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In addition, the paper simulates the Chicago Skywsnjch is the first long-term
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The Review of PPP Toll Roads in the US and the &itimn of the
Chicago Skyway

1. Introduction

The role of the private sector in transportatioted@ack to the beginning of road
construction in the United States. The Long IsI¥ator Parkway (LIMP), the first
American toll road designed specifically for movehicles, was privately sponsored
[Vanderbilt, 2004]. This was followed an era of pelly financed road construction.
Due to the continuously-growing traffic demand ti@vel and increasing challenges
in investing highway infrastructure with traditidipaublic capital, the Public-Private
Partnership (PPP) has been playing an increasimgigrtant role in toll road projects
now. The public-private partnership toll road beesman increasingly common
project delivery mechanism which is used to finahiggaways in the U.S. The
mechanism allows more and more private sectorgyaation in transportation
projects. There are often two main reasons: (i)difunand (ii) Innovation and

Efficiency.

Funding Issue

It is usually a big challenge to accumulate theeseary funding for a single project
that solely depends on traditional highway finaa=ording to the Report of
Federal Highway Administration’s (FHWA) in 2002 dferal, state, and local capital
investment in the Nation’s highway system in 208@led $64.6 billion. However,
based on automobile and truck vehicle miles tral/élVT), the annual investment
needed to maintain the asset value and expandiffeeity of this tremendous

resource was $75.9 billion [Poole & Samuel, 2088).even in a transportation



system without any traffic demand growth, theraris11.3 billion annual financial
gap. Actually, with the increase of VMT in the Usit States, there is a need for more
transportation facilities to be built to satisfettraffic demand, not just maintenance
work, which means that there is a much worse firgpecoblem. According to the
FHWA data from 1980 to 2000, the growth of VMT isich higher than the growth of
lane miles of roadway in United Sates since 1985elieve the financial problem of
traditional public highway funding, especially flarge-scale highway projects, the
private investment and PPP model are more likebetanplemented to supplement

public funds.

Innovation and Efficiency

The private sector appears to be more willing tmirate, and more efficient in
construction and operation than public agenciageSihe private firms take risks and
need to make a profit from the project, they prédeapply some innovation services
and equipment to increase the toll revenue. Fdanmeg, the SR91 Express Lanes in
Orange County (CA) relied on an electronic tollleotion system with a variable toll
based on the time of day and the day of the weekltteve a smoother traffic flow
after being taken over by a private company [Pa&0€0]. Another example is the
Chicago Skyway - after being operated by conceagiemn less than four months, an
electronic toll collection system was introducedtlo& Skyway. The city had
considered implementing an electronic toll collentsystem on the Skyway for years
but never did. Additionally, there are still sonrguaments about whether the private
sector has higher private efficiency. Some peogliete that the private sector has a
higher efficiency than public agencies in road targtion, but not in operation. We

will discuss it further in section 2.

Based on these reasons, more and more statesaatengriegislation allowing the

public-private partnership transportation facifiipjects or transportation facilities



privatization. Since 2001, private leasing projéwse been implemented in at least
seven states: Alabama, California, lllinois, IndiaMichigan, Texas, and Virginia.
New privatization initiatives have been officiaflyoposed or were moving forward in
at least sixteen states during 2007: Alaska, Cdtmr&lorida, Georgia, lllinois,
Indiana, Missouri, New Jersey, Nevada, New YorkioQB®regon, Pennsylvania,
Texas, Utah, and Virginia [Baxandall, 2007]. Betwd®94 and early 2006, $21
billion was paid for 43 highway facilities in theniled States using various

“Public-Private Partnership” models [Deloitte Ras&a2007].

Since the PPP is becoming a more and more popatad in the United States
practical road projects, many papers and repoetéoaused on it, especially about the
regulation policies, private profit, and public vegk. People are quite interested to
know who will be losers and who will be winnersatigh those PPP projects. This
paper will review most of the PPP toll roads prtgen the US. Based on these
studies, the policy or decision makers will getettér idea when facing proposals for
a new PPP toll road project. This information w#llp them decide whether they
should get involved in PPP projects. How do theytlsetoll rates to make profit?
How do they allocate the risk of the projects? Htwthey regulate the private sector
to retain the public welfare? Most of those questiare hot spots and focused by the

studies and researches.

There are many papers, reports, and academic stindiereview the some specific
PPP toll road projects situations in the Unitedest@r globally. Unfortunately, few of
them try to connect the academic studies and pedgirojects together. This paper
reviews a large number of the current PPP tollsqadjects in the United States, and
also reviews and summarizes most of the paperstadies related to the those
projects and PPP models, after 1990. By summariniagy current projects and

related research, it will present a general idgh¢aeaders what is the current



situation of the US PPP toll roads and the statessociated academic studies. There
are many previous studies and reports to summirezPPP toll facilities in or

outside the United States. Most of these studibereieview some specific projects,
or just focus on the academic research studiesrmuels in PPP area separately. This
paper tries to find the gap between the theoresitalies and the practical projects in
the real world. By narrowing the gap, we can rasee critical suggestions to
improve the existing PPP toll road projects inltheted States, and give the
decision-makers or policy-makers some estimatiothaus and references tools,
based on the academic theoretical studies, fordyitojects. In addition to a review,

a simulation of the Chicago metro area (12982 ncgt&368 links) is used to test the

future traffic and welfare impacts of a PPP tolidan the real world - the Chicago

Skyway.

One of the hottest topics about the PPP toll restiee “non-compete” clause in the
road concession. The “non-compete” clause wasugst in the SR 91’s concession,
in which the public agencies were not allowed tostnuct any new roads nor
improve any existing roads within a one-and-a-haile-wide corridor on either side
of the toll lanes for the life of the agreementlléwing that, there are several more
PPP toll roads’ concessions including differentferof “non-compete” clauses.
Obviously, the “non-compete” clause can protecipiiieate revenue and mitigate the
risk by limiting the capacity of the parallel pubfreeways and assuring the traffic in
the toll road. It is a good way to increase therest of the private sectors funding the
toll road in order to address the public fundingrsfall issue. However, the

“non-compete” clause also lead to many problems.

First of all, the public freeway system near atofid may suffer from congestion, but
improvement or expansion is not permitted undef'io®-compete” clause and this

attracts many opposition opinions about the claliaking the SR 91 as an example,



California Attorney General Bill Lockyer describdee “non-compete” clause as a
“polite form of highway robbery” [unbossed.com].céad, the “non-compete” clause
may attract more traffic demand on the PPP toltinmhether the toll road can handle
it or not. What will happen if the travel demandrisre than the capacity of the toll
road and the road suffers congestion because 6fhdmecompete” clause? Third,
how to regulate the private toll rates based ohérgraffic demand caused by the
“non-compete” clauses is still a question. Fewhefprevious research studies focus
on the impacts of the “non-compete” clause. Thiggpavill discuss it and build an
experiment to test the impacts of different typEson-compete” clause for future

study.

The plan of the paper is as follows. Section 2awsiboth the existing United States
PPP toll road projects, including discussions abolutates, financial mechanisms,
and regulation methods of these projects, andierétical research and models
about PPP toll road. Based on the review of batessiSection 3 identifies the gap
between the practical needs and the academic cbsalout PPP toll road. Section 4
introduces the methodology of the Chicago Skyweyusation. The quantitative
impacts analysis is given in Section 5. Sectioe$ighs an experiment to test the
impacts of the “non-compete” clauses, followed ligy tonclusions and

recommendations in Section 7.



2. Practice and Research Review of PPP Toll Roads in
the U.S.

2.1.Practical Projects Level Review

In practice, there are several criteria to categathie existing PPP toll roads all over
the world. For instance, according to the FHWA vitehshe existing PPP tolls roads
can be separated into several categories: DesidiB8Bild (DBB), Private Contract
Fee Services, Design-Build (DB), Build-Operate-Hfen
(BOT)/Design-Build-Operate-Maintain (DBOM), Lease\lop-Operate (LDO)/
Lease Agreements, Design-Build-Finance-Operate BBuild-Own-Operate
(BOO), and other Innovative PPPs, which have legdipinvolvement and more
private involvement in this sequence [FHWA websitédwever, the categories of
PPP toll roads by FHWA is a little complex, and sowfi the types are not been used
in the United States at this time. Basically we dasde all the United States current
PPP toll roads into two main categories: privaimabf the existing roads, and

privatization of new roads.

2.1.1 Development of PPP Toll Roads in the United&es

Infrastructure privatization developed much eanietside the United States, for
instance in places like Europe, Latin America, &séh. According to the World
Bank records, in 1997 and 1998, the infrastruguieatization outside of the United
States reached a peak of over $110 billion per j#arld Bank’s Public Private
Infrastructures database]. From the last deca@8tbfcentury, the PPP toll roads
began developing in the United States. Becaudeedinancial problems of public

agencies in transportation facilities, many statescted legislation allowing PPP



highway projects. According to the study of Nossanma2006, there are 18 states
that have the relevant laws to allow solicited andolicited proposals for PPP
projects [Nossaman Guthner Knox Elliott LLP, 200Bpening in 1995, the SR91
Express Lane project was the first privately funtt#idroad built in the United States
since the 1940s. Until now, approximately $21 diillhas been invested in 43 various
PPP highway facilities during the last 12 years.olimthem, nearly half of the total
investments were used on the 18 major highway R&jEqgts in California, Florida,

Texas, and Virginia [Grote, 2006].

In the last two years, there are two multi-billidaHar PPP toll road projects: Chicago
Skyway and Indiana Toll Roads that have becoméoities of the PPP field. In 2005,
the City of Chicago signed a 99-year concessidedse its 7.8-mile Skyway toll road
to the private sector for $1.8 billion. The Chice8joyway is a landmark in the PPP
toll road field, because it is the first long-teleasing toll road in the United States.
Subsequently, Indiana leased it's 157-mile IndidakRoad for 75 years at $3.8
billion. After those two multi-billion-dollar PPl roads, New Jersey and
Pennsylvania thereafter began exploring how tdtgeprivate sectors involved with
their own turnpikes. It is estimated that the pbo&dmleal for those two states’
turnpikes would cost much more than Indiana Tolh&detween $10 billion and $30
billion [Lettiere et al., 2003]. In addition to ti8R91 Express lanes, Chicago Skyway,
Indiana Toll Road, there are still some other qurRPP toll road projects in the
United States, for instance, Virginia Route 895c@mntas Parkway), Dulles
Greenway, South Bay Expressway (SR 125), FoleyB&apress, E-470 Toll way
[FHWA website]. Based on the study of FHWA in 20@€ere are 26 private
involvement toll roads, which is 16.6% of all th& tbll roads [FHWA website]. The

26 PPP toll roads have a total of 2,207.8 lanesmilall [Perez & Lockwood, 2006].



2.1.2 Toll Rates and Regulation Policies

The purpose of private sectors getting involved thie PPP toll road infrastructure is
to make a profit from the toll revenue. Since thiggie sector is taking over the toll
road, they will set the toll rates to charge thadrasers. The regulation of the private
profit and at the protection of public welfare scboming a challenge to

decision-makers.

Currently in the US PPP toll road projects, theeefaur main regulation methods: (1)
concession term duration, (2) private paymentp{@imum toll rates setting, and (4)
maximum toll revenue setting. In practice, it isrooon to combine several methods

together in one specific PPP toll road projectrmtgrt the public welfare.

2.1.2.1Duration of Concession Term

The concession term is the valid lifespan of th® PPjects, and after that duration
period, the toll road will be taken over by publiherefore, the concession term
determines how long the toll road will be operdtgdhe private sector. In other
words, the concession term determines how longtivate sector can get revenue
from this toll road. Here are some current US R#Rdad projects’ durations. Figure
2.1 summarizes PPP road duration as identifiedh@nvebsites of each the PPP toll

roads.

Duration (Years)

SR 125
Dulles Greenway
Pocahontas Parkway

W Duration (Years)

ndizana Toll Road

Chiczgo Skyway

0] 20 40 €0 g0 100 120

Figure 2.1 PPP Toll Road Durations



In addition to the Foley Beach Express that is r@lgiprivate toll road, the longest
duration of the current PPP toll road projectsdg/®ars (Chicago Skyway and
Pocahontas Parkway). Even the shortest duratiorl@5Ris more than 30 years.
There are some debates about the long-term coonegsise Gomez-lbanez et al.
think excessively long contracts may have unceyaand unforeseen risk, which will
lead to the contract unworkable and need renegmif&émez-lbéfiez et al., 2004].
Phineas Baxandall believes that the massive ancedigpable long-time period will
make the government unable to negotiate concestiah%airly allocate risks,

dictates policy, or set a fair price” [Baxanda0Z].

2.1.2.2Private Payment

Private payment is the amount of dollars that tinape sector will pay for the toll
road’s constructions or lease fee to public. Faev nenstruction PPP toll road (like
Build-Operate-Transfer or Build-Own-Operate), thivgte sector will pay for the
construction costs of the new road. Figure 2.Atifled on the websites of each the

PPP toll roads, depicts examples of new constm@®P toll roads’ payments.

