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EXECUTI VE SUMVARY

The M chi gan Departnment of Transportation is in the process
of inplenmenting Intelligent Transportation System technol ogy as a
tenmporary installation for managing traffic fl ow associated with
the 1-496 reconstruction in Lansing, Mchigan. To hel p understand
the value of such a system a benefit/cost analysis has been
conduct ed.

The benefit/cost analysis was based on accepted procedures
and eval uation franmeworks for permanent | TS systens across the
United States. Data from previous studies were used to estinmate
benefits for the ITS system Also, data fromthe Tri-County
Regi onal Pl anning Commi ssion’s Travel Demand Moddel were used to
estimate systeminpacts as a result of the construction project.
In sonme cases, where data el enents were m ssing, reasonable, yet
conservative assunptions were nade

The anal ysis indicates that the benefits of the proposed |-
496 tenporary I TS system outwei gh the costs by a factor of two to
one. Wth a total cost, including engineering costs, of
approxi mately $2,500,000 for the ITS system the analysis
i ndi cates net benefits of nearly $5,000,000. These benefits cone

fromanticipated reductions in accidents, travel tine,



envi ronnental inpacts and energy consunption. Additional benefits
in terms of custoner satisfaction, productivity and other factors

may exist, but could not be quantified using avail abl e data.



Based on the study, the tenporary application of ITS for the
| -496 project is economically justified. The author recomends
further evaluation of the systemwhile in operation, to validate
the results of this analysis. Additional data gathering in the

form of custonmer satisfaction surveys is also recomrended.
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CHAPTER ONE: DEFINI TI ON OF THE PROBLEM

I nt roduction

The purpose of this paper is to investigate whether or not
the costs associated with the application of Intelligent
Transportation Systens (I TS) technol ogy for tenporary Construction
Zone Traffic Managenent (CZTM can be justified for the M chigan
Department of Transportation’s (MDOT) proposed hi ghway
reconstruction project for Interstate 496 (1-496) in Lansing,

M chi gan. The proposed hi ghway construction will result in a
tenmporary closure of the freeway, causing disruption to traffic
traveling to and from downtown Lansing. 1In situations such as
this, the use of ITS technol ogy has pronising applications for
managi ng traffic flows. However, prior to inplenmentation of this
traffic managenent strategy, MDOT must know if the costs

associated with such a system are warranted.

Backgr ound

The MDOT is proposing a major infrastructure inprovenent for
the 1-496 corridor through the heart of the Greater Lansing Urban
Area. The project, scheduled to begin construction in 2001
represents over a $40 mllion investnent in the corridor. It wll
be conpleted in just one construction season by closing the nost
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wor k-i ntensive portion of the freeway.

| -496 serves as the central artery for the Greater Lansing
Urban Area, providing freeway access to the downtown busi ness
district. The highway connects the urban core to the | oop
freeways that |ink Lansing to other cities in M chigan and across
t he nati on.

Lansing is a major industrial center that is experiencing
unprecedent ed redevel opment. This devel opnent has, in turn,
spurred revitalization of the entire region’s econony, from
manufacturing to the service and entertai nnent industries.
Furthernore, as the capitol of the state of M chigan, the Lansing
urban area supports the functions of the executive, |egislative
and judicial branches of state governnent, including housing the
admi ni strative agencies which carry out the state’'s day-to-day
busi ness. Many attractions surround the capitol conplex,
resulting in a large nunber of tourists visiting the area. In
addition, the region supports several mmjor educationa
institutions, including Mchigan State University, Lansing
Community Col | ege, Cool ey Law School and nunerous ot her satellite
canmpuses of other institutions of higher learning. The region's
di versity of business, governnental, tourist and educationa
attractions makes it necessary for MDOT to carefully consider the
i mpacts of this major project.

Virtually all highway construction projects result in sone
di sruption of normal traffic flow and operations. However, over
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the past several years, MDOT has nmade great strides to reduce the
i rpact on the notoring public by enploying several traffic
managenment strategies. These include utilizing expedited
construction schedules to reduce the anpunt of tine construction
occurs within a corridor, restricting work periods to night-tine
or off-peak traffic hours, incorporating incentives and
di sincentives into construction contracts to encourage contractors
to further expedite construction by meking additional materials
and resources avail able for high inpact projects, and using
i nnovative traffic control techniques and aggressive public
i nformati on canpaigns to alert notorists of construction
activities, thereby allow ng them anpl e opportunities to avoid
construction zones if they so choose.

By applying specific strategies in the devel opnment of the |-
496 project, there are several objectives which MDOT intends to
achieve. One of the key objectives is to mnimze overall traffic
di sruption during construction. MDOT has decided to close the
freeway, recognizing that while the disruption nay be significant,
the duration of the inconvenience will be greatly reduced by
giving the contractor uninterrupted use of the right-of-way. Wth
greater flexibility, the contractor can increase the speed of
construction and accordingly, the cunul ative disruptive inpact to
the notorists should be reduced.

Among nmany of the strategies considered by MDOT to nmaenage
and mitigate the disruptive inpact of the freeway closure is the
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i mpl ementation of ITS technology. |ITS, in the npst general sense,
is sinply the application of state-of-the-art technol ogy to
col l ect, analyze, and comrunicate traffic information to notorists
as fast as possible. The purpose of using ITS technology is to
provi de motorists with real-tinme information such that they are
able to make better travel choices. |ITS is geared to have its
greatest benefit during “incidents” that result in unexpected

del ays or backups in the traffic flow. Construction zones

t henmsel ves can be consi dered incidents, since they create the
potential for frequent traffic disruptions and back-ups.
Consequently, there is intuitively a valuable application for ITS
technol ogy in construction zones. However, the public agency’'s
accountability to the taxpayer demands nore than intuition. There
nmust be some quantified nmeasure of confidence that the expenditure
of public funds will truly benefit the public good. Therefore, it
is the purpose of this analysis to deternmine if the utilization of
I TS technol ogy on a tenmporary basis for the I-496 construction

project can be so justified.

Definition of Method

In order to determine if the use of ITS technol ogy for
tenmporary CZTMis justified for the |1-496 project, the author wll
utilize cost-benefit analysis. Two alternatives will be anal yzed,
t he baseline, or “do-nothing different” approach, which wll
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assunme the construction of the project without ITS, and the second
alternative, construction of the project utilizing ITS. The

aut hor intends to exani ne what benefits can be derived fromthe
tenmporary use of |ITS technology on the 1-496 construction project,
quantify those benefits, and then conpare themto the likely costs
of inplenmenting such technol ogy. Cost-benefit analysis is an
appropriate mechanismin this case for making the justification
that the proposed ITS strategy has nerit for the expenditure of

public funds.

Research Probl enrs and | ssues

While the subject of this cost-benefit analysis is clear
there are a nunber of problens and issues which nust be addressed
in the context of the study. The follow ng section outlines these
i ssues in nore detail

Permanent I TS is used for routine traffic nanagenent in
nmetropolitan Detroit, which describes the lints of MDOT' s
experience with TS to date. No such permanent | TS system exists
in the Lansing urban area to use during the construction of |-496.
However, MDOT' s experience with TS in Detroit provides optimnmsm
toward ot her applications, such as the one considered for the I-
496 project. The author assunes that the suitability of ITS in
the Lansing area for the 1-496 construction project has already
been determi ned by MDOT, based on criteria established for genera
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I TS applications, and is, therefore, a foregone concl usion.

Furthernore, MDOT has never used ITS solely for tenporary
construction zone traffic control. |In fact, ITS utilization for
tenmporary CZTM has limted application across the United States.
There are only a handful of projects in which tenporary ITS
systens were established solely for construction projects.
Despite the pronising possibilities for the tenporary application
of ITS, the limted national experience provides little data for
which justification analysis can be conducted. The author will
assunme that the benefits of ITS would be common to both pernanent
and tenporary installations. Therefore, this study can reasonably
draw upon the nore preval ent past experience of pernanent
applications to forecast expected benefits of the tenporary system
on |-496.

Additionally, the typical products and services provi ded by
MDOT are easily quantifiable, such as a piece of tangible
infrastructure or a specific transit service. However, when
trying to arrive at a justification, the expenditure of public
funds for the use of high-tech devices offering no tangible
benefits presents nmeasurenent chall enges. The benefits are harder
to nmeasure and account for, and will evaporate at the conpletion
of the highway construction. |In this paper, the author has
attenpted to draw on previous research to nmeke the case for
quantifying benefits associated with such non-traditional products
used by when trying to arrive at a justification a governnenta
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transportati on agency.

Finally, estimation of the costs for inplenenting a
temporary ITS systemfor CZTMon 1-496 is itself a variable
factor. An infinite nunber of systens could be devel oped ranging
in scope of capability and scale of technology froma sinple
traffic counting device to elaborate interactive systens spanning
the entire street network in the surrounding three counties. As
the basis for evaluation, the author will use the proposed system
designed by a consultant hired to assist in the devel opnent of

alternatives for I TS on |-496.

Definition of Terns

Capacity: The volune of vehicular traffic which an el enment or

conmbi nation of elenents of a transportation system can accommpdat e

at normal travel speeds. Also referred to as “throughput.”

Construction Zone Traffic Managenent (CZTM: The system of devices

and neasures taken by an inplenenting agency to safely nanage

traffic flows in and around areas of construction.

Efficiency: The ability of the transportation systemto nove

vehi cl es through the system

Em ssions: Ml ecul ar conpounds rel eased t hrough the exhaust by
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vehicles during travel that negatively inpact air quality.

Incident: An event or condition that is likely to or results in a

traffic back-up.

Intelligent Transportation Systenms (ITS): The application of state

of the art technology to provide real time traffic information

whi ch can be used to inprove transportati on system operations.

