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Abstract

This paper has two objectives: (i) to introduceea rapproach in order to gain widespread support for
road pricing; and (ii) to develop a detailed sowialfare analysis for road pricing schemes. W firs
describe our novel approach that stimulates pwolpport for road pricing, which we refer to as an
investment public-private partnership, or IP3. Tdpgproach returns a significant portion of the
economic value created by road pricing back tccttizens who own the newly priced facility. We then
present a social welfare framework that estimdtesenefits and costs of using the IP3 approadmnon
urban transportation network. A P3 project’s impatioverall social welfare provides a more
comprehensive evaluation criterion than the oftse@duvalue for Money (VfM) analysis. Apart from
several theoretical studies, a detailed socialavelénalysis that includes all major P3 project
stakeholders is absent from the literature. WeFussno, California as our case study in order to
conduct a welfare analysis on IP3s. Our resultsvghat system-optimal tolling favors average users,
but that government—and consequently taxpayers—dhpay for costly tolling systems (negative
profits). In contrast, unlimited profit-maximizirtglls raise substantial profits for government, tfoe
infrastructure’s citizen-owners, and for the prevaector, but the average user is worse off. From a
social-welfare perspective, one should search far&to improvement under which all major
stakeholders are better off. Our estimates inditatea mixed public and private tolling schemesff
such an improvement.

Keywords:social welfare analysis; investment public privaégtnerships; residents; road concession;
urban transportation systems; road pricing.



1. Introduction

The question of which type of transportation faigh, business models, and ownership structures
underpin successful public-private partnerships)i8becoming more relevant for both public- and
private-sector infrastructure stakeholders. Answeay lie in exploration of new and innovative pglic
approaches that capture the potential of P3s teead@ndemic infrastructure funding, project delive
and service quality challenges (Rouhani, 2012).

In response to such growing concerns, Geddes anttiNgy (2013, 2014) suggest a new
approach, called an investment public-private @asimp, or IP3,. The IP3 offers a strategy thatatou
increase public support for system-wide pricingxikting roads. The approach does so by releasing
economic value embedded in transportation fadglitieat cannot be realized since road use is ncggbri
The approach explicitly recognizes the right of ¢titezens who own public infrastructure to receive
income generated from it. Such rights are rarélgyer, recognized. By encouraging road pricing, th
IP3 approach also facilitates additional investmentansportation infrastructure. We describel®P@
approach in detail in Section 2 below.

The first step to evaluate an IP3 (and in genara},project) is to determine the appropriate
criterion in order to measure the project’'s potdrienefits and costs. The relevant criterion deitees
whether or not the approach serves the overalliputierest. Government agencies often evaluate P3
projects using Value for Money (VM) analysis (Yuahal., 2009), but the most appropriate evaluation
criterion is overall social welfare (Boardman andiWwg, 2012). In fact, VM analysis might lead toet
implementation of projects that reduce social valinee it accounts only for the costs of project
development; the benefits to users or consumersxataded (Heald, 2003; Boardman and Vining,
2010).

VM studies also often use inappropriately highcdist rates (Johnston, 2010). To provide a
detailed social welfare analysis, major stakehaidgaiins and losses from using a P3 should be
compared to the gains and losses from a traditi@mal public-procurement only) approach to
providing the same infrastructure or service.

Theoretical modeling of social welfare associatétth wrivate operation of priced roadways has
examined the effects of duopoly and monopoly stmest (Zhang, 2008; Winston and Yan, 2011,
Rouhani et al., 20E], the effects of traffic diversion to secondargde (Swan and Belzer, 2010), and
the impact of alternative privatization structuaesl regulations (Yang and Meng, 2000; Tan et 020
Zhang and Yusufzyanova, 2012). Such studies haeséal mainly on system travel time on a few
selected roads only. None have developed a detaialysis including various welfare components in
P3 implementation.

In the congestion pricing context, Parry and BR@D2) analyzed social welfare interactions
between direct peak-period congestion pricing astond best” factors, including congestion on un-
priced routes, as well as accident and pollutiderealities. Safirova et al. (2004) examined théfave
effects of various road pricing schemes for the Mfagton, DC, metropolitan area. Major factors in
those analyses were changes in travel time arglgaltl. Social welfare studies generally imposensjr
assumptions regarding implementation of the satheates on all roads, application of a macro model
(with limited details about system components), exclusion of externalities other than travel-time-
based congestion. In contrast, we show that therkpgcts of the IP3 approach can be captured within
the boundaries of urban cities. Our approach egtsnanportant and complex interrelations between
different components of an urban transportationesysand between different stakeholders within the
IP3 approach.



A detailed social welfare analysis that includésradjor P3 project stakeholders (residents,
users, government, and the private sector) is albsmn the literature. To fill this gap, we focus o
developing a general framework for social welfamalgsis that includes major stakeholders within an
IP3 approach. We next describe the modeling reddaeevaluating an IP3 scheme in an urban
transportation context, and estimate the socidareichange from implementing IP3 alternativesafor
major urban city: Fresno, California. Although docus is on the IP3 approach, our modeling
framework can be generalized to other P3 modets) as Greenfield projects, and to similar tolling
(i.e., road pricing) schemes.

