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SUMMARY

The purpose of this research was to determine the feasibility of using local access cable TV as
a driver information tool. Specifically, the investigation focused on the possibility of transmitling a
computer-generated graphic of traffic conditions on Seattle area freeways.

The research began by establishing the extent of the traffic congestion problem. Urban traffic
congestion is clearly a problem of national significance, and the conditions in the Seattle arca are
considerably worsc than average.

Because major new freeways are not going to be conmstructed in the immediate future,
transportation system management strategies have been evolving 1o cope with the problem. Low cost
projects to marginally increase existing capacity or change consumer demand have been developed.
Driver information scrvices arc tools designed to influence the pattern of demand. Three key variables
-- route selection, departure time, and modal choice -- are the principal targets.

A literature search was done to identify relevant research and experiences. Driver information
services include a broad range of programs, from the familiar road map to sophisticated, advanced
electronics. The proposed project fcll generally in the class of traffic advisories. Very little activity was
noted specific to the proposed project.

The analysis of the data collected covered three broad categories: fcasibility, behavior and
benefits.  The proposed project was determined to be quite feasible. Two practical methods were
identified and costs estimated for their implementation.

A survey was done to determine if the public would use the services and what characteristics
these users might have. Finally, a computer simulation was run (o determine potential benefits, The

simulations were based upon a traffic incident condition, and the impact of the service appeared to be

positive.



CONCLUSIONS

The following recommendations are based upon the completed research and analysis:

1

Consideration should be given to implementing the proposed driver information
service. While commuters already have available a number of information sources,
none of them are truly real-time and available before they leave their houses. This
information might prevent them from committing to a particular route and being
unable to change upon learning of a problem. They could also make decisions about
their departure times that would not be possible if they were already enroute. Radio
stations might also prove to be consumers of the service, If the radio stations elected
to receive the cable signal, they could supplement their existing information services.
It might also assist them in developing news stories when major traffic incidents
occurred.

Consideration should be given to the microwave option. It appears to be the easiest
to implement and its cost is comparable to the coaxial cable option. Further analysis
might be needed to decide how (o relay the signal from the Viacom tower to the TCI
station. Cost might be the final determinant, and a bid process would be needed. A
brief implementation and evaluation plan is provided in Appendix C.

The Washington Statc Department of Transportation should consider involving
Seattle METRO and others in the design of the new surveillance and control and
driver information system. Output to the public should be an important factor and
given proper consideration. The Seattle METRO staff might be able to contribute
useful suggestions to help increase modal split for transit. The proposed service could
also benefit the Seattle METRO dispatcher operation. Real-time information about
traffic conditions on the freeways could facilitate re-routing buses to avoid delays. An
interactive link with Seattle METRQ might also improve information about

conditions on the major arterials.
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Consideration should be given to committing resources for research into advanced
technology applications. Technology may not solve the problems, but it can help
control them. Japan and some European countries are doing coasiderable work in
this area, but nothing similar seems to be developing in this country. The Seattle area
would be an excellent test area, particularly given its traffic problems. Research
directed at coordinating all the driver information sources would help focus their
impacts.

Consideration should be given to further research in behavior modeling and analysis.
Supply and demand management are the two major thrusts for dealing with traffic
congestion. As has been noted, additional capacity is unlikely in the near future.
Other supply-side strategies may gain some positive results, but demand-side activities
seem to hold greater promise. Behavior modeling may prove a significant tool
because it is necessary to idchtify the key elements affecting behavior before it is
possible to leverage that behavior. It may become possible to target key subgroups
and direct thcir commute patterns through driver information services and other
tools.

Consideration should be given o researching the impacts of driver advisories.
Because commuters operate with free choice regarding their trip decisions, they must
be able to make the best decisions. The nature and delivery of the necessary

information needs to be further refined and developed.
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CHAPTER 1
INTRODUCTION

PURPOSE

The purpose of this report is to determine the feasibility of using local access, cable TV as a
driver information tool. The need for this analysis is driven by the increasingly serious problem of
urban congestion. The report is a case study of the Puget Sound area specifically focused on potential
applications in King County. This report has no ambition to "solve” the existing or future congestion
problem, rather it analyzes whether real time information presented on local cable TV might have a
positive impact on mitigating traffic conditions. At best, the TV application is offered as only a piece of

the solution puzzle.

METHODOLOGY

This report will provide some background information regarding the congestion problem and
the reasons for pursuing improved driver information. Figure 1 represents the steps that were taken to
accomplish this project. The probletn was identified as congestion resulting from too much demand for
available capacity. The proposed solution is to affect the parameters of that demand (i.c., departure
time, route selection, mode choice) by providing improved driver information. The proposed driver
information service improvement will provide a picture of real-time traffic conditions on the area's
major frecways (I-5, 1-90, [-405, and SR 520). This picture will be a computer-generated graphic that
would be televised over the local access cable TV channel.

The first step of this project was collecting data relevant to the problem. This was done
several ways. First, a literature review was undertaken, beginning with a computerized bibliographic
search. Those references were then screened for relevance and additional sources. Next, a series of
interviews were conducted. Those interviewed included local cable networks and other local media,
representatives from the Washington State Department of Transportation, other local government
officials, and the local transit system. These interviews helped to determine the technical feasibility of

implementing a local cable TV connection.
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Further information was collected through the use of a telephone survey. This survey provided
data to construct a LOGIT model to estimate the likelihood that local residents would use the service if
it was available.

The information collected was used for accomplishing the next steps. The data were analyzed,
cost estimates were generated, and a determination was made of technical and institutional feasibility.

The data analysis process led to the devclopment of recommendations. If the project is
determined infeasible, no further work will take place. If the proposal seems reasonable, the next step
will be to develop an implementation plan. This plan will time-line the necessary phases for operation
and identify the key steps, the organizations that will be involved, the equipment that will be needed,
and the contracts that will support the project.

The final step involves developing an evaluation plan. Consideration will be given to several
methods, including the use of surveys and trip diaries. A list of possible measures of effectiveness will

also be developed.

BACKGROUND

Congestion

Urban congestion has become a significant national and local problem. Traffic engineering
professionals have developed a technical scale for appraising congestion, but it is best defined by
describing what it causes. "Congestion is typified by slower-than-desired travel speeds, erratic stop-
and-go driving, unpredictable travel times, increased operating costs, higher accident frequencies,
energy waste, air pollution and many other frustrating conditions. It is attributed to overloaded
facilities when traffic demand exceeds capacily; in other words, when too much traffic is attempting to
use the same facility. Undesired delay, increased pollutants, and a waste of scarce resources are the
resulting impacts” (1). Undesired stress for the motorist is an additional impact, the extent of which is
difficult to measure.

There are three typical kinds of congestion. Congestion that routincly occurs at particular
times and locations is described as "recurring excessive demand.” When congestion occurs because of

deficiencies or shortcomings in the design of the highway facility, it is labeled a "recurring geometric



deficiency.” *Incident delay” describes unuéual circumstances such as accidents, disabled vehicles,
minor construction, and gawking motorists that create travel delays. Figure 2 is a generalized
representation of two typical congestion conditions. The first corresponds to excessive demand for
cxisting capacity or design conditions, and the sccond corresponds to reduced capacity because of an
incident. The shaded areas represent dclay; and the goal of this project is to reduce the amount of
dclay.

Urban freeways are a good barometer for estimating the scale of the problem. Urban
freeways carry nearly 30 percent of all traffi¢ in urban areas. In 1983, about 55 percent of peak hour
urban freeway travel occurred under congested conditions. This is an increase from 41 percent in 1975.
Approximately 12 percent of all urban freeway travel occurs under recurring congested conditions.
This percentage is expected to rise to about 24 percent by the year 2005. Incident delay is currently
responsible for about 61 percent of all urban freeway delay and this percentage may increase to 70
percent by the year 2005 (2).

What these numbers represent are approximately 1.2 billion vehicle-hours of delay, 1.3 billion
gallons of wasted fuel, and over $9 billion in yser costs per year. By the year 2005, these numbers could
rise to 6.9 billion vehicle-hours of delay, 7.3 billion gallons of wasted fuel, and over $50 billion in user
costs (2). This is clearly a national problem qf immense proportions.

Conditions in Scattle appear to be worse than average. A recent analysis done by the Federal
Highway Administration (FHWA) ranked Scattle as the sixth worst major metropolitan area in the
country using a congestion severity index. Table 1 provides a comparison of the top urban centers in
the country (2). While this index is open to challenge (i.e., it does not fully account for traffic
mitigation measures), conditions are worsening.

A recent study done by the Puget Sound Council of Governments (PSCOG) reinforces the
seriousness of the local problem (3). The report predicts an increase of 42 percent in the number of
vehicle trips in the region on freeways and arterials between the years 1980 to 2000. Another 42
percent increase is predicted for the year 2020. The report also predicts an increase in vehicle miles

traveled of 72 percent by the year 2000 and another 52 percent by 2020. Table 2 provides a summary of
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Houston
New Orleans
New York
Detroit

San Francisco
Seattle

Los Angeles
Boston
Charlotte
Atlanta
Minneapolis
Dallas
Norfolk
Chicago
Denver
Washington
Hartford
San Antonio
Pittsburg
San Diego
Cincinnati
Baltimore
Philadelphia
Kansas City
Salt Lake City
Columbus
Cleveland
Sacramento
Milwaukee
Portland

St. Louis
Phoenix
Providence
Miami
Buffalo
Tampa
Indianapolis

Table 1. Clongestion Severity Index

5,811
, 4,652
. 4,099
: 8,037
1 5,653
19,372

4,038
12,717

2,617
£8,549

3,983
11,870
5,148

............................................. e e e -

* Congestion Severity Index=Total Delay/million veh-miles of travel




Table 2. Regional Highway System Statistics

Total Vehicle Trips
20 year increase:
Vehicle Miles of Travel (VMT)

VMT on freeways
Percent total VMT or freeways

VMT on arterials
Percent total VMT on arterials

20-year increase:
total VMT
freeway VMT
arterial VMT
Average trip length (mi)
Average travel time (min)

Average speed (mph)

5,000,000

32,500,000

16,000,000
50%

16,300,000
P 50%

2%
3%
1%

6.5

7,100,000
42%
55,400,000

27,600,000
50%

27,800,000
50%

52%
33%
71%

7.9

20

.............................................................

10,100,000
42%
84,000,000

36,600,000
44%

47,400,000
56%

Source: Puget Sound Council of Governmets and the Municipality of Metropolitan
Seattle, "Summary Report: Multi-Qorridor Project,” November 1986,page 60.



the anticipated growth impacts. The implica?ions of the data from Table 2 are that future trips will be
longer, take more time, and operate at slower speeds. All of this implies increased congestion levels.

Congestion will increase because noi new highways are currently planned, and travel demand
will continue fo increase. Without additional capacity, the increasing demands for service will put
significant stress on existing facilitics with an anticipated decline in service levels. Major construction
activitics include the completion of Interstate 90 (1-90) across Lake Washington and into Scattle,
number of geometric improvements, and the development of additional high occupancy vehiclie (HOV)
lanes. Historically, the building of new major freeways has been politically sensitive. The 1-90 project
was delayed in court for many years and the i:-roposed R.H. Thomson freeway was abandoned because
of public reaction. As conditions become more intolcrable, resistance to new facilities will probably
decline, but most likely few capacity increases will be made.

TSM

Because capacity will not increase, the problem becomes one of better management. It is
essential that the existing system operate as ¢fficiently as possible. The response has been a series of
strategies generally labelled as Transportatjon System Management (TSM). These strategies are
relatively low-cost options that are implcmcﬁled singly or in concert with others that mitigate existing
transportation conditions, The strategies can be divided into three broad classes: supply management,
demand management, and incident managcment. A more detailed explanation is provided in
Chapter 3.

Driver Information

The proposed driver information improvement is a strategy that falls both into demand and
incident management. The hypothesis of this research project is that three key variables impact the
service level of the system.

