponents say, the
grand system of automated highways is most unlikely to be ever implemented as imagined.

How then do we innovate to produce effective and efficient transportation technologies?
Through studies of technologica devel opment and implementation, there have been important
lessons in how innovation actualy comes about, and they seem to defy common-sense notions.
Most notably, tria-and-error is fundamentaly important in innovetion. In his argument on why
Intelligent Trangportation Systems should be ‘small’, Stein Weissenberger outlines three key
points from studies of actud innovation:

1. Technologicd knowledgeis acquired through “learning by doing” and “learning by
using”.

2. Technologies are most often devel oped incrementally, and inevitably through processes
of making errors, and improving designsin an evolutionary fashion.

3. Learning networks are crucid to the development of complex new technology.
(Weissenberger, 1999)

Innovations are not arrived at through alinear process. Thereis no obvious right way that can be
determined in advance. It must be reached at through experimentation, tria-and- error, and socia
learning. Organizationad networks that are iterative and adaptive are the most innovative.

A better understanding of these processes would save a great ded of money and resources. It is
often difficult for large indtitutions to recognize that mistakes -- and the learning that comes
fromthem -- are actualy productive and even essentid over the long term. Often mistakes are
avoided at dl cogts, because there are politica consequences for such mistakes. Organizationa
Sructures that dlow for experimentation and trid-by-error as anorma part of their process are
more likely to produce innovations and improvements than an organization that can do “no
wrong’. Thismay require a degree of shiding from politica interference over immediate
resultsto dlow an iterative learning process.

Producing innovation isinherently risky, asfailureis part of the process. In order to dlow for
vibrant innovative structures than can actually implement new “intelligent” transportetion

systems effectively, there should be a multitude of risky but smdl-budget projects rather than

only afew large-budget projects. Large-budget projects are often not allowed to appear to “fail”,
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as too much politca and financid capitd isinvested in them. Smadler projects, however, can
more easlly be dlowed to fall — aslong aswe can learn from them — precisely because they are
gmall and saverd. A smdl project that proves innovative and successful can bring bountiful
improvements and ‘learning’ to many other smultaneous projects. Indeed, thisis the lesson of
the vaunted Silicon Valey entrepreneurs. The vast mgority of entrepreneurs who ‘struck it rich’
had failed in previous endeavors. The very fact that they had learned from their errors allowed
them to arrive at better technologies and innovations. Remarkably, the “right to fail” seemsa
Sructura prerequidte for ultimate success.

Conclusions

Information technology offers great promise to transportation policy. On the one hand, it
facilitates an economy that places great stresses on an existing trangportation system that faces
great difficultiesin commensurate physical expansion; on the other hand, its inherent advantages
a0 dlows exigting trangportation infrastructure to become far more efficient. Studies of
technologica innovation and adoption, however, warn that socia and political processes are just
as important as the technology itself. Technologica development is not considered to be linear,
and innovative gpplications come through a process of trid-and-error and iterative learning, not a
pre-determined plan of development. It iscrucid that transportation organizations better
understand the socid and political dimension of gpplying technology. The recent rapid
advances in information technology have profound implications for trangportation sudies, but
their successful implementation into the trangportation system ultimately hinges on socid

practice and organization.

9-8



References

Gillespie, Andrew and Rondd Richardson, “ Teleworking and the City: Myths of Workplace
Transcendence and Travel Reduction” in Whedler, Aoyama, and Warf, eds. (1999).
Citiesin the Telecommunications Age. New Y ork: Routledge, pp. 228-245.

Gould, Jane and Thomas F. Golob. (1998) “Will Electronic Home Shopping Reduce Travel ?’
Access, vol. 12, Spring, pp. 26-31.

Graham, Stephen and Simon Marvin. (1996) Telecommunications and the City: Electronic
Foaces, Urban Places. London: Routledge.

Marx, Leo. (1999) “Information Technology in Higtorica Perspective’, in High Technology and
Low-Income Communities.

Marx, Leo and Merritt Roe Smith. (1994) Does Technology Drive History?: The Dilemma of
Technological Determinism.

Mokhtarian, P. (1990) “A Typology of Relationships between Telecommunications and
Transportation.” Transportation Research, 24A, 3, pp. 231-242.

Niles, JM. (1991) “Teecommuting and Urban Sprawl: Mitigator or Inciter.” Transportation,
18, pp. 411-432.

------------- (1994) Beyond Telecommuting: A New Paradigm for the Effects of
Telecommunications on Travel. Report to the U.S. Department of Energy by Global
Telematics.

Plaut, Pnina Ohanna. (1997) “Tedecommunication vs. Transportation.” Access, vol. 10, Spring,
pp. 20-25.

Upton, Dell. (1998) Architecture in the United Sates. Oxford University Press,

U.S. Congress, Office of Technology Assessment. (1995) The Technological Reshaping of
Metropolitan America. OTA-ETI-643. Washington, DC: US Government Printing
Office.

U.S. Department of Transportation. (1997) Our Nation’s Travel: 1995 Nationwide Personal

Transportation Survey Early Results Report. Research Triangle Park, NC: Research Triangle

Indtitute.

Weissenberger, Stein. (1999) “Why ITS Projects Should Be Smdl.” Intellimotion, val. 8, no. 1,
pp. 4 7, 15-16.

9-9



9-10