Mobility: The ability of the transportation systemto facilitate

t he novenent of people, goods and services to and from desired

desti nati ons.

Productivity: The neasure of output and/or cost-effectiveness

associated with or facilitated by transportation infrastructure.

Safety: The relative |l evel and nature of accidents that occur on

the transportation system

Throughput: See “Capacity.”

Travel Demand Model: A conputerized nodel which estimtes trave

patterns based on infrastructure characteristics, denographics,

and observed travel patterns for a given urban system of hi ghways.



CHAPTER TWO: REVI EW OF THE LI TERATURE

I nt roduction

Limted anal ysis exists on the use of ITS for tenporary
CZTM Despite the fact that transportation planners and engi neers
continue to seek innovative ways to safely manage traffic flows in
construction zones, only a handful of highway construction
projects in the United States have attenpted this approach
Mor eover, these projects typically have an air of experinentation.
The inpl ementi ng agenci es’ main objective has been to test the
applicability of temporary |ITS conponents for construction zone
use. Because transportation agencies have not extended their
approach to a programmtic view of tenporary construction zone ITS
strategi es, there are no docunented econoni c or business anal yses
yet in place for this specific application of ITS technol ogy.

Consequently, in order to exam ne past experience and
under st andi ng regardi ng the subject, the author will investigate
how I TS has been justified for permanent installations in the past
and what data exists relative to the determination of benefits of
ITS in the general sense. Fromthis information, the author wll
draw concl usi ons about the applicability of this data for
consideration in the tenporary installation proposed for |-496.
The review of literature follows the path of investigating
benefit/cost analysis in general, then nore specifically as
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applied to permanent | TS by others. |Issues are then illun nated
as the literature review noves to descriptions of specific

benefits and nethods for placing value on the various benefits.

General Benefit/Cost Analysis

Benefit/ Cost analysis can be a useful tool for decision
makers when conparing two or nore alternatives for inplenmentation
of a proposed project. Rossi and Freeman (1993) expound on the
val ue of this technique in bringing together within one paraneter
both the utility and the “bottomline” of project alternatives
under consideration. This evaluation nethod attenpts to quantify
all inpacts, both positive and negative (benefits and costs), in
the sane neasurenent of dollars. The authors go on to explain the
i mportance of selecting the appropriate accounting perspective for
the anal ysis. The accounting perspectives they offer are, 1) the
i ndi vidual -target, 2) the program sponsor, and 3) the communa
perspectives. Each has it’s own assunptions and assi gnnent of
costs and benefits, which can greatly vary between perspectives
even within the context of the same project or alternative. For
exanpl e, the cost for sone projects, such as the 1-496 project
considered in this study, are borne primarily by the program
sponsor (MDOT) and not the individual-target (the drivers), so
conpari sons of costs between the two perspectives can vary quite
dramatically. Rossi and Freeman (1993) al so underscore the

10



i mportance of careful nonetization of outconmes. For sone
projects, especially projects with societal outcones, the
transl ation of quantified inpacts into nonetary val ues can be
difficult. This is a shortcomng of this otherwi se commn

anal ysi s procedure.

Benefit/ Cost Analysis for ITS Technol ogy

The question then nust be raised, “Is benefit/cost analysis
an appropriate justification tool for ITS?” Intuitively, many
potential outcones of ITS, even if not directly intended by the
i mpl ementi ng agency, have associ ated societal inmpacts. A recent
study of ITS evaluation nethods (Turner, Stockton, Janes, Rother &
Wal ton, 1998) cautioned policy nakers against attenpts to nonetize
all ITS benefits. The authors of the study suggest that, if sone
benefits are left out of the equations due to difficulties in
assigning nonetary val ues, reliance on benefit/cost analysis
results may | ead agencies to discard potentially valuable ITS
applications.

Nevert hel ess, decision nmakers need to understand whether or
not I TS applications nake econom c sense (Pearce, 2000). Most
researchers nmaintain that benefit/cost analysis is a valid neans
of evaluation for ITS deploynent. G llen, Li, Dahlgren, and Chang
(1999) reviewed this topic and concl uded that benefit/cost
anal ysis can be relevant. While conprehensive enpirical data on
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the benefits of ITS is lacking, the authors contend that nodeling
techni ques can effectively predict the benefits of ITS and their
associ ated nonetary values. They also argue the basic need to
view | TS i nvestnent on par with other inprovenent projects that
conpete for the sane scarce resources. G ven that sone reasonabl e
met hod of quantifying inpacts can be devised, the authors concl ude
that I TS projects do not differ substantially from other
transportation inprovenent projects, and therefore, benefit/cost
analysis is an appropriate and necessary justification tool. This
position is shared by Zavergiu (1996), Brand (1993 & 1998), Li,

G llen, and Dahlgren (1999), Stamatiadis, Gartner, Wnn and Bond
(1998), and Ran, Lee, and Dong (1997).

G llen, Li, Dahlgren, and Chang (1999) go further to provide
an evaluation framework for | TS benefit/cost analysis. The
proposed framework categorizes benefits in two different ways.

The first nethod is to categorize benefits by the intended goal s
of ITS, nanely 1) systemefficiency, 2) mobility, 3) safety, 4)
productivity, and 5) reduced environnental inpacts. The second
method is to categorize benefits by the recipient groups,
specifically, 1) users of the facilities, 2) the providing agency,
and 3) the surrounding comunity. This framework closely foll ows
t he nmet hodol ogy outlined by Rossi and Freeman (1993). Figure 1
depicts the rel ati onshi ps between the two categorizations of ITS

benefits suggested in this study.
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Fiqgure 1. A Franmework for

| TS Benefit/ Cost Analysis

User Groups

Work Trips
Non-Work Trips
Freight

Public Transportation

Direct Effects

ITS Project

Transportation Agency

Community

Lower Operations and
Maintenance Costs
Higher Productivity
Increased Information
Increased Revenues

Reduced Air Pollution
Reduced Noise Pollution
Improved Safety

Indirect Effects

Time Savings
Safety Increase
Operating Cost Savings

Increased Accessibility
Productivity Improvements

Source: Gllen, Li, Dahlgren, and Chang (1999), p.18.

Zavergi u (1996) provides alvery simlar framework for

evaluati+n of ITS benefits. He Jgrees with the groupinglof
benefits by the sanme goals as Gllen, Li, Dahlgren, and Chang
(1999). IHe proposes simlar beaniciary group categoriel, except
he adds a fourth group, “potential private investors/ITS

technol ogy suppliers.” The author does this to extend his

anal ysis beyond mere justificatibn of I TS projects. He uses his
framework to draw concl usi ons on who should pay for ITS
i nvestments. Tarry and Faber (1996) al so suggest a framework

13



whi ch includes private sector interests, as private investnents
are becoming nore critical to successful inplenmentation efforts.
MDOT has no intentions of entering into public-private
partnerships for this specific project on 1-496 due to it’'s short
duration and tenporary nature. Consequently, for the purposes of
this study, this perspective is dism ssed by the author

Brand (1998) also offers an ITS benefits franmework nodel .
Thi s nodel categorizes benefits according to supply-side and
demand-si de goals. The supply-side benefits consist of neasures
of operational efficiency, such as inproved throughput. These
nmeasures can also be translated into societal benefits in terms of
reduced accidents, em ssions, and fuel consunption. On the
demand-si de, the researcher suggests that benefit nmeasures are
related to nobility and productivity goals. This nmodel is sinilar
in many ways to the framework presented by Gllen, Li, Dahlgren, &
Chang (1999).

Therefore, it is fairly well established that benefit/cost
anal ysis has been accepted by researchers in the field of ITS
technol ogy as a reasonabl e eval uation tool for investnent
deci sions regarding I TS projects. The framework offered by
G llen, Li, Dahlgren, and Chang (1999) provides a straightforward
and conprehensive view of benefit/cost analysis for |ITS projects.
This framework will be the basis of the analysis performed by the
aut hor of this study. Oher proposed franmeworks that include
i mpacts on private sector interests and technol ogy suppliers,

14



while generally having nerit, will not be considered in this
study, as MDOT is not contenpl ating any public-private
partnerships in conjunction with the proposed |-496 tenporary |ITS

proj ect.

Defining and Quantifying I TS Benefits

Wth the assunption that benefit/cost analysis is a valid
eval uation tool for ITS projects, the literature review now turns
to i ssues surrounding the definition and subsequent quantifying of
| TS benefits. This is perhaps the nost difficult part of the
anal ysis procedure, according to Gllen, Li, Dahlgren, and Chang
(1999). Despite the challenge of estimating I TS benefit val ues,
signi ficant work has been done over the past decade to identify
and categorize what benefits could exist and should be eval uat ed.

Virtually all of the literature accepts the prenise reported
by the ITS Joint Program Ofice that I TS benefits can be
categorized into several mmjor groups (ITS Benefits Database and
Cost Information, 1999). These groups are centered around key
goal s of the transportation system and include safety, nmobility,
ef ficiency, productivity, energy and the environment and custoner
satisfaction. Safety is geared toward the objective of reducing
both the nunber and severity of crashes. Mbility is focused
primarily at the individual user level and refers to the user’s
ability to effectively travel to and fromtheir destination.

15



Ef ficiency, on the other hand, is concerned with the macro-network
or systemlevel, and considers the capacity and throughput of the
system Productivity nmeasures | ook at potential cost savings to
user groups as a secondary result of efficiency and mobility
effects of ITS. Oher indirect benefits of ITS to society are
considered in the “energy and environnment” category, such as
reduced fuel consunption and inprovenents in air quality and noise
pollution. Finally, customer satisfaction neasures take into
account perceptions of users and managers of the ITS system which
are relevant to public and political acceptance of future project
i nvest ment s.