The first is departure time. If the times that commuters are on the road can be spread, then
the system may provide a higher level of service. The second is route selection. Some routes, most
notably the freeways, draw a disproportionate share of the demand. If motorists can be encouraged to
consider alternative routes during congested periods, the system again may be able to deliver a higher

level of service. Third is modal choice. Currently, the average vehicle occupancy rate in the Seattle

8



arca is 1.2 to 1.4 (Heary, 1987 unpublished data, and Secrist, 1987 unpublished data). The promotion
of ridesharing and transit alternatives could increase this average and perhaps remove some vehicles
from the system.

Driver information services can have a positive impact on departure time, route selection, and

l
modal choice. Historically, driver information services have existed for centuries. In primitive times,
people marked trails and roads in a variety of ways and even were able to provide estimates for
distances. In Europe, villages sprang up at conve;ienl distances that marked approximate one day
journeys. Besides room and board, travel infornation about conditions on the trip ahead were
obtained. Maps were also an carly information toal.

Eventually signs were developed and posted along the routes. These signs provided everything
from street names to warnings about poisoned water. Each contributed information that the traveller
could use in planning his trip.

With the advent of the automobile, the intensity of travel created a demand for more
information Initially, the concern was safety and traffic control. The use of signs expanded beyond
just information about routes and distances. Controlling traffic became the next level of concern. The
level of intensity has now reached the point in urban centers where congestion has become a
monumental problem and the need for more sophisticated information has developed.

Today the world is in the throes of an electronic revolution that has permitted the
development of more sophisticated traffic control dnd driver information tools. Traffic can now be
¢lectronically monitored and surveyed using a varidy of detectors, including television, In addition,
traffic flows can be metered to mitigate congestion. !

Driver information services, including eleétronic variable-message signs, highway advisory
radio transmissions, and commercial radio broadcasts, are in common usage. Electronic variable-
message signs can provide a variety of short mcssagcs advising motorists of current conditions on the
road ahead. Each sign has a message board consisting of a pattern of lights that can be controlled to
send the desired advisories. Highway advisory radio {(HAR) (transmissions are messages senl at
prescribed frequencies (usually at either end of the car radio AM frequency range) over a very short

distance. Commercial radio stations often transmit wraffic information as a public service. The source

9



of the information varies and can include an;“eye-in-the-skf reporter in an aircraft, local transit system
reports, or local police reports.

In Seattle, all of the above services ;are used. Typically, the variable-message signs and HAR
services have been used when conslruclimiE projects or other similar events have been anticipated.
New, permanent variable-message signs are L)cing constructed by the Washington State Department of
Transportation and will soon be operalional; Commercial broadcasts are available, but generally on a
random basis. One radio station (KING-AN?I) has begun transmitting information every seven minutes
during rush hour, but the information is noli always current. A potential problem is that information
received by existing media often comes afte:i motorists have committed to specific routes. The use of

cable TV may minimize this problem by providing useful information to commuters before they get

into their cars.

SUMMARY

Congestion has become a problem jof major significance nationally and in the Puget Sound
area. Because of political and practical coristraints, congestion will probably not be reduced by the
development of increased system capacity. ), The system will have to be managed as efficiently as
possible, and tools will be necded to aid in thy process.

This report analyzes the feasibility ¢f implementing a specific, improved, driver information
service that may impact three key variables: ﬁcpwturc time, routc selection, and modal split. Chapter
2 describes the data collection process. Chapjer 3 includes an analysis of the information collected and
a model for estimating the public response tb implementation. Chapter 4 includes summary remarks
and recommendations. The appendices influde an implementation plan and possible evaluation

stratcgies.
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CHAPTER 2
DATA COLLECTION

INTRODUCTION

Several sources of data were investigated pursuant to analysis and report preparation. A

literature review was the starting point and this matcrial was supplemented by interviews, letters and a
!

survey. This chapter provides a brief discussion of the process and a summary of the findings. A
j

description of the survey can be found in Chapter 3.
1

LITERATURE REVIEW :

The first step taken was a computer-basell bibliographic search using the Transportation
Research Information Service (TRIS). This was acdomplished with the assistance of the Washington
State Department of Transportation (WSDOT) Library. The key phrase "driver information systems”
located over thirty titles and produced written abstrhcts. These abstracts were screened and specific
reports pursued. The reports can be grouped intoithree categories: general transportation system
management (TSM), driver information, and advanced technologies. A brief summary of each
category is provided. !

General TSM

Transportation system management (TSM) Fs the general heading for most traffic mitigation
efforts. TSM includes activities such as ridesharing, parking management, variable work hours, transit,
high occupancy vehicle treatments, and surveillance _Emd control systems. It also encompasses driver
information systems. A sigpificant amount of resehrch and study has already been done on TSM
issues. One early report (1) provides a useful overtiew and summary of options. Others are more
specific and look at corridor and activity center management (4) and general HOV activitics (5) (6).

Traffic management activitics are a subset df TSM. Much analysis has occurred concerning
cougestion, and the problem is usually divided into demand and supply issues. This leads naturally to
efforts to manage supply and demand. As discussed in Chapter 1, there are several kinds of congestion

problems: recurring geometric deficiencies, recurrihg excessive demand, and nonrecurring hazards
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(incidents). The development of supply and demand strategies helps to organize a variety of responses
to the problem of congestion (7).

There were few specific references tg the use of television. Those found focused on the more
traditional use for surveillance and control thlLt was introduced in the late 1950s in Detroit (8). Early
rescarch on the John C. Lodge Freeway in D¢troit established the use of closed-circuit television as an
eifective tool to respond to congestion cau;ing incidents on roadways. This concept was quickiy
adopted and applicd to many wrban freeway management efforts. Figure 3 is a gencralized
representation of the early application of this ]cchnology.

No effort was made to exhaustively r&view all the literature on TSM activities. However, a key
overall element of TSM applications is thcisyncrgislic cffect of applying a variety of measures in
coordination with cach other. This will bejimportant when researchers attempt to determince the
benefit of implementing this proposed local ageess cable TV project.

Driver Information Systems

Several reports were identified that jaddressed driver information systems more directly, A
brief history of the development of driver information systems was presented in Chapter 1. This is
noted because a great deal of attention is stillbeing given to enroute services, most specifically advisory
signs and advisory radio (9) (10). Highway pdvisory radio is being further developed, particularly in
Europe (11), and more will be mentioned as g part of the advanced technology discussion.

The literature review found very lktle specific research done on pretrip, driver advisory
services. That which was found can be djvided into threc classes: advisory systems, intcgrated
information systems, and motorist behavior. Each will be briefly described.

Advisory Systems. A great deal of fcsearch has been done in Europe, much of it within the
Euro-Cost 30 project sponsored by the Co#nmission of the European Communities. It has been
determined that a small reduction in unnec¢ssary travel can have a significant impact on congested
conditions (12). i

In this country, two recent studies merit mention. The first involved the use of a telephone
service that allowed motorists to call a numbey and receive taped messages on current traffic conditions

(13). The system did not work well, the pri{‘lcipal rcason cited being a lack of knowledge about the
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service. Another reason cited was that conf‘itions would change between the time the motorist made
the telephone call and the time the motorist ircachcd the freeway. The second reason bears directly on

the use of television because vehicles do not Furrently have TVs or board.

The second study was done to dctérmine the potential impact of radio advisories on traffic
conditions (14). The authors simulated paq:r of the Indianapolis highway network with a model and
used data from local sources. The model \Yas run with an incident introduced, and the results were
analyzed. A second run was made with thei same data, cxcept that a traffic advisory was introduced.
Assumptions were made about motorists rdsponding to the advisory, and the results were analyzed.
Additional assumptions regarding average vdhicle occupancy and the value of time were made, and the
compared results showed a positive benefit ;csulling from the advisory. This has potential application
for this project.

Integrated Information Systems. As noted earlier, the coordination of several separate TSM
activities can have a synergistic impact on l’;ilfﬁc congestion. Conventional wisdom suggests that the
coordination or integration of a variety of griver information services might also provide increased
benefits. This assumption has led to efforts to accomplish this. The most celebrated example is on
Long Island, New York. The Integrated M'ptorisl Information System (IMIS) project was started by
the state of New York over ten years ago, gnd it has gencrated interest and expectation cver since,
Slightly misnamed, IMIS is really a comprehdnsive effort at freceway management with special attention
given to driver information services. It V\éas designed to oplimize traffic flow through a heavily
travelled, 35-mile corridor, on northwest Lopg Island. The intent was to integrate a variety of traffic
management measures into a comprehcns:ivc system using a common database. Figure 4 is a
representation of the IMIS project (15).

The original IMIS plan was to byild the whole system before putting it into operation.
Significant problems and delays have causcd its designers to rethink their approach. The problems
encountered have been institutional (ie., $kepticism by senior management), psychological (i.e.,
confusion due to equipment malfunctions), iand others (i.e., problems burying cable). Construction

costs, originally estimated at $29.2 million, miay eventually be as high as $35 million (15).
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The resulting difficulties experienced|y the IMIS team have resulied in reduced expectations
and reorganization. Rather than build the engire system and implement it as a whole, the project will
be phased; each phase will be properly tested jand able to stand on its own. A number of reports have
been published detailing the design and develdpment of the project (15) (16) (17).

Motorist Behavior. This is a relatiyely new area of transportation research. The general
strategy has been {o collect information from individuals regarding their personal characteristics and
decision-making choices. This information iy then statistically analyzed to determine if relationships
exist between the personal characteristics and the decisions being made. The results seem to indicate
that patterns do exist that may be helpful tg transportation system planners (18) (Abu-Eisheh and
Mannering, 1987 unpublished data, and Magnering, 1987 unpublished data). One research project
demonstrated that it may be possible to affet existing equilibrium conditions by providing enhanced
traffic information (19). The resuits indicat¢d that convergence to equilibrium took longer, but the
state ultimately reached was superior to that decurring without the additional information.

Another research effort surveyed motorists in the Dallas area to determine their route
selection criteria (20). The study found that drivers are not committed to a single route. While drivers
indicated they would divert upon hearing an pdvisory, few could recall doing so. Key issues appeared
to be information credibility and previous drigng experiences.

Advanced Technology

Advancements in electronics havg promoted the development of more sophisticated
information systems. These advancements haye come in several areas. The particular relevance of this
research to this project is the need to plan|current developments so as not to preclude the future
implementation of new technologies.

One area of advancement has comg from developments in navigation systems (21). Self-

contained computer packages relying on flead reckoning techniques are already available for

installation in automobiles. These systems generally use CRT map displays and, once calibrated, can

identify for drivers their position on the map. This method, however, does not have an interactive

capability and is unable to identify the best roftes to take based upon traffic considerations. One of the

first commercially available systems based o this map-matching technology is the ETAK Navigator
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available in this country (21). Navigation has cfolvcd from dead reckoning techniques to more
sophisticated Loran positioning and satellite comrr‘unimlion technologies. These navigational tools
make it possible to determine position more prccisc%z.

The development of electronic variable r*jcssage signs has been mentioned earlier. This
technology permits the motorist to obtain rea]-fimc information, although the quality of that
information is necessarily limited because of space and time constraints.

Advancements in traditional Highway Adyisory Radio technology are also being pursued.

West Germany and other European countries are aflopting a new system called Autofahrer Rundfunk
i

Information, more commonly referred to as ARI FZZ). This system alerts the driver to imminent
wnformation broadcasts that are tied to designated i ones in the service arca. Vehicles are equipped
with special radios. These are modified AM/FM raflios. The area is divided into traffic zones, each of
which is keyed to a specific transmitter. When traffi¢ conditions dictate it, the transmitter activates and
overrides the special car radios. Messages are tailor%d to the individual zones.

The next significant plateau is the dcvclop‘jncnl of interactive systems that permit individual
vehicles to communicate with a central comput ‘r. The communication consists of origin and
destination information and real-time experiential d‘ ta from the vehicle to the central computer. The
central computer analyzes the experiential data al%ng with other data inputs (ie., loop detectors),
determines the existing conditions on the network, r.nd transmits route selection information back to
the vehicle. Systems such as ALI (Autofahrer Lcit-iand Information system), ADRIANE (Automatic
Route Indicator, Delft University, Netherlands), an{:! AUTO-SCOUT employ various versions of this

concept (23) (24). The use of computer CRTs in f'ehicles may lead to the eventual transmission of

data, such as is being proposed in this project, dirccl*y to drivers in their vehicles.

