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Abstract:

Thi s wor ki ng paper discusses two primary nodels which m ght be use
represent the |ocational behavior of (lone or conpeting) traffic inform
characteristics which make traffic information unique as a service good
exploited in the nodels to show how the behavi or of information provide
fromthat of firnms in a traditional market. Questions are addressed reg:
of conpeting providers and the efficiency of the resulting output. The
paper is to contribute to a study regarding the future of the traffic i
and the role of public financing versus private conpetition.
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Executive Sunmary

In recent years, traffic informati on providers have appeared in nmany
nmedia for | essening the effects of congestion, particularly congestion ind
i nformati on, however, is a service good which can not be produced and mark
simlar to that commonly anal yzed for fixed goods. Many of traffic inforne
characteristics can influence the behavior of a provider, which can of cou
received fromthis market, in terns of travel tinme saved or sone other que
user of the good often bears no transportation cost in acquiring the good
rel ati onship between the infornmation provider and the consumer of his gooc
must first go through sone nedia such as a radio station or the Internet.
is not conmmon in this market. Finally, individuals can only consune a traf
mul tiple reports produced (e.g. reports fromdifferent providers) general
content; the differences resulting fromconpetition anong providers is nor
packagi ng of their goods. These factors (and others) can greatly influence
informati on providers with regard to the |ocation about which he collects
popul ati on segnment to whom his good is nmarketed. Qur future research wll
preci se rel ati onshi ps between information providers and di ssenmnators to
used to define the nodels in this report.

In this paper we will introduce and di scuss two nodels which represe
behavi or of information providers. Each nodel will attenpt to include the
demand for traffic information which a provider seeks to capture. In parti
attenpt to exploit the spatial elenent of the demand for information. The
theoretical in nature and enploy a nodel of the overall distribution of tf
i nformati on. The second nodel will be nore representative of the individua
characteristics of the individual trip which mght influence one’s denand
nmodel for many reasons mght be easily extended to the nultiple drivers a
to capture in his market. In conclusion, nmethods by which the positive at

m ght be conbined will be discussed.



1. Introduction

Many characteristics of traffic information force it to be marketed i
than that common for other goods. For exanple, traffic information is not
destination such as the grocery store and thus bears no transportation co
forms of information are imedi ately available to any driver (e.g. radio b
connection, etc.). As a result, the nethods by which conpeting firnms in tt
i ndustry m ght position thenselves differ fromthe nethods by which supp
goods woul d | ocate their operations.

The positioning of providers should be of interest because nultiple |
produci ng the sanme good. Fromour early observation of the information prc
Area, as well as unscientific sanpling of each providers reports, the co
essentially identical. This could be justified because the manner used by
information is virtually identical, as each provider uses 3-4 aircraft, re
phone cal | s/ day, has access to the CHP s conputer-aided dispatch, etc. In
certainly has access to the reports broadcast by the other over the radio
appear to result not fromthe accuracy or the amount of information coll et
the manner in which the providers choose to package their product. (O cotl
situations, one provider nmay |earn of an incident before the other. But w
is arbitrary and can vary fromincident to incident.) The differences int
nore often than not at the request of the distributors, e.g. radio statio

As a result, a conpeting information provider which covers a conmpn &
decreasing margi nal benefits to society in the gathering of his informatio
i nformati on could be gathered by the first provider). The margi nal costs ¢
i nformati on, however, is |likely not decreasing, as he still incurs the cos
or receiving cellular phone calls, etc.; also influencing this is the |ack
to share their information. As a result, the net social benefit is reducec

t he second provider, one nore difficult to observe, would be the increasec



expected fromthe first provider due to the presence of conpetition. This
addressed in this paper but will hopefully be addressed in a | ater phase.
The overall objective of this research project is to determne the ir
traffic information which result from conpetition and then conpare these
which are lost as a result of the providers’ clustering. This paper w ||
research, a phase designed to devel op nodels by which we could attenpt to
whi ch clustering occurs in the industry. The two nodel s which are descri be
sections will attenpt to represent the spatial elenent of the demand for
wi | | address questions such as: how does the overall denmand for informati
certain locations, and how mght this affect the (optiml) behavior of inf
These questions will help us to understand how nuch clustering results am

providers, and the effect this has on the systenis efficiency.