Besi des these comonly accepted categories of benefits,
several researchers suggest that sone other positive inpacts of
I TS technol ogy are being overl ooked, and consequently result in
underval uation of the potential benefits of ITS i nvestnents.
Ei sel e, Lomax and Vadali (2000) argue the case for consideration
of non-typical benefits such as potentially positive inpacts on
| and use decisions, increased access to |abor, materials and
mar kets, inproved rel ationshi ps between public and private
agenci es and expanded opportunities for node choices. Br and
(1993) reconmends eval uation of elenments such as the benefits from
trip end opportunities which my be enhanced by ITS. He also
suggests measures such as travel tine reliability, user control
privacy and | egal benefits, ease of inplenmentation, conmunity
acceptance, interagency cooperation and inproved data coll ection.
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Zavergi u (1996) believes other neasures such as reduced need for
new right-of-way, inproved transportation system managenent and
pl anni ng and private sector business opportunities should be
considered. While these additional items may in fact represent
signi ficant benefits which are traditionally overl ooked in
transportation benefit/cost analyses, they are also not easily
deternmi ned and would rely on gross assunptions. Furthernore, in
the context of the tenporary condition of the proposed project at
hand, many of these potential benefits have little rel evance, as
they primarily represent benefits that would be realized over an
extended period of time. Therefore, for the purposes of this
anal ysis, they are being disregarded by the author of this paper.
Tabl e 1 sunmari zes the specific nmeasures consistently
suggested throughout the literature for assessing I TS benefits.
This table, arranged by each category, also lists potentia
benefit values for ITS applications. The benefit val ue ranges are
the result of both enpirical data collected by other researchers
and nodel predictions from previous studies. The enpirical data
has value to the extent that a correl ation between the neasured
projects and future projects conditions can be shown. To the
greatest extent possible, actual benefit neasurenments should be
used. However, in many cases, insufficient enpirical data exists
(Ruthi, 1995). Therefore, several authors have addressed ways to
examnmine benefit determination with limted, real world
i nformati on.
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Table 1. Benefit

Measures and Val ues from Previ ous Studies.

Fatality Crash Rate

15% 18% Reducti on

Benefit Measures Benefit Val ues Sour ces
Saf ety:
Injury Crash Rate 15% 18% Reducti on p. 12 (Henk, 1997);

McKeever (1998), p. 11

p. 14 (Evanco, 1996);
McKeever (1998), p. 11

Mobi lity:

Thr oughput / Capacity

10% | ncrease

Normal Travel Tinme 20% Reducti on p. 17 (I nman, et al, 1996);
Del ay p. 18 (G assco, 1996)
I ncident Travel 50% Reducti on p. 19 (Meyer, 1989)
Ti me Del ay
Ef ficiency:

p. 25 (Van Aerde & Rakha,
1996)

Productivity:
I ncreased Cut put

Cost Savi ngs

No data avail abl e

No data avail abl e

Energy & Environnent:

Air Quality

Fuel Consunption

Noi se

15% Reduced
Em ssi ons

6% 13% Reducti on
Duri ng Nor nal

Ti mes

40% Reducti on
During Incidents

No data avail abl e

p. 38 (Van Aerde & Rakha,
1996)

p. 40 (City of Los Angel es
Depart ment of
Transportation);

p. 40 (Sienens Autonotive);
p. 40 (Early Deploynent...,
1994)

Cust oner
Satisfaction:

Per cei ved
| mpr ovenment

Reduced Stress

86% of Users

63% of Users

p. 37 (Henk, 1997)

p. 33 (I nman, et al, 1996)

Sour ce:
Results (1997),

I TS Benefits:

Conti nui ng Successes and Operationa
unl ess ot herw se noted

18
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In their 1999 study, Gllen, Li, Dahlgren, and Chang present
the concept of “willingness-to-pay”. This idea suggests that
benefits should be neasured by how nmuch val ue an individual places
on the good or service provided. How much a person actually pays
is not a conplete reflection of how nuch value that person places
on the good or service. This is true since the value of each unit
used will differ fromthe first to the last. The demand for
travel is a conposite of the costs for operating the vehicle and
the costs of the tinme used. The first conponent is a straight-
forward conputation. The second reflects how much value is placed
on tine by the individual users. The “willingness-to-pay” neasure
provi des an approach to consistently neasure the benefit val ue
which nmight normally seemvery conplicated due to the infinite
vari abl es inpacting an individual’s valuation of tinme. The
authors of the study contend that behavioral travel demand nodel s
can be devel oped to account for this “wllingness-to-pay”
vari able. Mdreover, such nodels are necessary for predicting the
aggregate benefit value of tinme in the absence of credible
enpirical data. This theory is supported by other recent studies
by Ruthi (1995), and Little, Liu, Rosenberg, Skinner, and Vance
(1993).

Brand, in his 1998 study, also agrees that many I TS benefits
are not accurately accounted for using strictly enpirica
efficiency data. He contends that the information that ITS
provi des may greatly change travel decisions, and therefore does
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not have a |linear relationship between supply and demand.
Consequently, the author suggests that direct neasures, in the
formof revealed or stated preference surveys as opposed to

behavi oral travel demand nodels, are preferred to assess the val ue
that individuals place on ITS information. Neverthel ess, he
concedes the difficulty in perform ng such direct surveys and the
need to use nodeling in some instances. He also suggests that the
calibration of such nodels is based on data fromthe individua
user surveys.

Ot her studies also address the need for directly neasuring
user preferences and predicting user behavior. A recent review of
several existing travel demand nopdel s was conducted to assess
their applicability to the special circunstance of |ITS projects
(Rut hi, 1995). The study found that all current nodels |lack the
ability to nodel and assess the inpacts of dynanic traveler
behavior in response to information. This presents a dilemma for
agency deci sion makers in need of supporting data for predictions
on the benefits of ITS projects.

In the context of this I-496 project, the author will accept
the limtations of current evaluation criteria and nodeling
techniques. To the extent that conditions for 1-496 replicate
those from previous benefit data determ nations, the data in Table
1 will be used as the basis for predictions of benefits in this
study. The lack of availability of behavioral and dynamic trave
demand nodels will be addressed as a limtation on the results of

20



this study.

Summary

Based on a review of the literature, the author has found
that benefit/cost analysis is generally accepted as an appropriate
eval uation technique for ITS projects. Several simlar frameworks
for benefit/cost analysis are offered by various researchers. The
author will base the nmethodol ogy for this study on the framework
presented by Gllen, Li, Dahlgren and Chang (1999). The field of
| TS research has defined specific categories of benefits based on
general ly accepted goals of transportation systenms. Wthin these
categories, specific nmeasures are consistently considered by
researchers. The author accepts the categorization and
identification of benefit neasures found in the literature, and
will use these paraneters for the determination of benefits for
this study. While many other | ess comonly recogni zed benefits
may exist, they are highly conmplex to neasure and eval uate.
Furthernore, these nore abstract benefits are generally realized
over extended periods of tinme. Therefore, for the tenporary ITS
system bei ng evaluated in this study, they will not be considered.
Benefit values, in the formof enpirical measurenments and node
predi ctions, from previous research were also identified. The
benefit measures and val ues accepted by the author are found in
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Table 1. The values reported in Table 1 are included based on the
relative simlarity of previous studies to the context of the |-

496 project.
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CHAPTER THREE: METHODCLOGY

I nt roduction

A benefit/cost analysis will be conducted to eval uate
whet her or not the use of ITS technology can be justified for
tenporary use in construction zone traffic control for the |-496
reconstruction project in Lansing, Mchigan. Literature on ITS
has established that benefit/cost analysis is an acceptable too
for evaluating permanent |TS applications. The author of this
study contends that the only difference between previous studies
and the analysis in this paper is the duration over which benefits
and costs are considered. |In this case, the 1-496 tenporary ITS
project will be inplenented, operated, maintained and dissol ved
within the period of one year. The short duration of this project
as well as other unique features in the treatnent of costs have
implications for the manner in which the benefit/cost analysis is
conducted. This chapter will outline the methodol ogy to be used
in this study, and highlight the differences between this study

and traditional benefit/cost anal yses.

Desi gn of the Method

Al'l benefit/cost anal yses follow the same basic structure,

al t hough each specific project has its own uni que considerations.
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First, at least two alternatives nmust be considered. Second,
benefits and costs nust be identified. Third, these benefits and
costs nust be nmeasured. Fourth, the benefits and costs mnust be
val ued on the same basis, usually dollars in their net present
value. Finally, the benefits and costs are conpared to each other
and are usually expressed as either a ratio or a net difference.
Concl usi ons about the alternatives can then be drawn fromthis
conpari son.

A framework for benefit/cost analysis for ITS projects has
been presented by Gllen, Li, Dahlgren, and Chang (1999), which is
depicted in Figure 1. This framework follows the same basic
pattern descri bed above, concerning itself with identification and
val uation of benefits unique to ITS projects. The author of this
study has adopted this framework as the basis for the benefit/cost

analysis for the 1-496 tenporary |ITS project.

Al ternatives

For the purposes of this study, two alternatives will be
considered. The first alternative, the “do-nothing” or status-quo
alternative, considers that the |1-496 construction would occur
using traditional traffic control techniques with no application
of ITS technol ogy. The second alternative , the “tenporary ITS
alternative, considers the application of ITS technology in
addition to traditional traffic control techniques. Both
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alternatives assune the same construction work occurs, the sane
basi ¢ construction staging, the sane system of freeway cl osure and
alternate travel routes, and the same initial traffic volumes and
concentrations. By using these two alternatives, conclusions can
be drawn relative to the decision on whether or not to use ITS
technol ogy on the 1-496 project, since the first alternative acts
as a baseline for neasurenent. 1In general, benefit and cost
calculations will be conputed as the difference between the “do-
not hi ng” and the “tenporary ITS" alternatives.