Private Construcation Payment

(millions)
15010

M Private Construcation
Payment (millions)

A & A
“l il )
& Y < N i
?.?" ) (<,+ <0 &
& s O s
N & & &
> S
<° <&

Figure 2.2 PPP Toll Road Construction Payments
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The private payment reflects the value of infrastiee in those existing toll roads
leasing projects. The amount of the payment dependie factors of traffic flow
projection, leasing duration, and toll rates. Baly¢ to avoid the underestimate of the
value of the leasing transaction, the governmehthive lawyers and analysts to
conduct asset evaluation and contract enforcerfentinstance, the government paid
$20 million to Goldman Sachs for financial advigelodiana Toll Road. Moreover,
$9 million was paid for the Chicago Skyway’s fina@nalysis [Schulman &
Ridgeway, 2007]. Figure 2.3, identified on the widssof each the PPP toll roads,

depicts examples of leasing PPP toll roads’ payment

Private Payment (millions)
4500 3850
4000
3500
3000
2500 1830
2000
1000 | 55 650
508: - . -: m Private Payment (millions)
& & & &
s NI N &
S S > &
(] A C,Q &
(?% "b‘{\'} {\{b \Q(:"
& e 3
) 0@ Q
Q

Figure 2.3 PPP Toll Road Leasing Payments

In most of the analysis and evaluation, the revegareerated by the road will be
calculated by the formula of road users multipligdoll rates and adjusted by
growth. The state will estimate the traffic flonopection based on the historical
performance and traffic studies. Consultants walhired to calculate the Net Present
Value (NPV), which equals to the sum of preseni@alf the annual cash flows, to

estimate the asset value and evaluate the leaslag b
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For example, the Indiana Department of TransporgiNDOT), hired the Wilbur
Smith Associates to conduct the study of IndiankRoad in 2005, which reviewed
the trends of traffic and toll revenue of Indianall Road from 1995 to 2005 [Wilbur
Smith Associates, 2005 a]. According to that stwds,can find that in the fiscal year
of 2004-2005, the total number of vehicles in Ima&id oll road 54,683,000 consisting
of 44,954,000 passenger cars and 9,728,000 conaheetiicles. From the 1995 to
2005, the average annual percent change of tdtadles is 3.01%. And in the fiscal
year of 2004-2005, the total revenue of Indiand Rolds is $87,724,000 consisting
of $34,443,000 from passenger cars and $53,28T660commercial vehicles.
From the 1995 to 2005, the average annual perbamge of toll revenue is 2.4%.
Then the State of Indiana also hired Crowe Chizek@ompany LLC to complete a
financial analysis of Indiana Toll Road based anWilbur Smith Associates’ traffic
studies. The analysis assumes the operating exgemsth at 5.1%, repairs and
renovations expense growth at 2.5%, and discotmtate6%, and calculate the NPV
of future cash flows at $1.92 billion [Crowe Chizakd Company LLC, 2006]. The
methodology of the toll revenue calculation iséparate the whole 75-year duration
into 3 periods with different traffic flow and tajrowth rates, and calculate the toll

revenue of each period respectively.

Similarly, the Chicago Skyway was also evaluatedheyCity of Chicago. According
to the financial statement for the City of Chicagich was provided by Deloitte &
Touche LLP, the total net deficit of Skyway in 20@de year before the Skyway was
leased out, was $134.5 million, with an increas88%.5 million compared to 2003.
Although the 2004 total vehicles volume was 17.4ioni with an average annual
percent change of 5.5% from 1995 to 2004 and tibd 20l revenue was $41.1
million with an average annual percent change 5¥bfrom 1995 to 2004 [Deloitte

& Touche LLP, 2005]. The financial statement ilhasés the Skyway suffered from a
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deficit when it was operated by a public agencgutih the traffic demand continued

to increase.

2.1.2.3Maximum Toll Rates Setting

The maximum toll rate setting method is a methed tbgulates the private revenue
and retains the public welfare by setting a takraeiling”. According to the
agreement, the private operators can charge tlieusers as much as they wish, so
long as the toll rates are lower than the maximatting). Usually, the concession
term is divided into several periods. The maximoihrates are set differently in each
period because of inflation. In practice, the agreet sets a maximum toll rate in a
base year, and increases to a specific maximumeatillevery year or every other year
in the first 10 years (or maybe a bit longer). Aftee first 10-year period, the
maximum toll rate usually increases annually bygreater of 2% and two different
measures of inflation — CPI (Consumer Price InaexXpDP (Gross Domestic
Product) per person. For instance, the 99-yeara@biSkyway, the toll rates will
increase by $0.5 for 2-axles every 3 years fronb20@®017. After 2017, the toll

rates will increase annually based on the gredtdreoCPIl, GDP/person, or 2%.
Additionally, the maximum toll rates in one specijear are differentiated by the
different vehicle types. In practice, the numbeaxies distinguishes the toll rates of
most of the current PPP toll roads in the Unitestét The more axles the vehicle

has, the more tolls they need to pay.

In the Appendix, there are maximum toll rate sg#ifor some current PPP toll road

projects in the United States.

2.1.2.4Maximum Toll Revenue Setting
In addition to the Maximum toll rates setting, #és another regulation method to

restrict the private revenue directly — maximunh tevenue setting, which is also
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called a revenue sharing approach. This methodtsetasternal Rate of Return (IRR)
as the trigger of revenue sharing. The privateosdw@s to share the toll revenue with
the public during the concession term based oRReof the PPP project. The higher
of the IRR, the more private profit they must shaith the public.

In the United States, the Texas State Highway &ginents 5 & 6 and Virginia Route
895 (Pocahontas Parkway) use this regulation methoekstrict the private profit.

The revenue sharing provision in the agreementeaad State Highway 130 divides
the project equity return into three bands: 0 ~ 11%%6 ~ 15%, above 15%.
According to the agreement, the Texas Transporntaidepartment (TxDOT) shares
different percentages of private revenue basedftareht equity returns, from 4.65%

up to 50% as shown in Table 2.1 [Saenz, 2006].

Table 2.1 Texas SH 130 Revenue Sharing

Internal Rate of Return (IRR) Percentage of revenue sharing with TxDOT
0-11% 4.65%

11% - 15% 9.30%

ABOVE 15% 50%

Virginia Route 895 (Pocahontas Parkway) is anog¢txesting PPP toll road in the
United States which uses the method to regulaterikate profit. Unlike the Texas
State Highway 130, the revenue sharing provisicthén99-year leasing agreement of
Pocahontas Parkway allows the private sector tp kéi¢he revenue if the IRR is
lower than 6.5%. The IRR in this project is basadhe total invested project funds,
which is defined as all amounts paid for the agtjarsand capital construction and
project [Reese, 2006]. Compared to the Texas Sligtavay 130 project, the IRR of
Pocahontas Parkway is calculated on a larger bedead of just investing equity.
This is the reason why the Pocahontas Parkwaygiregts a narrower IRR band and

smaller triggered IRR. Table 2.2 depicts the reeesharing levels for each IRR band
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of Pocahontas Parkway [Virginia Department of Tpamgation & Transurban LLC,

2006].
Table 2.2 Pocahontas Parkway Revenue Sharing
Internal Rate of Return (IRR) Percentage of revenue sharing with VDOT
0-6.5% 0
6.5% - 8% 40%
ABOVE 8% 80%

2.1.3 Financial Approaches

The financial approaches indicate how the conceasies finance PPP toll roads
projects. There is always an argument about theehigost of private investors’
capital, because it is believed that the publimages would get a lower interest loan
or debt when raising capital to finance the ro&snis Enright believes that there is
a full 35% less of the public agencies debts tharprivate sector can get so that the
private sector will pass the additional cost toghelic and road users by a 20% to
30% higher toll than the a public ownership tokddEnright, 2007]. The real-world
condition would be much more complicated. Howeitas, true that public agencies
have some advantages in financing road projectsdoyng some tax-free bonds or
borrowing low interest debts. Some of the existfRP toll road projects are fully
financed by the private assets and loans. Forrinstahe Chicago Skyway’s financial
structure was comprised by $882 million privateiggthat is 48% of the total
payment, and $948 million private loans which i&G2pproximately [FHWA
website]. The Indiana Toll Road deal cost $3.8konil 20% of the total cost was
private equity ($770 million), and the other 80%p@ximately $3.03 billion, was
from private loans [FHWA website]. The Foley Be&otpress concessionaire issued
$36 million in private bonds to finance this tallad [FHWA website]. Additionally,
the Dulles Greenway leasing cost was composedytatgbrivate debt and equity

[www.dullesgreenway.com].
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However, not all of the PPP toll road projectsfaranced solely by private equity

and loans. The Federal Government and the U.S.rDepat of Transportation also

notice this problem and tried to narrow the finahcbst gap between the public and

private funding. There are three main measurenteritaver the private debt cost and

enhance them to get involved in.

First, the purpose of theTransportation InfrastieefFinance and Innovation
Act (TIFIA) enacted in 1998 was to promote the até/sector involvement
in road projects by lowering the private sectodstwf capital. The TIFIA
provides credit assistances in the forms of sec{dieect) loans, loan
guarantees, and standby lines of credit to “leveaederal funds by
attracting substantial private and other non-Fdderénvestment in critical
improvements to the nation's surface transportaystem” [TIFIA
Website]. Until July 2007, there were more tharpidects in the United
States that were financed with assistance of $B8idbTIFIA, which
includes the South Bay Expressway ($140 millionIA)Fand Pocahontas
Parkway ($150 million TIFIA).

Second, the Department of Transportation is algogrto subsidize the
private borrowing cost by offering the private sedax-exempt bonds for
qualifying PPP toll road projects and surface fnetgansfer projects, besides
the TIFIA. Through this private activity bonds, ghevate developers and
operators can receive tax-exempt interest ratesuichn highway projects. In
the United States, there are $15 billion alloc&tgthe Department of
Transportation in such tax-exempt bonds for suolepts to enhance the

private entities’ investment in the transportatioinastructure projects.

Finally, the Department of Transportation is alffering the private entities
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local grants, like right-of-way grants, and compdia with environmental
requirement to encourage their involvement. Famimse, the entire central
Texas Turnpike project receives $511.7 million lagants, of which Texas

State Highway 130 is a component.

Above all, we can find that the PPP toll road fiocamethods are becoming
multi-faceted rather than exclusively dependingtnprivate equity and debts. There
are various options provided by the federal antest lower the cost of private
financing PPP toll roads. Here is an example of @RPoad in the United States

with multiple financial sources. The South Bay Eegsway (SR 125) in California,
which was opened in November 2007, was financegrivate equity, commercial

debts, TIFIA loan, and right-of-way grants as shawkigure 2.4 [Rawlin, 2005].

W Private Equity (Million)

ETIFIA Loan (Million)

Right-of-Way Grants
(Million)

B Commerical Debts
(Million)

Figure 2.4 South Bay Expressway (SR 125) Financetsire

Another example is the Central Texas Turnpike Systehich included SH130,
SH45 North, and Loopl. The source of financestiar large Texas highway project

was from a variety of sources as shown in Figusg BxDOT, 2006).



17

B Proceeds from 2002
Bonds (million)

6512 5163

B TIFIA Lozn (Million)

B TxDOT Furding Obligation
{million)

M Estimated Local
Contribution for ROW
{million)

B Interest (million)

Figure 2.5 Central Texas Turnpike System Finaneetsire

2.1.4 “Non-compete” clauses and termination provisin

Fearing the risk of low traffic demand in toll rgabme private sectors try to prohibit
the improvement and expansion of the roadwayseratka through PPP
“non-compete” clause in contract or agreementsrdtsealways a hot debate about

the non-complete clause.

The SR91 Express Lanes project, the first PPRdall in the United States, was
bought back by Orange County Transportation Autild@®CTA) from the California
Private Transportation Company (CPTC), the formesape operator of SR91
Express Lanes, with $207.5 million in early 2008¢R, 1999]. One of the reasons
that the public suspended the 35-year leasing agmeeand bought it back from the
private operator was because of the “non-compééeise in the leasing agreement
signed in 1995, which prevented public transpartatigencies from increasing
highway capacity on other roads within one and lalé-miles of SR91. The increase
in traffic demand in this area resulted in traffangestion since the roadway capacity

could not be expanded.
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In addition to the SR91 Express Lanes, the E-47vagy, Virginia Route 895
(Pocahontas Parkway), and Indiana Toll Road prejet also facing such a
non-compete clause in their concession. Accordirtpe agreement of E-470, the
public would lower the speed limit from 55 mph ®#ph and install traffic signals
on the road nearby to discourage the potential Erd@d users from choosing
alternative routes [Rocky Mountain News, 2005]. Tiniana Toll Road project has a
similar though less extensive “non-compete” clad$® concession requires that the
state compensate the private sector if the publisttuction reduces the toll revenue
of Indiana Toll Road. In that case, the public $asie additional costs if they decide
to construct a transportation facility [Tollroadsrsg 2006 a]. The Virginia
Department of Transportation (VDOT) has to compentze transurban company,
the private operator of Pocahontas Parkway, fotab® of revenue if there is any new
highway crossing over the James River within 3 sndéthe centerline of the
Parkway Bridge. But in the leasing agreement odRontas Parkway, there is also a
related provision to assure the level of servitthd private operator cannot enhance
capacity to address the congestion problem witlspeific time period, if any, then
the “non-compete” clause in the leasing agreemesateme invalid [Tollroadsnews,

2006 b].

The “non-compete” clauses that are used in thewedd PPP toll road projects can
be divided into three categories. The first typa r® new constructions clause.
According to this clause, within a certain area, plublic sector cannot build any new
highway project or any upgrade of existing pubtiad capacity. SR91 is in this
category. The second type is a compensation costtfiew project. This clause
allows new highway construction projects or exigtinghway capacity expansion
project. However, the public will suffer additior@sts by paying the compensation
of the loss to the private sector if they have aeny project. The examples are

Indiana Toll Road and Pocahontas Parkway. Other ttese two, the VDOT are



19

considering the non-compete clause in some newtélP®ad. The Route 460 may
have this type of non-compete clause, which require VDOT to pay the
compensation to the private agency if there arengmylanes added to the Route 460.
The last type of non-compete clause is to lowepthgting speed of the public roads
parallel to the PPP toll road or within certainaar€he E-470 Tollway agreement has

such a “non-compete” clause.