2. Proposed Demand Models

Wth each of the demand nodels to be discussed in this section, our c
one which effectively represents the dinmensions of the market which an inf
would try to capture. It is the authors’ belief that an information provi
maxi m ze his revenue, which can be done by capturing nore listeners. (Int
i nformation market, radio broadcasts, nore listeners |eads to nore revenus
of traffic reports.) Thus, the nodels nust sonehow be related to the nunb
nunber of drivers passing a certain point, however, is a function of the t
point. As a result, the nodels to be discussed nust be shown to vary wtrl

space.

2.1. A Theoretical Model
The first nodel uses a theoretical formto represent the distributi
listeners) along a corridor. Inmagine a corridor (e.g. a corridor of a free

aline [0,1]:



Figure 1. A segnent along which all trips are nade, in the

Al trips being in the direction fromO to 1, imagine a formula n(s,t
nunber of trips fromorigin s to destination t. A sinple observation woul
trips woul d pass through all I|ocattpnal érg:iss path. Thus an information
woul d have a chance of “capturing” this driver as a custoner if he gathers
any segnment of that trip.

The total nunber of trips to pass through any one point s can be reg
nunber of trips begi nning upstreamxo$} andxendiOng downstream gfxs {x : s
1}. These intervals can be represented by the integral:

}[ }[ n(x,y) dydx
S 0
This nodel allows for quick cal culations of the total nunber of vehicles p
of the road. Difficulties arise, however, in determning a realistic nodel
trips along the line. Wthout a continuous formula, the integration becomne
advant ages of the theoretical nodel are |ost.

A second conplicating factor is that along a typical segnent, vehicle
exit the segnent at fixed |ocations. (For exanple, a highway has designate
As a result, many of the vehicles which travel through a certain region al
adj acent region. If an information provider were to report on both regions
woul d |i kely not be nmuch greater than if he only covered one |ocation. The
captured as a result of covering the new regi on woul d be those whose trips
i medi ately upstream Each |listener’s benefit would increase (having infor

areas rather than one), but the net benefits of the provider m ght actual



constant custoner base and hi gher operating costs. These higher operating
fromnore cellular phone calls having to be received, or nore cl osed-circui
be installed, etc. For an information provider to nmaintain the sane |evel

| arger area, sonme additional investnment would Iikely be necessary.

Because of the Iimted access, a nore typical vehicle-count nodel mg
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Figure 2. A sanple distribution of vehicles along a se

2.2. Simplifications to the Model
If the segnent [0,1] were assuned to represent a fairly |ong segnent

nunber of entry/exit |locations would al so be nuch larger. As a result, the
entry/exit |ocations, when scaled for the [0,1] graph, would approach zer:

shown above could be represented by a continuous |ine:
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Figure 3. A continuous distribution of vehicles along an ex

2.3. Overcoming Redundancy among Vehicles

Unfortunately, this still does not elimnate the redundancy of vehicl
For exanple, a high correlation would exist between the vehicles counted ir
One nmethod for overcomng this mght be to count the nunber of vehicles or
| ocation. This could be used in conmbination with a neasure such as the ave
its distribution) to estimate the nunber of “new drivers in an area (i.e
percei ved as custoners upstream). Gven the average trip length and the p
for varying lengths, one could calculate the likelihood that a vehicle dri-
previously driven past |ocation x,. Based upon these probabilities aggrega
vehicles, an information provider could estimate the nunber of “new custc
| ocation x; (and thus the incentive to incur the costs of covering a new |

A sinple neans by which this issue could be sidestepped would be to
trips continue to one location (e.g. the CBD, at the end of the segnent).

be represented by either of the two curves in the graph bel ow
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Figure 4. Sanple distribution of vehicles with a comobn dest

It is inportant to recognize fromthis distribution that because no trips
CBD, the vehicle count continues to increase. As a result, the nunber of v
| ocation can only increase with the location's proximty to the CBD

Bef ore continuing, the authors wish to recognize that a nunber of otfl
affect the value of information at a particular location, in addition to t
such characteristics would be the frequency of incidents at a specific |oc
opportunity for vehicles to divert. Information econom cs has consistentl
of information is proportional to the nunber of times information will be
i ncidents) and the expected payoff fromusing the information (related to
avail abl e). Each of these characteristics will be explored further in the
nore representative nodel; for now, we can proceed as though these charact
inthe initial estimtion of the demand.

The nost interesting observation which m ght be made fromthis scenar
optimal positioning of conpeting information providers. To capture the |ar
vehicles, a provider in this environnment would position hinself as close t
because all drivers pass through the segnent nearest the CBD. Thus, a |one
could capture all drivers if it covered a segnent of the drivers’ trips Ic
segnent (long enough in the sense that the average individual benefits, in

in proportion to the Iength of the segnent covered, exceed the individual



having to access this information). Mre inportantly, a second conpeting f
that all providers face the sane technol ogi cal constraints and can thus pr
coverage at the same costs, would position hinself inmediately on top of f
Because all providers woul d produce the sane information, providers would
trips which originated upstreamof their market. This is, of course, nmaxir
provi ders position thensel ves as far downstream as possi bl e.