It should be noted that it nmay be possible to consider nore
than one tenporary |ITS alternative. An infinite nunber of
variations could be created based on the types of technol ogies
avail abl e, the number and | ocation of devices and the type and
extent of user interface with the system For the purposes of
this study, only one tenporary ITS is considered. This
alternative is based on a proposed plan of devices and technol ogy
proposed by a consultant retained by MDOT for designing the
tenmporary I TS systemfor the 1-496 project. The consultant’s
proposal reflects an econom cal system that achi eves the key
obj ectives desired by MDOT. It is neither a “bare bones” system
nor a “cadillac” system It is a representation of the npst
likely systemto be carried forward by MDOT, and therefore is the

best basis for this analysis.
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Accounting Perspective

The accounting perspective refers to the set of assunptions
used to assign benefits and costs to the various inputs and
outputs of the analysis (Rossi & Freeman, 1993). Researchers
typically chose to analyze one or nore of the three generally
accepted accounting perspectives, nanely, 1) the individual-
target, 2) the program sponsor and 3) the comunal perspectives.
The assunptions inherent to each perspective for the assignnment of
costs and benefits can result in significant variance in the
results between perspectives, even within the context of the sane
project or alternative. It is inportant to clearly define the
accounting perspective used, such that benefits and costs are
correctly assigned and not doubl e-counted within a single
per specti ve.

For this study, based on the adopted franework fromGllen
LI, Dahl gren, and Chang (1999), all three perspectives will be
considered. More specifically, the alternatives will be defined
internms relative to the transportation system the users, or
drivers, of the system the inplenmenting agency (MDOT) and the

surroundi ng conmunity of the greater Lansing urban area.

User/Driver Perspective

For this accounting perspective, benefits and costs will be
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assi gned based on their direct relationship to the individua
user. For exanple, since the costs of the inplenenting the
project are largely born by the agency (MDOT), the only costs of
the system which can be assigned in this perspective to the user
are those which the individual user must directly pay out of
pocket. Benefits and costs will be sunmed for the aggregate
nunber of users on the systemto develop a total neasure of costs
and benefits for all inpacted transportation users in the Lansing

ur ban area.

Agency (IMDOT) Perspective

For this set of assunptions, benefits and costs will be
assi gned based upon the direct inpact to the agency itself. Wile
the departnent’s primary objective for the tenporary I TS system on
|-496 is to provide benefits for the users of the system the
departnment al so has associ ated benefits and costs specific to

itsel f.

Community Perspective

In addition to benefits and costs for the direct users and
the agency, all alternatives have potentially positive and
negati ve inmpacts on the community at large. To conpletely analyze
the inmpacts of alternatives, it is necessary to assign benefits
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and costs in this arena as well

Conbi nati on _of Perspectives

Typically, only one perspective is considered in a
benefit/cost analysis. |If nore than one is considered, it is done
for conparison purposes only. A conparison between perspectives
will be performed in this study. The framework devel oped by
G llen, Li, Dahlgren, and Chang (1999) suns the benefits and costs
of all perspectives into a single, total value. According to
Rossi and Freeman (1993), this mxing of perspectives may result
i n doubl e counting. However, the nethod of conputation of
benefits and costs to be used in this study will sufficiently
i sol ate these benefit and cost el enents, such that double counting
shoul d not be a concern. Therefore, in addition to conparison of
t he perspectives, the author of this study will also conbine the
results of the individual accounting perspectives into one, tota

benefit/cost figure.

Identification, Measurenent and Valuation of Benefits and Costs

As the next step in the analysis, the researcher will
i dentify, measure and place a nonetary value on each benefit and
cost item This will be acconplished within the context of each
accounting perspective. Table 2 identifies the benefit and cost
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conponents for this analysis by accounting perspective. The
following is a description of each conponent and how t he aut hor
intends to neasure and val ue the component for inclusion in the

final benefit/cost conputations.

Table 2. Conponents of the Benefit/Cost Analysis by Perspective.

Users Agency ( MDQOT) Conmuni ty

Benefits:
I njury Accident Thr oughput Em ssi ons Reduction
Reducti on | mprovenent s
Fat al Acci dent Cust omer Satisfaction Fuel Consunption
Reduct i on Reduct i on

Nor mal Travel Tine
Del ay Reduction

I ncident Travel Tine
Del ay Reduction

Cost s:

I TS System Costs Opportunity Costs

Saf ety Benefits

Safety benefits and costs will conputed based on rates of
injury and fatality types of accidents. Average injury and
fatality rates will be obtained from MDOT records. These rates
are typically represented in units of numbers of accidents per
mllion vehicle mles traveled. Using the results of the Tri-

County Regi onal Travel Dermand Model (TCRTDM), an estinmate of the

nunber of vehicle mles travel ed throughout the Lansing Urban area
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will be derived for both the “do-nothing” alternative and the
tenmporary I TS alternative. Then applying the factor for accident
rate reduction found in Table 1, the predicted change in accidents
will be conputed for the tenporary ITS alternative. The dollar
value for the difference between the alternatives will then be
conmput ed using accident cost values froma 1991 study by MIler

(as cited in Gllen & Li, 1999).

Mobility Benefits

Mobility benefits will be nmeasured in terns of user del ay
costs avoided by nmotorists as a result of the ITS system Two
conponents of delay will be considered. The first is nornal
travel time delay associated with the alternate route system The
second is travel tinme delay associated with incidents. Delay due
to incidents is nore significant, but incident delays cover only a
smal |l portion of the total tine of the project.

Based on the results of TCRTDM average normal travel tine
del ay across the entire transportation systemw || be estimated
for the “do-nothing” alternative in terns of vehicle-hours
traveled. Using the estimate found in the literature review (see
Table 1), the reduction in delay will be predicted for the ITS
alternative. The respective delay reduction estimates will then
be converted to dollar values using estinmates from previous
research for the cost of user delay in terns of dollars per
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vehi cl e-hour of delay (Walls & Smith, 1998).

For travel tine during incidents, even better than expected
i mprovenents are anticipated. However, predicting incidents is an
i nperfect science. Therefore, the author will assunme that an
incident will occur five tinmes a week, which will last, on
average, one hour. An estimate of travel tinme associated with an
i ncident delay will be conputed, based on the normal travel tine
cal cul ations and the assunptions stated above for the “do-nothing”
alternative. Travel tinme inprovenent for the ITS alternative wll
be estimted using the data found in the literature (see Table 1).
Again, the difference in travel tinme val ues between the
alternatives will then be converted to dollar val ues using

i nformati on from previous research (Walls & Smith, 1998).

Efficiency Benefits

Ef ficiency of the alternatives will be nmeasured in terns of
t hroughput of the system Existing systemcapacity will be
estimated using data fromthe TCRTDM expressed in terns of volune
to capacity ratios. |If volume to capacity ratios are one to one
or less, this suggests that the system has adequate capacity to
handl e the alternate routing of traffic. Therefore, for the
short-term tenporary ITS system no benefits will be realized for
capacity inmprovenent, since sufficient capacity already exists.
If this condition exists, the author will not report any benefits
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for the ITS system However, if volune to capacity ratios exceed
one to one, the systemlacks sufficient capacity to handle traffic
flows. In this condition, ITS would have beneficial inpacts which
shoul d be taken into account. For the ITS alternative, an
estimate of the likely inprovenent in throughput will be derived
based on data from previ ous research (see Table 1). The tota

i mprovenent expected in ternms of volunme will be converted to an
equi val ent I ength of new hi ghway that woul d be otherw se required
to result in the same capacity inprovenent. A dollar value wll
then be conputed for this I ength of new hi ghway using average

construction prices from MDOT records.

Productivity Benefits

G llen, Li, Dahlgren, and Chang (1999) suggest that
productivity inmprovenents that result fromITS systenms should be
accounted for in benefit estimation. The productivity with which
they are concerned relates to that of specific comercial and
econoni c sectors of the conmunity, and is nmeasured in terns of
i ncreased output or reduced operational and |ogistical costs. The
aut hor of this paper agrees with this point, however, no credible
data or nethodol ogy exists from previous research to use as a
basis for estimating what productivity inprovenments could be
expected. This intuitively nakes sense, since community
productivity neasures woul d generally be specific to individua
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sites and econom ¢ circunstances. Individual user productivity
i mprovenents shoul d al ready be accounted for in the travel tine
benefits, since the value of individual’'s tine takes into
consi deration how they might otherwi se be using that tine.
Therefore, productivity benefits will not be estimated for this

anal ysi s.

Energy and Environnental Benefits

Energy and environnmental benefits will be conputed based on
two neasures: em ssions and fuel consunption. Based on the
i mprovenent in vehicle hours traveled that were estimated in the
ef ficiency benefits section, and using the projected inpacts found
inthe literature (see Table 1), projected inprovenments in
vol atil e conmpound em ssions fromvehicles will be determ ned.
These values will then be converted to nonetary val ues using
information froma 1995 study by Small (as cited in Gllen & Li,
1999) on the value to society of cleaner air. Reductions in fue
consunption will be estimted using the projected reductions in
vehicle nmles travel ed conputed in the nmobility benefits section
That value will be multiplied by factors for average vehicle fue
efficiency to determine fuel savings in gallons, which in turn

will be converted to a dollar value based on average fuel costs.
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Custoner_Sati sfaction Benefits

Limted i nformation exi sts on expected custoner satisfaction
nmeasures (see Table 1). 1In addition, MDOT commi ssioned a public
opi nion survey in the fall of 2000. The survey, which covered
many ot her aspects of the proposed construction project, asked
only one, general question regarding public perception about the
idea of ITS. The results of this study will be noted in the
anal ysis. However, while general acceptance or appreciation of
I TS may be found through custonmer surveys, there is little data
regardi ng what val ue individuals place on their satisfaction with
I TS or the value of the information that I TS can provide to them
Consequently, a reliable nmeans for estimating a dollar val ue
associ ated with customer satisfacti on does not exist. Therefore,
custoner satisfaction benefits will not be directly accounted for
in the benefit/cost analysis. However, as custoner satisfaction
is one of the key reasons for using the tenporary |ITS system for
1-496, it will be considered qualitatively in the fina

concl usi ons.