2. Thelnvestment Public-Private Partner ship

There is widespread agreement among transportatimmomists that many problems associated with
the delivery, operation, and maintenance of trartafion infrastructure could be addressed throbgh t
adoption of system-wide road pricing (Vickrey, 1992g., charging motorists a variable per mile fee
for road use (Velaga and Pangbourne, 2014). Swshdee often referred to as mileage-based user fees
or MBUFs (Burris et al., 2013). Researchers hawgawver recognized that this represents a major yolic
change, and that motorists are likely to resist qo@cing.

There is a growing multi-disciplinary literature strategies for enhancing public acceptance of
road pricing. Small (1983, 1992) and Anderson amthivhg (1996) stress that added revenue from road
pricing must be used prudently in order to gainlipudcceptance. Small (1992) suggests using agvorti
of new revenues for tax reductions and rebatesamdlevant region and the remainder for regional
transportation improvements. King et al. (2007 uarfpr allocating revenues to the jurisdictiong.(e.
cities and towns) through which newly priced freggvaxtend. Kockelman and Kalmanje (2005)
analyze what they call credit—based congestionnmid hey suggest rebating toll credits (equal to
average monthly usage) back to motorists. Arnolal.g2012) suggest enhancing public acceptance by
increasing motorists’ travel choices. They recomthemnverting the shoulder of a highway into a new
general purpose lane while converting the left liabe a high-occupancy toll (HOT) lane. Other
suggested approaches include toll revenue “reaycimwhich toll revenues are rebated back to
motorists (Parry and Bento, 2001).

Although innovative, the above proposals geneiglipre the role of the citizens who actually
own the infrastructure. A basic tenet of propeaty Is that asset owners possess the rightuofus
which is the right to retain the fruit, produce tomprofit from an asset (Garner and Black, 20QR§.
transportation infrastructure assets are almosptetely citizen-owned, which implies that the redat/
jurisdiction’scitizenshave a claim to asset-generated incéfibe IP3 approach is novel in that it
recognizes such rights explicitly. We thus refeasset owners as citizen-owners.

In an IP3, wealth latent in transportation infrasture is realized by leasing (i.e., concessioning)
and pricing existing (un-priced) transportationiliies. The highest value is attained by competiti
bidding among potential concessionaires for thietrig operate the facility and collect tolls. The

1 One could make the argument that previous taxgayeostly those paying fossil fuel taxes) shoultlize some of the
value generated by the road via the concessios.raiges two considerations. First, the transactom of locating previous
fuel-tax payers from the past is prohibitively higtelying on current residency to determine eligipfor dividends has a
much lower cost. Perhaps more importantly, thiletes customers with asset owners. The custoniersizel mill, for
example, should not receive part of the value zedlfrom an Initial Public Offering (IPO) of theest mill. Their value was
received in the form of consumer surplus from tieelspurchased. Just as the value from the IPOdlgouto the mill's
owners, the value realized from the concession paymvhich reflects the discounted present valuetofe profits from
the road, should go to its citizen-owners.



payment would reflect the discounted present vafube expected net cash flows from newly priced
facility. That value is then preserved using a fpupérmanent fund. Permanent funds exist in a tyarie
of jurisdictions to preserve capital in perpetwtyd to insulate natural-resource-generated wealth f
political spending pressufeéSome portion of investment income is typicallydoaiit to the facility's
citizen-owners (Geddes and Nentchev, 2013).

Note that there is now a substantial experiencéementing tolling schemes in already existing
roads, especially in urban areas (Albalate e2809). In addition, the idea of IP3 could be apptie
the provision of new, in addition to existing, atructure. However, because an increase in
transportation supply generally induces more denaanadmay further deteriorate urban transportation
systems in long run, we do not suggest the IP3aagbrfor new infrastructure.

We next describe steps in adopting an IP3 in déhg first step for the relevant transportation
authority is to decide if the IP3 approach is appaie for their road system. This requires careful
consideration not only of the efficacy of systend&iroad pricing, but also of the creation of a
permanent fund to preserve value for citizen-owaargto generate dividends. Public IP3 sponsors may
also wish to carefully consider the distributionupffront concession lease proceeds between adalition
investment in the permanent fund versus currenerediures, as well as the regulation of P3s through
the concession contratt.

The second step is to determine the preferred aco@l structure for the concession (Buxbaum
and Ortiz, 2009). P3 contracts are critical becdlisg govern the relationship between the public
project sponsor and the private partner for thecession’s duration. The public project sponsor &hou
carefully consider alternative contractual arrangets before soliciting bids. Key considerations
include the level(s) of tolls and their flexibilitther contractual issues include desired setewss
(such as quality of signage, line paint, snow reahcand responsiveness to disabled vehicles, among
others), how those service levels are measuratjatds for maintenance and expansion, and how
performance is incentivized using explicit penaliad rewards. Linking toll increases to the coressum
price index, for example, creates a stable, irdtaprotected revenue stream that is likely to ettaa
larger upfront concession payment, and thus offeatgr dividend payments to residents out of the
permanent fund. In addition, caps on tolls arefiklp controlling the problems of market power aofd
congestion on nearby un-priced roads (Rouhani e2@13).