Before continuing, it is inportant here to raise the question of whet
provi ders choose the segnent of their coverage based upon the revenue rece
nunber of listeners or because of their need to better the conpetition. |1
dom nat es, an agreenent between providers mght be to | essen the area cove
would remain fairly constant while the costs woul d decrease significantly.

In a simlar direction, traffic informati on cannot be served in quant
i nformation can only count its good as being sold to each custoner once. 1
little economc sense for a traffic information provider to increase its s
or provide nore accurate reports, which would increase the costs of suppl)
all custoners have been captured.

In addition, the initial findings fromour survey of traffic informat
one to question the reasoning behind this nodel. Fromour initial observat
providers tend to cover whatever area a custoner would request. Thus, an i
does not tend to position his entire area of service. The main applicatiol
alternatively, mght be to optimze the distribution of certain resources,
caneras. If an information provider had a fixed investnment, it mght be w
near the areas of highest demand. This would of course lead to the sane qu
each provider were to position identical cameras near one |ocation. An adc
regardi ng these decision-nodels mght be the providers’ response in the ev
an information provider operates one helicopter that would normally report
they were at different times, this mght affect the information provider’:

report on if they occurred simultaneously.



Extendi ng this nodel one step further, the behavior of information pr
be affected by the Iength of trips (if they don’t all continue to a commp

average length of a trip (L) can be included as follows:

Vehi cle Trips

Originating

«— —

Figure 5. The segnment of interest to individuals can be

to vary anong drivers if a common destinati on does not

Clearly, for a driver originating at location x to receive any benefi

information, the information nust be relevant to his itinerary [Xx, x+L]. S
originating at x', the information nust be relevant to his itinerary [X,
i nformati on provider would then be understood as covering the portion of t
whi ch woul d contain the | argest nunber of |isteners. In the case of a | one
provider, this would again be the segnment furthest to the right (or close:
greatest).

For a lone provider, sinple economcs (profit maximzation) will shoy
will cover all areas to the left of x =1 until the benefits received (int
resulting in nore revenue from sponsors) no |onger exceed the margi nal cost
information for that segnment. The precise |ocation of this we hope to add

we explore the costs of providing information.
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2.4. Introducing Competition

This nodel involving trip length can also be used to envision the ber

nore) conpeting information providers. First exam ne the nodel given earl

A

Vehi cl e [Irips

Q

A
v

Figure 6. The positioning of conpeting information pi

when all trips are not to a common destination (for D :

In a situation which involves two conpeting providers, the first infi
woul d again position hinself as close to the end as possible (e.g. locatic
provider, if maximzing his profits, would not necessarily position hinsel
assum ng that all vehicles whose trips are covered equally by both provi de
the providers, the second provider would rather capture all drivers at sol
hal f of those closest to the end. In one instance, the positioning of pro
X; and X, as shown in the above diagram (Note that the demand captured by
| eft extreme woul d equal one-half that at the right extreme. Other factors
nodel that mght affect this slightly, but this is a good nodel of the beh

relationship woul d ensue regardl ess of the Iength of the area to be covere

11



Furthernore, the center of the area to be covered by the second provi
using the follow ng formulas (assum ng that the provider can only cover on
the average trip length and D the |l ength of the segnent covered. (This ass
providers will cover a segnent of equal size; our interest here is on rela

conpetitors, not precise positioning.)

(L + B3 113 then x, =1 - 3D2 - L
(L+D >1/3 and bDhenlkgd=1/3 + D)2 + L

D >1/3 then x, = 3D)2 + L
(2D + L) >1 then x, =1 - D2

The met hod used to determ ne these positionings can be found in the appenc

Anot her scenario exists in which the second provider can choose any |
segnent to cover, i.e. the areas covered do not have to be adjacent. This
provi der would prioritize areas as such:

1. Cover all areas in which the demand exceeds one-half the maxi mum de
not covered by the first provider, starting as near to the highest demand
linear distribution, this is {x: 0.5 < x < 1})

2. Move left fromthis region and fromthe | ocation of highest demanc
Wth linear distribution, nove left fromx = 0.5 at twice the rate at x =

The behavior can still be estimated wusing this nodel if the demand
mul tiple local maxima exist. If the positioning of providers does not need
| ocations could be rearranged on the segnment for sinpler analysis, which w
results. In addition this nodel can be easily extended to nore than two cc
al gebraically, by adjusting the | ocations at which behavi or changes.