INTERVIEWS
Direct interviews were held with rcprescrj‘tativcs of the Washington State Department of
Transportation (WSDOT), Metro Traffic Controli(a private company headquartered in Houston,

Texas), local cable TV representatives and one Ioc41 commercial TV station, and the Municipality of



Metropolitan Seattle (METRO), the local Jransit agency. The following is a brief summary of the

results of those interviews. '

wsbDaT

The WSDOT operates the Traffic|Systems Management Center (TSMC), which monitors
conditions on the major freeways in the gregter Seattle area. The -5, 1-90, I-405, and SR 520 routes
are monitored with 17 cameras and approximjately 900 loop detectors. The cameras have been in place
since the mid 1960s and the loop detectors figst were installed in the late 1970s.

In 1981, WSDOT started the FLOMW system, a scerics of ramp meters on 1-5 and SR 520.
Currently the systcm consists of 24 ramp metcrs and 71 data stations.

The data collected are fed into two| Concurrent Computer Corporation 732 computers. The
data are cycled through once each minute; A RAMTEK graphics package is used to display the

current situation as a schematic on a CRT display. It is this representation that is proposed for

transmission oa local TV (sce Figure 3).

The graphic display reproduces conditions on the major freeways. The graphic is in color and
monitors one-mile segments of the freeways.i Freeflow traffic conditions are shown as green egments
on the freeway. Moderate traffic flows are 540w as yellow segments and heavy traffic flows are shown
as red segments. A flashing red segment ind*calcs a blockage or severc congestion problem.

The WSDOT is currently involved 4'ith a major construction effort to complete 1-90. As part
of this project, the existing syslems at the tr'ffﬁc control center will be upgraded. The upgrading wili

and data stations. This will include an e

include new cameras, new computers, an in¢reased density of loop detectors, and more ramp meters
;ansion into more freeway miles in and around Scattle

(Henry, 1987 unpublished data).

Metro Traffic Control |

Metro Traffic Control is the larg Lt traffic reporting service in the country. Currently it
operates in 18 major metropolitan areas, and|:t is planning to develop the Scattle market.

Metro Traffic Control operates out pf a studio and uses full-time, on-the-scene reporters and
an enginecering staff. It relies on cye-in-the-isky and on the ground reports that are fed to the studio.

These reports are then provided to local radi*: stations through negotiated contracts.
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The company is a for-profit cnlerpri#

sold to sponsor the traffic reports.

Several of the markets served receive]
studio using a computer. The data are provid
current conditions. The information availal
speeds, and travel times. The information,

received from the reporting staff.

e, the principal source of reveauc being advertisements

television reports. A graphic package is generated at the
bd by the on-the-scene reporters, who call in the status of
ble includes the current status on the system, average

however, is not truly real-time; it is supplied by reports

Discussions with the company indicat: a desire to move into the Seattle market. The company

has indicated no intercst in the cabie TV indy
available upon demand. The company also 4
{Saperstein, 1987 unpublished data).

Local Cable TV

stry. Television reports would be brief and would not be

xpressed interest in working with the staff at the TSMC

The King County area is served by q]:rec local cable companies: TCI, Viacom, and Scacom.

Currently, cable penctration reaches about 44
rate is 250,000 to 300,000 houscholds. Local
Cable Communication, an office of the City
station.
Local public access programming dg
consists of a readerboard service. All three
the proposed traffic information service subj
Swift, 1987 unpublished data). The Office of
service has been expressed subject to the uj
have priority should the demand arise (See Al
Commercial TY

One local commercial TV station ha;

percent of Iocal households, and the current subscription
public access programming is monitored by the Office of

of Seattle. The programming originates from the TCI

bes mot start until the afternoon. Morning programming
zable companies have expressed an interest in providing
ect to approval by the City of Seattle (Lee, Giamberso,
ICable Communications was contacted, and interest in the
pderstanding that other local access programming would

ppendix B).

b expressed an interest and begun negotiations for the use

of the graphic information. Discussions withy this station produced concern about competition with the

cable networks, and the discussions seem to

WSDOT was signed shortly afterward.

have precipitated action by this station, as a contract with




The commercial station intends to broadcast the graphic information two to three times during
its 6:00 to 7:00 a.m. local news show and also during its afternoon news show. The cost for arranging
the signal transmission will be borne by the station (Robertson, 1987 unpublished data).

1 nsi

The possible use of cable TV by local transit was also explored. Several national examples
were reviewed, including the Central Ohio Transit Authority (Ahlstrom, 1987 unpublished data and
Simonetta, 1987 unpublished data), Houston METRO (Boudreaux, 1987 unpublished data) and Seattle
METRQ (Nine, 1987 unpublished data). In these cases, a magazine format was used and shows were
generally produced only once a month.

The staff at Seattle METRO was contacted regarding the specific project. METRO staff
agreed that the potential for significant impact on modal choice was small given the immediate
proposed application. The potential increases, however, when an upgrade of the existing system is
considered. Efforts will be made to participate in the development of the new system to accommodate
transit and ridesharing applications (Roach and Wraith, 1987).

Seattle METRO currently provides traffic information to the local media. Bus operators and

line supervisors radio in traffic reports to the dispatch office, where the information is available to the

media.
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CHAPTER 3
ANALYSIS

PURPOSE

The purpose of this chapter is to verify the feasibility of transmitting a computer graphic like
that shown in Figure 5 over local access Cable TV. Though not the mainstream purpose of this
research, it is also necessary to address the impacts of general traffic advisory information services.

Puget Sound commuters already have acc;.ess to substantial information. This information can
be broadly divided into two classes (Mannering, 1987 unpublished data). The first is experience-based,
that is, the result of past commuting experiences and information exchanged with other commuters,
The second is real-time, that is, relatively current information usvally generated by the media from
"eye-in-the-sky” or local transit sources.

Commuters tend (o have a preferred route based upon past experience. Departure times are
also determined in this fashion. Commuters learn what their average commute times are and then
adjust their schedules accordingly. Traffic system constraints such as distance, average congestion
conditions, and alternative route availability directly affect these commute decisions.

Individual characteristics such as age, sex, and marital status can also impact commute

|
decisions. These characteristics can shape an individual's valuation of time and willingness to take risks
(i.e., change routes or departure times) during the commute trip. Those individuals impatient about
lost time and willing to take risks are the principal market for driver information services.

This chapter will establish the feasibility of providing the proposed driver information service.
In addition, mathematical models will be cstimatcﬂ to provide insight on the market segments likely to
be receptive to the proposed service. A computer model will then be used to demonstrate how the
driver information service could alter demand patterns 1o improve congested conditions.  Finally,
additional discussion is provided about implcmcnt#[ion issues, including a more detailed description of

the computer-generated graphic.



FEASIBILITY
The question of feasibility has been subdivided into three parts: technical, cost, and

institutional feasibility. Each is a critical elem ent and each is discussed below.

\
Technical Feasibility

The key question was how it could beidone. Conventional wisdom indicates that anything can
be done with the necessary resources. For lhi.(‘l study, however, only three alternative approaches were
outlined. Each relied on a different medium ifor transmitting the signal. The first would depend on
telephone lines, the second on coaxial cable lings, and the third on microwave transmissions.

The telephone line option appeared :0 be the most practical and was explored fi-st. It wenld
involve the use of appropriate modems and t]"m‘; leasing of a telephone line. This option, however, was
eliminated early. The reason was that the teléphone line connection required a digital signal and the
computer graphic output was analog. The it%)compatibility was correctable, but it would requiie a
significant restructuring of the computer grapi#ic package. This was considered unreasonable because
of the planned upgrade of the entire computer g‘systcm.

The coaxial cable option was then ir‘westigated and found to be feasible. This alternative
involved backsending a low frequency FM signalyl along the existing WSDOT cable lines already in place
in the I-5 corridor. The WSDOT cable coukl;bc tapped into the TV cable head-end at a convenient
point (located where 80th Street crosses the 1-5{ corridor). The signal would then travel to the cable TV
station, where it could then be broadcast. Figure 6 represents what this system might look like. A more
detailed description of the equipment needed is; provided below in the cost section and in Appendix A.

The microwave option was also cxploq‘:d. Microwave technology has one significant constraint
that bears directly on this problem. It requires La direct line-of-sight to work. Buildings, trees, hills, and
other obstructions can block signal transmissiolns. It is possible to relay the signal through a series of

transmissions, but each transmitter /receiver pair increases the cost, as noted below.
A review of the terrain and existing antenna locations revealed that a clear line-of-sight exists
between an existing antenna sight adjacent to the TSMC and the Viacom TV tower located in

northeast Seattle. The microwave transmission from the antenna site to the tower would put the

computer graphic signal into the cable TV system. The signal could then be relayed to the TCI station
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by existing coaxial cable or short-distance rmicrowave. Figure 7 is a representation of how this
alternative might look. A more detailed explagation is provided in Appendix A,
The result of this analysis is the conglusion that transmitting the computer graphic on local
access cable TV is techaically feasible.
Cost Feasibility
Cost feasibility is relative to the resousces available. This research presumes limited resources
and is therefore intcrested in low-cost alternztives. The costs of the two feasible options are described
below.
xial Cable Option. A detailed dgscription of the elements of this option is contained in
Appendix A. Table 3 includes a list of the eqajpment and labor costs associated with implementing the

coaxial cable option. Equipment costs would be approximately $15 290 and labor costs would be about

$2,200. Actual costs would be determined thyough a bid process. Some care was taken to develop
representative costs {Henry and Meldrum, 1987 unpublished data).

Microwave Option. A detailed description of the elements of this option are also included ir
Appendix A. Table 4 includes a list of the labor and equipment costs associated with the microwave
option.

As noted above, two alternatives ckist for implementing the microwave option. Both
alternatives involve a microwave transmission from the TSMC to the Viacom TV tower. Alternative 1
could then convert the microwave transmissioil to coaxial cable and transmit the signal directly to the
TCI station. As shown in Table 4, the equipment costs would be $19,000 and the labor costs would be
$880.

Alternative 2 would take the original microwave signal and relay it via another microwave
transmitter/receiver pair to the TCI station. | Equipment costs would be $500 less and labor costs
would be the same.

Both options could be implemented fgr less than $20,000. As noted above, cost feasibility is
determined by resource availability. The proje¢t would need to be programmed into the list of annual
projects, but the cost does not appear to be prohibitive. Therefore, the project appears Lo be cost

feasible.
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Table 3. Coaxial Cable Cost Estimates

TemDescripton | e
Character Generator | sseee
Video Switch $500

Audio Source $1,000

FM Modulator $£3,500

Subchannel Multiplexer (2) $100

Junction Boxes (4) $200

Coaxial Cable (1000 ft @ $1.50/f1) $1,500

2" Conduit Pipe (300 ft @ $2.10/f1) $630

Unistrut Mounts (150 ft @ $240/100ft) $360

FM Demodulator $£3,500

Electrical Switch, A-B $1,000

Total Equipment Costs T s15.200
Labor Costs (40 man-hours @ $55h) | $2,200

Total Costs d """"""""" $17,490




Table 4. Micrdqwave Cost Estimates

ltem Description | Cost
Character Generator | Y R
Video Switch $500

Audio Source $1,000

FM Modulator $3,500

Microwave Transmitier/Receiver Pair, 23(GHz $6,500

FM Demodulator $3,500

Eiectrical Switch, A-B $1,000
'-I:(_);ﬁ-l-i-{-quipment CO;;S ---------- B o $1-9-:-06(-) --------
Labor Costs (16 man-hours @ $55/hr) | ~ sss0
Towl Costs -~ sig0
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Institutional Feasibility
Two issucs bear directly on the inslinrt
be regulated, and are there licenses required]
and would it conflict with other existing service]
The coaxial cable option would not r
space within the cable itself. This appears op
available on the cable (Henry, 1987 unpublishef

The microwave option would require 4

ional feasibility question. Would the proposed service

Are the cable TV companies interested in the service

1

bquire any licenses. The only issue would be available

t to be an issue because sufficient capacitv would be
data).

license from the Federal Communications Commission

(FCC). The FCC does not charge a fee for I*c license, but a frequency coordination search must be

done prior to applying. This search costs aHf
existing staff, thereby saving that amount. The|

Local access programming is monitor

put $250, but the WSDOT could do it internally with
Jlicense takes about two weeks to obtain.

d by the Office of Cable Communications (OCC), an

agency of the City of Seattle. Initial contact wigh the OCC indicated an interest in the service. although

no formal response had been provided pending a formal request (sce Appendix B). Two locai access

channels would be available (public and local government), and this project would be initially directed

toward the public access channel (Channel #24
to local, public programming, but there appeard
The three cable stations all indicated
unpublished data). None offer programming
cach operates an automatic readerboard servic
Both the coaxial cable and microw]

feasible.