The third step is for the public sponsor to anneusmcequest for qualifications (RFQ) to attract
and screen qualified bidders for IP3 concessiosaeaBidders often include a road operator and a
financier cooperating through a legal entity crdapecifically for the purpose of bidding on, ficary,
maintaining, and operating the facility or netwarlkquestion. This involves all the standard procedu
for assessing potential bidders in a major trartagion project.

Conditional on the preset concession terms, theebidffering the largest upfront concession
payment is awarded the contract. Concession bidafiiegtively converts producer-side value (i.eg th
discounted profit stream from the road) enableddayl pricing into an upfront payment for citizen-

2 The largest U.S. example of a public permanerd farthe Alaska Permanent Fund, which was estaligh 1976 to
preserve natural resource wealth for its citizemers, and is now valued at about $51 billion. See
http://www.apfc.org/home/Content/home/index.qf@ecessed August 10, 2014). Other examples inchaldlberta
Heritage Savings Trust Fund and the Texas Perm&umaol Fund. Public permanent funds are partidyfaes of sovereign
wealth funds.

3 Additional current expenditures may include th@iavement and creation of alternative transpomathmdes within the
newly priced system. Those alternatives might idelnew bike paths, bus rapid transit, and imprdived guideway
options, among others.




owners. Bidding also ensures that infrastructuraeya receive the most value for the income stream
generated by their assets. This generates thestaagaual dividend possible for citizen-owners. ©nc
the winner is selected, and the lease agreemeonhduded, some fraction of the concession paymsent
used to capitalize the citizens’ permanent func fldmainder can be used to improve transportation i
the same area or corridor as the newly priced m&twidnis provides motorists using priced facilities
with either an expanded road network, with addaidransportation options, or both.

The fourth step is to use some of the concess®preceeds to capitalize the public permanent
fund. The public sponsor must determine the permiained’s legal structure and how to best insulate
its capital from short-term political spending mee. The Alaska Permanent Fund (APF), for example,
is protected explicitly in the state’s constituti@lson and O'Brien, 1990). The public sponsor can
glean lessons from other successful permanentriwttkls including those used in Alaska, Alberta,
Texas, and Norway. The permanent fund preservebhnagerpetuity since the fund’s principal is
never spent. Concession fee proceeds could bet@uv/esa broad, diversified portfolio of financial
instruments. Transparent commitments of capitg pebtect the fund from political spending pressure
in addition to any legal protections it may enjoy.

The fifth step is to price the road network usiagiable tolls, and to begin operations under the
private concessionaire. The terms of the concegsiatract govern the system operation is then
governed by the terms of the concession contrddthnaddresses key issues such as control of market
power, asset maintenance, and service quality.

The final step is to ascertain the appropriate sfzividend payments to citizen-owners and
initiate annual distribution. Dividends are paid otiinvestment income generated by the fund'’s
investmentd. The public sponsor is responsible for establistiegmethod through which those
dividends are calculated and who is eligible. Bseahe fund exists in perpetuity, fund-generated
income grows if new lanes and facilities are adweithe priced network and as existing facilities -
concessioned. Unlike a natural resource were didracreates a once-and-for-all payment, suchlas oi
a road network is used repeatedly, generating oggmnsumer surplus for drivers and producer
surplus for road owners. If, for example, a roadosssion lasts 15 years, then the network’s citizen
owners can receive another concession payment yedrs. Many other decisions impact the size of
annual dividends to citizen-owners. Some permafugms, including Alaska’s, choose to reinvest a
portion of their investment income back into thaduo foster growth in principal.

Some scholars suggest road concession paymergsoiis from road pricing) could be used to
lower taxes in the jurisdiction, such as salesdgzee e.g., Small, 1992). The IP3 approach can be
modified to provide such tax reductions and islimoited to direct payments. However, economic
studies suggest that direct payments are supents to lowering taxes because reductions in sales
taxes are not as salient to taxpayers as recetiragt dividend payments. They are thus less likely
generate support for pricing (see e.g., Finkels2d09).

The IP3 allows private infrastructure investmenfuimish households with an annual payment
to offset their cost of paying road prices. Thisr@ases public support for adopting system-widd roa
pricing. Experts have recognized that the creatfom broad beneficiary group is critical for the
introduction of tolls and the acceptance of priyadeticipation (King et al., 2008; Gomez-lbanez)@0D

4 Although giving citizens dividends or giving thenproportion of toll revenue directly may seemikimthe arrangement
of including a permanent fund to invest the conioespayment and generate dividends is in facttécatiinstitutional
difference. This arrangement preserves value (anémgtes dividends) forever, whereas toll reveaven if originally
earmarked to go to infrastructure, may be diveotest time.



This is consistent with distributing investment ggeds to all eligible households in the jurisdictioa
annual payments.