I TS System Costs

I TS system costs refer to the estimted costs for designing
the system furnishing and installing the hardware and software
conponents and operating and maintaining the systemfor the period
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of the 1-496 construction. Typically, analysts must prepare
estimtes for each one of these elenents. However, in the case of
the 1-496 project, MDOT intends to nake the contractor responsible
for all elenments of the system including the operations and

mai nt enance, as part of one low bid price. This sinplifies the
system cost estinmation considerably. The value will conme directly

from MDOT records on the tabul ation of contractor bids.

| ndi vidual User Costs for ITS

In sonme instances on other | TS projects across the nation,
part of the user interface includes in-vehicle devices which
transmt information to notorists. These devices nust be
purchased by the individual users, and therefore, some cost for

the ITS system nust be attributed to the user fromthat accounting

perspective. |In the case of the |1-496 tenporary ITS, no personal
in-vehicle devices will be used. Therefore, no costs for the ITS
systemw || be assigned to the user perspective.

Opportunity Costs

One final cost consideration is the opportunity cost
associated with the expenditure of scarce resources on the ITS
system | n other words, what benefits to the comunity are being
foregone in order to inplement the ITS alternative? O, what is
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the cost of using funds that woul d otherwi se be avail able for
ot her transportation inprovenents? For the purposes of this
analysis this will sinply be estimated as the cost of the ITS
system but rather than be applied to the agency perspective it

will be assigned to the comunity perspective

Speci al Considerations for the Valuation of Benefits and Costs

A nunber of unique circunstances exist regarding the |-496
tenporary I TS project that require special consideration when
conmputing benefits and costs. Specifically, the issues affected
are discounting, the consideration of equity and the treatnent of
fixed and variable costs. The follow ng sections describe how
these considerations will be managed for the purpose of this

st udy.

Di scounti ng

Typically in benefit/cost studies, the analyst nmust consider
the tinme value of nobney. |In cases where the benefits and costs of
various alternatives are experienced over a period of severa
years or nore, the dollar values of the inpacts nust be conpared
on a |l evel plane. Consequently, all benefit and cost values are
di scounted to bring the values to their net present worth. In the
case of the [-496 tenporary ITS project, all costs and benefits
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occur within the same period of one year. Therefore, the need to
di scount benefit and cost val ues and conpute net present values is
not necessary and will not be conputed. However, to the extent
that benefit values from previous research are dated, the author
will inflate the figures to current dollars using an assuned

annual growth rate of three percent.

Consi deration of Equity

Anot her consi deration in many benefit/cost analyses is the
accurul ati on of equity in the assets associated with the various
alternatives over the |ife of the project. Another way of | ooking
at this is that the researcher should account for the residua
val ue of alternatives at the conpletion of the analysis period.

In this case, the 1-496 tenporary |ITS system conponents w |l have
sonme residual value at the conpletion of the project. However,
the MDOT has established the contract such that all conponents,

har dware and software, become the property of the contractor at
the conpletion of the contract. As such, neither the agency nor
the public will receive any benefit fromthe residual value of the
system at the end of the project. Therefore, the author will not
account for the residual value or equity of the tenporary ITS

system for this analysis.
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Fi xed Versus Variabl e Costs

Typically in cost studies, consideration is given to the
| evel of variability of the cost elenents. |In many circunstances
the costs can be divided between fixed costs, which do not change
regardl ess of the breadth of application of the project, and
vari abl e costs, which have a margi nal val ue dependent on the
nunber of units affected in the group being studied. For the
purposes of this analysis, all cost and benefit values will be
considered as fixed. Wile there is the potential for sone
variability in how the population reacts to and nakes use of the
tenmporary I TS system there is no practical way to estinmate this.

Therefore, for the purposes of the benefit determ nation,

calculations will assume a fixed number of benefactors in each
accounting perspective, and therefore, values will be fixed. On
the cost side, all systemcosts will also be fixed, as prescribed

by the MDOT contract, regardl ess of the nunber of users of the
system Furthernore, all operations and nai ntenance costs
associated with the systemare part of the contractor’s fixed, |ow

bid price.

Conparison of Benefits and Costs

Finally, once the benefits and costs are estimted and
valued in terms of dollars, they can be summed and conpared. This
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wi |l be done by each accounting perspective and as a conbi ned
total for all perspectives. The results will be tabulated as both
a benefit/cost ratio and as a net benefit or cost, as the case may
be. A benefit/cost ratio which exceeds a value of one indicates a
favorabl e project. The alternative would therefore have benefits
whi ch exceed the costs. For a benefit/cost ratio | ess than one,
the favorability of the project would have to be considered nore
carefully, taking into consideration the qualitative benefits that
had been omitted due to difficulties in preparing realistic

estimates and assi gni ng dol |l ar val ues.

Summary

This chapter has outlined the methodol ogy of a benefit/cost
anal ysis which will be utilized in this study to evaluate the
wort hi ness of using tenmporary |ITS for construction zone traffic
managenment for the 1-496 reconstruction project proposed by MDOT.
The net hodol ogy follows typical guidelines for benefit/cost
studies, as well as a framework established in the literature
specifically for ITS projects. Benefits and costs will be
conpared with respect to appropriate accounti ng perspectives,
nanmely the users or driver of the transportation network, the
agency, MDOT and the community at large. Benefits will generally
be based on data fromthe Tri-County Regional Travel Denmand Mode
and projected inprovenments in various factors. These factors are
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associated with safety, nobility, efficiency, and environnenta
benefits which have been established in previous studies of
permanent | TS systens. Due to the contractual nature of the
proj ect proposed by MDOT, certain typical econom c anal ysis
factors can be disnissed, including the need for discounting,
consideration of equity and the treatnent of fixed costs versus
vari abl e costs. The results of the analysis will produce
benefit/cost ratios and net benefit values for each accounting
perspective and for the conmbination of all perspectives. The
author will then use this information, in conjunction with
qualitative benefits which could not be readily estinmted and
noneti zed, to draw conclusions on the suitability of tenporary ITS

for the 1-496 project.
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CHAPTER FOUR: ANALYSI S OF THE DATA

I nt roduction

Having reviewed the literature and devel oped a net hodol ogy
for perform ng a benefit/cost analysis, in this chapter the author
conputes the benefits and costs for the tenporary I TS system for
the 1-496 project. First, benefits and costs will be quantified
and converted to nmonetary values. Then, the benefits and costs
wi |l be sunmed and conpared according to the accounting
perspectives outlined in the nmethodology. Finally, a summary of

the results will be presented.

Identification, Measurenent and Valuation of Benefits and Costs

As recommended in the literature and as shown in the

nmet hodol ogy, benefits are considered with respect to the broader
categories of transportation systemgoals. The calculations are
therefore organized in that manner. Only those benefits for which
reliable estimation data was avail able are included here. For
some benefits that could or should be considered, there exists no
easily applied nodel or enpirical data. The benefits are omtted
fromthe conputations and will be discussed qualitatively in the

concl usions in Chapter 5.
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Throughout the cal cul ations, the author accounts for the
fact that the 1-496 project is proposed to be constructed in two
phases. The first phase will close the eastern portion of the
freeway for approximtely 150 days. The second phase, on the
western portion of the project, will maintain one |ane of traffic
in each direction of the freeway for an additional 60 days after
the first phase is conpleted. One of the key sources of
i nformati on throughout the calculations is the Tri-County Regi ona
Travel Demand Model (TCRTDM. The nodel was run for both phase
one and phase two conditions. The results of the TCRTDM are shown
in Table 3. The baseline data represents the values for the
Lansi ng urban area transportation network in its normal operating
state, without any construction |ane closures or detours. The
conputations that follow reflect the values for the two phases and

wi |l account for their respective durations.

Table 3. Tri-County Regional Travel Demand Mbdel Results.

Model Run Dai | y Dai |l y
Vehicle Mles Travel ed Vehi cl e Hours Travel ed
(VM) (VHT)
Basel i ne 11, 962, 850 306, 121
Phase 1 12, 007, 610 316, 093
Phase 2 11,975,720 309, 608
ource: 1Iri1-County Regional Travel Demand Model (2000), Bureau of

Transportation Pl anning, NMDOT.

Al so, throughout the cal cul ations, the author assunes that
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the inmpacts of the ITS system benefits will be realized by only
ten percent of the total traveling population. The proposed |-496
| TS systemis tenporary, and as previously mentioned, is a nodest
approach to I TS i npl ementation. The breadth of coverage of the

I TS system does not conprehensively address all the nmgjor routes
accounted for in the TCRTDM Therefore, it would be erroneous to
assunme that the benefits of the ITS would inpact the entire
Lansi ng urban area transportati on network. Since, however, the
tenmporary I TS systemwill affect traffic on nost of the high
volune arterial routes in the urban area, the assunption that only
ten percent of the traffic would be affected is reasonable if not

conservative

Safety Benefits

In order to estimate the safety benefits in ternms of
acci dent reduction, the baseline accident rates nust first be
deternmi ned. The average total accident rate for the I1-496
construction project alternate routes is 199 accidents per 100
mllion vehicle mles traveled (VMI). This value was conmputed
from accident data presented in the MDOT Sufficiency Ratings
(1998). It is also known that in M chigan, approximately one-
third of one percent of all accidents are fatalities and
approximately thirty percent of all crashes result in injuries
(M chigan Transportation Facts and Figures, 1999, p. 16).
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Assuning the statewide trend applies to the Lansing urban area,
the fatality and injury accident rates are conputed to be 0.66
accidents per 100 mllion VMI and 60 accidents per 100 nmillion
VMI, respectively.