Some PPP toll road agreements also have the taromn@ovision in case there is

any unforeseen unworkable condition in the uncetyasf long-term concession
duration. The termination provision gives the mrtof PPP toll road projects to
terminate the contract with a cost after negotmatior example, according to the
leasing agreement of Pocahontas Parkway, the VDa3TiHe right to terminate the
leasing agreement at any time for convenience d@igrears, at a cost [Saenz, 2006].
The 40-year time limit was set because it is esch#hat the private operator can pay
off all liabilities in that time. The cost of ternation should be an amount that at least
is sufficient to pay the outstanding debt on thejéut plus an agreed minimum equity
return to the private operator [Kulper, 2006]. Wtitliis provision, the public have the
choice to terminate the 99-year lease earlierferGommonwealth's best interests, if
necessary. Actually, it is a provision that woutdtgct the public welfare in the

project.

2.1.5 Current Toll Rates of Some Toll Roads in th&lS

In this section, we will get a general idea of therent toll rates of some existing toll
roads in the United States by reviewing them retsgedy. Appendix B shows the toll

rates of most of the current PPP toll roads indBe
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2.2.Practical Level Discussion

For a long time, the core debate about the PPPoiadl projects is whether the public
receives the full value of the assets in road #eiens, and how much profit the
private sector gains in the projects. The purpdsbeoprivate companies getting
involved in the transportation investment is to makme profit. Nevertheless how is
the public sector going to get a fair price forRPRoll road? In addition, how does
the public sector regulate the private revenue fiitenPPP toll road project to retain
the public welfare are always concerned? In pragctlee government will hire a
transportation consulting company to do the tradticvey and projection study, and
also hire a third-party financial agency to evaduttie private biddings after issuing

the request for proposals.

Consider the Indiana Toll Road as an example. ThelwVSmith Associates prepared
a rate review and revenue study for Indiana TolkdRm August 2005, and a fiscal
report for Indiana Toll Road in December 2005 hie $tate of Indiana and Indiana
Department of Transportation. The trend of hisadrioll rates is reviewed, and the
future toll schedule was proposed in that studypi Smith Associates, 2005 b].
They also reviewed the historical revenue of Indi@oll Road, and estimated the
future revenue based on the traffic survey andgseg toll rates. The Crowe Chizek
and Company LLC was hired by the State of Indi@anda the financial evaluation to
estimate the total value of the assets of IndiawlhRoad based on the results of
review and traffic projection from Wilbur Smith Assates. The government
negotiates the private payment according to trenfiral evaluation and sets the
maximum toll rates to regulate the private reveiyever, we noticed that even in
the base year, the maximum toll rates set in theilg agreement of Indiana Toll
Road was a bit higher than the scheduled toll ©ategosed by the Wilbur Smith

Associates’ study. The increase of the maximunr&é is higher than the proposed.
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As mentioned in last section, the financial evatrator Indiana Toll Road resulted in
the total NPV for Indiana Toll Road in 75-year dioga as $1.92 billion. Compared to
the private payment $3.85 billion, the Indiana TRtlad seems to be a pretty good
investment for the public. In fact, some peopleehather opinions. Dennis J. Enright
evaluated the Indiana Toll Roads revenue conditiotss research report. Based on
the historical trend of traffic growth, he dividdte annual traffic growth into four
categories: no growth, historical growth (1.5%) de@te growth (1%), aggressive
growth (3%), and estimated the total toll revenasedl on the five annual toll rates
increase (2%, 3% CPI, 4% GDP, 5.5% GDP, and 7% GDi#® result shows that the
minimum toll revenue in the 75-year period is $2illion, and maximum revenue is
$60.5 billion. The private sector can roughly det $3.85 billion back even in the
condition of 1.5% annual traffic growth and 2% aainoll rates increase, which
means the private sector can make additional praditiong as either traffic growth or
toll rate increase exceeds this level [Enright,&0@rofessor Roger Skurski at the
University of Notre Dame also believes that thérwhd values should be increased
to $11.38 billion based on reasonable and econdijnessumptions on tolls, traffic

and discounting [Skurski, 2006].

In fact, the Macquarie company, the private operatdndiana Toll Road, presented
to those investors “anticipated 15 year paybaclogdo equity”, and estimated the
investment IRR between 12.5% and 13.5% [Macquaxedtment Group, 2006].
There is a similar situation for the Chicago Skywagject. One of the private
investors for the Skyway project, Cintra, also eded that the expected investment
return on the equity was 12.5% [Enright, 2007].r€lfiere, here we suggest that the
Indiana Toll Road and the Skyway should have ameeesharing provision in the
agreement, along with the maximum toll rate settegulation policy. In that case,
the public will receive some additional paymerth# private sectors make much

more profit by charging the road users.
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Another argument is about the efficiency gain i@ BPP toll roads. At first, people
think the private sector efficiency advantagesniy, will be offset by the higher debt
costs of the private sector. But as the introduotibTIFIA and other measures to
lower the borrowing cost of PPP projects, it iSdadd that the private sector can get
a higher efficiency gain in the road projects tpablic agencies. However, some

researchers do not agree to that point. We widudis this problem in next section.
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2.3.Theoretical Research Level Review

After reviewing the current PPP toll road projdatshe United States, we know the
situation and development of PPP toll road projectzactice. Now we turn to the

theoretical research part and see the PPP tolsrvach the view of academics.

The academic studies and research about PPPadb iman be separated into three

topics: private revenue and public welfare, ridk@dtion study, and innovative PPP

types.

2.3.1 Private Revenue and Public Welfare

The argument about the private revenue and pulditave is always a focus of
discussion in the theoretical research about PPR#uls. Will the privatization

really increase the efficiencies of the toll roa#is®v to identify the winners and
losers of those PPP toll roads projects? How talatg the private sector to retain
more welfare? How to estimate the toll revenue ttaively? The questions have
been studied with attempts to solve them. Somerekers think about the efficiency
argument and try to identify the winners and losdrhose PPP toll road projects
qualitatively. Other studies try to make some agstions and build mathematical
models to identify winners and losers, or testedéht regulation policies by

estimating the toll revenue and social welfare gtegtively.

2.3.2 Qualitative Study

One of the main reasons for the introduction ofRF model is that there is a
general idea that the private sector can get ahigfficiency in projects than public
agencies. But Gomez-Ibanez et al. raise an arguabenit this in their study about

the feasibility of road and solid waste privatigatin the United States, from the view



24

of the public [Gomez-Ibanez et al., 1991]. The gtpdints out that the private
operators can only achieve low cost and high-efficy in labor-intensive services,
but not in capital-intensive services. It is eafeprivate agencies to get high
productivity, lower wage rates, and more donatioinsght-of-way than public
agencies. They think the largest efficiency gamthe PPP toll road projects are in
the construction process, not in facility operatiGarrently in the United States, most

road construction projects are contracted to peiviamns.

Gomez-lbanez et al. analyzed the relationship bfipand private in PPP toll
projects [Gomez-lbanez et al., 1991]. The privagerators may suffer higher interest
debt than public projects, and are more likelydbtke toll rates higher than marginal
costs and pursue a monopoly state. So the puldicces have to regulate the toll
rates of the private sector to protect the roadsyséhile the regulation may cause the
inefficiency of the facility. Klen and fielding sggsted that state governments do not
place unreasonable provisions in the agreemeniaid acaring the private sector
away from the projects. They also indicated thatrttodern private toll road projects
should all get the local and environmental cleagavefore getting the project under
way. These were discussed in their study that coedpthe five modern private toll
road projects (The Dulles extension project in Vi@ SR91, Rt. 57 extension, SR
125, AND Mid-state road project in California) ating private toll road projects of
the 19th Century, particularly those private tukeptompanies of the northeastern

states prior to 1845 [Klen & Fielding, 1992].

As mentioned before, the identification of the warmand losers of PPP toll road
projects is always contestable. Gomez-lbanez eisd. discussed the winners and
losers of PPP projects in general. They concludatthe most likely losers in the
privatization of toll road are labor and landowndrscause of the lower labor wage

and greater success of private sectors in persyifitendonation of lands than public
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agencies. The most likely winners are public gorernts and local taxpayers
because they can gain part of the efficiency amddost of private construction. The
private sectors may become winners if they canrretame gains from the efficiency
and low cost of private construction, rather thasging them to the road users in the
form of low toll rates and better services under¢bmpetition or regulation. The

road users are in a similar situation with privegetors. About this winners and losers
discussion, John H. Foote raised his opinion atiasiproblem based on a specify
project — Chicago Skyway [Foote, 2006]. He agréwd the taxpayers, city council,
and the private sector are winners, while addiad the region be one loser in the
Chicago Skyway project. The road users are hadefioe, because they will benefit

from the better service but suffer higher toll sate

2.3.3 Mathematical Models

Following some general qualitative winners and fig'sgiscussion, it is common to
see quantitative analysis. Many researchers utselt mathematical models and
simulations to estimate the private profit and puiMelfare. In that case, they can
identify the winners and losers of the PPP tolbrpeojects quantitatively, and test
different regulation policies’ effect numericalased on the complexity of those

models, we divide them into four categories hend, r@view them respectively.

2.3.3.1 One Single Toll Road Models

Wright and Coloma as well as De Rus and Romerdesiutie PPP toll road based on
a theoretical environment of just one toll roadttBof these studies built a single toll
road model to discuss quantitatively in what situathe private sector can make
profit from a PPP toll road project [Wright & Col@n1997; De Rus & Romero,
2004].
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Wright and Coloma conducted their study based andwwple options: building a
new highway or upgrading an existing one, and assuiime private get the breakeven
toll rates under different real interest rates,rapen years, and traffic demand levels
for both of the two projects through simulationeTaper showed simulation results
in the case of no long-term loans, the privatecsezn neither finance the
construction of the new highway nor upgrade theactyp of the existing highway
when the real interest rate is between 12% to 18ftove. Based on their model and
simulation, they concluded that the private sectald only get profit in two
situations: First, congestion reliever in metrogaoliroads, where users will accept
high toll rates. Second, upgrades of interurbahways with high traffic potential,

low construction costs, or both.

De Rus and Romero discussed the possibility ofrgelioth the involvement of the
private sector and the optimal pricing of the tolkd, simultaneously. In this model,
they define the total social cost consisting ofdueer costs (which have components
of constructing, maintaining and operating costs) aser costs (which have
components of vehicle expense and time). Basetiswmléfinition, the authors
introduced the function of the total social cossreover, the authors used the
inverse demand function to present the users’ngifiess to choose the toll road,
which is related to the travel cost and toll, ardde to calculate the toll revenue of
the road. With revenue and cost function, it carimae the social surplus, and get
the optimal pricing function, consisting of mairéece and operation cost caused by
vehicle damages and delay cost imposed by othdrusers. From the model, they
determined that the revenue is able to cover thaterance and operation cost, but
may not cover the investment cost. Furthermoreathibors also studied the issue of
concession term period. By forming a bidding tahdtion with concession period
expected demand, and cost, the authors discusseoicession period under

constant demand and variable demand situationdeAénd of the paper, they
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concluded that the variable term concessions duelldl in the introduction of optimal
road pricing in practice, since it is very diffictd apply optimal pricing in the

real-world. The road users are assumed to be hareoge road users in this model.

Wang and Verhoef built a little more complex singl# road model, in which the
private highway operator will compete with the i transit operator [Wang &
Verhoef, 2004]. They assumed a condition that thefe highway operator, private
transit operator, who use the same highway for gesvice, and a railway line which
is parallel to the highway. For demand equilibriuhe authors used the density
function of the distribution of value of times assahe user population to get the
market shares of each of the three modes. As tm#nket equilibrium, the authors
used game theory and analyzed the result undeersos: without transit service,
Game A-highway operator as the leader and dec&l®othfirst, Game B-transit
operator as the leader and decide the fare anddnetgs first, Game C-Nash game
which means both of the operators make their detsimultaneously, Game
D-service frequency is fixed while fare and tolle #exible, and monopoly case
which means only one service provider the highway @ansit. The result showed
that in the scenario of transit operator as thddeahe quality of transit service will
be best in contrast to the Nash game scenarioidethe worst, although the transit
operator can only get a breakeven profit in the &&nscenario. The total profit will
be the highest in the monopoly scenario. They emted that the transit operator
prefers to follow the highway operator to decideirtifare and service frequency,

while the highway operator is in the reverse positi

The model developed in the study above considersdmpetition of private operator
with the transit mode and parallel railway line,igthhas not been mentioned in other
journal papers (Innovation). Moreover the studysidered the heterogeneity of

different travelers. The study used game theodete®lop several scenarios,
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including Nash and Stackelberg (leader-followerjga, which are also been used in
the study by De Palma and Lindsey to represergréifit scenarios of mix ownership
situations of two parallel routes [De Palma & Liagis1998]. Nevertheless, Wang's
model was built on a simple road environment, witheven one parallel competing
road. In addition, we have to point out that thedelaised in the paper assumes the
travel time is constant without considering theseffof congestion, and uses a simple
linear access-pricing scheme and fix fee for eaphwhich are not practical in the

real world.

2.3.3.2 Two Parallel Routes in One OD Pair

The mathematical models built based on two paradiedes in one origin-destination
(OD) pair are very common. In a two parallel romedel, the researchers can test

and simulate different scenarios of ownership, astitipn, and regulation methods.

Many studies and researchers build this type ofehadth different assumptions, to

investigate the private profit and social welfatenqtitatively.