Importantly, the IP3 approach is not merely a reihstion of wealth from road users to the
jurisdiction’s citizens. It creates net social vala the form of new consumer and producer surplus
through the system-wide adoption of variable roadimg (see e.g., Perloff, 2011) and by competition
for the concession. A simple, but underappreciatesiight from our analysis is that neither type of
social value can be realized unless the servigai@stion is priced appropriately. Unless taxpayers
provide guaranteed revenue from some other sopregte partners will refuse to invest if the road
system is un-priced. The IP3 thus offers a new efagalizing system-wide unit pricing so as to izal
added economic value. Granting citizens annuatldivs in return helps achieve that goal.

The IP3 approach and other elements of our anatgside adjusted to account for alternative
political constraints, limitations, and conditionspractice. An example might be differing legal
structures across jurisdictions. There are sevar@dbles that public-sector sponsors can adjust to
ensure acceptance, including the proportion ottmeession payment used to capitalize the fund, the
concession length, and the size of the annual einddamong others. If, for some reason, it is
undesirable to incorporate private road operatittien a franchise/concession agreement, then
municipalities can simply sell bonds against the seream of toll revenues in order to raise theamf
payments to capitalize the permanent fund. Thamientirely public IP3, making the IP3 approach
separable from private road operatfon.

However, the IP3 has numerous benefits. By comgeconomic value released by road pricing
into annual dividends for citizen-owners, it gasyetidespread support for that road pricing. It coreb
the benefits of road pricing with those offeredablggally-protected permanent fund and with private
participation in infrastructure, such as improv@emtion and maintenance. Pricing transportation
facilities through an IP3 provides additional inwesnt for aging, congested transportation facditie
an era of constrained public budgets. The veryenx¢e of a permanent fund gives citizen-owners a
tangible stake in accurately pricing, properly naimng, and efficiently operating their transptida
infrastructure. Citizens will feel a closer connesgtto their infrastructure if they receive direct
payments from the value it creates for consumehng;wwill encourage them to take a greater interest
their infrastructure’s maintenance and operatioar@dver, dividend payments from fund investment
income to the infrastructure system’s citizen-owgremeliorate concerns regarding potential misuse of
lease proceeds. Dividend payments also reducesthefrusing large upfront payments to fund pragect
that may have short-term political appeal but dbemihance long-term social welfare. Cash from ahnua
dividends is likely to generate more citizen supploan does the mandated spending associated with
many real-life P3 projects (Perloff, 2011). For rexde, some proceeds from the Chicago Skyway
concession lease were used for non-transportatigyopes, which resulted in criticism of the agreetime
(Buxbaum and Ortiz, 2007).

Finally, private sector participation incentivizasre-efficient provision of transportation
systems through life-cycle asset maintenance amerltoll collection cost§.Importantly, the IP3
approach does not divert toll revenue from use fatidity to capitalize the permanent fund. Instet

5 We do not advocate for this approach (selling lspbecause it disallows competitive bidding in iz of the upfront
payment. There are other benefits of private pagton, such as enhanced ability of the privaté@eo assess profit
opportunities. However, a full discussion of theseies is outside the scope of this paper. SeeGeddes (2011).

6 However, the private sector might have incenttoggrovide a lower quality service, especially éoshort-term contract

(De Bettignies and Ross, 2004).



IP3 approach returns economic value embedded rerdly un-priced infrastructure assets to its eitiz
owners’ The concession contract might (should) requiredhéeast part of on-going toll revenue be
used to operate and maintain the facility in questin the next section, we describe how the social
welfare effects of adopting the IP3 approach caadsessed within a modeling framework.

3. Methodology
3.1. Benchmark Modeling

A standard transportation planning model for Fre€uadifornia serves as our basic model. We modify
that model to simulate the behavior of transpartatisers under alternative IP3 schemes. Figure 1
shows the major models (i.e., analytical problecasjsidered here. At the higher decision-makinglleve
policy makers employ two basic objective functiémstransportation system operation: transportation
system (i.e., congestion) cost minimization antdadfit maximization. These objectives correspond
roughly to public and private road operation, resipely. The system cost minimization problem
minimizes a monetary combination of total traveldij total fuel consumption costs, and total emrssio
costs over a transportation system with toll rétgss) as the decision variable. This is similar te th
second-best pricing problem in economic studies,(®erhoef, 2007). It is an important problem to
consider because policy makers may use system-alptates as the basis for capping tolls set by
private concessioners. The cost-minimization probier the system is:

Li; .
W Min ((Zj(x:j. ty(xiy)- BN + O Z Vie Al L 30)

=

wherex;; is the user equilibrium flow;ij(x;‘j) is the travel time function for each lid, S is the value
of time (VOT) for average userg, is the unit price of emission or fuel typén terms of time, and,

is the amount of emissions or fuel fadkan terms of speed. The first term represents todakl time in
monetary terms, while the second term calculatied fioel consumption and emissions costs. Rouhani
and Niemeier (2013 provide background on how to incorporate emissimd fuel costs into these
models.