As one can see fromthese nodels, the areas which have the | argest nu
(e.g. the CBD) will contain a nunber of conpeting providers. Each of the

incurs simlar costs for gathering the same information. On the other hand

1z



will receive no coverage at all. This results because an information provi
one area with his conpetition (and capture 1/2 the market) rather than cov

This raises the question of the efficiency with which the market will be

2.5. Questions Remaining

Many issues remain that could influence this nodel, since we do not
understanding of the traffic information industry. Sone of these issues we
particular, as nentioned earlier, it appears that many of the information-
not fixed-location. Information providers upon initial observation have st
cover an entire netropolitan area if a radio station so desires. This is ¢
use of aircraft, cellular phones, etc., which are not fixed-Ilocation thens
nmodel m ght be used to nodel |ess nobile sources (caneras, |oop detectors,
uncertain how representative this nodel is of an information provider’s o\

In addition, it remai ns uncertain what percentage (or portion) of an
i nformati on provider would have to cover to “capture” a driver as a custol
custonmer, the drivers’ benefits nust exceed his costs. The benefits (e.g.
in the event of an incident) would be proportional to the likelihood of ar
whi ch would in turn be proportional to the length of the segnent covered.
the information and using it would include listening to the station s othe
an alternate route (unless it were contained in the report), etc. Cearly,
segnent covered increased, the benefits received frominformation would in
| ength of coverage at which the benefits exceed the costs, and thus the le
to capture an individual as a custoner, remains uncertain. This could be a
to influence the behavior of the providers.

Note al so that different nodels of demand woul d be necessary for diff
This results because the nunber of trips made during the peak periods is r
concentrated in ternms of the destination (generally to or fromthe CBD). /
of the peak period would involve a | esser demand and a broader distributic

di rension. In addition, transportation planning has seen today the growth

1
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devel opnent, and the resulting trips outside the CBD. Wthout a centrali z¢
for trips, the demand for information will again becone nore broadly distr
conpetition would exi st between information providers; each provider woul c
| arger area to capture the same nunber of listeners (and thus the sanme ant
revenue). This could have significant effects on the scale of investnent n
t echnol ogi es.

Finally, as the nodels which we attenpted to use becane edited or sil
whi ch was involved in our initial formulation (Jf n(s,t)) becane lost. As ¢
nodel al nost seens to have been nodified in the direction of the nodel whi
next. What is perhaps nost inportant to understand here is that clusterin

justified) in the provision of traffic information.

3. A Representative Model

Let us now turn our attention to a second nodel. This nodel is siml:
di agram commonly used in transportation and involves the trajectory of an
Initially, our description of the nodel will focus on its application for
t he subsection at the end, we will discuss the adjustments one might find

applying this to nmultiple drivers.

3.1. A Description of the Model
A vehicle (as shown in the follow ng diagran) begins a trip at |ocati
The speed of his travel determ nes the slope of his trajectory (v = dx/dt

trajectory will represent the driver’s location at the corresponding tine

14
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Figure 7. A representative nodel of an individual’s trip an

The dashed line below the driver’s trajectory represents the space-t
the driver mght seek information. The dashed line parallels the trajector
it, where D represents the duration of an incident (typically defined as
incident to be renoved and for traffic to return to its previous state).
intended to depart fromlocation xy at tine ty, he would not care about an
earlier thant = (ty - D) at Xxo because this incident and its effects on ti
renoved fromthe roadway before he entered it. Traffic would be flow ng as
had occurred when the driver passed Xp.

Simlarly, because incidents are characterized as random events, we a
i nci dents ahead of tine. Thus, the area of concern nust be closed by a hor
anticipated tine of departure, the tinme at which a decision nust be nade.