BEHAVIOR ANALYSIS

As noled above, two types of variable]

The first are external transportation constr

conditions, traffic information, and the av

]

). The OCC also indicated that priority would be given

te be no current demand for this.

interest in the project (Lee, Giamberso, Swift, 1987

uring the 6:00 am. to 9:00 a.m. time slot. Currently

with announcements of public interest.

ve transmission options appear to be institutionally

 influence commuters when they make trip decisions.

nts (deterministic} such as distance, general traffic

ability of alternatives. The second are individual

characteristics (bechavioral) such as income, sdx, and marital status. Historically, investigators have
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given more weight to deterministic variables in t§e decision-making process. As noted in Chapter 2,
much work has been done recently to estimate thelinfluence of behavioral variables.
It seems intuitive that real-time traffic [advisories would have a positive impact on traffic
conditions if commuters would respond to the infdrmation. What factors might influence the sensitivity
of an individual commuter to the proposed drivgr information service? Can those commuters most
likely to respond be profiled? A survey was dejcloped to generate some data for input into some
mathematical models to determine whether thdse questions could be answered. The results are

highlighted below.

Survey

The purpose of the survey was to gather,
rescarchers to estimate the probability that they

Figure 8 is a sample of the survey instrument. Thy

data about individual commuters that might permit
would use the proposed driver information service.

} survey was administered by telephone in the greater

Seattie arca with particular emphasis given to thejsuburban commuter. (This emphasis resulted from

the selection of telephone prefixes). Interviewers|were given specific telephone prefixes and instructed
to randomly select households from the telephonejbook. The intent of the survey was to collect data to
permit an illustrative analysis of existing commutkr behavior patterns. As such, it is not intended to
provide an exhaustive description of all possible mTrket segments.

The survey resulted in 117 valid responsgs. Table 5 includes a summary of th; key variables
generated by the survey. The analyses of the results and the modeling efforts were done using the SST

Statistical Software Package.

Probability Models
The purpose of the modeling effort whs to determine the mathematical probabilities of
whether the service would be used and whether i#dividua]s would likely act on the information. The
models would help profile the deterministic and] behavioral characteristics of those individuals who
were information-seekers and risk-takers. Informiation-seekers are those commuters already sensitive
to the availability of real-time information; they flrcady listen to the radio and TV services that are

available. Risk-takers are those commuters willing to make changes to their routine patterns for

commuting. This effort focused on those individdals who indicated that they changed their routes or
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COMN

JUTER SURVEY

We are conducting a traffic survey for thg
reducing traffic congestion in the Seattle

University of Washington with the objective of
area. The survey focuses on the morning commute

1o work and the use of traffic information by commuters. Do you have a few minutes tc

participate in this survey?

NGUAGR~

10.
11.

How long does your average mornin

g work trip take?

Do you normally take a carpool or vdnpool to work?

Do you think traffic is a serious prob
What is the zip code or approximats
Do you need to be at work at a sped
Do you ever commute by transit? |f
Da you listen to the radio or local T
planning

em in the Seattle area?

location of your work place?

fic time or do you have flexible work hours?
50, how often per month by transit?

for information about traffic condition before

your moming trip to work?

Do you ever change your departureftime to work because of traffic congestion? If yes,
about how many times per month d¢ you choose a departure time that is different from

your normal deparlure time?
Do you ever change your route to

rk because of traffic congestion? If yes, about how

many times per month do you chooge a route that is different from your normal route?

Do you ever take transit or carpool
If offered on local TV, would you us
departure the or mode selection?

ecause of traffic congestion?
 traffic congestion information in your route,

GENEF

RAL QUESTIONS

® ~NoUhwNh-=

What route do you usually take to wo
What is your age?

What is your marital status? Single
How many people reside in your h
Do you subscribe 10 cable TV?

? 1-90; 1-405; I-5; SR 520: other.

Married
sehold?

How many cars are owned by your household?
Which of these calegories best apgroximates your household income?

less than $20,000 $20,000-%
Is the respondent male or female?

.000 $40,000 - $60,000 $60,000+

Figure 8.

Commuter Survey
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Table 5. Sampld Summary Statistics*

T T ey Sunind
Deviation

Total travel time most frequently used routd (minates) 3040 1029

Most frequently used route congested at levk! of service

D or worse (percent) 89.70

Estimated additional trip travel time on the ghortest 7.84 2.95

time alternate route (minutes)

Number of departure time changes per mon}h 2.32 3.44

Percent changing departure time 45.30

Number of route changes per month 2.81 4.16

Percent changing route 48.70

Think traffic congestion is a serious probleth in

the Seattle area (percent) 85.60

Listen to the radio or TV for traffic advisorgs

(percent) 61.58

Flexible work starting time (percent) 63.38

Age (years) 37.81 12.17

Percent married/single 65/35

Percent male/female 60/40

Number of household members 2.71 1.54

Number of household cars 2.22 0.37

Household income (dollars) 36,200 17,800

Percent residing on the eastside 40.17

Percent using transit 25.64

Number of transit trips per month 3.45 8.47

* Averages unless otherwise noted. |
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their departure times. The issue of modal cha
term and more elaborate issues (i.e. organizin

{Mannering, 1587 unpublished data). This issu

e was set aside because it was determinced that longer-
carpools and acquiring transit schedules) were involved

 is discussed further later in this chapter.

The binary LOGIT model was sclectel for accomplishing these purposes. The calculation of

the choice probabilities was based upon the fq

unpublished data}:
1
Pi=—
TiseVi
where

To calculate cquation (1), the utility equation
binary, the utility function for the second choig
(;) utility function could therefore be defined af

Vi=A+BX+C

where A, B, and C arg

Jlowing formula (Mannering, Bottiger, and Black, 1987

(1

P, is the probabilify of selecting choice i.

Vi had to be solved. Because the choice situation is
E option is implicitly set equal to zero. The first choice
follows:

(2

veclors of estimable parameters, "X" is a vector of

transportation sy:;I
I

characteristic varia
The LOGIT models are estimated b

t-statistic evaluation method is also used to

m variables, and "Y" is a vector of individual
es.
b standard maximum likelihood methods. A standard

test for the significance of the coefficients. A fll

description of these methods is available elsewlerc (25).

The first model was designed to identify information-seekers. The dependent variable was

whether respondents listened to the radio fof traffic advisory information. Specifically, the model

would identify the key variables affecting

the utility of secking information and the weights

(coefficients) given to those variables. The likefihood of those surveyed using the service was estimated

1o be 61.5 percent.
The results of the {irst modcl are pres

with their estimable coefficients, and the utilit

poted in Table 6. The able identifies the key variables,

p function (Vi). Some interpretation of ihese results is

warranted. The constant term captures mean gbservables and provides for statistical consistency. The

negative number implies some general resist

pnce to the information service, which may represent




Table 6. Information Scr\Jice Usage Probability Estimates

Constant

Additional trip travel time on shortest
time alternative route (minutes){dt]

Age vanable(years)[ag]

Congestion level on most frequently used
route indicator (1 if level of service D
or worse, 0 otherwise)[1s]

Total travel time most frequently
used route (minutes){tt)

Traffic problem recognition
(1 if problem, O otherwise){tp]

Television variable (1 would use if
available, 0 otherwise)[tv]

Marital status variable (1 if single,
0 otherwise)[ms]

Number of observations

Log likelihood at zero

Log likelihood at convergence
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Estimated
Coefficient

.........................

1.320

1.575

2.053




negative sentiment about existing conditions ag| well as some resistance to change. The first variable is
travel time (tt) and the positive coefficient inflicates greater utility as travel time increases. This is
logical: time has value and commuters would want to be aware of delays that might cause longer
commutes. Those with longer commutes likelyjwould be more sensitive and therefore more interested.
The next variable (dt) represents the travel timf differences between the best alternative route and the
next best one. The negative cocfficient indicafes that as the difference between routes increases, the
commuler receives less utility from the informpation service. This is also logical, because commuters
would gain less from the service when their altefnative choices were not attractive.

The level of service variable (Is) is a surrogale measure for general traffic conditions. If traffic
conditions are generally worse, then the commhltcr would likely be more sensitive to possible changes
and might expect those changes to occur more pften. If the usual level of service is generally good, the
commuter has less inclination to check ouf conditions. The positive coefficient supports this
conclusion.

If commuters already use existing infapmation services, it is reasonable to assume they might
be interested in a new, proposed service (tv), Tﬁmc positive coefficient supports this analysis.

The age (ag} of the commuter appears Jo be related to the utility of the service. The older the
commuter, the more utility is gained from using an information service. This might mean that older
people are more experienced and rational in|their approach. Younger commulers may be more
stubborn about getting to their destinations or Lhcy may simply use the radio for other purposes, such
as entertainment.

Marital status (ms) also appears rclatq d. Single people appear to gain greater utility. This
seems counter-intuitive, except that marital :*1d familial obligations may provide constraints that
weaken the utility of an information service.

The last variable is perhaps the most iftuitively obvious. Those individuals who perceive that
traffic conditions are a problem (tp) are more ﬁikely to utilize a driver information service than those
who do not. If there is no perception of a problgm, then there is no motivation to seek a remedy.

The next two models were designed 1d profile risk-takers, those commuters willing to make

changes in their commute patterns. The secong model looked at the willingness to change departure
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times. Table 7 displays the results. The estimatdd likelihood for changing departure times for those
surveyed was 45.3 percent. An interpretation of the utility function will help verify its logic.

The need for the constant term was expldined earlier. The negative sign represents a general
resistance to making departure time changes. Dicparture change affects the entire morning routine,
and some resistance would secem reasonable. As travel time (1) increases there appears to be an
increasing utility in making departure time chanfes. Read differently, the shorter the trip, the less
benefit is gained from changing the departure tifne. Delays that may have a significant percentage
impact may in fact be only several minutes. This|may be acceptable to the short-time commuter, but
percentage delays for those with a longer commuge may represent significant time commitments. The
longer the alternative routes (dt) are relative to tHe preferred route, however, the less utility is gained.
Departure time change has two elements. The figst may simply be an earlier or later departure using
the same route. The second may result from chpnging the route and adjusting for the longer travel
time. As alternative travel time gets longer, thaf] clement becomes less attractive. A zone identifier
was used for this model (es). it represents the utikty gained by commuters living cast of Seattle. These

commuters have a unique commute problem asthey have only two major route choices over Lake

Washington. Both bridge options tend to be
relationship to making departure time changes.

the individuals may have adjusted to existing co

Ierely congested, There seems to be a negative

€ unique commute problems may be one factor, as

nditions and learned "to live" with them. Eastside

residents, however, also tend to have higher incofnes. The income variable (in) is structured for low

income respondents and indicates that lower in

departure times. Lower income jobs often hawv

come commuters gain more utility from changing

e fixed start times that would encourage changing

departure times to compensate for existing conditipns.

As noted earlier, those who perceive traff]
likely to respond to counter the problem. The va
and appropriate.