An argument could be made against the use of Egjuatisince the objective function performs
properly only if O/D demand is fixed. Otherwise #@ution is to choose very high toll rates and
enforce zero traffic flows (and consequently indmes congestion costs). However, very high tadsa
on a few roads could in fact work against the cstiga mitigation objective. When applying very high
toll rates, total travel demand will not decreasmthtically for an urban network with so many
alternative paths/modes. Alternatively, trafficlEpier effects will be immense, as shown in ouutess
for the monopoly case in Table 2 below. Additiopadlocial welfare reductions from inducing lower
travel demand could be relatively small (see Tdbl& herefore, this objective function performs el
in optimizing the social system-wide congestiorelev

We address another problem: suppose a privatenfsaives for the profit maximization
problem to determine the optimal toll rate. Prefjuals toll revenue at;. x;;(7) minus toll collection

7 Economic rents realized from road concessiondilaly to be largest on congested urban systems.



cost orCF, ;;. Toll rates may be capped as required by P3 oust(&quation 3), which can affect the
optimal toll rate and thus the realized profit:

(2) 1V£q'x Ty = Z (Tij. %75 (T) — CFy15(7))
Y (i.))EFn
3) s.t. T < T;j

wheret is the vector of tolls comprised of;’s—tolls on each linki(j)—which are capped bg{fj’s (as
the upper limit for toll rates).

The profit maximization model can be extended daysedering more than one profit-maximizing
firm. This more-complex model must make an assuwngbout firm interactions. Considering the
Bertrand-Nash (B-N) equilibrium, we assume that-noaperative behavior prevails (Rouhani et al.,
2013). This means that each firm) @evelops a response function based on its frdgyqF.O.)
conditions and determines its own toll rate basethe best response to other firngs) toll rates

(flm’s):
(4) F.0.—» T;-"jzf(flm), V(ijeF,,(m)€E Fg,s*+r

All of the above models use a modified versionhef iser equilibrium (UE) problem to
determine users’ choice in reaction to the variollsschedules applied. The modified UE assumets tha
the general cost of travel (tolls + time) drivegnsschoice rather than time only, and that
origin/destination (O/D) demand is iteratively upsth(reduced) considering the new (higher) general
costs of travel, which include a monetary comboratf time and tolls for each O/D. The output & th
modified UE problem is an equilibrium (future) fiafflow pattern, which will be used to determine
system travel costs (time, emissions, and fuelwmpsion), and toll system profits and costs (prgdc
traffic, revenue, and toll collection costs).

Fig. 1 General modeling framework.

The model can also simulate a situation where sogs are tolled (publicly) with the goal of
improving system performance, while other (privateln) roads are tolled to raise profits. The campl
interactions between private and public (and everafe and private) roads result in an NP hard
combinatorial optimization problem. Instead of ap#iing the ownership structure, we solved the
problem by considering several scenarios, as shatenin Table 1.

8 It can be shown mathematically that profit maxiatian and cost minimization problems result in shene solution.
However, in our study, the profit maximization pkern maximizes the profits from toll collection oevf roads, but the
system-cost minimization minimizes the transpootagystem travel costs (total travel time, tot&l ftonsumption, and total
emissions from the whole system) over all roadslughng toll costs. These two problems are difféfartheir objective
functions’ general form and also in the facilitieih which they are concerned (a road(s) versuarssportation system as a
whole). Therefore, the two problems do not yiele ame outcome.

% For detailed information about the modeling apphoia this study, see Rouhani and Niemeier, (2p1Rouhani et al.,
(2013 andb).



3.2. Social Welfare Analysis Framework

Suppose government considers whether or not tceimmgaht tolling on a transportation facility (and to
use a public or private IP3). The social welfarenga loss from those decisions should be comptred
the public-sector alternative (PSA). In generad, ¢hange in total social welfare is the sum of the
change in consumer surplus, producer surplus, govent surplus, and employee surplus. All
components are usually measured in present val@@&an and Vining, 2010). A P3 project should
be implemented when it improves total social welfaglative to the PSA.

Under an IP3, consumer and producer surplus arevglifare of transportation system users and
private sector profits, respectively. Employee Bigs measured by new salaries paid to toll cbbec
agency employees (a portion of toll collection shsEovernment surplus is realized from its asgigne
share of concession payments. In addition to thbesemonly used components, an IP3 social welfare
analysis must include a term for the welfare ofdests or the infrastructure’s citizen-owners.

Residents may of course also be transportatioeisyasers. Because of the difference in level of
usage and because of the importance of resideatsdtizens) to the political process, we différate
between residents and users. That distinction resja more detailed social welfare analysis. Howeve
it should be done carefully to avoid double-countime benefits and costs of users and residents.

We assume a regional equilibrium for IP3 welfaralgsis in which the benefits and costs to
those outside urban boundaries will not be courftathlly, the welfare of stakeholders under an IP3
approach is compared to the no-tolling alternatiV€A) or the do-nothing case. The total social \aedf
change resulting from IP3 implementatidi) is:

(5)  AWipz_nra=
8y. AUWip3_nra + 6p.APWips_nra + 66.AGWip3_nra + 8. AEWip3_n74 + Op. ARWip3_nT4

whereAUW is the users’ welfare changePW is the private sector’'s welfare changéW is the
government’s welfare changkEW is the employees’ welfare change, &vitlV is the residents’

welfare change. The parametéysdp, 6;, 65, anddy are the welfare weights. These parameters should
be set equal to one based on the allocative affigieriterion (Weimer and Vining, 2009) when
conducting a normative evaluation. One criticapssedeciding which group of stakeholders should
enter the analysis, and thus whose benefits artd sheuld be counted. For example, users fromdaritsi
the region might not have standing to be includedheir benefits and costs may be omitted from a
regional analysis (Boardman and Vining, 2012).