To determnmine the actual nunber of accidents that would be
expected to occur, should accidents follow these trends, the
accident rates were nultiplied by the daily VMI and by the nunber

of days for each phase of the project, as follows:

Nunber of = 0.66 fatalities x 12,007,610 VMr x 150 days
Fatalities 100 mllion VM day

+ 0.66 fatalities x 11,975,720 VMI x 60 days
100 mllion VMI day

= 16.7 fatalities (for the duration of the project)

Simlarly, the number of anticipated injuries are conputed:

Nunmber of = 60 injuries X 12,007,610 VMr x 150 days
I njuries 100 mllion VMI day
+ 60 injuries X 11,975,720 VMI' x 60 days
100 mllion VM day

= 1500 injuries (for the duration of the project)

It should be noted that, typically in construction zones,
accident rates increase beyond the normal accident frequency.
However, in the case of the 1-496 project, for the mpjority of the
time, traffic will be utilizing alternate routes, and therefore

won't actually be in a construction zone. Consequently, the
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aut hor disregards the potential for increased accidents and
assumes that traffic characteristics on the alternate routes wll
foll ow normal projected trends. For the purposes of |ITS benefit
estimation, this assunption will produce conservative results,
since potentially nore accidents may occur, and consequently, nore
acci dent reduction benefits will not be accounted for

It is anticipated that 15%to 18% of both fatal and injury
accidents may be reduced as a result of the ITS placenent (see
Table 1). Using the lower end of this range, the total expected
nunber of accidents would be |owered by 2.5 fatalities and by 225
injuries for the period of the construction project.

Finally, the reduced nunber of accidents are converted to
dollar values. Mller (as cited in Gllen & Li, 1999) provides
esti mated val ues for accident costs, as shown in Table 4. These
val ues, expressed in 1988 dollars, are then adjusted for inflation
by the author, assunming a 3% annual growth rate. The author also
assunes that half of the injury accidents will be “incapacitating”
and the other half “evident”. Therefore, the value used in the
final conputations is a straight average of the two injury
accident values. Miltiplying the expected nunber of reduced
accidents by the accident costs per vehicle results in a savings
of approximately $10, 000,000 for fatalities and $46, 000,000 for
injuries. As stated earlier, the author presunes that only about
ten percent of the urban area will see benefits of this nature.
Therefore, these values will be reduced to $1, 000,000 for
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fatalities and $4, 600,000 for injuries.

Table 4. Estimated Accident Costs Per Vehicle.

Acci dent Type Esti mat ed Cost Esti mat ed Cost
(1988 Dol | ars) (2001 Dol | ars)
Fatality $2, 722,548 $3, 998, 062
Injury - Incapacitating $228, 568 $335, 652
Injury - Evident $48, 333 $70, 977

ource: Mller (as cited In Gllen & Li, 1999, p. 130).

Mobility Benefits

Mobility benefits are conputed in terns of user delay costs
that are avoided for two conditions - normal travel tinme del ays
and incident travel tinme delays. Normal travel tine delays refer
to the anticipated delay costs incurred by virtue of the
construction project and alternate routes inposed on the drivers.
It is expected that I TS will provide benefits to reduce the del ay
experienced in this situation. Incident travel tinme delay refers
to user delays experienced as a result of a specific incident that
causes congestion in the system Wiile simlar in nature, ITS is
expected to have an even greater benefit of reducing the inpact of
delay in response to incidents.

First, normal travel tinme user delay costs are conputed

based on the results of the TCRTDM expressed as vehicle hours
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traveled (VHT), reported in Table 3. For phase one of the
construction, the nodel estimates an increase in travel time of
9,972 VHT per day. Miltiplied by the duration of phase one, 150
days, a total of approximtely 1,496,000 vehicle hours of delay

wi |l be experienced during phase one. For phase two, the node
estimates an increase in travel tinme of 3,487 VHT daily.

Mul tiplied by the sixty day duration of phase two, this results in
209, 000 vehicle hours. Therefore, in total, 1,705,000 additiona
vehicle hours of travel tinme, or delay, will result fromthe
construction project.

Empirical data fromthe literature suggests that expected
normal travel tinmes will be inproved by 20% (See Table 1).
Therefore the expected benefit for normal travel tinmes is 341, 000
vehi cle hours over the duration of the construction project. This
value is converted to dollars using estimtes of user delay costs.
Walls & Smith (1998, p. 20) provide different values for passenger
vehi cl es and commercial vehicles, specifically $11.58 per vehicle-
hour for cars and $20.43 per vehicle-hour for trucks when adjusted
for inflation. 1t is known that approximately five percent of the
vehicle volunme in the Lansing urban area is conmercial traffic
(MDOT sSufficiency Ratings, 1998). Therefore, ninety-five percent
of the inprovenent in delay is converted using the car val ue and
five percent is converted using the truck value. This results in
a total anticipated savings in user delay costs of approximtely
$4, 100,000 for normal travel time conditions. As with the safety
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benefits, it is assumed that the limted breadth of the ITS system
will result in inmpacting only about ten percent of the system
Accordingly, the author reports a benefit value for normal trave
time user delay cost avoi ded of $410,000 for the duration of the
entire project.

Incident travel time prediction presents a different
situation. Wile the literature suggests that incident situations
are perhaps one of the nost significant inpacts for ITS
applications, they are also the nost difficult to nodel and
accurately predict the outcones. Consequently, for this analysis,
t he author nmust nake sonme reasonabl e assunptions about incidents.
The author assumes that five incidents will occur each week that
result in additional user delay beyond the nornmal travel tine
del ays. For each incident, it is assuned that, in the absence of
I TS technol ogy, the delay will add one hour to those drivers
affected. Using these assunptions, over the 210 day duration of
the project, it is estimated that, without the ITS system 150
hours of incident delay will occur. It is further assuned that
approximately six thousand vehicles will, on average, be inpacted
by the incident; that is, they will either be caught in a traffic
back-up or will have to divert around a traffic back-up. Based on
this assunption, the author estinmates that 900, 000 vehicl e-hours
of delay will be induced by incident throughout the life of the
construction project.

The literature suggests that up to fifty percent of this

48



sort of delay can be avoided or reduced through the application of
I TS technol ogy (see Table 1). Therefore, the benefit estination
for incident travel time is 450,000 vehicle-hours. Using the sanme
nonet ary conversion values as for nornmal travel tinme delay, an
amount of approxi mately $5,400,000 in incident rel ated user del ay
cost savings is expected over the duration of the project. As
with the normal travel tine, this estimate will be reduced to ten
percent of its value. Even though the author assumed a nunber of
vehicles inpacted by the hypothetical incidents, the conputations
were based on the total network system Some incidents nay not be
identified due to the limted coverage of the proposed I TS system
Therefore, the reported benefit of reduction in incident trave

time delay is $540, 000.

Efficiency Benefits

Ef ficiency benefits are nmeasured by inprovenents in system
capacity or throughput. |In the author’s review of data fromthe
TCRTDM vol une to capacity ratios across the systemwi th the
alternate routes in place were predoninantly estimted as 1.0 or
| ess. This means that even with the alternate routes and traffic
di version, the systemis operating at or bel ow capacity.
Consequently, even if ITS can inprove capacity, as discovered in
the review of the literature, there is no real benefit if the
capacity is not needed.
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This is especially true for a tenporary application of I|ITS,
as is the case for the 1-496 project. One perspective of the
potential capacity or throughput benefit of ITS is that its
application would allow the agency to defer traditional capacity
enhanci ng i nprovenments such as addi ng additional traffic | anes.
Since traffic volunes generally grow over time, even if the system
is currently operating at or slightly bel ow capacity, there would
exi st sonme benefit to the agency in terms of how nuch |onger it
could rmaintain service |levels using existing infrastructure. But
this benefit is only realized if the ITS systemrenmains in place
over tine. Since the ITS systemfor the [-496 project is
tenmporary, no efficiency benefit is recorded with respect to

capacity or throughput.

Energy and Environnmental Benefits

Energy and environnmental benefits are conputed for the
categories of em ssion reductions and fuel consunption reductions.
Em ssions reduction benefits are cal cul ated using the results of
the TCRTDM Based on the daily estimtes of vehicle mles
travel ed and the expected durations for each phase of the I-496
project, a total of 2,520,000,000 VMI is expected over the |ife of
the project. Estinates of average vehicle em ssions rates from
the Bureau of Transportation Statistics (National Transportation
Data Archive, 2001, Table 4-36 on-line) suggest that hydrocarbons
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(HC) are emitted at a rate of 3.09 grans per mle, carbon nonoxide

(CO is produced at a rate of 24.68 grans per nile, and nitrogen

oxide (Nox) is emtted at a rate of 1.81 grans per nile. By

mul tiplying these values through, estimtes for em ssions as a

total for the region are as shown in Table 5. Based on the

literature review (see Table 1), ITS applications, such as the

system proposed for 1-496, are expected to reduce enissions by

fifteen percent. Table 5 also shows cost val ues proposed by Snal
and Kazim (as cited in Gllen & Li, 1999) for the various

em ssions factors, adjusted for inflation to 2001 doll ars,

assumng a three percent growth rate.