De Palma and Lindsey built a model based on twallearoutes with different
capacity and free-flow travel time in one OD pdine study contained seven
scenarios for the parallel routes: two benchmatke {ree access routes, two public
roads with queue-eliminating pricing), tolling afe@route (private route parallel to
free access route, public route parallel to fremess route), tolling of both routes
(private duopoly, Nash equilibrium — public routragllel to private route,
Stackelberg — mixed duopoly with leadership ongielic route) [De Palma &
Lindsey, 1998]. Comparing this to the previous Esgdthe innovation of this paper is
that the model integrates the queue-eliminatinig &id initial tolls system instead of
flat tolls. Additionally, it demonstrated that batie private and public toll roads have
higher efficiency gains when the flat tolling methis replaced. The numerical

comparison of the model showed that the Nash dugjuith scenario and Stackelberg
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would get the most social surplus, comparing teiofitcenarios. Based on this model
result, the private duopoly ownership regime vahd to the highest efficiency gains
if neither route has a dominant fraction of toi#bacity, while the mixed duopoly
ownership regime (public-private) has a lower &ficy gain than the private
competition scenario. If the two routes have alnengtal capacities, a private route
parallel to a free access route will yield the nefitiency. As before, this study does

not consider the heterogeneity of different roaersis

Tsai and Chu developed a model for Build-Operatmsier (BOT) toll road of five
different cases representing five different comstsaor regulation policies,
respectively [Tsai & Chu, 2003]. The five scena@ns no BOT with maximum

social welfare scenario; no BOT with maximum sowialfare scenario while the
finance breakeven of second road, BOT scenaricowitregulation, BOT scenario
with a minimum flow constraint, and BOT scenarighna maximum travel time.
They compared the results of different cases witila parameters values to get the
influence of different regulation methods or coastts. Additionally, they changed
the values of parameters, compared the resultsferiiner one’s calculated from
unchanged parameters, and found out the influehtteedechnology of the building
procedure and the influence of stricter regulapioficy of the same regulation
method. The authors concluded that the regulatisnléss power under the condition
of low elastic demand, and the high private efficigwill lead to more welfare gain
even with regulation, than the scenario without B@dject. They discussed the
problem of identifying efficiency gain quantitatiyen the BOT toll road projects.

Similarly, this model does not integrate road udaegerogeneity.

Gronau built a model based on the assumption lieatnto perfectly substitutable
roads scenario-one toll road and one free roadshndan be counted as one scenario

of the study of De Palma and Lindsey [Gronau, 19Biihis model, the cost of
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travel, including the vehicle operating cost antligaof travel time, is the criterion of
the road users’ route choices. The study assuna¢dhi road users are homogeneous
to ignore their demographical differences. The ltesuicomparison of the
welfare-maximizing toll and profit-maximizing tadhowed that the

profit-maximizing toll is higher than the optimalit In addition, they found the
smaller the elasticity of travel demand, the manegested the free alternative road.
This study is more like the “private route paraftefree access route” scenario
discussion of the De Palma and Lindsey study,tiednsidered this situation under

the varied road capacity.

Viton discussed the feasibility of making a praf#ing the private toll road [Viton,
1995]. He made a base assumption that buildingvatprtoll road competes with an
existing public free road alongside, and used erélis choice model to simulate the
road users’ route choice to get the function caltnd) the number of road users using
this toll road. He then converted the differentaypf vehicles into an equivalent
number of passenger cars to describe the congestgacts, and calculated travel
time and toll revenue. After building the model,used some common empirical
numerical input to implement the model and caleutae profit of the road. By
different input data sources to the model thafftran@ the United States experience in
the early 1990s, the simulation results are usedmapare two different conditions:
intercity road scenario and urban highway scendie. simulation result indicates
that the private sector can guarantee profit egfigan the urban scenario, and the
profit remains possible even under some reasomagldation in this scenario. While,

the profitability are more likely to fail when tliéstance is long and traffic is light.

However the paper does not consider the welfaraatspafter the private toll road
participation. Viton also raised a question abbetgublic road finance system: the

tax-payer would not be willing to pay for the taxelsich are used for public highway
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facilities finance since the public road are jugigemental to the private one, and
they think they will not use the public highway#ig study researched the influence
of different road types for private toll road prctjewhich is unique comparing with
other journal papers. This model also consideredrthintenance cost of the private

road and varied road capacity condition, but igddhe road users’ heterogeneity.

2.3.3.3 Two-dimension Models in General Road Network

Apparently, two parallel routes in one OD pair simple basic assumption for the
models we discussed above. However, in practi¢e difficult to analyze a specific
road without the influence of other highways neailye need to analyze the
condition of a specific toll road based on a gelnerad network in the real world. So,
some researchers try to build two-dimension (tafjacity) models in general road
networks.

Yang and Meng built a basic bi-level framework wiltle upper-level program to
maximize the private profit and the lower-level gnam to determine the network
(BOT links and free links) flow equilibrium, undarBOT toll road project in a
general equilibrium networks with numerous of noded links, rather than one
single OD pair [Yang & Meng, 2000]. Furthermoreg study developed different
objective functions of the models under four diietr constraints or regulation
policies: monopoly scenario, competition scendtie,first-best social optimum, and
the second-best social optimum. They then usedrenoal example (a case study of
an inter-city expressway in the Pearl River Delegign of South China) to estimate
the parameters and get the numerical results &siigate the project profitability and
social welfare gain of a new toll road in a tolpeaity dimensional space, under
different regulation policies described before. Tinedel was developed to help the
private sector to identify their profit in a BOTagpect, and assist the public sector to

know the welfare gain from the project.
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The advantage of this model is a two-dimensionpaciy-toll space to consider
private profit feasibility and welfare in a generahd network, instead of simple
parallel routes in one OD pair, although, they gitore the effect of different Value

of Time (VOT) to the simulation results.

Based on the work by Yang and Meng, Chen et akldped a
simulation-optimization framework to evaluate teadibility of the private sector
achieving the desire profit in a BOT Project [Clerl., 2001]. They first used a
bi-level formulation with the upper-level programraximize the private profit and
the lower-level program to determine the networ®{Blinks and free links) flow
equilibrium, which was built by Yang and Meng (2000hey then introduced a
probability density function of the private finaatprofit to assess the risk of the
project by calculating the probability of achievitig desired profit. Implementing
this method into a case study of an inter-city espway in the Pearl River Delta
Region of South China, they calculated the optimiheind optimal capacity for this
project and concluded that the capacity has agr@apact than toll to the financial
feasibility. They also pointed out that the simpdestruction and operation cost
function they used in this study needs to be im@dow the future. Moreover, the
study just focused on the private financial fedisyhirather than considering the gain

or loss of the public welfare and those road users.

Since the two-dimensional capacity-toll framewoeveloped by Yang and Meng
assumes the homogeneity of road users, Yang andg-iomsidered heterogeneous
users factors based on this two-dimensional capaalitmodel. In this study, they
categorized the road users into different groupthbyy different Value of Time
(VOT), and used the two-dimensional capacity-tadidel to estimate the private
profit and social welfare of a specific BOT tolla@project in the general road

network. They used a discrete multi-class appréoachivide the whole population of
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potential road users into several groups and eaeltan be assumed to have an
average VOT belonging to some interval, and caohiaeacterized by class-specify
demand function. The road users make the routeeltscision based on the
minimum travel time and cost when facing the gelnegawork. Since the flow on the
link will affect the travel time of the route, thevel time will affect the road users’
route choice, inversely. Therefore, the iterativasild end until the multi-class
network equilibrium is achieved. The study usescde of an inter-city expressway
in the Pearl River Delta Region of South China asmerical simulation, and
compares the numerical results of the model witerbgeneous users with different
VOT categories and homogeneous users with oneesif@Il. The comparison shows
that the homogeneous users model may result ivarestimation at a lower toll) of
the traffic flow and private profit, or underestired at a higher toll, and may also
lead to an over-investment on a BOT toll road. Bhigly just considered the situation

of a single private operator without competitivézate sectors.

Based on the assumptions of homogeneous of degredirzk travel time function
and constant return to scale in road construcag et al. (2006) studied the toll
and capacity competition among private roads wattajtel roads in a general
network, under Nash equilibrium and social optimsgenario respectively. Through
comparison of the efficiency of the above two scienghe authors established the
upper bound on the inefficiency of a toll road ofygly, and found that the
inefficiency bound declines with an increase innbenber of roads. When the market
becomes duopoly status, the inefficiency bound haile a sharp decrease. The
authors concluded that the private firms wouldidrikeep their road in a level of
volume- capacity ratio to make more profit in tllempetition condition, which means
the competition does not necessarily reduce the coagestion. Also, they found if
the market changes from oligopoly to perfect cortipet the tolls and capacities of

roads will change from the ones under Nash equilibtto under social optimal
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scenario. This study's conclusions are obtaineédas the assumption that the
profit is determined by the capacity and toll sitankeously. In other words, neither of

the two factors can affect the profit solely, whishunrealistic in the real world.

2.3.3.4 Three-dimensional Model in General Road Network

Lei Zhang added the time dimension based on theque two-dimension
mathematical models in general road network. Is tieiw model, the private sector
can invest in the new freeway during the life spathe project [Zhang, 2008]. He
assumed that the revenue would be used to exparwhfacity of links with highest
benefit cost ratios unless all remaining links haveenefit cost ratio less than 1 or the
revenues are used up. He validated the model watiMinnesota Twin Cities’ data.
From the simulation results in Twin Cities of thi@del, based on the competition of
the public routes in the road network, the privataild get 18.2% annual investment
return even without any regulation policies, antyd.4% welfare gain will be

distributed to the road users.

There are two limitations for this three-dimensiomadel in a general road network.
First, it assumes a uniform annual traffic grovBbcond, it assumes the
homogeneous travelers’ VOT, which may result iffitdlow and private profit
overestimation at lower toll, or underestimatiorigther toll, and may lead to
over-investment on a BOT toll road, according ® phevious study of Yang and

Huang.

2.3.4 Study about Risk Allocation
Risk allocation of PPP toll road projects is anottentestable topic of academic
study focused. Study for Risk allocation in PPIPrimdd is to identify the potential

risk in the different phases of the projects agddrmitigate the risks. On the FHWA



35

website, a table presented most of the risks PP toll road projects [FHWA

website].

Pointing out that the different objectives of bptrties of the Public-Private
Partnership toll road projects concession, Lockwebal. concluded that whether a
PPP toll road project is successful depends onhehdioth of the two sectors can
achieve their objectives [Lockwood et al., 2000jisTpaper identified the four main
risks of PPP toll road projects: Development riS&nstruction (completion) risk,
Operating risk, Economic and political risks. Revilgg some current global practices
of PPP toll road projects, the study suggested sppeoaches to reduce the project
risk, like cost-sharing, careful risk mitigatiorifieient risk allocation, and

commercialization.

Abdul-Malak et al. categorized the possible riskoamparticipants based on the
different phases of a BOT transportation projeatsdul-Malak et al., 2001].
According to their study, there are five categaree-contractual risk, political risk,
construction and completion risk, operating and meamcial risk, payment and
financial risk. They analyzed them respectively saded the alleviation methods for
each risk in different phases to mitigate and redhem. However, this study is more
concerned about the risk of the private profit ileiti/, rather than the public

welfare.

Cesar Queiroz first reviewed the reasons that disge the private agencies from
getting involved in the road financing, which ind&ilow traffic volumes, lack of
appropriate legal framework, uncertainty of ecoroamd political, and consequent
high perception of risks [Queiroz, 2007], therefahe purpose is to discuss the
partial risk guarantee to encourage the privat®séa get involved in the road

finance. In his study, he suggests a standard gsdeel0-step process) to choose and
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launch appropriate PPP projects, and mentionsgpkcation of the World Bank
Toolkit. Additionally, he also suggested that theineuld be some government
finance support for the private sector to ensune thobilization of large amounts of
private capital.” In other word, encourage the @tévfirms to get involved in the toll
road projects by sharing the risk. There are fiygp®rt mechanisms mentioned in his
study: equity guarantees, debt guarantees, shadlpwavailability fee, minimum

traffic or revenue guarantees.

Ahemd M. Abdel Aziz reviewed the usage-based payrmsieacture, mechanism,
objectives, and risk allocation in his paper [Abdeiz, 2007]. Then he compared
different payment mechanism structures based arakesurrent Public-Private
Partnership (PPP) projects in British Columbia an@da. Through the comparison
and analysis, he recommended the service availapdyments and
management-related payments as the payment meghaard the usage payment as
a “bonus” incentive payment to the private sed#mwever, the aim of his study was
to reduce the risk of the private constructor,tstbes not mention the risk allocation

from the perspective of public sector.

2.3.5 Innovative PPP System

Robuste et al. introduced a new approach to seblhetes. Instead of a strictly
financial mechanism, the toll rate is a variable fdetermined by different
performances, such as timesavings, increment efysahcrement of regularity of
travel time, usage, V/C ratio, of the toll road atigrnative roads [Robuste et al.,
2003]. In that case the operators can be motivategerate the road efficiently. This
study is an innovative type of shadow toll roadodtks like the rudiment of the

Concurrent Real and Shadow Tolling (CRAST) model.
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Patrick DeCorla-Souza introduced a new PPP Modéhe- Concurrent Real and
Shadow Tolling (CRAST) model to finance and opesateansportation system of toll
road and Bus Rapid Transit (BRT) in major metrdjpaoliareas [DeCorla-Souza,
2005]. Under the new PPP system, the private seatoset the real toll rates to
manage the traffic demand, while they cannot ggtodithe toll revenue. The
government will get the revenue and compensatpriliate sector by a flat shadow
toll paid by for each vehicle served at free-flqreeds during rush hours when tolling
is in effect. In that case, the new BRT service faatlity can be self-financed by the

toll revenue.