Figure 2 categorizes the main factors that atteztvelfare of each stakeholder type in an urban
environment. The users’ welfare change is the sl the average amount of tolls paid by user$; (
the change in private travel costs (time and fatigr than tolls, since the transportation systeag m
become more or less efficient as a result of thptiegh toll scheme (Barr, 2004); and ) the decrease in
users’ welfare because of the induced change weltisehavior that creates disutility; e.g., somersis
might decide not to travel or to take public tramsgation because of higher tolls. In addition tosé
factors, users can benefit from improvements ingpartation systems resulting from the added funds
available to the public sector. However, such hénefay be negligible for an IP3 that allocateargé
portion of toll profits to residents rather tharesging it directly on transportation infrastructuvée
therefore do not consider such improvements inranatysis.



Fig. 2 Social welfare factors for each stakeholder type.

The private sector is assumed to maximize profitg.dr he private sector’s profits are
determined by the share of profits they would reeéor profits from tolls minus how much the prizat
sector must pay to the public sector) and by trdeehand risks. The government’s welfare change is
from the profits of publicly-tolled roads, as wa# their share of the profits of P3-tolled roadsakly,
residents play a key role in selecting P3 projesddenefits to them are likely to be a major driee
P3 project implementation. Residents’ welfare cleacan be measured hy dividends paid to each
citizen (household) of the region out of the pererdrfund; andi() the changes in the criteria pollutant
and the CQ@emissions level, based on their health-relatetéd# addition, residents could be better
off through improvements in the urban system sprodits from P3 projects could be used for
improving their urban environment without improvitinge transportation system. However, we assume
that profits will not be spent on urban system ioy@ments.

The inclusion of profits from tolls in our sociaklfare analysis differs from assumptions in
previous road pricing studies (e.g., see Prud’horanieBocarejo, 2005). Toll profits in those studies
are transfers of money from one group to anothdraae thus excluded from the analysis. This
simplifying assumption is misguided for three re@sd-irst, the weights on different stakeholders’
welfare might be different; e.qg., the benefitsasidents (through dividend payments from tolling
profits) might be assigned a greater weight redatovthe costs to users (based on the amountlof tol
paid). Second, the benefits and costs to users digside the region (the amount of tolls they pay)
should not be counted. Third, profits from tollsicerve as a guide for transportation infrastrctur
investment, thus reducing the scope for misallocatif resources to unprofitable projects.

Toll collection costs and their impact on emplogeeplus should be considered in our analysis
for the same reasons. We omit employee surpludtirestrom toll collection costs becausé; & part of
toll collection costs are used for capital and apag costs other than payments to employees and
should not be considered in employee surplus; enthé employees’ surplus from tolling should be
compared to other sources of transportation fingtzcees) since higher spending on tolls could tasul
lower taxes paid.

Finally, our analysis focuses only on average ¢ffea all stakeholders. Welfare effects are not
homogenous across different user groups, for exangame users might pay more tolls and waste more
time and fuel because of driving on more congesiads than before, while others might pay no tolls
and benefit from better system performance on &pgxrts of the system where they drive more
frequently. A more detailed analysis on differesérs’ groups (potentially a zonal analysis, whigh w
leave for future work) is required to address seghity implications.

3.3. Assumptions
The major assumptions for our analysis are asvislio

» The Fresno transportation planning model is acstdéterministic, single-user equilibrium model
(Sheffi, 1984). Since we plan for an uncertain fetuealtime prices and redime demand analyses
(a dynamic model) are very complex to estimatehdugh a multi-user equilibrium is required for

12 The benefits of GHG reduction affect everyone gligband the reduction does not offer benefitshie tesidents of Fresno
only. However, since the benefits are more relet@n¢sidents rather than any other stakeholdergid/not assign the
benefits to another stakeholder group. In conchysiesidents benefit from lower GHG emissions, el as other people in
the world. In fact, emissions benefits will be ledko others as co-benefits of IP3 schemes.
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analyzing tolling schemes, large-scale models (lileeFresno model) do not cover maléss
features due to their complexity.

To transform time into monetary cost, we assumavamnage value of time (VOT) for each user of
$14/hour. This value is assumed to be slightly lotkan the average wage of $16.79 per hour for
Fresno (Schrank et al., 2012). Based on the appliethge load factor of 1.4 persons per vehicle,
the VOT for each vehicle will be $20/hour (14x1.4).

Using the EMFAC-2011 model (CARB, 2013), the emusdactors {, in Equation 1) are

calculated based on the VMT-weighted average®802mission factors of different vehicle
classes at each speed level. Base unit emissionfsi@incost parameters are assumed as follows:
$25/ton of CQ, $250/ ton of CO, $7,000/ton of NG$3,000/ton of TOG, $30,000/ton of Ri/
$300,000/ton of PMs, and $4/gallon or $1.06/ litter of gasoline (Waaial., 1994; McCubbin and
Delucchi, 1999; AEA Technology Environment, 2005).