Since drivers tend to nake decisions only at certain |locations, the n

to incorporate this characteristic. Inmagine a node-Ilink diagramas shown b
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Figure 8. A sanple network faced by an individual decisi

A driver who begins his trip at origin O (e.g., hone) and ends his trip at
wor k) woul d have two deci sion points along his trip (on this sinplified ne
his first decision point occurs before departure, when he nust deci de whet
or L,. The second decision would cone as he approaches node 1, when he dec
L; and Ls,. Wien the driver reaches node 2, he faces no decision because the
bet ween node 2 and his destination. Thus, information regarding this |ink

Significant works in decision theory have shown that the value of inf
proportional to the probability that one’s action will change (Mrschak,
1992). Although there is always the option to termnate the trip or turn
of the driver’s action changi ng because of an incident along Ls is nmuch | e
hi s acti on changi ng because of an incident along one of the other |inks (w
alternatives). Thus, the follow ng graph m ght represent the space-tine re

driver along his path to work:

1¢€
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Figure 9. Arepresentation of the area of concern to an in

The first shaded region represents the decision faced by the driver as he
time at the origin, O Information would be of value about any incident oc
frame. An incident occurring outside of this region wll have been renoved
before the driver arrived at its location. The inplication that this has ¢
informati on gathered outside of this triangle will not be of (as nuch) int
driver. Thus the information provider would have no incentive to gather ir

this triangle if his sole objective is to capture |isteners.

In anal yzing this diagram a nunber of questions can be raised, such

- incidents are shown to have a range for their durations, which can
durations. What effect does this have on the triangle of concern? Are ther
truly not be of concern?

- information providers attenpt to capture the nmaxi mum nunber of cus:
coverage affected if their attention is not on the path of one traveler?

- how do custoners value the information they receive?

These questions wll now be addressed further.

17



3.2. Effect of Incident Duration

I nci dents have been shown to have a distribution anong their duratior
an incident can be significantly affected by the severity of the incident,
incident renoval team the level of traffic surrounding the incident, as w
studies (G uliano 1989; Skabardonis 1996) have anal yzed data regarding inc

duration to have a distribution simlar to the foll ow ng:

Frequency of incidents of ceri

0.14¢
0. 12 —A
0.1 BN
0.08F l ~N
E | N
o o ~
0. oz% ~ — PVE
0
0 10 20 30 40 50 60 70 80 90 100 Frequency
(incidents/

Duration (mn

Figure 10. A representation of the probability and frequency

(Source of data: G uliano 1989)

The cunul ative distribution function for incident durations would be
shown in the follow ng graph. It can be seen that approximtely 75% of the
segnent) have a duration of 18 mnutes or greater and that 50% have a dura

greater, etc.
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Figure 11. Cunul ative distribution of incident durations (

I n many cases, the distance between two decision points is significa
di stance which could be traveled in 36 mnutes. Thus, in reality there are
whi ch woul d ever be truly irrelevant with respect to decision points (exc
have no significant alternative). The primary market for traffic informati
which typically has travel times less than 36 mnutes, with a few decisio
(The median commute tinme in the Bay Area is approximately 24 m nutes, one
the nation (Nolte, 1996).)

However, this does not renove the relevance of incident duration fron
information. Clearly, fromthe distribution one can see that an incident’ ¢
likely to exceed five mnutes (p = 0.95) than it is to exceed twenty mnu
| ocation of an incident occurs further downstream from a decision point, t
affect the drivers presently at the decision point decreases. Because the
proportional to the probability that an individual’s action will change w
well as the reward, in terns of tine saved), the information would be nore
i nfluences nore drivers. Thus, the information gathered about a |location t

deci sion point) would hold nore value than information about a | ocation dc



Anal ogously, if two incidents were of the sanme duration, the one cl os
poi nt woul d i nfluence nore drivers. This results because the period durincg
(approaching the decision point) would be interested about a certain | ocat
| ocations closer to the decision point. (This can be seen intuitively or f

Resulting fromthis trend is a difference of interest between traffic
and i ncident renoval crews (who mght also use information). As shown, tra
provi ders woul d care nost about incidents closest to decision points. Con
renoval crews woul d place greater concern on incidents which occur furthes
maj or deci sion points. Vehicles traveling downstream woul d have (essenti al
route. Thus the inpact of the incident on the novenent of vehicles is gree
fewer vehicles are able to divert onto other routes. The resulting delay v
greater and affect even nore vehicl es.

This al so raises a question about the future of the two industries.
fieldwork is presently being pursued toward inproving the operations of it
As this work progresses, and the resulting distribution of incident durati
traffic information providers should ideally cluster to a greater extent a

poi nts.