The third model examined circumstance;

¢ conditions as being a major problem (ip) are morc

iables and coefficients in this model all scem logical

s alfecting the willingness of commuters to change

their routes. The results of this model are displayed in Table 8. The likelihood was calculated to be

48.7 percent. Again, some explanation of the utilit

y function is necessary.
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Table 7. Departure Ti%ne Change Probability Estimates

Constant

Additional trip travel time on shortest
time alternative route (minutes){dt]

Zone indicator (1 if eastside commuter,
0 otherwise)[es]

Income level(1 if <$40k, O otherwise)]in

Total travel time most frequently
used route (minutes)ftt]

Traffic problem recognition

(1 if problem, 0 otherwise)[tp)
Number of observations

Log likelihood at zero

Log likelihood at convergence

Utility function
V(d)= -.853-.291+dt-.476+es+1.

k:====:"_':======:=================
Estimated
Coefficient t-Statistic
.853 -.903
-.291 -3.397
-.476 -1.057
ji 1.071 2.459
054 2.211
1.016 1.578
117
-81.098
-68.345




Table 8. Route Cha&gc Probability Estimates

Constant

Additional trip travel time on shortest
time alternative route {minutes)[dt]

Gender indicator(1 if male, O otherwise)[sA]

Income level(1=<$20k, 2=$20k-$40k,
3=$40k-$60k, 4=$60k+)[in]

Total travel ime most frequently
used route (minutes)[tt]

Traffic problem recognition
(1 if problem, 0 otherwise)[tp]

Number of observations
Log likelihood at zero
Log likelihood at convergence

Utility function

Estimated
Coefficient t-Statistic
10.711 3.273
-1.659 -4.386
1.500 1.975
-1.097 -2.403
071 1.651
2.207 2.176
117
-81.098
-27.907

V(r)= 10.711-1.659+dt+1.5+sx-1.007«in+.07 1 +tt+2.207stp

....................................................
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The constant term is positive for rout

P changes. This might indicate a utility beyond a simple

response Lo congestion. The need to accoraplish other tasks like personal errands or interest in a

change of scenery could explain the positive cd

pstant term. As travel time (tt) increases, the utility of a

route change also increases. The individual spay be more willing to find a better alternative. This is

counter-acted, however, if the next best a]tcrnalive travel time increases more (dt), and the utility

would then be decreased,

Males (sx) appear to be more willing Lo change routes. Males may tend to be more aggressive

and greater risk-takers than females; thcy may

be more comfortable pursuing unfamiliar routes.

Income (in) is also a factor. As income increascs, there appears to be less utility to changing

routes. Age may be an indirect factor as ing
willing to change their familiar pattern. Alsc,
times, so there is less pressure to be at worl

changes, lower income people may simply be 3

pmes tend to rise with age. Older people may be less
higher income jobs may not have strictly enforced start
on time. Reviewed in the context of departure time

feater risk-takers.

Finally, if people perceive traffic conditions as a problem (tp), they are more apt to react to

them. This has already been described earlicr.

Elasticity Models

Some additional insight can be gaine
calculation of probability elasticities with res

marketing campaign to make the proposed

Again, the variables and coefficients appear logical,

| from reviewing the claslicities of the variables, The
ot to the model variables may be useful in defining a

service more effective. To calculate the probability

elasticities (E;p), the following formulas gre defined (Mannering, Bottiger, and Black, 1987

unpublished data):
Ey =bx (1-F)
Ep = (-F)
where  E is the elasticity 4
bk, ¢, are estimable
X, ¥, are independ
Equation (2)

P. is the probability,

@)
Q)
pf choice "i" for independent variable k,

coefficients from the vectors defined in Equation (2),

cnt variables from the vectors "X" and "Y" defined in

L and

of choice "i” as defined in Equation (1).
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The average clasticitics were determined by using

equations (3) and (4) and enumerating through the

survey sample, The results of this process are di
previously developed. An absolute value greater
value less than one (1.0) implies inelastic behavior.

For information service and departure tim

sancd in Tables 9, 10, and 11 for the three models

an one (1.0) implies elastic behavior, an absolute

e change, only the additional trip travel time on the

shortest time alternative route variable (dt) is elast. This means any change in the other variables will

result only in a minor change in the dependent vari
the dependent variables does not at first scem hel

value rather than a real one, however, there m{

pble. The relationship between the "dt" variable and
pful. To the extent that "dt” represents a perceived

y be some benefit. A marketing campaign that

encourages commuters to seek and use viable altergative routes might be helpful.

Three independent variables have an el
variable. The alternative route travel time differ
could benefit from the above described recommen
viable and competitive, more route changes might d

Income also has an inverse relationship,
professional people might have some bencfit.

Finally, if travel time on the preferred rout

alternatives. It would be counterproductive to intrd

particular routes, but a marketing campaign that

istic relationship to the dependent route change
ence (dt) variable has an inverse relationship that
dation. If alternative routes could be shown to be
ccur,

A marketing campaign targeted at higher income,

P were increased, commuters would quickly look for
[duce conditions that would increase travel imes on

emphasized the time spent in commuting and that

suggested shorter alternatives (e.g., HOV lanes) mifht be helpful.

While age is not a direct variable in any {
some relationship to the dependent variables. A

might also have some benefits.

BENEFITS ANALYSIS
The previous sections established the feasi
new service would be used. Whether the implg

measurable benefits to the existing system remains

f these models, less successful models did indicate

marketing campaign aimed at an older population

hility of the proposed project and the likelihood the
mentation of the new service would provide any

© be determined.
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Table 9. Information|Service Usage Elasticity Estimates

Elasticity with respect t—o: o N Value B
Additional trip travel time on shortest tijne altemative route (minutes) -1.230
Age 791
Congestion level on most frequently used route 320
Total travel time most frequently used I?xtc (minutes) 461
Traffic problem recognition 377
TV usage .162
Marita! status 151

_—_—===a == = _==3::t=================================
Elasticity with respect to: Value
Additional trip travel time on shortest tijne alternative route (minutes) -1.371
Origin of trip -.122
Income level .256
Total travel time most frequently used rpute (minutes) .886
Traffic problem recognition 443
Table 11. Routg Change Elasticity Estimates

=====:=========—_.:::======::l:::::::::.’i:::::::::===::====:===:
Elasticity with respect to: Value
Additional trip travel time on shortest tifne alternative route (minutes) -8.478
Male indicator 436
Income level -1.462
Total travel time most frequently used rpute (minutes) 1.170
Traffic problem recognition 924
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In the absence of an operational model, § is necessary to simulate the possible impacts of the
proposed service. Very little analysis has been ddne regarding the impacts of traffic advisory services.
One key study (14) was done to evaluate the impact of the advisory service on a simulated frecway
model.

First, normal conditions were mcasureol, then an incident was introduced and measured.
Finally, the incident was rerun with assumptions fcflecting the existence of the advisory service. The
results were compared to the incident sitwatiogs run without the advisory service. The analysis
demonstrated a significant improvement in traffic flow when the advisory service was available.

FHWA Model

To measure potential benefits provided Hy the proposed service, a copy of a computer model
developed by the Federal Highway Administratipn (FHWA) was acquired. This computer package
uses formulas developed in the 1970s and LOTU$ 123 to estimate the amount of delay resulting from
traffic conditions (26). Two situations were evalfiated. The first comprised normal, recurring tralfic
conditions and the second involved introducing anlincident. The conditions tested were a simulation of
traffic flows on the Evergreen Floating Bridge and the Interstate-90 Floating Bridge in Seattle.

Peak hours for both bridges in the mofning are 6:00 am. 10 9:0 am.. Demand for the
Evergreen Floating Bridge usually results in p four-mile queue about 8:00 am. (Henry, 1987
unpublished data). Figure 9 is a representation [of this condition. The Interstate-90 (I-90) Floating
Bridge usually has a 3.4 mile queue formed by 7:45 a.m. (Henry, 1987 unpublished data). This queue
actually forms west of the bridge and backs onto the bridge. The bridge has two directional lanes and a
reversible lane for westbound commuter traffic. Rigure 10 is a representation of the morning commute
conditions (see Table 12). Note that conditions vjiry every day and these descriptions are offercd only
as examples (27).

Traffic conditions have built up over thq years and commuters have adjusted to the normal
conditions. Conditions appear to have reachcd ar equilibrium, and commuters are assumed to be less
likely to change without some stimulus. The occlrrence of an incident that impacts traffic conditions,
however, could result in commuters adjusting ftheir routines. Figure 11 represents an incident

condition occurring on the Evergreen Floating iBridgc. The resulting delay assumes no advisory
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DELAY|CONDITION

Cumulative Volume (vehicles x 1000)

Y B~ ST A e aeed | SRS LT SLPRLE TTPT AT ITR SRR SRS
QI 00 20 40 8:90 20 40 9:00 :20
WIme {am.)
Evergreen Floating Bridge

Number of Lanes: 2

Capacity flow rate of the facility, vietvhr St= 4000

Inttial demand flow rale, vehvhr 52 = 4000

Initial bottleneck flow rate, vetvhr S3= 4850

Adjusted bottleneck flow rate, vefvhr S4 = 4000

Revised demand flow rate, vehyn} S5 = 3282

Incident duration until first change, min Tl = 0

Duration of total closure, min T2 = 0

Incident duration under adjusted fiow, min T3= 0

Elapsed time under initial dermandl, min T4 = 60

Fotal Delay, veh-hrs = 928.1

Time to Nofmal Flow (TNF), min = 131.0

Maximum I:nl of queue, veh = 850

Maximum lefgth of queue, miles = 2.41

Figure 9. Evergreen Floar.ing Bridge Normal Conditions




DELAY QONDITION

Cumulative Volume (vehicies x 1000)

Time (a.m.)

1-90 Floating Bridge

Number of Lanes: 2

Capacity tlow rate of the facility, vetyhr S1= 3600
Initial demand flow rate, veh/hr S2= 4925
Initial bottleneck flow rate, veh/hr S3= 3600
Adjusted bottleneck flow rate, velvhr S4 = 3600
Revised demand flow rate, veh/hr S5 = 2936
Incident duration until first change, nin T1= 0
Duration of total closure, min T2 = 0
Incident duration under adjusted fidw, min T3 = 0
Elapsed time under initial demand, fnin T4 = 45
Tqtal Delay, veh-hrs = 1116.3

Time to Normpl Flow (TNF}, min = 1348

Maximum extent of queue, veh = 994

Maximum Ieng*h of queue, miles = 2.82

Figure 10. 1-90 Floating [Bridge Normal Conditions
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Table 12. JConversion Worksheet

ACTUAL ESTIMATES
Peak hour backup= 4 miles
Spacing assumption= 50 ft/veh

Conversion method
5280 ft/mi * 4 mi= 21,120 ft
21,120 ft/ 50 ft/veh= 422 veh
422 veh * 30 ft/veh= 12,660 ft
12660 ft/ 5280 ft/mi= 2.4 mi

MODEL ASSUMPTIONS
Peak hour backup= 2.4 miles
Spacing assumption= 30 ft/veh

....................................................................

ACTUAL ESTIMATES
Peak hour backup= 4.7 miles
Spacing assumption= 50 ft/veh
BACKUP CALCULATIONS**
2 lanes= 0.8 mi
3 lanes= 2.6 mi
Total lane miles= 9.4 mi
2-lane equivalent miles= 4.7 mi

Conversion method
5280 ft/mi * 4.7 mi= 24,816 ft
24,816 ft/ 50 ft/veh= 496 veh
496 veh * 30 ft/veh= 14,880 ft
14,880 ft/ 5280 ft/mi=2.82 mi

MODEL ASSUMPTIONS
Peak hour backup= 2.82 miles
Spacing assumption= 30 ft/veh

foot spacing. The numbers have been ajusted to compensate for this. An adjustment was

* The models assume a 30 foot spacing%or vehicles, while actual conditions indicate a 50
also made for the reversible lane on I-9 (sec Table 12)

** Part of the backup is on a 2 lane facility and part is on a 3 lane facility. This calculation
converted everything to 2 lanes.
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DELAY CONDITION

- —y sy
[ N o

=]

Cumulative Volume (vehicles x 1000)

9:00 20 40 8jo0 :20 40 9:00

Evergreen Floating Bridge

Number of Lanes: 2

Capacity flow rate of the facility, vehvijr S1= 4000
Initial demand tlow rale, vetvhr S2= 4850
Initial bottleneck flow rate, velvhr 83= 1400
Adjusted botlieneck flow rate, vetvhs S4 = 2000
Revised demand flow rate, veh/hr 55= 3282
Incident duration until first change, m§n T1= 10
Duration of total ¢closure, min T2 = 5
Incident duration under adjusted flow), min T3 = 10
Elapsed time under initial demand, mjn T4 = 60
Totdl Delay, veh-hrs = 3956.3

Time to Normal[Flow (TNF), min = 223.0

Maximum extedt of queue, veh = 3117

Maximum IengthTol queue, miles = 8.85

Figure 11. Evergreen Floating Bridge Incident Condition
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information service. The incident would creat§ an additional 3028 vehicle-hours of delay over normal
conditions (see Table 13). Would the proptpscd driver information service reduce the amount of
additional delay?