Table 5. Estimated Emi ssions Reductions and Values for ITS.
Em ssi on Tot al Expected ITS Val ue of Tot al
Type Em ssi ons Em ssi ons Em ssi ons Em ssi ons
Wt hout ITS Reduct i on Reduct i on Reducti on
(kg) Benefi t Benefi t
(kg) Val ue
HC 7,786, 000 1,167,900 $6. 19/ kg $7, 230, 000
CO 62,194, 000 9, 329, 100 $1. 15/ kg $10, 730, 000
NOx 4,561, 000 684, 150 $6. 65/ kg $4, 550, 000
Source: Small and Kazim (as cited in Gllen & Li, 1999, p. 139),

adj usted for

As with previous benefit estinmates,

reported is reduced to ten percent of

inflation at 3% per year.

t he em ssions benefit

its calculated value to

reflect the fact that the ITS system does not extend across the
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entire transportation network. As such, the total em ssion
reducti on benefit is considered to be approxi mately $2, 250, 000
over the duration of the project.

Fuel consunption is also estimated using the results of the
TCRTDM  As indicated previously, the total estimted trave
during the construction period is 2,520,000,000 VMI. Using an
average value of 21.5 mles per gallon for vehicle fuel econony
(National Transportation Data Archive, 2001, Table 4-23 on-line),
it is estimated that 117,209,000 gall ons of gasoline will be
consuned during the period of this project. The literature
suggests that ITS will result in at |east a six percent reduction
in fuel consunption (see Table 1). Therefore, the projected
benefit for this category is approximtely 7,000,000 gallons of
fuel. This is easily converted to a nonetary val ue, using the
current cost of fuel, reported as approximtely $1.50 per gallon
(AAA M chi gan, 2000, p.1 on-line). This results in a benefit of
$10, 500, 000. As with the other benefit values, this anount is
reduced to ten percent of the conputed value to account for the
expected reach of the tenporary ITS system Therefore, the

reported benefit for fuel consunption reduction is $1, 050, 000.

I TS System Costs

| TS system costs are based on data fromthe 1-496 ITS
project contract docunents and bid i nformati on (M chi gan
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Department of Transportation Tabul ati on of Bids, 2001). Sone

el enments of the ITS contract are not strictly ITS features, and
woul d be constructed even if ITS was not inplenented. These itens
i ncl ude advanced construction zone signing, portable changeabl e
nmessage signs, traffic control itens and a proportional anount of
the nobilization costs. These itens have been renmoved fromthe
total contract anobunt to estimate the |ITS systemcost. As such
the total estimated construction costs are approximtely
$1,900,000. In addition to the construction estimate, costs for
desi gn, contract administration and constructi on engi neeri ng nust
be accounted for as well. These are estinmated to be approxi mately
$600, 000, bringing the total cost for the inplementing the

tenmporary I TS systemfor the 1-496 project to $2,500, 000.

Qpportunity Costs

As described in the nmethodol ogy, for the purposes of this
anal ysis, the opportunity cost of using the ITS systemis sinply
the cost of the ITS system In a situation of limted resources,
the cost of the ITS systemrepresents a |ost opportunity to
receive the benefits of other transportation facilities or
services. The |oss of such benefits are considered to have the
same val ue as the cost of the ITS project, $2,500,000, but are
assigned to the comrunity accounting perspective, as opposed to
t he agency (MDOT) accounting perspective.
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Summary of Benefit and Cost Determ nations

The benefits and costs conputed above are summari zed in

Table 6 bel ow. These values, as described in the cal cul ati ons,
are based primarily on information fromthe TCRTDM The estinates
rely on the best available data regarding ITS benefits found in
the revi ew of previous studies. The information fromthe
literature includes both enpirical observations and simulations to
predict I TS benefits. |In sone instances, where insufficient data
was avail able, the author nmade assunptions regarding the potentia

benefits of the tenporary ITS systemfor the |-496 project.

Table 6. Summary of Benefit and Cost Val ues.

Benefits and Costs:

(1) Fatality Accident Reduction (Benefit) $1, 000, 000
(2) Injury Accident Reduction (Benefit) $4, 600, 000
(3) Nor mal Travel Tinme Del ay Reduction (Benefit) $410, 000
(4) I nci dent Travel Tinme Delay Reduction (Benefit) $540, 000
(5) Em ssi ons Reduction (Benefit) $2, 250, 000
(6) Fuel Consunption Reduction (Benefit) $1, 050, 000
(7) I TS System Costs (Cost) $2, 500, 000
(8) Opportunity Costs (Cost) $2, 500, 000

Conpari son of Benefits and Costs
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Wth the various benefits and costs estimated and converted
to common dol |l ar val ues, a conparison of the benefits and costs
can now be conducted. Benefits and costs are summed according to
accounting perspective, as prescribed in Table 2. Then the ratios
of benefits to costs is conputed. Finally, the net benefit, or
di fference between benefits and costs, is calculated. The results

of these conputations is shown below in Table 7.

Table 7. Benefit/Cost Calcul ations.

Users Agency ( MDQOT) Communi ty
Benefits:
$1, 000,000 (1) $2, 250,000 (5)
$4, 600,000 (2) $1, 050,000 (6)
$410, 000 (3)
$564, 000 (4)
$6, 574, 000 $0 $3, 300, 000
Cost s:
$2, 500,000 (7) $2,500, 000 (8)
$0 $2, 500, 000 $2, 500, 000
Benefit/ Cost Rati o:
Infinite 0 1.32
Net Benefit:
$6, 574, 000 (%2, 500, 000) $800, 000

Not e: The nunbers in parentheses refer to the benefit and cost
items from Table 6.

A benefit/cost ratio which exceeds a val ue of one indicates
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a wort hwhile outcone of the project. Fromthe user perspective
the 1-496 project is very favorable. Since the users do not
directly have to pay for any part of the ITS system nor a fee to
receive the information it provides, they have no costs.
Therefore, any benefits at all fromthe user perspective nmeke the
project worthwhile. The benefit/cost ratio is reported as
“infinite”, since the cost figure in the denonminator is zero. It
is perhaps nore appropriate for the user perspective to consider
the net benefit, which is $6,574,000. This anount of benefit is
fairly substantial, and would in npst cases justify the project.
From t he agency perspective, according to the analysis, the
project has no nerit. Since none of the calcul ated benefits can
be allocated to MDOT, the agency’s only contribution is the cost
it bears to inplenent the project. This results in a benefit/cost
ratio of zero and a net |oss of $2,500,000. However, as found in
the literature, there are benefits which could be allocated to the
agency in this case. One such exanple is custoner satisfaction.
For this project, no readily avail able data existed to neasure or
noneti ze the value of custoner satisfaction for the |-496
tenmporary I TS project. Yet custoner satisfaction, or rather
m nimzing driver dis-satisfaction, is one of the key objectives
for MDOT in pursuing tenporary ITS for construction zone traffic
managenment. I n a pubic opinion survey comi ssioned by MDOT in
Novenber, 2000, 83% of those surveyed said they thought the ITS
system woul d be hel pful (Survey on I-496, 2000, p. 15).
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Considering this, it is reasonable to suggest that, should the
system produce the expected results, sone benefit to the
departnment would be realized. Therefore, conclusions about the
result of the benefit/cost analysis fromthe agency perspective
shoul d not be nade without consideration of the qualitative
benefits that could not be reasonably included.

Looki ng at the conmunity perspective, there is a
benefit/cost ratio of 1.32 and a net benefit of $800,000. These
results suggest that the project is favorable for the community at
large. Despite the |lost opportunity of sone other transportation
project that m ght benefit the community, enough benefits are
realized in terns of energy savings and reduced environnenta
i mpacts to justify spending scarce resources on the I TS project.

Usi ng a conbi nation of all three accounting perspectives,
the total of benefits is $9,874,000 and the total of all costs is
$5,000,000. This yields a benefit/cost ratio of 1.97 and a net
benefit of $4,874,000. While Rossi and Freeman (1993) caution
agai nst conbi ni ng perspectives, in this case none of the benefits
or costs are conputed in such a way as to result in double
counting. Gven the fact that there are no reported costs in the
user perspective and no reported benefits for the agency
perspective, the conbination of all perspectives gives a nore
accurate picture of the benefit/cost ratio for the project
overall. By nearly a two to one margin, the tenporary |ITS project
for 1-496 is justified using the benefit/costs anal ysis.
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Summary

In this chapter, the benefits and costs have been estimated
and nonetized for the tenporary ITS system proposed for managi ng
construction zone traffic on MDOT's |1-496 reconstruction project.
The TCRTDM was used as the basis for nmany of the cal cul ati ons.

The estimtes rely on both enpirical data and the results of
simul ati ons regarding I TS benefits found in the previous studies.
Where insufficient data was avail abl e, the author nade assunptions
regardi ng the potential benefits of the tenporary |ITS system for
the 1-496 project.

Conparing the benefits and costs, the project, generally
speaking, is a favorable one. Fromthe user perspective, there
are no costs, so the presence of any benefits results in a
positive outcome. In this case, the net benefit is estimated to
be $6,574,000. Fromthe agency perspective, the analysis reports
no benefits. However, this is due to the lack of reliable
i nformati on on which to base conputations. It is predicted, for
exanpl e, that customer satisfaction benefits will be realized by
the agency. Therefore, despite the net cost of $2,500, 000
reported in the analysis, sone qualitative benefits should also be
considered. Fromthe conmunity perspective, energy and
envi ronnental benefits outweigh the opportunity cost of not having
anot her cost conparabl e transportation i nprovenent by
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approximately thirty percent. Conmbining all three perspectives,
the benefit/cost ratio is nearly two to one with net benefits of
$4,874,000. Based on the analysis, the expenditure of public

funds on the tenporary I TS project for the 1-496 reconstruction

can be justified.
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CHAPTER FI VE: SUMVARY, CONCLUSI ONS AND RECOMMENDATI ONS

Summary

The M chi gan Departnment of Transportation is about to enbark
on the application of ITS technology for tenporary CZTM for the
first tinme init’s history. This specific application of ITS will
be used to hel p manage traffic flows as a result of the
reconstruction of the 1-496 corridor through the central business
district of Lansing. Successful managenent of traffic is
essential, since the urban area of Lansing serves as the seat of
state governnent as well as an industrial, educational and touri st
center.