3.3. How quickly does information have value?

Anot her inportant factor to renenber is that drivers are not al ways
i mredi ately, if the information is to provide user-optinmal route guidance.
di version woul d usually warrant immedi ate diversion, but wll not be disct
exanpl e, observe the arrival-departure curve below. An incident can be see
t, where the slope of the departure curve (the rate at which vehicles are

The del ay can be seen as the horizontal distance between the arrival and

2C
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Figure 12. The delay on an incident-bearing route (and thi
of an alternate route) varies during the duration of ar

departure curves. Assum ng that vehicles continue to arrive at the sane re
nowreduced departure rate, the delay incurred by each vehicle will increa
renoved and the departure rate reverts to the road’ s designed capacity (a
the delay will increase at a rate proportional to the arrival rate of vehi
resulting fromthe incident. As a result, the delay incurred by vehicles w
of the tine since the occurrence of the incident, until time t’, at which
the capacity of the freeway returns to its original level; at this time t}

decrease until it has returned to zero, in a manner simlar to the foll ow
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Figure 13. The distribution of delay during the duration «

Renmenber that the incident-bearing route is likely being traveled initiall
travel -time advantage over the alternate routes. A delay of sonme anmount (€
be present on the primary route before diversion would be preferred (and i
woul d be used by the custoners). (The authors do recognize that this thre
vary between different drivers (Malchow et al. 1996), in part because the
alternatives will vary. But the principle still holds, and many drivers w
structures.)

This raises another difference between information providers and inc
Once an incident has occurred, inmmediate notification of the renoval crew
renove an incident faster; thus, the quicker the information is received t
to society. Imrediate response froman infornmation service would not be a
i medi ate val ue would be a function of how long the delay will be when the
potential users arrive at the incident |ocation. For exanple, if the only
informati on were at the nearest upstream decision point, and the incident
renoved before they would arrive at the scene of the incident, then inforr
of no value. Simlarly, it may be that the delay resulting fromthe incide
i ncreased enough (to the level of d ) before drivers presently at the deci

the location; thus, information to them would be of no val ue, because thei
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change. It is thus conceivable that the information may not be of i medi at

provi ders’ custoners, or thus to any of the providers thensel ves.

3.4. Aggregation of Drivers

The second figure used to nodel the demand for information represente
only one vehicle. The objective of a traffic information provider, however
t he maxi mum nunber of custoners. Many of the custoners along this trajecte
sets of origin-destinations and departure tines.

In addition to having a nunber of vehicles |located along this traject
of trajectories along which vehicles travel. For exanple, major cities ne
hi ghways and major arterials. The demand for traffic information could be
manner al ong each route. Consequently, traffic information providers have
of decision points and routes on which they could focus their resources.
alternatives nmust be evaluated. (Renenber the first nodel, in which |ocati
al ong the segnent if providers could choose any arbitrary segnment, or conc
which to focus his resources. This procedure woul d not change if alternati
i ndependent segnents.)

Fortunately, many of the vehicles on the roadway during major peri ods
headed toward comon destinations (e.g. the CBD). Thus these drivers each
deci sion points, as drivers heading fromnearby origins to nearby destinat
deci sions regarding their route. Many routes involve a network’s major sec
accessible. In addition, nost drivers face simlar arrival tinmes (e.g. sta
will likely cluster around certain decision points at certain tinmes, allow

providers to focus their resources nore effectively.

4. Value of Information
As discussed earlier, the primary objective of present traffic infor
capture as |l arge an audi ence as possi ble. Thus these providers have little

actual value each listener associates with their information (as long as t
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informati on providers do not market their goods directly and can thus not
information providers do not directly attenpt to capture those drivers wh
val ue on their information.

Bef ore continuing, the authors wish to note that the growth of val ue-
t hose provider who mght sell information directly for a price, has only ¢
years. Many of the operations proposed are still in their devel opnental s
difficult to make observati ons about their behavior. In addition, nuch of
VARs market is only repackaged information fromthe primary providers, whe
much concern on the individual users’ value of information.

Two categori zati ons can be nmade for the value which a driver would as
time saved fromusing information. The first category considers the direct
st at ed- preference studies have found that drivers could (if asked) associsg
with the amount of tinme they m ght save. Information providers may use thi
focus their resources on areas where listeners nay be nore easy to capture
hi gher val ue-of-tine, he may be nore eager to listen to information.) Thus
provider mght capture a greater percentage of listeners in an area where
But this is not easily observable. In addition, this also raises question
information provider were publicly funded; the attention of the provider \
on weal t hi er nei ghbor hoods.