Based on the CRAST model Patrick DeCorla-Souzadnired in 2005, he also
introduced a new financing model in order to maideedxisting highway system more
efficiently and maximize the social benefit [De@GeBouza, 2006]. The new
Operate-Design-Build-Operate (ODBO) model has tiasgs in general. In the first
phase, the government will introduce the toll itite existing congestion facilities
during rush hour to improve the congestion conditibhe private sector will be
encouraged to get involved in roadway operatiomagament, maintenance and
tolling under a short-term contract. The CRAST niad# be used here. In the Phase
2, based on toll and traffic condition in phaséhg, public can prioritize the
roadways’ capacity expansion. The private agenemsdd be encouraged to finance,
design, build, operate and collect the tolls ofribe facility. The model can reduce
the risk about the uncertainty of the toll trafficd revenue forecast since the contract
of Phase 2 is based on the condition of phased p&per also summarizes a 6-step
process for how to integrate the PPP into the nedeh It simulates the model
applied in the Washington DC metropolitan area levtiie analysis result shows that

the toll revenue can guarantee the self-finandeehighway project.
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Mayer discussed and reviewed several regulatioro@gpes, which are used to retain
the revenues for the public sector, of the PPRdalil projects [Mayer, 2007]. These
approaches included refinancing provisions, ta# fenits, rebalancing provisions,
dynamic concession terms, IRR-based or gross revbased revenue sharing. She
recommends the revenue sharing approach becaasrate flexible in the process

of regulation, makes the public more of a partintga the project and shares upside
gains. At the end of the paper, she further revisorse existing PPP projects using
the revenue sharing approaches, such as the Teatas-ghway 130 Segments 5&6,
Pocahontas Parkway (VA, US), West-Link Toll Brid@blin Area, Republic of

Ireland).
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2.4 Theoretical Level Discussions

Mathematical models are used to identify the pulvktfare and private profit
numerically by calculating the social surplus anofipfeasibility. The models are
different from each other in many aspects, such@sravelers’ homogeneity or
heterogeneity of demographical features, regulaeamarios, and so on, but the route
choice function of all models pretty much dependtenfactors of travel cost, and
travel time which can also be valued by the cole ffavel time and the traffic flow

on a specific route interlock and have influenceeaoh other. The traffic flow on the
link will affect the travel time of the route, attie travel time will change the road

users’ route choice, inversely.

The main differences of those models are mainthénfollowing aspects:

The difference in the numbers of the roads in model

In some studies, the researchers build their mgdstsncluding one toll road. They
focus on one single toll road, and study its cagagigrade, profit feasibility, and
optimal pricing without considering the influencktloe alternative routes nearby.
Apparently, it is a very simple assumption for $iteiation in the real world. To
consider the competition of the alternative routearby the PPP toll road, some
people try to develop their model with two parafl@lites in one OD pair. With
different competition situations, ownership scemsrand regulation policies, they
can get the different simulation results in differecenarios and compare them. To
make the model more realistic, some people deuwblwip models in a road network
background, which is more complex than the one @D gxenario. Furthermore, to
predict and estimate the PPP toll road performancerevenue in a specific time,

some researchers add the time-dimension into tmk metwork models.
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The road users’ homogeneity or heterogeneity of demographical features

To simplify the model, some studies assume thatdhd users are homogeneous.
Nevertheless, obviously, in the real world, thedraaers have different
demographical features, which lead to their diiféréalue of Time (VOT).
Apparently, some researchers have also noticedstug, so they have attempted to
integrate the heterogeneous traveler's VOT int@ thedels. Based on the study of
Yang and Huang, the homogeneous users’ assump#égread to the overestimation
of the traffic flow and private profit at lower tpbr underestimation of them at higher

toll.

Intercity highway Vs. Urban highway

There are some models that take into account theeirce of different facility types
of the toll roads. Generally, the urban highwagd aisers are more acceptable to
high tolls, the private operators are more likelyrtake a profit for urban highway
projects, even under some reasonable regulationeider, profit from an intercity
highway is less feasible, especially during lorgfahce, light traffic, or high

construction cost.

Different competition situations

In different models, the researchers developee@rmifft competition and ownership
situations: one road tolling with free access, mmaership, private monopoly,

private oligopoly, or the competition of privateatboperator with other transportation

modes.

Maintenance and operation cost function
In the models, not all of them consider the expemdiof road maintenance and
operation cost when calculating the private profithe formula of maintenance and

operation cost developed by Viton (1995) is wideded in the research.



41

A general review chart for the models that arewlised above is show in appendix C.
The study of risk allocation in PPP toll road pobgetry to categorizes the risk of the
project based on the different phases of projeménTthey suggest the mitigation
methods to address them politically or economicéligreover, they try to introduce
some new payment structures to mitigate the prejeisk. However, most of the
research studies about PPP toll road projectss @sk focused on how to reduce the
risk of the private sector in order to encouragerthio invest in the PPP toll road
projects, but they fail to consider the risk allb@a problem from the perspective of

public.

Based on the existing PPP system, payment stryetnderegulation methods, people
are trying to improve them and introduce some iative systems. The CRAST
system is an innovative shadow toll road systemgchvtries to motivate the private
operators to keep the PPP toll road free flowingwelver, the studies do not discuss

whether the free-flowing condition is really the shefficient status for operation.
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3. Gap between the Practical Needs and Research

Results

Now that we have reviewed the practical part amtiamic part in the PPP toll road
field, we can find there are many debates aboutebelts and methods of evaluation
for specify practical projects. On the other hamdny of the theoretical research
studies have been completed, and provided somiajival conclusions or
quantitative tools. Apparently, there are some gmgtaeen the research results and
the practical needs which hinder the practicaliappbn of the theoretical study and

model tools.

Simple assumptions of those models

Absolutely, no model is a perfect match for thd-wearld situation. The theoretical
models always have some assumptions to simplifgdineplex real condition. For
instance, some models assume that travelers havedemeous demographical
features, like VOT. Some people build models wisinaple linear access-pricing
scheme that results in fixed cost for each trighauitt considering the congestion
effects. Some people estimate the private pradisifelity without private loans,

which is very rarely in practical projects.

Flaft foll system

In the real world, some PPP toll roads, such aS®é&1 Express Lanes, are not using
flat toll rates. While, in the theoretical studiésy of them discuss the situation of
time-varied toll rates or congestion tolls, ancgrate the time-varied toll rates into

their quantitative model.
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Uncertainty of models

Those mathematical models with only one single mraavo parallel routes are
apparently too simple for the real road conditirmen those models built on a
general network have not been tested and validatée actual situation. Hai Yang
did test his two-dimension model through simula@ngmall real road network in
China; however, that road network has only 4 nodésstill do not know whether
the models work or not when they are implementeallarge-scale area in the

real-world road network.

Different current regulation policies in the mathematical models

The most common way to regulate the private seottire mathematical models is
competition. However, few integrate the currenutagon methods used in the
practical projects into their model. In fact, whatlthe regulation method is effective

or not, and to what extent, is a greater concerth® public and the policy-makers.

Less risk allocation considerations form the view of public

To promote the private investment in PPP toll rpaglects, many studies try to
identify the risks of the private sector, and natgthe private risk through suggesting
some cost-sharing or traffic flow guarantee appneacUnfortunately, few of them
consider the risk allocation problem from the vieip of public. How should the
public sectors make some agreements or suggepipamaeh to protect the public
welfares and road users if any unforeseen evenig?ddes the regulator allocate
more risk to the private rather than to the roaetssThe answer to these questions is

critical for the government and public agencies.

Above all, there are some gaps between the practieds in the PPP toll road

projects and the theoretical studies in this dfe#ure research is needed in this
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direction to narrow the gap. In that case, thegyedakers will have more powerful

tools and better ideas to evaluate a PPP toll poaject.



45

4. Methodology

4.1 Model

Lei Zhang built an equilibrium and evolutionary nebdf pricing, capacity choice,
and ownership dynamics as summarized in his papfetfare and Financial
Implications of Unleashing Private Sector InvesttriResources on Transportation
Networks”. (Lei Zhang, 2008). The model considéesevolution of price
competition, capacity choice, and ownership dynaroiger time. The private sector
can decide if investing on a specific toll roadeseng the capacity level and
determining the profit-maximum tolls on the roatieTmodel was calibrated for the
road network of Chicago metro area. And then, tbeehthat was used to test the
Chicago Skyway is an equilibrium and evolutionarydal of pricing and capacity
choice. However, the model was changed to a fixeageoship structure, which means
the private sector cannot choose the candidatatertell road freely. The only road

that may be operated by the private sector is kya/8y.

4.2 Test Scenarios

In this simulation, there are three test scendiol to test the Chicago Skyway
according to different road type (public or priyaseéd regulation policies. They are

the base scenario, current scenario, and the ¢tnra&ximum scenario.

The Base Scenario
The first one is the base scenario, the situatiddhicago metro area without leasing
the Chicago Skyway. In the base scenario, allittkes land roads are operated and

maintained by public in the future 50 years, frod@2 to 2055.
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The Current Scenario

The second is the current scenario, which is tliason of the current Chicago metro
area where the Skyway has been leased out toitlsesector in the future 50 years.
Under the regulation of the concession of the Skylee private sector can set the
toll rates to maximize the profit as long as thertde is lower than the “ceiling toll

rate” set in the regulation policy.

The Current-Maximum Scenario

The third scenario is the current-maximum scenavioch is essentially the same as
the second scenario except the private operatosetahe toll rates without the public
regulation. In other words, the private sector ciaarge the road users as much as

they want in order to maximize profit.

All the three scenarios are run with 50 iteratidbsch one stands for one year so that
we can get the predication results of the Skywahenfuture 50 years. The base year
is 2005 because it is the first year of the Skywadgasing lifespan. In the real world,

the duration of Chicago Skyway lease is 99 yeaosvé¥er, a 99-year period is a long

period to predict. For accuracy, we simply simutheeinitial 50 years.

4.3 Data

The input data that was used to run the modekidistorical traffic data of the
Chicago Metro area and zoning data. They are ft@wrChicago Area Transportation
Study (CATS), which was merged into the organizatd Chicago Metropolitan
Agency for Planning (CMAP).
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5. Traffic and Welfare Effects Analysis of the Chicago
Skyway

5.1 Traffic Impacts

Based on the simulation from 2005 to 2055, we eantlse different impacts to the
road users’ travel pattern of the three test steniafccording to Figure 5.1 and 5.2,
we can see the private-operated Skyway (either evithithout regulation) does not
considerably change the Vehicle Hours Traveled (Y6iflthe road network. The
VHT trends of the three scenarios are almost thees&lowever, after the Skyway is
leased to the private sector, the Vehicle Kilongeimaveled (VKT) of the road
network increases. It is interesting to note thattbtal travel hours is consistent
despite the leasing arrangement of the Skyway; tiexy¢he total travel distance
increases if the Skyway was operated by the prsatéor. In that case, since the
VKT of the network increases while the VHT almastnains relatively constant, we
can say the privately-operated Skyway improvededtel of service of the Chicago

metro area network.

Another interesting thing we can find from the peédn results is the effects of the
regulation of the private operator. Based on theuftion, we can find the regulation
has few impacts to the traffic pattern, which meawen without any “ceiling toll

rates”, the traffic demand of the whole network wdt be impacted by the tolls.
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Figure 5.2 Vehicle Kilometers Traveled (VKT) of tharee Test Scenarios

5.2 Toll rates and private revenue

Since the base scenario is a pure public netwakas®, only the current and

current-maximum scenarios have the relationshgrédict the results of tolls and
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private revenue. The toll rate of the base yea®@%26s the actual toll rate of the
Skyway in 2005. After that, the private operatoll et optimal toll rates that will
maximize the private revenue according to the previyear’s traffic flow.