It scems intuitive that the new service would have a positive impact. Two separate cxamples

were run to test that assumption. The first assumed tea percent of the commuters would change routes
upon learning of the incident. Ten percent is gn arbitrary assumption based upon the earlier analysis
that 48.7 percent of the surveyed commuters cjanged routes due to congestion at least once a month,
Figure 12 represents the impacts this diversiog would have on conditions on the Evergreen Floating
Bridge. Because of limited options, this shift Would probably move to the 1-90 Floating Bridge where
conditions were already congested. What would the impact be on 1-90 and would there be a net benefit
to the system?

Figure 13 represents the impact of the: foute shift to the I-90 Floating Bridge. As expected, the
shift created additiona!l delay. An analysis of foth bridges, however, indicated a positive benefit (see

Table 13). The route change condition could man a savings of 615.5 vehicle-hours for the system.

The second test involved a change in Peparture time. Again, ten percent of the commuters
were assumed to delay their departure. For this exercise, the impact of this action resulted in a ten
minute extension of the slightly reduced initial femand flow rate. Figure 14 is a represeatation of this
example. It was also assumed that I-90 was nof affected by these changes. The result was a savings of
16019.9 vehicle-hours for the system (see Table 13).

A variety of departure and route charfjge combinations could be run, but it is clear that the
driver information service could have a positiye impact. If vehicle occupancy is assumed to be 1.2
persons per vehicle, then the vehicle-hours of felay can be translated into people-hours, and a value
can be assigned to estimate actual savings. Taljle 13 includes a conversion of vehicle-hours to people-
hours. The value of time is difficult to assess #nd arguments can be made for a range from minimum
wage 10 average salaries of commuters. For pirposes of illustration, the value of a people-hour was
assumed to be $6.00. Again, Table 13 provides the result of this calculation for the two examples.

The magnitudes and frequencies of inddents that occur on Seattle-arca freeways are random

and unpredictable. Predicting annual benefits c¢sulting from the proposed driver information service is

43




Table 13. Benefit

Normal Condition [NC]
Evergreen Floating Bridge=
I-90 Floating Bridge=
Total Delay=

Incident Condition (Evergreen Bridge) [IC
Evergreen Floating Bridge=
1-90 Floating Bridge=
Total Delay=

Route Change Condition [RC]
Evergreen Floating Bridge=
I-90 Floating Bridge=
Total Delay=

Departure Change Condition [DC]
Evergreen Floating Bridge=
I[-90 Floating Bridge=
Total Delay=

Differences
[IC]-[NC]=
[IC}-[RC]=
[IC]-[DC]=

......................

Cost Savings Estimates
Assumed average vehicle occupancy=1.3
People hours=vehicle hours/1.2
Person hour= $6.00

Route change savings=
Departure change savings=

S - ] ===

Calculations Worksheet

2044.4 hrs

_______________________

Delay

3956.3 hrs
1116.3 hrs
5072.6 hrs

Delay

2560.4 hrs
1896.7 hrs
4457.1 hrs

........................................................

Delay

2936.4 hrs
1116.3 hrs
4052.7 hrs

Delay
3028.2 hrs
615.5 hrs
1019.9 hrs
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DELAY CONDITION

-
N

—
(=]

Cumulative Volume {vehicles x 1000)

9:00 20 40 800 20| :40 9:.00 20 40 10:00 :20

Tyme (a.m.)
Evergreen Floating Bridge

Number of Lanes: 2
Capacity flow rate of the facility, vgh/hr St= 4000
Intial demand flow rate, veh/hr S2= 4365
Initial bottleneck flow rate, velvhr S3= 1400
Adjusted bottleneck fiow rate, velvhr S4= 2000
Revised demand flow rate, veh/hrr S5 = 3282
Incident duration until first changg, min T = 10
Duration of total closure, min T2 = 5
Incident duration under adjusted flow, min T3= 10
Elapsed time under initial demand min T4 = 60
otal Delay, veh-hrs = 2560.4
Time to Norla! Flow (TNF), min = 182.4
Maximum ejtent of queue, veh = 2632
Maximum length of queue, miles = 7.48

Figure 12. Evergreen Floating Bridge Route Change Condition
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DELAY CONDITION

Time (a.m.)

i-90 Floating Bridge

Number of Lanes:

Capacity flow rate of the facility, vetvir St=

Initial demand flow rate, veh/hr

Initial bottleneck flow rate, veh/hr
Adjusted bottleneck flow rate, vetvh
Revised demand flow rate, veh/hr
Incident duration until first change,
Duration of total closure, min
Incident duration under adjusted fiov
Elapsed time under initiat demand,

in T1=

min T3=
in T4 =

Totgl Delay, veh-hrs =

Time 1o Norma

Flow {TNF), min =

Maximum extet of queue, veh =

Maximum length

Figure 13. 1-90 Floating Brid

of queue, miles =

i

3600
5410
3600
3600
29386
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1896.7
167.7
1358
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Capacity fiow rate of the facility, vehv/hr S1= 4000
Initial demand flow rate, vehvhr §2 = 4365
Initial bottleneck flow rate, vehvhr 83= 1400
Adjusied bottleneck flow rate, velvhr S4 = 2000
Revised demand flow rate, veh/hs S5 = 3282
Incident duration until first changd, min Tt = 10
Duration of total closure, min T2 = 5
incident duration under adjusted §ow, min 13 = 10
Elapsed time under initial demand min T4 = 70
otal Delay, veh-hrs = 2936.4
Time to Normal Flow (TNF), min = 197.5
Maximum extent of queue, veh = 3026
Maximum length of queue, miles = 8.60

Figure 14. Evergreen Floating |

Bridge Departure Change Condition
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therefore extremely difficult and arbitrary. It dogs appear, however, that the proposed service would

be cost effective.

DISCUSSION
"A small reduction in unnecessary flow chn achieve a much larger saving in journey time in
congested conditions” (12). This fact is the reasod for investigating better driver information services.
It is important to reiterate hat the proposed newkervice is only a part of a larger strategy to improve
travel conditions. As a source of driver infornfation, the new service would supplement existing
services already in place. The analysis to this poinf has been positive, but it is also necessary to discuss
further considerations that bear more on the goals fof the proposed service than the feasibility of it.

TSM

Transportation Systems Management (TSM) strategies were introduced in Chapter 1. Those
strategies were grouped under demand, supply|and incident management approaches. Demand
management strategies arc targeted at threc kdy variables. Those variables are route selection,
departure time and modal choice, and each has|a significant impact on demand patterns. These
strategies include alternative work schedules, high occupancy vehicle lanes, park-and-ride lots, and
driver information services.

Supply management strategies are; aimed at expanding or constraining capacity. Examples
include changing lane widths, ramp metering, and 4dditional lane construction.

Incident management strategies are ofter] considered as parts of the previous options. They
are cited here because of their importance. Incidents are those events that restrict the ability of the
system to provide appropriate scrvice levels. Indidents generally are classed as accidents, disabled
vehicles, construction activities, adverse weather, ahd gawking motorists. The strategics include traffic
surveillance, quick response teams, and driver infofmation services.

The application of individual TSM strategis may have only a marginal impact on the ability of
the system to deliver an acceptable level of scrvife. The development of a number of coordinated

programs could have a synergistic impact. ThE proposed driver information service should be

evaluated in that context.
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An carlier study of a telephone-based

Iriver information service was previously cited (13). It

serves as a good argument for coordinating TYM activities. A telephone service was established that

provided a recorded message describing traffic
use it. Many did not know abeut its availab

changed between making the call and driving in

onditions. It was not successful because people did not

lity, but many who did citcd the fact that conditions

Juraffic,

By itself, the proposed new service wosld be vuinerable to the same arguments. Cars are not

equipped with televisions. The service, howeves

, is not suggested in isolation, rather it is proposed as a.

supplement to cxisting information sources. One other advantage is that the proposed service would be

current, not subject to being revised, so it would

Mode Choice

Modal choice is also an important ¢

be more credible than a taped message.

pnsideration in the analysis of the proposed service.

Attention was focused on depasture time and foute selection because of the factors that affect modal

choice decisions. Decisions (o carpool, vanpoo#, or take the bus are complex and involve a number of

issues. Individuals familiar and experienced
transit option when a serious congestion pr
routes, schedules, fares and procedures. Thosd

mode in response to an isolated incident,

cZIlcm oecurs.

th local transit services are more apt to consider the
These people are familiar with existing

incxperienced with transit are unlikely to choose that

The carpool and vanpool option is cden less likely. With the possible exception of severe

weather, individuals arc unlikely to try and arrapge carpools and vanpools, on short notice, in response

to existing traffic conditions. Even the weathd

r situation is usually the result of prior arrangements

made in anticipation of treacherous condit:

advanced arrangements that are not always fle

ns. Both carpools and vanpools generally require

le to existing traffic conditions.

Finally, TSM strategies must be coordnated. Inherent to transit, carpools and vanpools are

barriers (i.c., loss of privacy and independence,

work against their natural selection. If individu:

ransfer requirements and general inconveniences) that

Is gain nothing by changing modes, they are unlikely to

do so. If the travel times of all modes arc sinjilarly impacted by the existing traffic conditions, then
mode choice will coatinue to be a less viable wpriable. The existence of park-and-ride lots and high

occupancy vehicle (HOV) lanes contribute signHﬁcantly to encouraging modal change. In the example
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of the Evergreen Floating Bridge traffic incident, the absence of HOV lanes to by-pass the problem

leaves route selection and departure time as the twd
will encounter the same delays. This has become a

already operating at capacity. As demand continues

) major options left, because transit and carpools
serious problem because the major freeways are

to grow, the departure time and route selection

variable benefits will become increasingly marginal, making modal choice more important.

However, some opportunities exist that may
would be to show "snow routes” on those days whd
transit. The system could be set up to provide that

how to use the service. The supplementary informatf

benefit modal choice. The most obvious example
n the weather encouraged more people to take
information, supplemented by information about

on could be provided by voice-overs or character-

generated messages. The emergency information copld be provided on a readerboard that would have

to be kept up-to-date.

In the same fashion, a readerboard service

abou* normal route and schedule adjustments. This

traffic conditions were normal or on a scheduled basis

The planned system upgrade might provide
situation does not seem promising for impacting mod
earlier, appears to have more potential.

The cable companies are interested in

programming. Transit systems have found the use of

could provide periodic rider alert information
nformation could be provided during times when
B
additional opportunities, but the current retrofit

al choice. The use of the magazine format, cited

pgrading the level and quality of local access

f cable TV to be very productive. One television

show can have greater impact than a host of mailings and other techniques.

The cost of programming can be surprising]
companies and volunteers can be found to do many
work with students at the University of Washington,
a national cooperative network (Ahlstrom, 1987 unpy
virtues and condemned for its faults. It is, howeved

tastes.

ty low. Equipment can be provided by the cable
bf the associated tasks. It might be reasonable to
[nterest has grown, and momentum is building for
blished data). Television is much extolled for its

. a powerlful tool for shaping public opinion and




The Graphic
The discussion to this point has cf
gencrated graphic produced at the TSMC. |
to speculate on what modifications could be np
The graphic is generated by a RAM
24 ramp meters, and 70 additional data statie
greater Seattle area. Figure 5 is a reproduct
-5 and 1-405 in the south to the junction ol
between I-5 and 1-405 and 1-90 bounded by I-
It is a color graphic. Traffic conditig

freeflow, and yellow and red represent incrg

scrious problem, usually an incident of some

ntered on the feasibility of transmitting the computer-

is important to describe that graphic in more detail and

ade to it,

[TEK package. Data are provided by 900 loop detectors,

ns. It is a simple schematic of the major freeways in the

on of the graphic. It covers the area from the junction of

the same routes in the north. It also includes SR 520

b and extending a few miles east of 1-405.
ns are represented by different colors. Green represents
jasingly congested conditions. Flashing red represents a

ort that has temporarily halted traffic flow.