Travel costs other than time, fuel, and emissieng. (accidents), are neglected in our analysis
because of the complexity of estimating their dogglfare effects.

A flat (constant) mileage (km)-based toll rateppleed on a whole road (consisting of various
segments) for all scenario cases. However, thedtdlcould differ for each time period (temporal
variation or peak vs. offeak prices).

We assume that toll rates set in P3 contracts regmistant over time. However, in many real-life
P3 contracts, the toll rate increases at the Coastrice Index (CPI), inflation rate, and/or nonhina
GDP (Bel and Foote, 2009).

The operating and capital costs of collecting tatls based on the average estimated cost of two
private toll roads: Toronto 407 and Dulles Greenvgased on the Balducci et al. study (2011) for
North American tolled roads, the operating costsisumed to be $0.2 per transaction for private
systems and $0.24 per transaction for more costhigly run systems. However, some studies have
shown that private provision does not systematigaisult in lower costs (Bel and Warner, 2008;
Bel et al., 2010). Nevertheless, scale or learsr@nomies that cannot be reached by government
could ensure lower unit costs of private servidas Bettignies and Ross, 2004). To further analyze
the assumption about lower operating costs forgpeigystems, we also relax the assumption in the
sensitivity analysis section and consider vari@i®s of public-to-private system operating costs.
Considering a 3@ear payback period and a 6% discount rate, thea@verage capital cost per
mile is $1.2 million ($0.75 million per km) for higvays and $1.5 million per mile ($0.93 million

per km) for arterials because arterials have a&tangmber of access points.

Future profits are discounted using a discountaatedemand risk factor combination. The discount
rate is assumed to be 6% for the base case. Thandensk factor (risk mark-up) is used to reflect
uncertainties in future toll revenue. It startzeto and rises to 4 percent in 40 years. We also
examine the results considering a higher demakadfi$0% in Table 6. In addition, we assume that
the profits from P3 projects (or the correspondipfront payments) would be distributed among the
stakeholders as follows: 10% to government, 30%herivate sector, and 60% to residents. Note
that the profit shares are important policy decisiariables to be determined. However as we will
discuss in Table 5, changes in these shares caffaot overall social welfare.

Users are not categorized into inside (with stagiduersus outside of the region (without standing).
In fact, benefits and costs are calculated on @eefer all users.

The transaction costs of P3 contracts are assuorieel negligible. Our rationale is that the profits
are collected during a relatively long period ofi¢i while the P3 contract negotiation is a one-time
cost.
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» We did not consider delays in delivering (and opegd an infrastructure facility, which is common
for the public provision of transportation servicBsovision of a service on schedule is a major
benefit of implementing a P3 approach, and a commlecial welfare analysis should have included
such benefits (costs).

» The welfare weightsi(s in Equation 5) are set equal to one. Howevergxamnine deviations from
the base weights in the sensitivity analysis sactio

In addition to the above-mentioned basic paramgtggonduct a sensitivity analysis on some of
the major parameters in the results section. Theitbaty analysis captures the impact of allowihg
parameters to deviate from assumed basic parameters

4. Case study

As mentioned before, our application is to Fresmi@asportation system. The City of Fresno is ledat
in Central California. Alternative estimates repogopulation of between 300,000 and 510,000 fer th
city assuming different boundaries. Metropolitaedfro has a much higher population: about 1.1
million people (City of Fresno Website, 201@ur intention is not to suggest that Fresno idaali
place to implement an IP3. Our goal is to show hasing a travel demand model for a large
metropolitan area, we could provide the estimaggsired to undertake a complete social welfare
analysis.

We use Fresno’s transportation planning model asooeer-level model to simulate users’
behavior. As shown in Figure 3 below, we selecaes segments of roads transecting the urban area,
including four highways: SR168, SR41, SR180, an@%Rnd three arterials: Shaw, Shields, and
Blackstone, as candidates for our concession ggojébe selected roads’ main features can be found
Rouhani et al. (20%5].

Fig. 3Road network of Fresno, California, with the camatidroads.
(Source: Transportation planning model, city ofda@

5. Results

We begin this section by investigating differertissaf decisions (i.e., ownership structures) reggufor

a thorough social welfare analysis of alternatR®@ schemes. Then a systematic social welfare asalys
is developed to address the effects of these schemthe benefits and costs to major stakeholders.
Finally, we conduct a sensitivity analysis on sal/&ey parameters to examine their impact on result

5.1. Alternative Scenario Cases

Table 1 describes the main features of varioussst@ncases. Case 1 represents an unlimited profit-
maximizing case for one of the highways (HighwayIN&R 168). Case 2 sums up individual private
ownership of each candidate road; i.e., each madncessioned separately (only one private rdwaud),
the results are reported together. In fact, CaseaZombination of seven scenario cases, and its
anticipated total profit is the summation of prefitom all individual private roads. Cases 3 and 4
simulate the ownership of all the candidate roadsrie profit-maximizing firm (monopoly) and by
separate profit-maximizing firms (oligopoly).
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Table 1 Main features of alternative schemes undesideration