From Figure 5.3, in current scenario, the threslio&be year’s toll rate) is $0.19 per
kilometer, which is much higher than the followiygars’. Except for the threshold,
the regulated optimal toll rates are in the ramgenf$0.02 to $0.03 per kilometer.
Obviously, the base year’s toll rate is an outliethe whole data set. We can see the
relationship between toll rates and private revenmitigout the base year data in
Figure 5.4. It demonstrates that the private seatan maximize their revenue when
they charge the road users of the Skyway $0.0288ilpeneter, under the regulation.
On the other hand, from the perspective of theipuatgency, they should set the
“ceiling toll rate” equals to, if not less than,.8298 per kilometer in order to regulate

the private revenue.
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(The current scenario & without the base year)

After the analysis of the current scenario reswiswill see what will happen in the
scenario without regulation. In the maximum scemaétie private operator can charge
the road users as much they want. They still gebogtimal toll rates based on the

previous year's traffic data, but, without the riagion of any “ceiling toll rate.” From
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Figure 5.5, we can find the simulated toll ratesiarthe range from $0.03 to $0.09
per kilometer, except the base year’s toll ratel®@er kilometer). Similarly, the

base year’s data is the outlier of the whole data s
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Figure 5.5 Relationship between Toll Rates andafiRevenue

(The current maximum scenario)

Without the base year’s toll rate in the data @etprding to the fourth order of the
polynomial trend line, the maximum private revemsiachieved around the toll rate
of $0.055 per kilometer. In addition, we can seergvenue trend line is quite

unstable. The revenue is close to zero when theatel is approximately $0.085 per

kilometer.
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Figure 5.6 Relationship between Toll Rates anda®iRevenue

(The current maximum scenario & without the basaye

From Figure 5.7, we can see the different trendsden the revenues of the two
scenarios. The private revenue ranges from $ 04 # million in the current
scenario, while the private revenue without regoilatan ranges from $0.7 to $5
million. Obviously, the current-maximum scenaric e larger deviation. Basically,
without regulation, the private sectors can receax@nue 2-3 times more than the

scenario with regulation.
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Figure 5.7 Private Revenue of the two scenarios

5.3 Net Social Benefit and Revenue of the Whole Netrk

Figure 5.8 and Figure 5.9 illustrate the simulatiesult of net social benefits for the
entire Chicago metro area network in three diffeseenarios. Both the total revenue
and the net social benefit increase after leasiighe Skyway. The increased net
social benefits may be generated from less comgeand the improved Level of
Service (LOS) for the entire network, as demonsttan Section 4.1.1. The total
revenue increases approximately $150 million thioting Skyway project, and most
of the increase is the revenue increase on theguaalds, which proves the

private-operated Skyway also improves the publtevog’s service.
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Figure 5.9 Total Revenue of the Whole Network &f Tinree Test Scenarios

Although the regulation affects the private revernuis interesting to note that

without regulation, the Skyway has a similar wedfanpact to the whole network

with the impacts of the Skyway with regulation. Teason is, from the perspective of

the whole network, the traffic demand is quite alnless big land-use changes

occur. However, the model we used in this papes to¢ integrate a land-use model

and just sets a fixed annually traffic growth ratljch implies that the future years’
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traffic demand would not change significantly. Téfere, even if the private operator
can charge the road users as much as they wamuitl not hurt the traffic demand
too much in the extent of the whole network. Howetleat does not mean we do not
need the regulation policies for the private seofdhe Skyway. In the real world, the
land-use condition may change and the traffic dehmay be effected. The private
sector can charge the road users an unreasonghléotirates and still make
maximum profit under a large traffic demand or lelastic demand, which is a

situation that we do not want to see.
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6. The “Non-compete” Clause Experimental Design

A “non-compete” clause is a hotly contested topiter reviewing the current PPP
toll road projects in the U.S., and the backgroafihe “non-compete” clause, future
study needs to be conducted to find out how tHereiht forms of “non-compete”
clauses affect the transportation system, andhipact on travel behaviors. In this
section, several simulation scenarios are congtruct test the three categories of a
“non-compete” clause and the situation without @ammn-compete” clause,
respectively. In each type of “non-compete” clatest scenario, we will try to find
out how the clause parameters (area, period, rietiuct the posting speed) affect the

simulation results (VMT, private profit, public viete).

6.1 The Impact of “Non-compete” Clause to the Three

Parties

Obviously, the “non-compete” clause will affect tinensportation system and the
different sectors that are involved. The privatet®e public authorities, and the road

users are the three main parties that will be &#teby the “non-compete” clause.

6.1.1 The Private Sector

The private sector will be the main beneficiaryled “non-compete” clause. Without
the “non-compete” clause, one of the main risksptfiate sector has to consider is
the uncertainty of toll revenue of the PPP tolid:oahich is controlled by the
uncertain traffic demand. If the toll rate is st high, the road users may take the
parallel freeway instead of paying the toll. Howe\vkthe private operator sets a low
toll rate to attract the traffic, they have to take risk that the low rate cannot assure

the profit. For this reason, the private sectasttp add the “non-compete” clause in
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the PPP toll road concessions or agreements. Odlyjahose “non-compete” clauses
are to protect the private revenue. Under the “compete” clause, the private sector
can assure the traffic demand in the target PRotd by limiting the capacity of the
public roads system nearby. In that case, the ugarks have to suffer longer travel

times and more congestion if they do not choosedieoad.

Undoubtedly, the private sector is attempting taimé&e profit from the PPP toll

road project. As discussed, the private sectoasiin shifts from maximizing the

profit under uncertain traffic demand conditionghe certain traffic demand

condition because of the “non-compete” clause.tdtad private profit equals to the
total revenue minus the road facility costs, wiiadty include the construction costs,
maintenances costs, and operation costs. Additigrnaider some types of
“non-compete” clause, the private sector can getesevenue compensation from the

public entity if any there are any new road pragentspecific area.

P=>rf*-C,, +>.1°(fg - % (Eq 6.1)
P: The total private profit;
C..: The private road facility costs;

T* . The toll rate of the toll road on year a;

The actual traffic flow of the toll road on year
fo : The projection traffic flow of the toll road vibut any new road projects;

In the Equation 6.1, the first term is the actodlirevenue of the PPP toll road, the
second term is the toll road’s facility costs, a@lne third one is the public
compensation if the public agency has any roadeptej We can see that the third
term does not depend on the private sector. Sqrtixate sector will try to chase the

maximum profit either by increasing the toll reverar decreasing the costs, or both.
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If the private sector wants to raise the toll revxennder the “non-compete” clause,
they can just set a high rate if there is not bré&és regulation policy. The
“non-compete” clause will limit the capacity expamsof the public freeway system
and lead to a worse congestion level on parallblipireeways. So, the travelers will
endure the high toll otherwise they will have tdfesuthe congestion problems and
take extra travel time on the parallel public freg® as the road users will choose a
route with least costs (toll and travel time). Eqtion 6.2 shows the total cost of the

travelers.

C.=T+V*T (Eq 6.2)

Crra: The total travel cost of road user;

V. Value of Time (VOT) of road user;

T: Travel time of the road user
7: The toll rate

In practice, there are always some provisions éncibncession to regulate the toll
rates so that the private sector cannot set tks et they wish. However, they can
meet the toll rates “cap” which is set in the casien without worrying about the
traffic demand. On the other hand, the privatessatiay decrease the operation or
maintenances costs to maximize the profit. They oysgrate the toll road with some
level of congestion. Under congested condition pilieate sector increases their
profit while increasing the road users’ travel so#ts long as the total travel cost of
the toll road is larger than the parallel freewayhe road users will still choose the

toll road.

There is another situation. If the total trafficxtgnd is much lower than the total
roadway system capacity (including the toll road parallel freeway system), a very

rare situation in the current projects in the Utle,road users will not endure the toll
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rates of the PPP toll road even if under a “non{oete’ clause. In this case, even
without an upgrade or newly-constructed freewag,ghblic can tolerate the traffic
flow without too much congestion. According to tload users’ utility theory, the
road users will choose the public road to minimieetotal travel costs. However, as
indicated above, the growing traffic demand willays overload the freeway system

without an upgrade. As a result, this assumptioare in the real world.

6.1.2 The Public Authorities

It is difficult to define whether the public autltes will gain or lose through the
“non-compete” clause. With the “non-compete” clajserdoubtedly, the private
investors are more willing to get involved into #EP toll road projects because of
the assurance of the travel demand in the toll.roddis helpful to address the public
capital shortfall issue in the transportation fiézil However, the “non-compete”
clause limits the future improvement of the pulileeway system or even lowers the
capacity of the existing public road during a sfiegeriod. Obviously, it is a
trade-off. The public authorities attract the prevanvestment at the cost of giving up
the right to upgrade their roads or to permit dasireg capacity of the existing
freeways. So, the “non-compete” clauses may rasidtwer efficiency and bigger
congestion problems on the public freeway systerch as the example of SR 91.
Even under the limited “no new construction/ upgfaclause, in which the public
authorities can build some new roadways, the pelator still has to afford some
additional costs to compensate the loss of theafwivevenue. Due to the extra costs,
it may prohibit the new freeway construction prégeeven if the public freeway

system suffers congestion problem.

With the limited funds, the public authorities haweaccept the “non-compete” clause
in order to attract the private investment in tlasportation infrastructure projects

and supplement the shortfall of public funds. Hoevein order to protect the public
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interests and maximize the public welfare, somatiad@l provisions related to the
“non-compete” clauses in the PPP toll road projaéts to protect the public
agencies and road users. For instance, the telionratvision related to the
“non-compete” clause in the Pocahontas Parkwagsiiteg concession. The related
termination provision assures that the privatecssemteds to operate the toll road
efficiently, otherwise the “non-compete” clauselwicome void and the public will
take back the right to upgrade the public freewsyesn [Tollroadsnews, 2006]. The
related provision ensures that the private secnonat raise their profit by keeping

the toll road a congestion situation. It protebts public interest and the road users.

The “non-compete” clause may also stimulate thdipaigencies to develop the
public transit system. As the congestion becomeasevand the public cannot expand
the freeway system capacity to satisfy the growdemand, the public may try to

develop the public transit to address the congestgue.

6.1.3 Road Users

The local taxpayers are the absolute losers beadulsese “non-compete” clauses.
They paid the taxes that are supposed to be udmdldy expand, rehabilitate, and

maintain the public road system. However, the “nompete” clause may stop the
road improvement projects, or even decrease thectgwf the existing roads. The
local taxpayers have to pay more for travelling@itin the form of extra travel time

on the public road, or in the form of money on B#eP toll road.

Depending on the different features like trip pug®or income levels, the road users
will have different VOT so that they will have difient route choice between the PPP
toll road and the parallel public freeway. The #&iavs with high income or high value
of time, for instance, commuting to work or a jokerview, are more likely to choose

the PPP toll road and pay the toll rates in ordesalve some extra travel time. The
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travelers with low income or low value of time ntagve more preference to the
public roads to avoid the toll rates in the PPRir&y minimizing the total travel

cost, the road users will make their route choloeter utility maximization theory.

In two cases that the road users who travelindnerPPP toll road will certainly be
losers because of the “non-compete” clause. Birste eliminating the “competitive
power” of the parallel freeway, and if there isreasonable regulation policy to limit
the private toll rates, the private sector will pebarge a lot on the road users.
Second, if the travel demand on the PPP toll reduigher than its capacity or the
private sector keeps the toll road with some lev&longestion, the travelers will
suffer congestion in addition to the toll. For exden in Virginia, to avoiding the
second case, the Virginia Department of Transgortg/DOT) added an additional
termination provision of the “non-compete” clause¢he Pocahontas Parkway's
leasing concession. The “non-compete” clause wilvbid if the private sector cannot
address the congestion problem within a specifie tperiod, if any. The additional

termination provision protects the road users &erdoublic’s interests.

Additionally, besides the change of route choibe,“hon-compete” clause may
change some other travel behaviors of the roaduBecause of the congestion in the
public freeway system caused by the “non-compdgaise, the road users may
change their time of travel. In order to avoid &#ing during peak hours, they may
give more preference to driving during non-peakriotihe “non-compete” clause
may decrease the trip frequency and increaseithehaining. Drivers are more likely
to link several trips together to decrease thegiofegaying the toll or be delayed by
road congestion. People may be more willing to @arpr take public transit, if the
carpool or transit can have some discount in thedad or there is an HOV lane. The
“non-compete” may also shift the land use. With liigh toll rates on the toll roads

and worse congestion, the location of the commigiioms may move to be close to
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their employees, suppliers, and customers. Thedimlds may move in order to have
easier access to their employment, shopping armbtg;lor they may even move out

of this area entirely to avoid the toll and congest

Above all, the private sector will gain from theotmrcompete” clause since the
“non-compete” clause assures the traffic in the RfFPoad unless the traffic demand
is pretty low so that the parallel public freewégsre the same travel time, or
acceptably less than the toll road’s. The locgbéeers will be losers because the
public roads in their area cannot be upgradedtlzyineed to afford the toll rates on
the toll road or the extra travel time on the pulieeway. The other road users may
shift their route choices based on their social-agnaphic features, and the trip
frequencies will decrease and the land use mayb@sadfected by the “non-compete”
clause. The public may suffer the lower efficiendyhe public freeway system;
however, they also can set some additional prawssielated to the “non-compete”

clause to protect the public interests.

6.2 Experimental Design

Based on the three different categories of “non{oete’ clause, we developed four
test scenarios: one base scenario without any toompete” clause and three test
scenarios for each different “non-compete” clav¥e.can compare the different
simulation scenarios’ results to find out the diiet types of “non-compete” clause’s

impacts to the public welfare, private profit, &hd road users’ behaviors.

Base Scenario
This base scenario is the condition without anynseompete” clause. In this
simulation scenario, the public authorities canthsegpublic fund to construct new

roads or improve any existing highway system neaPPP toll road, without any
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limitation or compensation, during the concessermt Its simulation result can be
used to compare with other different scenariosirtalyze the impacts of different

categories of “non-compete” clauses.

Scenario 1: Rigid “No New Construction/Upgrade” Clause

This scenario tests the condition with the firsbfircompete” clause - rigid “no new
construction/upgrade” clause. Under this clause pthblic cannot build any new
roads or upgrade the existing ones during a spguéiiod. In this simulation
scenario, we will test this sort of “non-compet&iuse with different “non-compete”
terms and “non-compete” areas. We are going taniastsub-scenarios. Within
1.5-mile, 3-mile, and 10-mile of the target PPPriwhd respectively, the public
cannot have any road projects within 10 years5oyehrs, or during the whole term

(30 years), as shown in Table 6.1.

Table 6.1 Nine Sub-Scenarios of the Test Scenario 1

within 10 years| within 15 years within 30 years
within 1.5-mile area X X X
within 3-mile areal X X X
within 10-mile area X X X

Note: The “non-compete” area is defined as the waitraa certain radius. In this area, all the frags/
paralleled to the PPP toll road will be regulateder the “non-compete” clause.

Scenario 2: Limited “No New Construction/ Upgrade” Clause

Scenario 2 will test the impacts of limited “no newanstruction/upgrade” clause to
the freeway system. Under the scenario, the pehlicbuild new freeways or expand
any existing roads. However, the public will compete the private sector for the
revenue loss led by their road projects within ec#jz area. We can use the four-step
model to estimate the projection travel demandeftoll road without the
newly-constructed freeways or existing roads’ eg@mprojects. Then we can use

the toll rates to multiply the difference betweba projection demand and the actual
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demand of the toll road to calculate the privateeneie loss. According to different

“non-compete” areas, we are going to test threessebarios: limited “no new

construction/upgrade” clause within 1.5-mile ang#hin 3-mile area, and within

10-mile area.