The second category involves what could be considered an opportunity
to the tine which could be saved. For exanple, imagine the traffic inforna
average of five mnutes. A driver going to the grocery store would |ikely
much | ess than a driver planning to catch an airplane. This results becau:
m ssing a flight would hold nuch nore disutility for a driver than being
thus the airport-bound driver would value information nore than the other
an opportunity cost, reflecting what could have been done during the tine

(This is simlar to the studies which have shown that drivers will change
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home-to-work trips than on work-to-honme trips, likely since the consequen:
wor k woul d be worse than that for arriving hone |ate (Khattak 1991).)
Unfortunately, we have already descri bed how drivers heading fromdif
different destinations tend to travel along simlar nedians. (Not everyboc
heading toward the airport.) However, it is possible that an aggregate nea
segnment woul d show the value of information, on average, is relatively lar:

(The drivers nearest the airport would, on average, show an increased valu

5. Conclusion

Before confidence is to be placed with either of these nodels, we nus
our initial observations fromthe survey of traffic information providers
tendency of primary information providers to gather information for an ent
and then dissem nate information over the regions of concern for a particu
that each provider’s clientele generally consists of many radi o stations f
sone extent at least) an entire region (or an entire segnent). As a result
t hese nodels mght be toward the distribution of fixed information-gather
exanpl e CCTV or automatic-vehicle identification, etc. Another application
distribution of dissem nating nmedia such as changeabl e nessage signs.

Anot her inportant factor is the differences in the nedia which are us
di ssenmination of information. The radio stations’ selection of certain rec
decision to allocate only 60-90 seconds for traffic informati on. Because &
personal i zed informati on source has much nore space avail able, such a prov
interest for information about any regi on which could be added. Each of th
al so be addressed further in a later report.

To now di scuss the nodels proposed, we recognize that each has its o
strongest qualities of the first nodel include the representation of the r
t he roadway, the quantity which an information provider would attenpt to
representation enables one to visualize the benefits (in ternms of nunber ¢

i nformati on provider mght receive by positioning in certain |ocations. Th
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potentially be nodified to include the interaction between conpeting provi
nodel s coul d be used for different tine periods or different |ocations.

The second nodel allows the analyst to easily conceptualize the beha
i ndi vidual driver. The incorporation of incident duration and the effect ¢
of which could be added by weights to the first nodel, if desired) allows
deci si on process being undergone by a driver, and the nethods by which an
m ght be nost successful in influencing this.

A very interesting question raised, one which we al so hope to addres:
i nvolves the differences in the detection tinme desired for incident respon
information. The primary differences result fromthe i medi ate detection v
beneficial in all cases for incident renoval; the earlier an incident is de
renoved. |In nost situations, the earlier an incident is renoved, the small
fromit; clearly the objective of the publicly-funded freeway mai ntenance
mnimze the delay resulting fromincidents, thus nmaeking i nmedi ate detecti
perspective of information providers, particularly those providing route ¢
detection may not be as productive in all cases. One situation in which tt
the occurrence of an incident on a roadway which bears no alternate route;
of the information, could not change their actions and could thus gain no
the information, at least in terns of travel tine saved. A simlar exanple
be one in which an alternate route exists, but the delay resulting fromtf
inutility of the main route) is not sufficient enough to warrant diversic
i nformati on provider would not benefit as nmuch as the freeway naintenance
i medi ate detection.

These differences are of inportance because the incident detection sc
metropol itan areas involves a high degree of coordination between these tv
Hopeful |y our future research will explore further the precise nethods ust
informati on gatherers in their detection of incidents and search for ways

conmbi ne their operations.
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Finally, we nmust say again that the observations nade in this paper r
revol ve around our initial observations of information providers. The next
will involve a nmuch deeper discussion of the information providers and the

us to check many of the assunptions which were used to devel op the nodels
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Appendix

The primary objective of this research, as well as this particular p
i ssue of whether clustering would exist at all between conpeting informati
preci se optiml positioning of information providers in a conpetitive envi
inportant as the fact that at sone level, it wll happen. Neverthel ess, t
estimating the locations will be described here for detail. It should alsc
posi ti oni ng which was nodel ed was only to maxim ze the demand to be captur
(or the profit) is of course a function of the operating costs and the re\
nunber of listeners; this is informati on which we do not yet have but hop
stages of our research.

To represent the location of information providers relative to their
few key assunptions had to be made (and coul d be argued agai nst):

1. An individual driver will subscribe to that information provider v
information regardi ng the | ongest segnent of his trip relative to other pr
2. An individual will not change providers (by changi ng stations) onc

fromthe area of one provider into the area of another provider. The indiv
service and mai ntains his allegiance.