There 1s no explanatory key or other source of explanatory information. By itself, and

unadorned, the graphic would be of little uge to the general public. To make it more useful, some

changes are suggested.

The first change would be to move
These messages would operate much like a re
the bottom of the screen. When condition
transit and ridesharing by providing informat}
on local access cable channels, so the messagd

When conditions detcriorated on th

some of the titles around to make space for messages.
aderboard only they would revolve through the picture at

were normal, the messages could promote the use of

onal phone numbers to call. Advertising is not permitted

s would be in the form of public service announcements.

b frecways, the message could be changed. They would

have to be kept simple, and it might be pogsible to have several stored in memory. The message

generator could be a character generator like

the types commonly used for readerboard services, or it

could be a computer with additional capabifitics. The next ievel of messages might identify where

conditions were bad and warn commuters abd
If conditions became bad enough,
overturned on 1-90 Floating Bridge") and su

Messages, in general, should include infor

ut possible delays along those routes.

the message might identify the problem (ie. "truck

i::sl a solution (i.e., "recommend take alternative routes”).

tion about the location and degree of congestion, the
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reason for the congestion, whether or not a lane is blocked, and alternative routes (if appropriate) (13).
Figure 15 represents how the revised graphic might look.

Another level of sophistication might be a split-screen format. The graphic could be shown as
an inset with other images or information shown of the rest of the screen. This might permit more
complex messages or pictures (i.c., from the suntillance cameras) of the relevant problem. The
difficulty with this is that reducing the graphic imag¢ in sizc would lose a lot of resolution. This could
be confusing to the viewer, particularly if the service were still new and unfamiliar.

One interesting alternative may develop with the arrival of Metro Traffic Control in the Seattle
market. Metro Traffic Control is interested in accessing the closed-circuit television surveillance
system operated by the WSDOT. It has some interckting graphics packages that are not as accurate as
the proposed WSDOT graphic image. These |additional graphic images could be excellent
supplemental information services, however, with the WSDOT image as the principal information
source. Access to the closed-circuit television systep could be provided in exchange for access to the
additional graphics packages.

Attention has been focused principally on the video transmission. An audio signal is possible
to inciude, as well. Several options are possible.

First, the audio signal could provide entertajnment only. This would involve using music from
a local FM radio station. The music might draw mére pcople to the channel, but it would not enrich
the quality of the information,

A second option would be to provide an infgrmation service. Again, a local radio signal would
be used, but this would use a news show format radiq station. The listener could be updated on current
events and perhaps additional traffic information. This might encourage listeners to continue tuning in
once they were in their cars.

The third option would be educational. Rather than depending upon outside sources, specific
messages would be prepared and played on an jaudio cassette. These messages could include
information about transit and ridesharing or about r¢gional transportation issues. Music could also be

provided between the messages.
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As a final point, the proposed service should be properly marketed. A&vertising its availability

will not be an issue; the cable companies will handle that in an effort to attract more customers. What

will be important is providing information about how to use the service. Bro
subscribers would probably be effective. These brochures would also offer an
some context; to explain why the service was available and how it could be use
Other modes like transit could be promoted, as could concepts such as alternatiy
markeling program would also provide a good educational opportunity. In
lanes, park and ride lots, and other TSM programs could be provided. The

marketing campaign would depend on the level of commitment desired. A

300,000 households could cost as much as $12,000 (Rasmussen, 1987 unpublish

campaign could also be considered.

SUMMARY

The purpose of this research is to determine the feasibility of traj
generated graphic display of real-lime traffic conditions on local access, cabl
analyzed to determine its feasibility, the probability it would be used, and the be
The analysis determined the project was technically, financially, and institutiona

strong probability that consumers would use the service; and the service wa

chures mailed to cable
opportunity to provide
d to proper advantage.
ve work schedules. The
formation about HOV
cost of implementing a
good initial mailing to

cd data). An on-going

nsmitting a computer-
e television. This was
nefits it might provide.

ly feasible; there was a

uld provide significant

benefits. Finally, the graphic display was analyzed and several modifications were considered.
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CHAPTER 4
CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The purpose of this research was to determine the feasibility of using local access cable TV as

a driver information tool. Specifically, the investigation focused on the possibility of transmitting a

computer-generated graphic of traffic conditions on B

The research began by establishing the exteh

cattle arca freeways.

t of the traffic congestion problem. Urban traffic

congestion is clearly a problem of national signifidance, and the conditions in the Seattle area are

considerably worse than average.

Because major new freeways are not gojng to be constructed in the immediate future,

transportation system management strategies have Heen evolving to cope with the problem. Low cost

projects to marginally increase existing capacity or|change consumer demand have been developed.

Driver information services are tools designed to influence the pattern of demand. Three key variables

- route selection, departure time, and modal choice -|are the principal targets.

A literature search was done to identify releant research and experiences. Driver information

services include a broad range of programs from (he familiar road map to sophisticated, advanced

electronics. The proposed project falls generally in

was noted specific to the proposed project.

the class of traffic advisories. Very little activity

The analysis of the data collected covered |three broad categories: feasibility, behavior and

benefits. The proposed project was determined ta

be quite feasible. Two practical methods were

identified and costs estimated for their implementation.

A survey was done to determine if the public would use the services and what characteristics

these users might have. Finally, a computer simulation was run to determine potential benefits. The

simulations were based upon a traffic incident condi
positive.

Al this lime it is important to make some X

ion, and the impact of the service appeared to be

cy observations. Traffic conditions in Seattle are

already severe. Impacts on route selection and deparpure time will provide only marginal benefits. The




peak morning period is defined as 6:00 a.m. Yo 9:00 a.m. Demand varics within the peak period and

departure time changes may provide a mor¢ uniform distribution of that demand. Further, these

departure time changes may extend the peak
and arterials are operating at or above capa
capacity. The results may be the more efficie
will assist only in managing additional deman
Implementation of this project coul
system is designed and specifications are dra
in increasing the average vehicle occupancy ra
technology in place and begins the developme
Equilibrium describes the condition
commuters will seek out their best solutions af
in lhclsystem occurs, the pattern will change af
This research identifies two types
Information seekers arc those individuals lik

interested in determining conditions confron

riod beyond the existing limits. Most major {reeways
ity. Route changes may shift the demand to available
use of the transportation system. The proposed project
it will not climinate existing demand.

have an important impact, however. When the new
up, special features could be included that would assist
¢. The implementation of the proposcd project puts the
t of a market for the service.

of a stable traffic system. The basic theory is that
d traffic will setile into predictable patterns. If a change
}d a ncw equilibrium will develop.

of commuters: information-seekers and risk-takers.

Ely to use the proposed service. They are commuters

ging their commute. Risk-takers are those willing to

change the patterns of their commutes, offen in response to information provided about those

commute trips. The research indicated a sign

the routc or departure time of their usual tri

ficant probability that average commuters might change

ps. This may have some implication on the concept of

equilibrium and the importance of traffic advispries.

The traffic patterns in Seatile may 3
below the surface. If these trends can be iden
direct segments of the demand to benefit the g
may provide some useful insights. Research
impact on traffic equilibrium (19).

Finally, the graphic proposed for trg
These are needed to atiract viewers and to ma

considered.

ppear stable, but significant activity may be occurring
Jified, and if they can be leveraged, it may be possible to
verall system. The new research in behavioral modeling

has shown that traffic advisories may have a significant

nsmission on cable TV requires some enhancements.

ke the information comprehensible. Several ideas were
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RECOMMENDATIONS

The following recommendations are based lngIl the completed research and analysis:

1

Consideration should be given g

service. While commutcers already

implementing the proposed driver information

have available a number of information sources,

none of them are truly real-time 4nd available before they leave their houses. This

information might prevent them from committing themselves to a particular route

and being unable to change upod

learning of a problem. They could also make

decisions about their departure tinjes that would not be possible if they were already

enroute. Radio stations might alsa
stations elect to receive the calf
information services. It might all

traffic incidents occur.

Consideration should be given to t

prove to be consumers of the service. If the radio
le signal, they could supplement their existing

RO assist in developing news stories when major

he microwave option. It appears to be the casiest

to implement and its cost is compagable to the coaxial cable option. Further analysis

might be needed to decide how to
station. Cost might be the final d4

brief implementation and evaluatio

relay the signal from the Viacom tower to the TCI
terminant, and a bid process would be needed. A

h plan is provided in Appendix C.

The Washington State Departmdnt of Transportation should consider involving

Scattle METRO and others in th¢ design of the new surveillance and control and

driver information system. Outpuf to the public should be an important factor and

given proper considcration. The $eattle METRO staff might be able to contribute

uscful suggestions to help increase

also benefit the Seattle METRO d

modal split for transit. The proposed service could

spatcher operation. Real-lime information about

traffic conditions on the freeways cquld facilitate re-routing buses to avoid delays. An

interactive link with Scattle METRO might also improve information about

conditions on the major arterials.

Consideration should be given tol committing research into advanced technology

applications. Technology may not

solve the problems, but it can help control them.
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Japan and some European| countries are doing considerable work in this area, but

nothing similar seems to be:developing in this country. The Seattle area would be an

excellent test area, particularly given its traffic problems. Research directed at

coordinating all the driver ifformation sources would help focus their impacts.

5. Consideration should be givea to further rescarch in behavior modcling and analysis.
Supply and demand managgment are the two major thrusts for dealing with traffic
congestion, As has been goted, additional capacity is unlikely in the ncar future.
Other supply-side strategiesmay gain some positive results, but demand-side activitics
secm to hold greater promhise. Behavior modeling may prove a significant tool
because it is necessary lo entify the key elements affecting behavior before it is
possible to leverage that behavior. It may become possible to target key subgroups
and direct their commute patterns through driver information services and other
toals,

6. Considcration should be given to researching the impacts of driver advisories.

Because commuters operatg with [rec choice regarding their trip decisions, they must

be able to make the best decisions. The nature and delivery of the necessary

information needs to be further refined and developed.

SUMMARY

To conclude, it is necessary to returk to the beginning. Congestion is the result of too much
demand for cxisting capacity. To minimize! congestion demand, supply, or both must be changed.
Transportation System Management strategics have been developed to do this and they have had
marginal success.

A new driver information service bas been proposed and analyzed. It is offered in an
environment in which consumers are able to make choices about their trips frecly. Market forces (i.c.,
supply and demand factors) will have an i ‘

act on those individual choices. The new service will

provide additional information to assist consumers in making their decisions.




As stated at the beginning, the new service will not solve the congestion problem. It will, like
other TSM activities, have a marginal, positive impact. Provided in concert with other TSM activities it

will enable the existing transportation system to deliver the best level of service possible.
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APPENDIX A

THE COAXIAL CABLE

The purpose of this appendix is to provi
Chapter 3. Included is a description of the equip

involved.

COAXIAL CABLE QOPTION

MICROWAVE OPTIONS

more details about the two options described in

ent, the path of the signal, and the labor activities

The coaxial cable option would begin with the generation of the graphic signal from the

computer. The signal would be transmitted to a vi

from the message generating device (i.c., a computef

sent to an FM modulator where it would be joined

eo switch where it would be mixed with the signal

or character generator). The signal would then be

ith the output from the audio source (i.c., FM tuner

or cassette player). The output from the FM modulator would be processed through a subchannel

multiplexer before it was sent out over the main co
frequency so it would not interfere with the high fre

The trunk cable would then be tapped at a
likely point for the tap would be a junction box lo

Northeast and the Northeast 80th Street overpasses

tal trunk cable. The signal would be sent at a low
ency signals coming in to the TSMC.

int near the existing cable TV company line. The
ted on the I-5 median between the Fifth Avenue

The junction box would hold amplifier T-N10 and

would be about 600 feet south of the Northeast 80tH Street overpass. This overpass is used by the cable

TV companies to cross the freeway.
When the tap was made, a subchanncl m
separate the desired signal from the trunk cable. A(

signal out of the I-5 right of way.

tiplexer would be installed in the junction box to

[ditional cable would have to be buried to carry the

To do this, the conduit carrying the trunk fwire would have to be entcred at the base of the

Northeast 80th Street overpass. New cable would thd
through the existing conduit. Another junction box
attached to the overpass using unistrut mounts placg
be needed. The conduit would be directed to the wes)

At the end of the overpass structure the co

would then be directed into the ground, A trench 6 i

tn be pulled from the T-N10 amplifier /junction box
would be installed. Then, 2-inch conduit would be
d every 5 feet. One additional junction box would
Iside of the freeway right of way.

nduit would feed into a junction box and the cable

nches wide, 18 inches deep and about 120 feet long




would be needed to reach the cable TV hcafl-end. One junction box would also be required in the
trench. The new cable would then be spliced igto the cable TV line.