® Scenario 3: Lower Posting Speed of Parallel PubliRoads

In test scenario 3, the speed limit of the puldiads nearby the PPP toll road will

decrease. Depending on how long the lower speatiiarks, how much the speed

limit decreases, and how many public roads’ spieets|will decrease, we will have

eight sub-scenarios as shown in Table 6.2.

Table 6.2 Eight Sub-Scenarios of the Test Scefario

Public roads within 1.5-mile area
decrease 10MPH decrease 15MP
5 years X X
10 years X X
Public roads within 3-mile area
decrease 10MPH decrease 15MP
5 years X X
10 years X X

H

H

Note: The “non-compete” area is defined as the waithaa certain radius. In this area, all the frags/

paralleled to the PPP toll road will be regulateder the “non-compete” clause.

The program for testing the “non-compete” clause#&ly and attached in the

Appendix D. [Note: Due to problems beyond my colptravas unable to finish the

“non-compete” clause's experiment.] Future reseaeshbe conducted based on the

model and the test simulation scenarios that weee in this paper to test the impacts

of different “non-compete” clause.
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7. Conclusions and Recommendations

In order to relieve the public transportation fioeth problem, the PPP mode will still
be a trend in the near future in the United Saésr review of the current practical
PPP toll road projects in the United States, thistof academic research in this
area, and the gap between the practices and theetloal study, we already have a
general idea about the development situation aneuissues of the PPP toll roads

in the United Sates. Therefore, future study irgesren PPP toll roads are suggested to
focus on those gaps between the research andgalastieds. In that way, we can
apply the analytical results from theoretical stsdin the practical decision-making
process to help those decision-makers to makeeahigice when facing a PPP toll

road project.

The simulation of the Chicago Skyway in this pagsimates that during the period
from 2005 to 2055, the level of service of the vehGhicago metro area network
would be improved and the total revenue of the emetwork would increase if the
Skyway is private-operated, irrespective of whethere are regulation policies or
not. Under the “ceiling toll rate” regulation, tpeivate sector can achieve the
maximum revenue when the toll rate equals to trgefanumber of the “ceiling toll
rate” and $0.0298 per kilometer. Without the “csdlitoll rate” regulation, the private
operator can receive maximum toll revenue whendheate is $0.055 per kilometer,
according to the simulation results. There arelaimvelfare and traffic impacts, to
the whole network, of the Skyway both with and withregulation. It does not mean
that we do not need to regulate the private opertitoccurs because the model does
not integrate the land-use module and the tra#fimand for the whole network is
pretty stable. Additionally, the model uses homeagmassumption that assumes all

the travelers have the same VOT. Finally, the mpdluses the average daily traffic
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rather than taking into account the peak houritrdiffw. In future studies, we need to
improve the model to make it closer to the realf/situation.

The non-compete clause is always a hot debateiRHP toll road area. In order to
find out how those different “non-compete” clauaéfect the network and the travel
behaviors, we designed an experiment and wrotetaa program for testing the
“non-compete” clause in the model. Due to a nunalié&sues, we were not able to
finish the simulation for this paper. The experimand simulation should be

completed in a future study.
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Appendix A Maximum Toll Rate Setting

1. Indiana Toll Road
Maximum Toll Rates setting for Indiana Toll Road
Toll Rate
Until April April April
March 1,2007 | 1,2008 | 1,2009
31, - - - June 31, 2010 — June 30, 2011 After June 30, 2011
Class 2007 March | March June
31, 31, 30,
2008 2009 2010
Two - $8.00 $8.00 $8.00 $8.00 The toll rate on June 30, 2 010is | The toll rate for all class
axle permitted to increase the vehicles is permitted to
Three - $9.20 $9.90 | $10.70 | $11.77 maximum toll levels by the increase the maximum
axle greater of (A) 8.2% or (B) the toll levels by the greater
percentage increase of (a) two percent (2%)
Four - $13.78 | $17.40 | $21.01 | $24.63 compounded annually of the or (B) the percentage
axle Index or Per Capita Nominal increase of the Index or
Five - $17.90 | $22.60 | $27.30 | $32.00 GDP, whichever is greater, Per Capita Nominal
axle measured from each of (i) GDP, whichever is
January 1,2006 to December greater, measured from
Six - axle | $21.04 | $26.56 | $32.08 | $37.61 31,2006, (ii) January 1,2007 to January 1 to December
December 31, 2007, (iii) January 31 for the calendar year
Seven - 1,2008 to December 31, 2008 and immediately preceding
axle or $39.06 | $49.32 | $59.57 | $69.83 (iv) January 1,2009 to December the Tolling
more 31, 2009. Measurement Date.
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Through Trip Per Mile Rate (c/Mile)

Until April April April
March 1,2007 | 1,2008 | 1,2009
31, - - - June 31, 2010 — June 30, 2011 After June 30, 2011
Class 2007 March | March June
31, 31, 30,
2008 2009 2010
Two - The toll rate on June 30, 2010 is The toll rate for all class
axle 510 510 510 510 permitted to increase the vehicles is permitted to
Three - maximum toll levels by the increase the maximum
axle greater of (A) 8.2% or (B) the toll levels by the greater
5.90 6.30 6.80 /.50 percentage increase of (a) two percent (2%)
Four - compounded annually of the or (B) the percentage
axle 8.80 11.10 13.40 15.70 Index or Per Capita Nominal increase of the Index or
Five - GDP, whichever is greater, Per Capita Nominal
axle 11.40 14.40 | 17.40 | 20.40 measured from each of (i) GDP, whichever is
January 1,2006 to December greater, measured from
Six - axle 31,2008, (ii) January 1,2007 to January 1 to December
13.40 16.90 20.40 24.00 December 31, 2007, (iii) January 31 for the calendar year
Seven - 1,2008 to December 31, 2008 and immediately preceding
axle or (iv) January 1,2009 to December the Tolling
more 24.90 31.40 37.90 44.50 31, 2009. Measurement Date.

Note: Source fronhttp://www.in.qgov/ifa/tollroad.html

2. Chicago Skyway

Maximum Toll Rates setting for Chicago Skyway

Toll Regulation Term

Maximum Toll rate

2005-2008 $2.50 for 2-axles; $1.20 per axle for oth er vehicles
2008-2011 $3.00 for 2-axles; $1.80 per axle for oth er vehicles
2011-2013 $3.50 for 2-axles; $1.80 per axle for oth er vehicles
2013-2015 $4.00 for 2-axles; $3.00 per axle for oth er vehicles
2015-2017 $4.50 for 2-axles; $3.60 per axle for oth er vehicles
$5.00 for 2-axles; $4.20/axle plus an annual increa se of the
2017-2103 greater of two different measures of inflation - CP 1 or

GDP/person - and 2%, for other vehicles
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Note:

1. There is also a provision that if the former regalaterm’s toll rates for any vehicle
class adjusted for inflation are greater than tbinal rates of the ones in the next
regulation term, then the greater inflation adjdsttes will become the cap.

2. Note :Source fromhttp://www.chicagoskyway.org/tolls/

3. Virginia Route 895 (Pocahontas Parkway)

Maximum Toll Rate Setting for Pocahontas Parkwayute 895)

Period Mainline Plaza Laburnum Avenue

Ramp Plaza
January 2006-31 December 2007 $2.25 $0.75
January 2008-31 December 2010 $2.75 $1.00
January 2011-31 December 2012 $3.00 $1.25
January 2013-31 December 2013 $3.25 $1.50
January 2014-31 December 2014 $3.50 $1.75
January 2015-31 December 2015 $3.75 $2.00
January 2016-31 December 2016 $4.00 $2.25

The maximum toll increase will be the

After 2016 greater of the increase in Real GDP,

CPI or 2.8%.

Note: Toll levels are for 2-axle vehicle only. Mudile vehicles are tolled on the basis of an aofuk
$1.00 for each axle above

4. Dulles Greenway

Maximum Toll Rate Setting for the Dulles Greenway

From date Base Congestion management toll (applicable
2-axle only to weekday traffic in peak period
toll & direction)
January 1, 2009 $3.40 $4.00
July 1, 2010 $3.70 $4.50
January 1, 2012 $4.00 $4.80
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Appendix B Toll Rates of the PPP Toll Roads in th&JS

Current Toll Rates of the PPP Toll Roads in the US

Length 2-axle vehicle
PPP toll roads (mile) |Through trip toll ($) |per mile rate (c/mile)

Chicago Skyway 7.8 3.00 38.46
Indiana Toll Road 157 4.65 2.96
Foley Beach
Express 13.5 3.00 22.22

3.50 for weekday, 25.00 for weekday,
Dulles Greenway 14 3.30 for weekend 23.57 for weekend

South Bay
Expressway 12.5 3.75 30.00
The Pocahontas
Parkway 8.8 3.00 34.09
Texas State
Highway 130 49 2.00 4.08
E-470 Tollway 47 11.75 25.00

1. Chicago Skyway
Toll rates of Chicago Skyway (effective in 2006)

Toll Rate

Peak times Off-Peak Times

(4 am to 8 pm) (8 pmto 4 am)
2-axle $2.50 $2.50
3-axle $5.10 $3.60
4-axle $6.80 $4.80
5-axle $8.40 $6.00
6-axle $10.10 $7.20
7-axle or more $11.80 $8.40

Source: Fronmttp://www.chicagoskyway.org/tolls/

This toll rates is still effective in 2007, but ttwdl rates will be changed in January

2008.
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Toll rates of Chicago Skyway (effective from Jaryuit, 2008)

Toll Rate
Peak times - 4 a.m. to 8 Off-Peak Times - 8 p.m.to 4
p.m. a.m.
2-axle $3.00 $3.00
3-axle $7.60 $5.40
4-axle $10.10 $7.20
5-axle $12.60 $9.00
6-axle $15.20 $10.80
7-axle or more $17.70 $12.60

Source: Fronhnttp://www.chicagoskyway.org/news/article.asp?ARIEC ID=7

2. Indiana Toll Road

Toll rates of Indiana Toll Road (before April, 2006

Toll Rate for the Per Mile Rate
whole 157- mile (c/Mile)
2 - axle $4.70 3.0
3 - axle $8.90 5.6
4- axle $11.20 7.1
5- axle $14.60 9.3
6- axle $17.10 10.9
7 - axle or more $31.80 20.2

Source: Fronnttp://www.in.gov/ifa/tollroad.html

Toll rates of Indiana Toll Road (effective in 2007)

For the whole 157-mile For the summation of each
separate section
Toll Rate Per Mile Rate Toll Rate Per Mile Rate
(c/Mile) (c/Mile)

2 - axle $4.65 2.96 $5.90 3.76

3 - axle $10.00 6.37 $14.50 9.24

4- axle $17.50 11.15 $24.50 15.61

5- axle $22.50 14.33 $31.75 20.22

6- axle $26.50 16.88 $37.50 23.89

7 - axle or more $49.25 31.37 $69.00 43.95

Source: Fronhttps://www.getizoom.com/tolIRatesRedirect.do
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3. Foley Beach Express

Toll rates of Foley Beach Express (effective in@00

Class Toll rate
2-axle $2.00
3-axle $3.00
4-axle $4.00
5-axle $5.00
6-axle $6.00
more than 6-axle $6.00+$1.00 for each additional ax le

Toll rates of Foley Beach Express (effective in 200

Class Toll rate
2-axle $3.00
3-axle $4.00
4-axle $5.00
5-axle $6.00
6-axle $7.00
more than 6-axle $7.00+$1.00 for each additional ax le

Source: Fronttp://www.foleybeachexpress.com/default.aspx?@srat

4. Dulles Greenway

Toll rates effective of Dulles Greenway (effectin€2006)

Toll Rates
Weekday Weekend
Cash/ Credit Card Smart- Tag/EZ- Cash/ Credit Smart- Tag/EZ-
Pass Card Pass

2-axle | 3-axleor | 2-axle | 3-axle or | 2-axle | 3-axleor | 2-axle | 3-axle or
more more more more
Dulles Toll Road  |$3.20 $6.40 $3.20 $6.40 $3.00 $6.0 0 $3.00 $6.00
MLB - Rt 28 $2.70 $5.40 $2.70 $5.40 $2.50 $5.00 $2.50 $5.00
Route 606 $2.70 $5.40 $2.70 $5.40 $2.50 $5.00 $2.50 $5.00
Route 607 $2.70 $5.40 $2.70 $5.40 $2.50 $5.00 $2.50 $5.00
Route 772 $2.00 $4.00 $1.55 $3.10 $2.00 $4.00 $1.55 $3.10
Claiborne Parkway |$2.00 $4.00 $1.55 $3.10 $2.00 $4. 00 $1.55 $3.10
Route 659 $2.00 $4.00 $1.55 $3.10 $2.00 $4.00 $1.55 $3.10




Toll rates of Dulles Greenway (effective OctobeRQ07)
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Toll Rates
Cash/ Credit Card Smart- Tag/EZ- Pass

2-axle | 3-axle | 4-axle |5-axle 6+ 2-axle 3-axle 4-axle 5-axle 6+ axle

axle

Weekday
Dulles Toll Road  |$3.50 ([$6.75 [$8.50 [$10.25 | $12.00 | $3.50 $6.75 $8.50 $10.25 | $12.00
MLB - Rt 28 $3.00 | $6.00 | $7.50 | $9.00 | $10.50 | $3.00 $6.00 $7.50 $9.00 $10.50
Route 606 $3.00 | $6.00 | $7.50 | $9.00 | $10.50 | $3.00 $6.00 $7.50 $9.00 $10.50
Route 607 $3.00 | $6.00 | $7.50 | $9.00 | $10.50 | $3.00 $6.00 $7.50 $9.00 $10.50
Route 772 $2.30 | $4.60 | $5.75 | $6.90 | $8.05 $1.85 $3.70 $4.60 $5.55 $6.45
Claiborne Parkway |$2.30 [$4.60 [$5.75 |$6.90 |$8.05 $1. 85 $3.70 $4.60 $5.55 $6.45
Route 659 $2.30 | $4.60 | $5.75 | $6.90 | $8.05 $1.85 $3.70 $4.60 $5.55 $6.45