In the next phase, the different rel ationships which m ght result bei
of conpeting providers with respect to the length of trips were addressed
woul d be if the two conpeting providers were to position thensel ves i medi
other, with no | ocations being divided. Thus, if the length of the segnent
provi der would position hinself at x = 1-d/2 and provi de coverage for the
driver whose trip entered his segnent would listen to his information; th
woul d capture all |isteners whose trip originated in the segnent [1-d-L, 1
of the individual’s trip. The second provider would position i medi ately
with a central location of x = 1-3/2d-L (d/2 units upstreamfromthe | ocat
provider’s listeners begin). Thus, the segnent of |isteners which he wll
L].

Thi s behavior will occur so long as the margi nal benefit of noving to
listeners at x = 1-2d-2L) is less than that gained by noving right (gainin
X = 1-d-L). Wen this behavior becones no | onger optinmal, the two val ues |
equal . Because the demand is linear (wth Q being the demand at x = 1) wit
| ocation, set:

Q1-2d-2L) < Q1/2)(1-d-L)
2-4d-4L < 1-d-L
1 <3d + 3L
1/3 < (d+L)

Thus, the second information provider will position hinself inmediately at
provi der’s segnegtz(tﬂBd/Q-Kkhi)g 1/.3
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The second scenari o occurs when the segnents covered by the two provi
no individual’s trip is covered entirely by both providers. (In other wor
does not exceed the trip length, and one provider will be preferred to the
Note that this overlap does not occur if the trip originating furthest do
contained in the second provider’s area, at x = x, + 1/2d - L, starts dow
provider’s area, which starts at 1-d. Thus, (x, + 1/2d -L) < (1-d) or X, <

The position of the first provider will again be x; = 1-d/ 2. The posi
provider will again be such that the demand captured on the upstream side
captured on the downstream side (thus, the marginal benefits of noving in
approxi mately zero, the property of a maxim zing |ocation). The second i ni
will capture all trips which originate upstream of the segnent he covers [
sonmewhere along the trip, as well as those trips which travel in both pro
have a greater portion of their travel in his segnent. Thus, we nust deter
whi ch these two extrenes are equal

Qxy,- d/2 - L) = (U2)Qxy + dl2 - ((1/2)((xp + d/2) - (1 - d -

where the latter termon the right represents the segnment of overlap betw
could listen to either provider. This segnent is divided in half because a
the upstreamhalf wll choose the second provider, all drivers on the dow
provi der.

Setting these equal,

Xo - d/2 - L =(12(x, +d/2 - (1/2)(x, + 3d/2 + L - 1))
2X, - d - 2L = x5/2 - d/4 - L/I2 + 1/2
3x,/2 = 3d/4 + 3L/2 + 1/2
X, =d/l2 +L + 1/3

Thus, in the second scenario, in which information providers’ segnents ove
shoul d have a clear favorite, the second provider will position at
X, =1/3+d/2+Lif x, <1+ L -3d/2, or if (/3 +d/2 + L) < (1 + L - 3d/
1/ 3.

Thus, the second provider w Ixh padid iord/& £ &d > )/ &nd

d<13

The third scenario arises when an individual’s trip is entirely cont:
provider’s segnments. In this scenario, it was assunmed that an individual v

between the two providers, and as a result, listeners whose entire trip i
overl ap between the providers would be shared between providers. Al indiv
upstream of this segnent woul d choose the second provider, and all indivic

woul d choose the first provider.
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The area of overlap between the two providers’ segnments would be (x;
trips which originate within [1 - d, x, + d/2 - L] would be indifferent be
margi ns for the second provider should be such that:

Axy - d/2 - L) = QU 2)(xp + d/2 - L)
2X2‘d'2L:X2+d/2'L
Xo = 3d/2 + L

Thus, in the third scenario, in which (d > 1/3), the second information pt
hinself at x, = 3d/2 + L.

The fourth scenario is quite sinple in that an information provider \
a manner such that the entire segnment for which he is gathering informatio
[0,1] segnment. This scenario only arises when that |ocation given in the t
L, exceeds 1 - d/2 (or if (2d + L > 1)). In this scenario, the informatior
positioning at x, = 1 - d/2, inmmediately on top of the first provider.

Thus, in the final scenario, the second infornmation provxder 1w || pos
- d/l2f2d + L > 1). )

Summarizing, =1 - 3d/2 -ilf (L +d) < 1/3

X, = 1/3 +d/2 4fL(L +d) > 1/3 and d < 1/3
X, = 3d/2 + L if (d>1/3) and (2d + L) < 1
x,=1-dl2 if (2d +L) >1

Clustering would occur between conpeting information providers under
three scenarios. This would rai se questions regarding the efficiency of tf
provi der would not likely gather information that provided nmuch of a marg
i nformation gathered by the first provider.
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