When the signal reached the TCI| station it would then be processed through an FM
demodulator and passcd through an electric syitch. The switch would be used to turn the signal on and
off at the prescribed times. The signal could t§en be scat over the cable TV network,

MICROWAVE OPTION

The microwave option would begin with the computer-generated graphic signal, which would be
sent to a video switch where it would be mixed with the output from the message generating device (i.c.,
computer or character generator). The signallwould then be sent to the microwave transmitter where it
would be combined with the audio signal frony the audio source (i.c., FM tuner or cassette player). The
microwave transmitter would then send the fignal to the microwave receiver located on the Viacom
tower. This would require the transmitter 3nd receiver to be properly aligned. At this point, two
alternatives would be possibie.

Alternative §

When the microwave signal was recejved it would next be sent to an FM modulator located at
the Viacom tower. The signal would then b transmitted over the existing cable TV line to the TCI
station. At the station, the signal would be pgocessed through an FM demodulator and passed through
an clectric switch. It would then be sent out oyer the cable TV network.

Alternative 2

When the microwave signal was receiyed, it would be relayed to a second microwave transmitter
and then sent to the TCI station where it would pass through an electric switch before it would be sent
out over the cable TV network.
SUMMARY ’

The cost for both options is about ﬂlc same, but the amount of labor and disruption involved
with the microwave option is less than for the ¢oaxial cable option.

Once TCI has the signal, it would Be sent out over their cable network. Both Viacom and

Scacom are connected to the network, and they would simply activate their own switches.
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CORRESPONDENCE

Included in this appendix are copies of ¢orrespondence with the Seattle Office of Cable

Communications (OCC).  This correspondencd, supplemented by interviews and telcphone

conversations, indicates a willingness by the OCC to J_evclop the proposed service.
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WASHINGT(P

N STATE TRANSPORTATION CENTER

July 29, 1987

Mr. David Arnesen

King Co. Office of Cable Communications
516 - 3rd Ave,, Room 401

Seattle, WA 98104

Dear Mr. Arpesen:

1 am writing to confirm the interest of the Washingt

State Department of Transportation {WSDOT)

sad Washingtoa State Transporiation Cester {TRAC) in using cable TV 1o broadeast locat traffic

copditions.

1 enjoyed discussing the proposal with you on the ph
willingnces to pursue the project. 1 want to bricly o

The WSDOT currently operates a control ceater that
1-5, 1-90, 1-405 and SR 520. The monitoring is done
devices located in the pavement. Signals from the ¢
and a graphic display is produced. M is this display

The display is in color and is only & schematic of the
genersted messages that would interpret the display.
personnel and would include recommendations 1o pot
during the morning commute only.

The WSDOT bas contracted with TRAC o determing

c, and I appreciate your initiaf support asd
line the proposal.

monitors traffic flow on local freeways including
ith closed circuit TV and electronic sensing
rovic devices are fed to & computer for analysis,
wish (o televise,

stem. 1t would be supplemented with character
¢ messages woyld be generated by WSDOT

rotial commuters. The display would be shown

¢ the feasibility of the project. H the project is

approved, the WSDOT would be responsible for the inplementation costs and wounld market the service,

I belicve the project will be a significant benefit 10 the
lncal sccess programming, it will aid commuters, and
Iacilities.

M you have further questions, T can be reached at 543-
look forward to working with you further.

community. R will help advertise the existence of
§ will assist us is managing owr transportation

F310 in Scattle or (206) 586-2443 in Olympia. 1

Sincerely,

7 /&éaﬂo

ordon Kirkemo

GK/alk

121 Mowe Ha¥ FX- 40, Unversity af wathington Seallle Washingion 98

'B5 Telephone (206) 543- BEIO

@ Unnetsity of Washngion Jaie - 3 Washwgion Stalg
Washngion Urversdy '7’ Depariment of Transporaion

B-2



City of Seattle
Office of Cable Communications

Chares Royver Mayor

July 15, 1987

Mr. Gordon Kirkemo

TRAC

121 More Hall, FX-10
University of Washingten
Seattie, WA 98195

Dear Gordon:

I enjoyed meeting with you yesterday and di
use cable television to broadcast local tra
exciting proposal and is one that would ass
use of cable television for purposes other
I would 1ike to be kept imformed about the
offer my assistance where necessary, The p
fdea and could be very useful in the commun
of the growing traffic congestion. Please
be of assistance.

Sincerely,
Seltoe n

Debra L. Lewis
Acting Director

DLL : dmr

An equal employmenl opRonuty - §!

Office of Cable Communications 4ih Floor 400 Yesler

scussing the proposed plan to
ffic conditions. It is an

ist in further developing the
than entertainment programming.
progress of this plan and also
roposal sounds Jike a solid
ity for helping relieve some
call me at 684-0438 if I may

rmatipe arT A g L

$eatie Wasnmpirr QRICE (20E €77 267
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APPENDIX C
IMPLEMENTATION AND EVALUATION PLAN

IMPLEMENTATION

The implementation of the local access cable TV driver information service project will require
approximately six months. Implementation assumes ‘hhe project has been approved and programmed by
the Washington State Department of Transportali;)n (WSDOT). That approval will require some
additional engineering and accounting work in jkccp'mg with established WSDOT procedures.
Constderation could be given to funding the project from the 1-90 program or from cnergy rebate funds
passed back to the state.

Overall program responsibility will be assigned to the manager of the TSMC. Table C-1
contains the timelines for accomplishing the key stéps. A brief description of those steps is provided
based upon the timeline.

First Month

A bid package would be drawn up and advertised. Specifications for all the equipment would be
identified. The equipment is standard, off-the-shelf technology, and previous bid documents could be
referenced.

Negotiations would be undertaken with the three cable companies and the Seattle Office of
Cable Communications (OCC). The OCC would have to approve the project before the cable
companies could participate. This approval appears likely, based upon previous correspondence
(Appendix B). The specific roles and responsibilities of the cable companies and WSDOT would be

formally agreed upon.

The graphic package would need to be madified. This would require assigning appropriate
i

personnel to the task. The refinements would be miinor, and sufficient time would exist to permit the

work to be done when the time was available.
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Table C-1. Froposed Project Timelines

Month
Activity Il j2 |3 |14 |5 |6 |7 [Later |
Bid preparation |ty

I
and advertisement VI |
I i

Bid award and
equipment order

| R
; Vi) Vit
I | '
I
I

Installation and

¥
| H Vit i
tests |

| yii i

| I I l
Develop advertising /i i) i i |

I |

| [

I I

| |

| |

| |

I |

| I

o

campaign VEHIRT VI Vit it | i |
I | | I | [ I

Implement advertising | | :I | VI Wi i | |
campaign | | I | VI Wittt i | |
| I il | I | | ] I

Negotiate with cable |t | | | | | | i |
TV companies Vil | | | i | | { |
I | I I I I | | |

Negotiate with | Vit Vitiine Vi | | | | |
Houston MTC | Vi | it i | | | | [
I ! | I | I | | I

Modify graphics [ttt Vit | | i [ | | I
package [ ittt | | i ] | | {
| | I | I f | I I

Frequency search and {1111 | | | ] | | | !
license I ) | i | | | ]
! | N | | | VHittHE i |

Implementation I | Hf | i | [t i
I I a | | I I I

Evaluation | ! - | | | | |t
| I LI I I | I Vi |

I

C-2



Appropriate WSDOT personnel would con|

would be forwarded to the Federal Communications
for the microwave transmissions. The FCC licensa
license fee.

The Public Affairs Office would be assign

Huct the frequency coordination check. The results
Commission (FCC) to acquire the necessary license

takes about two weeks to acquire and there is no

td the responsibility for developing an appropriate

advertising campaign. The campaign would involvé more than alerting people to the new service. It

would explain how to cffectively utilize the service

and provide background information about traffic

problems. This would be a key element to a success

Second Month

Bids would be awarded and contracts si
WSDOT procedures would be used to accompli
equipment could be ordered. The equipment shoul

Negotiations with Metro Traffic Control
Control (MTC) will be expanding into the Seattle
signals, MTC is interested in the closed dreunit TV
graphic packages produced by MTC would be of int

MTC has offered to provide a person a
transmissions and relieve existing TSMC personnel

The development of the advertising camp
would be continuing during this period.

Third Month

Successful negotiations with MTC could re
TSMC. That might begin during this time period.

The equipment ordered to support the pr
already be taking place,

The advertising campaign would be designe

| project.

ed for the work and the equipment, Standard
this. With the awarding of the contracts, the
be available in 4 to 6 weeks.

f Houston should be undertaken. Metro Traffic
rket. Arrangements could be made to share video
surveillance available at the TSMC, The variety of
rest to the project.

the TSMC, That person could coordinate the
f that duty.

ign and the modification of the computer graphic

It in the installation of additional equipment at the

ect would be arriving, and some installation might

and ready for production.




Fourth Month

Installation of the project equipment|would be in full swing. The advertising matcrial would be
in full production.

The modifications needed to cooperate with MTC would be completed duriag this time frame.

Fifth Month

Installation of the equipment would he complete and testing would have begun.

The advertising program would be agtivated. Mailings would be sent and any video productions
done would begin showing on the air. All maflings could be done as inserts into the cabie billings.

Sixth Month

Advertising would continue and any problems that had surfaced would be corrected.

Seventh Month

The project would be implemented.

Later Months

Monitoring and evaluation of the project would begin.

Direct evaluation of the project would be difficult to do. The principal goal of the project is to
facilitate the flow of commuters to work. Measures of cffectiveness would include travel time, delay,
energy consumption, average travel speeds and modal split. It would be difficult 1o measure the isolated
benefits provided by the new service as so fhany other activities also have impacts. Discussions with
MTC personnel regarding the evaluation of their scrvices indicates they really do not know (Saperstein,
1987 unpublished data).

Two strategies can be suggested for|monitoring the project. The first would be to survey the
market to determine reactions Lo the service. | This would be donc because the market is finite and easily
defined (i.c., cable TV subscribers). The survey could determine how many subscribers used the service,

how many made decisions based upon the s¢rvice, and how many believed the service to be credible.
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The survey could also seek ideas for refining the sctvice by asking what information the viewers would

like to see provided.

The first survey should be done no sooner than six months after the service was initiated. This
would give viewers a chance to learn about it and to gather some experience. Sample surveys could then
be done periodically to measure trends (i.c., Are more people using it?)

The second strategy involves seeking volunteers to keep trip diaries. The diaries could be daily
logs of what each commuter was confronted with in the morning. The diarist could track the information
provided by the service, the decisions made and why, jand the conditions found during the commute trip.

These logs would help determine the usefulness and accuracy of the information provided by the
service. It would also be helpful for planning adjustments or for developing the new, upgraded system.

To accurately measure the impact of the proposed service, data would have to be collected
before and after the project was implemented. Several methodologies could be applied.
One technique would involve collecting volume and lane occupancy data for specific stations on
the freeway. The data would be collected over a preseribed time period prior to program
implementation and again after start up. A methodlogy called times series intervention analysis could

be applied to evaluate the impact (28).

Another technique would be a floating car study. Representative commute runs could be made

before and after implementation. Travel times, delays, average speeds, and queue lengths could be
logged and compared.

Another method would be to obtain manual queue length counts before and after

implementation to assess the impact. Assistance from eye-in-the-sky reporters might be possible, or
roving automobiles might be used. Appropriate statistical tests would be applied to measure impacts.

The methods chosen might depend upon time and resources available.