Weekend
Dulles Toll Road  |$3.30 ([$6.35 |$8.00 |$9.65 ($11.30 | $3. 30 $6.35 $8.00 $9.65 $11.30
MLB - Rt 28 $2.80 | $5.60 | $7.00 | $8.40 | $9.80 $2.80 $5.60 $7.00 $8.40 $9.80
Route 606 $2.80 | $5.60 | $7.00 | $8.40 | $9.80 $2.80 $5.60 $7.00 $8.40 $9.80
Route 607 $2.80 | $5.60 | $7.00 | $8.40 | $9.80 $2.80 $5.60 $7.00 $8.40 $9.80
Route 772 $2.30 | $4.60 | $5.75 | $6.90 | $8.05 $1.85 $3.70 $4.60 $5.55 $6.45
Claiborne Parkway |$2.30 [$4.60 [$5.75 |$6.90 |$8.05 $1. 85 $3.70 $4.60 $5.55 $6.45
Route 659 $2.30 | $4.60 | $5.75 | $6.90 | $8.05 $1.85 $3.70 $4.60 $5.55 $6.45

Source: Fronmttp://www.dullesgreenway.com/cgi-bin/dgtollschdch@home=dg

5. South Bay Expressway (SR 125)

Toll rates of South Bay Expressway (effective iQ20

Toll Rates
Cash FasTrak
2-axle $3.75 $3.50
3-axle $7.50 $7.00
4-axle $7.50 $7.00
5-axle $11.25 $10.50

Source: Fronttp://www.southbayexpressway.com/tollwiz/index.php




6. The Pocahontas Parkway (Route 895)
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Toll rates effective of Route 895 (effective in dary 2006)

toll rates
Mainline Plaza Laburnum Avenue Ramp Plaza
using Smart Tag or E-ZPass | paying cash | using Smart Tag or E-ZPass | paying cash
2-axle $2.00 $2.25 $0.50 $0.75
3-axle $3.00 $3.00 $0.50 $0.75
4-axle $4.00 $4.00 $0.50 $0.75
5-axle $5.00 $5.00 $0.50 $0.75
6-axle or more $6.00 $6.00 $0.50 $0.75
Source: Fronhmttp://www.pocahontasparkway.com/toll.html
7. Texas State Highway 130
Toll rates of Texas State Highway 130 (effectivR@®7)
toll rates
Plazas Ramps
using TxTag paying cash using TxTag paying cash
2-axle $1.35 $1.50 $0.45 $0.50
3-axle $2.70 $3.00 $0.90 $1.00
4-axle $4.05 $4.50 $1.35 $1.50
5-axle $5.40 $6.00 $1.80 $2.00
6-axle or more $6.75 $7.50 $2.25 $2.50

Source: Fronttp://www.txtag.org/centex.php

8. E-470 Tollway

Toll rates effective of E-470 Tollway (effective 2006)

Toll rate for the entire E-470
(111.20 — mile)
2-axle $11.75
3-axle $23.50
4-axle $35.25
5-axle $47.00
6-axle $58.75
7-axle $70.50




8-axle

$82.25

9-axle

$94.00

Source: Fronmttp://www.e-470.com/Default.aspx?tabid=87
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Appendix C Theoretical Models of the PPP Toll Roads

Review of the PPP Toll Ro

ads’ Theoretical Models

Main Assumptions

Main Results

Suitable for
the types of
PPP toll
roads

One Single Toll R

oad Models

1. build a model just considering
one single road without any
parallel routes;

2. Just consider the options of
building a new highway or

Private only make profit in
metropolitan road projects or
upgrades of interurban
highway with high traffic

Charles et al |upgrading the existing one; 3. No |potential or low construction
(1997) long-term loans costs BOT
1. According to the model,
the toll revenue can cover
the maintenance and
operation costs for sure, but
whether can cover the
1. Build a model just considering |investment cost depends; 2.
one single road without any variable term concession BOT or
Gines de Ruparallel routes; could help in the introduction|leasing
et al (2004) 2. Homogeneous road users of optimal toll road pricing  |roads
1. When the transit operator
leading the fare decision, the
transit service will be best;
2. When one private sector
1. Build a model just considering |operate the transit and
one single road without any highway, the profit will be
parallel routes, but with some the highest;
other competing transportation |3. The transit operator
modes; 2. Heterogeneous road  |prefers to follow the highway |BOT or
Wang et al. |users; 3. constant travel time and |operator to decide their fare |leasing
(2004) fees and service frequency. roads
Two parallel routes in one OD pair
1. Build a model with two parallel |1. The higher efficiency gain
routes; will be achieved if the flat
2. Homogeneous road users; 3.  |tolls are replaced;
Palma et al. |Use queue-eliminating tolls plus [2. The Nash equilibrium and
(2000) initial tolls system to replace the [Stackelberg scenarios get BOT
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flat tolls system

most social surplus;

3. the private duopoly
ownership regime will lead to
highest efficiency gains if
neither route has a dominant
fraction of total capacity, and
a private route parallel to a
free access route will yield
the most efficiency if the two
routes have almost equal

capacities.

1.Build a model with two parallel

1. The regulation has less
power under the condition of
low elastic demand;

2. The high private efficiency

Tsai et al. |routes; will lead to more welfare gain
(2003)  |2. Homogeneous road users. even under regulation. BOT
1. The profit-maximizing toll
1. Build a model with two is higher than the optimal
perfectly substitutable parallel  [toll;
routes (one private toll road and |2. The smaller the elasticity
one free public road); of travel demand, the more |BOT or
2. Homogeneous road users; 3. |congested the free leasing
Gronau (1997Varied road capacity alternative road. roads
1. The private sector can
guarantee profit especially in
the urban highway scenario
even under some reasonable
regulation;
1. Build a model with two parallel |2. The profitability are more
routes (one private toll road and |[likely to fail in the intercity
one free public road); project, especially when the
Philip A. 2. Homogeneous road users; 3.  (distance is long and traffic is
Viton (1995)|Varied road capacity light BOT
Two-dimension models in general road networks
1. Build a toll- capacity
two-dimension model in general |Induct the function to
Yang and |[road networks; calculate the profit and
Meng (2000)22. Homogeneous road users optimal toll BOT
1. Build a toll- capacity 1. Introduce a function to
Anthony et altwo-dimension model in general |address the probability of
(2001)  |road networks; achieve a desire profit to BOT
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2. Homogeneous road users

know the risk of one specify
project;

2. Get the function to
calculate the optimal toll and
optimal capacity for a specify
project;

3. The capacity has a greater
impact than toll to the
finance feasibility.

1. Build a toll- capacity
two-dimension model in general

The homogeneous users
model may result in that the
traffic flow and private profit
been overestimated at lower
toll, or underestimated at
higher toll, and may also lead

Yang et al. |road networks; to over-investment on a BOT
(2002)  |2. Heterogeneous road users toll road. BOT
1. Build a toll- capacity
two-dimension model in general
road networks;
Xiao, and 2. Neither the toll nor the The private competition does
Yang et al. |capacity can affect the profit not necessarily reduce the
(2006)  |solely. road congestion BOT
three-dimensional model in general road network
1. Build a three-dimensional
model by adding time dimension |1. Most of the private profit
in general road network; comes from the net social
2. The revenue will be used to benefit;
expand the capacity of links with (2. The parallel public free
highest benefit cost ratios; route can regulate the
3. Homogeneous road users; private revenue, sometimes, |BOT or
Lei Zhang 4. Fixed traffic growth rate in the |replacing the toll or capacity [leasing
(2006)  |future years regulation. roads
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Appendix D The Coding of the “Non-compete” Clause

Experiment

import java.util.Vector;

public class Road{
/*
* LinkNumber: Index of link
*
public int LinkNumber;
/*
* index of original node
*
public int ONode;
/*
* index of destination node
*
public int DNode;
/*
*X,Y coordination of original and destinationalae
*
public double Ox;
public double Oy;
public double Dx;
public double Dy;
/*
* Whether this road can be updated with diffedenited distance
*
public boolean UpdateOne;
public boolean UpdateTwo;
public boolean UpdateThree;
/*
* Free-flow time of links
*
public double FFTime;
/*
* Link length
*
double length;
/*



* default constructor

public Road()

{
}

/*

public Road(int _LinkNumber, int _ONode, int _DNnd

}

/*
* Links' distance function

double _Ox, double _Oy, double _Dx, double _Dy,
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boolean _UpdateOne, boolean _UpdateTwo, boolelpalateThree,

double _FFTime, double _length, double _FFSpeed)

this.LinkNumber = _LinkNumber;
this.ONode = _ONode;
this.DNode = DNode;

this.Ox = _Ox;
this.Oy = _Oy;
this.Dx = _Dx;
this.Dy = _Dy;

this.UpdateOne = _UpdateOne;
this.UpdateTwo = _UpdateTwo;
this.UpdateThree = _UpdateThree;
this.FFTime = _FFTime;
this.length = _length;

public double distance(Road r1, Road r2)

{

double distance;

double tmplx = (r1.0x + r1.Dx)/2;

double tmply = (r1.0y + r1.Dy)/2;

double tmp2x = (r2.0x + r2.Dx)/2;

double tmp2y = (r2.0y + r2.Dy)/2;

distance = Math.sqrt((tmplx-tmp2x)*(tmplx-tmp2x

(tmply-tmp2y)*(tmply-tmp2y));

}

return distance;
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/*
* lower the post speed of the public links
*
public void updateFFTime(int speedReduce)

{
this.FFTime = this.length/(this.length/this.FFEmspeedReduce);

}

public static void main(String[] args){

/*********************************************/

System.out.printin("Test for Road Class");

int currentSpeedReduce = 15; //change it as nk@d#15)

double DistanceLimitOne = 1.5;

double DistanceLimitTwo = 3.0;

double DistanceLimitThree = 10.0;

Vector EffectedRoadOne = new Vector();

Vector EffectedRoadTwo = new Vector();

Vector EffectedRoadThree = new Vector();

int PublicLinkNumber = 1000; // change it accaigito the link file
int PrivateLinkNumber = 1000; // change it acéogdto the link file
Road[] PubRoadDB = new Road[PublicLinkNumberf];

Road[] PriRoadDB = new Road[PrivateLinkNumber];

int[] AffactedRoad = new int[PublicLinkNumberl];

/I read the information from other class
for(inti = 1; i <= PublicLinkNumber; i++)

{

PubRoadDB]Ji] = new Road(); // need to read fratimer class
}
for(inti = 1; i <= PrivateLinkNumber; i++)
{

PriRoadDBJ[i] = new Road(); // need to read frother class
}

int flagOne = 0; //luse to calculate the numberaffected links by the
non-compete clause, with differetn distance lintéspectively

int flagTwo = 0;

int flagThree = 0;

for(int i = 0; i < PublicLinkNumber; i++)

{
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for(int j = 1;j <= PrivateLinkNumber; j++)

{

double d = PriRoadDBJ[j].distance(PubRoadDHB?i{iRoadDB([j]);

if(d <= DistanceLimitOne)

{
flagOne++;
EffectedRoadOne.add(PubRoadDBJi].LinkNumjper

}

if(d <= DistanceLimitTwo)

{
flagTwo++;
EffectedRoadTwo.add(PubRoadDBJi].LinkNumber);

}

if(d <= DistanceLimitThree)

{
flagThree++;
EffectedRoadThree.add(PubRoadDBJi].LinkNumber)

}

}

}

int method = 1; //method 1: non-upgrade; metholb®er the posting speed
of public links
if(method == 1)
{
for(int i = 0; i <= EffectedRoadOne.size(); i++)
{
PubRoadDBJ((Integer)
EffectedRoadOne.elementAt(i)).intValue()].UpdateGnialse;
}
for(int i = 0; i <= EffectedRoadTwo.size(); i++)
{
PubRoadDBJ((Integer)
EffectedRoadTwo.elementAt(i)).intValue()].Update Twdalse;

}
for(inti = 0; i <= EffectedRoadThree.size()+H

{
PubRoadDBJ((Integer)
EffectedRoadThree.elementAt(i)).intValue()]. Updatede = false;

}

}
else if(method == 2)
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for(int i = 0; i <= EffectedRoadOne.size(); i++)
{
PubRoadDB[((Integer)
EffectedRoadOne.elementAt(i)).intValue()].UpdateGnieue;
PubRoadDBJ((Integer)
EffectedRoadOne.elementAt(i)).intValue()].updateird{currentSpeedReduce);
}
for(int i = 0; i <= EffectedRoadTwo.size(); i++)
{
PubRoadDBJ((Integer)
EffectedRoadTwo.elementAt(i)).intValue()].Update Twdrue;
PubRoadDBJ((Integer)
EffectedRoadTwo.elementAt(i)).intValue()].updateff€&(currentSpeedReduce);

}
for(int i = 0; i <= EffectedRoadThree.size()+H

{
PubRoadDB[((Integer)
EffectedRoadThree.elementAt(i)).intValue()].Updatede = true;
PubRoadDB[((Integer)
EffectedRoadThree.elementAt(i)).intValue()].upd&&kne(currentSpeedReduce);

}