MDOT has experience using permanent | TS installations in the
metropolitan Detroit area, and the departnment is encouraged by the
prospects for expanding applications to other situations, such as
the tenporary application being considered for the |1-496 project.
But, as a governnment agency, MDOT is accountable to the public for
ensuring that it uses tax-payer funds in cost-effective ways.
Therefore, some sort of econom c anal ysis nust be conpleted to
assist in the decision nmeking process for the agency. The purpose
of this study was to eval uate whether or not the costs associated
with the tenporary application of ITS technol ogy by MDOT for their
proposed hi ghway reconstruction project for 1-496 in Lansing,

M chi gan can be econonmically justified.
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The author found that little research has been conducted on
temporary I TS applications. However, previous studies have
deternmined that benefit/cost analysis is an appropriate eval uation
technique for ITS projects in general. Gllen, Li, Dahlgren, &
Chang (1999), Zavergiu (1996), Brand (1993 & 1998), Li, Gllen,
and Dahl gren (1999), Stamatiadis, Gartner, Wnn and Bond (1998),
and Ran, Lee, and Dong (1997) all arrived at this conclusion. But
Turner, Stockton, Janes, Rother, and Walton (1998) cautioned
agai nst reliance on benefit/cost analysis, as many good ITS
projects m ght be disn ssed based on faulty econom c analysis as a
result of inconplete data or poor nodeling and anal ysis
techni ques. The author of this study accepted the argunent that
benefit/cost analysis is an acceptabl e nmechani sm for conducting an
econoni c analysis for ITS projects.

The field of ITS research has defined specific eval uation
framewor ks and categories of benefits based on generally accepted
goal s of transportation systens, such as safety, nobility,
ef ficiency, productivity, environmental inpacts, and custoner
satisfaction. One specific framework proposed by Gllen, Li,

Dahl gren, & Chang (1999) was accepted by the author to be used as
the basis for the analysis contained herein (see Figure 1). This
framework sorts the various benefit categories anobng three prinmary
reci pients, the users of the system the inplenenting agency, and
the surrounding conmunity. This framework closely follows the
general principles of benefit/cost analysis outlined by Rossi &
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Freeman (1993), which the author of this study recognized as an
i mportant feature of the framework.

Still, other frameworks and benefit data categories have
been proposed in the literature (Zavergiu, 1996), (Tarry & Faber
1996), (Brand, 1993 & 1998), and (Eisele, Lomax & Vadali, 2000).
The proposals range frominclusion of private sector and supplier
accounting perspectives to new benefit categories such as inpacts
on | and use, node choice, public-private relationships and ot her
nore abstract concepts. Wile the author conceded that these
factors should generally be considered, for this specific project
they were not included. Due to the lack of reliable data for
estimating such benefits, many of the factors are sinply
i mpractical to consider here. Furthernore, many of these benefits
are of the sort that would only be realized over extended peri ods
of tinme. Since the project under consideration in this study is
tenmporary, with a duration of |ess than one cal endar year, these
benefits were disregarded.

Rut hi (1995) al so expounded on the |lack of reliable data and
good nodeling tools. The author of this study, based on his
research of the literature, concurs with this claim and
considered this as a limtation to this study. Nevertheless, a
sufficient number of reliable data val ues were discovered that
made a general benefit/costs analysis still feasible for this
project. |In sone cases, however, the author made assunptions or
sinmply had to omit potential benefits, due to the | ack of
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accept abl e dat a.

One specific area of data deficiency is the body of
i nformati on on how users value their tinme and the information they
receive fromITS applications (G llen, Li, Dahlgren, & Chang,
1999), (Ruthi, 1995), (Little, Liu, Rosenberg, Skinner, & Vance,
1993), and (Brand, 1998). This information is best gathered using
reveal ed or stated preference surveys. Wile MDOT conducted a
survey in the fall of 2000, it was not detail ed enough to provide
this information which is critical to dynam ¢ behavi or nodeling
and estimation of custoner satisfaction benefits. The author of
this study agrees that nore data collection needs to be done al ong
these |ines.

G ven all this, the author proceeded to outline a
nmet hodol ogy which essentially foll owed the franework fromG |l en
Li, Dahlgren and Chang (1999). Benefits and costs were then
conmput ed and eval uated using both enpirical data and the results
of nodel sinulations found in the literature. Benefits and costs
were arranged and summed from the perspectives of the user, the
agency, and the community at large, as well as a conbination of
all three of these perspectives. Benefit/cost ratios and net
benefits were then conputed for each perspective and for the
combi nati on of perspectives.

The anal ysis of the data indicated generally positive
results. For the user perspective, the benefit/cost ratio was
reported as “infinite”, since there were no costs to assign to the
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users, and the denoninator of the ratio is zero. For the agency
perspective, due to the inability to estimate sone benefit types,
no benefits were reported, causing a benefit/cost ratio of zero.
For the community perspective, the benefits of energy savings and
envi ronnental inprovements outwei ghed the opportunity cost of

i mpl ementing ITS. Using the combi nati on of perspectives, the
total benefit/cost ratio is alnpst two to one, with net benefits

of nearly $5, 000, 000.

Concl usi ons

Based on the analysis in this report, the author concl udes
that the tenporary |ITS project for construction zone traffic
managenment on |1-496 is justified. GCenerally, the benefits of the
| TS system out wei gh the costs, regardl ess of the perspective of
the anal ysis. The one exception to this is the agency
perspective. In this case, no benefits were allocated to the
agency. This is due to the lack of reliable data upon which to
base estimtes. However, it is expected that, as a result of the
I TS system the agency will accrue benefits, especially in terns
of custoner satisfaction. Despite the |ack of sone benefit data,
the anal ysis of the conbination of perspectives indicates a
benefit/cost ratio of approximately two to one, with net benefits
of nearly $5,000,000. Therefore, investnent in the |ITS project
can be justified.
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The author of this paper agrees with the contention raised
by Turner, Stockton, Janes, Rother, and Walton (1998) that, due to
the difficulty in estimation, many benefits are going to be
overl ooked. The inplications of this becanme apparent in the
conmput ations for the agency perspective, as noted above. [|f MDOT
was strictly limted to this accounting perspective, decision
makers woul d be faced with an econom ¢ anal ysis that appears very
dismal. Presumably, econonmic justifications will continue to be
the normin this era of increased governnmental accountability for
public expenditures. Therefore, abandonnent of benefit/cost
anal yses or other cost based evaluations is not an option.
Researchers in the future nmust sinply address the limtations of
this technique for ITS applications and attenpt to interject
qualitative nmeasures in the discussion of the results of
guantitative anal ysis.

The author also agrees with the ideas presented by Zavergiu
(1996), Tarry & Faber (1996), Brand (1993), and Eisele, Lomax &
Vadal i (2000). Many ot her types of benefits can and shoul d be
consi dered when perform ng benefit/cost analyses for |ITS projects.
However, careful consideration nmust be nmade when eval uating
tenporary installations such as the |1-496 project, as sone |ITS
benefits may only accrue over extended periods of tinme, and
therefore the benefits would not materialize for short term
applications. Perhaps if nore types of benefits were considered
in this study, the zero values for benefits and costs for the
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agency and user accounting perspectives would not have occurred.
In particular, data is |acking regardi ng custoner
sati sfaction and custoner valuation of travel tine and the
informati on received fromITS. The author agrees with Gllen, Li,
Dahl gren, & Chang (1999), Ruthi (1995), Little, Liu, Rosenberg,
Ski nner, & Vance (1993), and Brand (1998) that nore needs to be
done to collect information using reveal ed and stated preference
surveys to deternine the benefits associated with custoner
perceptions. The author further believes that the |-496 project
presents a good opportunity to collect this data, since users wll
have before and after perceptions which can be nmeasured to note
the inmpact I TS has on their valuation of tine and information.
Still, as Ruthi (1995) remarks, the | ack of conprehensive
data and dynani ¢ behavioral nodeling tools to performthe anal yses
will remain as obstacles to thorough benefit/cost analysis. To be
practical, decision makers will need easy-to-use tools to perform
econoni ¢ anal yses that incorporate the many other potenti al
benefit factors. |In the absence of such tools, many potentially
viable I TS projects might be cast aside based on inconplete

econom ¢ eval uation.

Recommendat i ons

Based on the favorable results of the benefit/cost analysis,

the author puts forward the follow ng recomendati ons.
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1)

2)

3)

The author recomends i npl enentation of the tenporary ITS
system for Construction Zone Traffic Managenent for the |-
496 reconstruction in Lansing, Mchigan. The project is
justified based on the benefits expected relative to the
costs of the proposed ITS applications by a factor of two to

one.

The author recomrends further traffic data collection of the
Lansi ng urban area transportati on network before and during
the operation of the tenporary ITS system This will allow
the MDOT to neasure actual benefits and verify the
assunptions of this study. Information nmeasuring traffic

di version, accident rates and user delay should be gathered.
This data collection effort will not only benefit the
analysis of the 1-496 project; it will also aid in the
accurrul ati on of new information regarding ITS, thus
furthering the collective research effort in the field of

I TS technology. As potential |ITS applications surface in
the future, having conplete, reliable data will be critical

to the evaluation of future projects.

The author recommends that MDOT conduct additional public
opi ni on surveys to gather nore specific data on custoner
satisfaction regarding ITS. The survey should include
guestions that all ow researchers to establish what val ue
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people put on the information they receive fromthe ITS
system Such information would significantly add to the

field of ITS research.
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