The corresponding system-optimal scenario caseytiah all roads are tolled to minimize
system cost, is (Case 5), which usually implieslem@nting a publicly-operated tolling scheme. Note
that Case 5 (or similar pricing methods) does maoessarily represent an IP3 scheme since it maght n
be profitable and might not be able to provide @kvids to residents. Case 6 represents the best two-
private-roads combination to maximize profits wtaleo reducing congestion by capping toll rates (se
Equation 3); Highways No. 2 and No. 4 are concessldout with limited tolls, and the tolls were faun
using a heuristic approach. Finally, Case 7 reptssaixed public/private operation where Highway
No.1 is operated by the public sector to minimiggtam costs without considering its profits, and
Highways No. 2 and No. 4 are operated by the prigattor to maximize profits (the best two-private-
roads combination), but with toll caps (i.e., @dilings). In fact, Case 7 is an extension of Ghsdere
a public road is added to improve system performgaanixed-operator solution). We use a heuristic
approach to find the solution for each case. Faremormation about the approach, refer to
Poorzahedy and Rouhani (2007) and Madani et al.4(20

Prior to providing a detailed social welfare anaysie examine the overall impacts of applying
the scenario cases discussed above. Table 2 répaonty revenues, costs, and profits for both pesadk
off-peak periods. Table 2 also reports changestal system-wide travel costs (other than tollsthef
transportation system as a result of applying thokieg schemes.

From the private sector perspective, competing piibed (especially private) roads is
preferable (profitable) to competing with the paldnd free-of-charge roads. The reason is that most
drivers tend to choose the free road over thgpoivate) road, even with if it is more congested.
Moreover, a private firm does not want to compefairsst a government firm that may depress tolls in
response to political pressure or in consideratidower social optimal rates. Therefore, P3 caatid
projects should be analyzed and evaluated togdthplementing P3 projects together provides much
higher profits for the private sector and consetjyaields greater upfront concession payments from
private sector bidders. As shown by the differelpesveen Case 2 and Cases 3 and 4, the simple
summation of the profits of candidate projects iempénted individually and not together ($116.4
million) is lower than the profits made throughdisy all seven P3 candidates together ($136 mition
$120 million). In addition, applying these projetitgether has important effects on the transporiati
system’s overall travel costs. Therefore, a comgmelve analysis of an IP3 approach should definitel
examine projects (roads) together and even exatiéeptimal order (i.e., timing) of implementing
these projects.

Table 2 The overall outcomes of alternative schemes

Another observation is that the system-cost-minatian (publicly run or Case 5) tolling scheme
would be costly (negative profits of $133 millioadause of high toll collection costs), but thisk(z)
scheme could be employed to drastically improvéesygperformance. The major reason for the
negative profits is that the system-optimal priaesgenerally low in order to avoid spillovers they
un-priced roads, and the resulting revenue is |dheam toll collection costs. On the other handhalgh
the profit-maximizing cases (Cases 3 and 4) resdtbstantial profits, they dramatically increase
overall system travel costs. As shown in Tablé@,dystem-optimal case (Case 5) saves $226 midfion
travel costs while the profit-maximizing cases tesua $400 million annual increase in travel sost
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(monopoly, Case 3), mainly in the peak periodstandiverting traffic from concession roads to highl
congested un-tolled roads.

However, the two extreme cases of system optinerand profit maximization usually fall
dramatically short of the opposite goals of raigangfits and improving system performance,
respectively. A successful P3 project raises mdiignificantly and simultaneously reduces
transportation system travel costs. Neither profikimization nor system cost minimization should be
policy makers’ sole targets. Under Case 7, whicu$es on a combination of congestion reduction and
profit-making, the public sector runs a costlyitajlsystem on one road, not only to improve quality
service but also to potentially boost profits o fprivate roads. The latter objective provides gea
profits for both government and residents. As showhable 2, Case 7 raises $45 million in toll newe
and decreases travel costs by $170 million ann(@aiple 2).

5.2. Social Welfare Analysis

Using the framework described in Section 3.2, wigrede the benefits and costs of using each
Investment P3 approach relative to the do-nothagpcTable 3 reports net benefits as well as detail
about the annual revenues, costs, and profitsradusascenarios for two major stakeholders:
government and the private sector. Government'tprare from two major sources: (1) 10% of P3
projects’ profits; and (2) profits from implemergipublicly run toll systems. We assume that a
privately run tolling system is used in place gfublicly run tolling system as long as the tollsygstem
is profitable. Therefore, public systems resulh@yative profits for government (costs > revenures)
nearly all cases. Nevertheless, in practice, aiptdiling scheme could also raise profits.

Table 3 The government and private sector gaindasseés under different scenario cases

Government might not seek the highest social welf@oliticians may maximize political
benefits by raising greater profits and loweringrent taxes or providing higher dividends to reside
Based on the economic theory of regulation (Boardarad Vining, 2012), the tendency to seek political
benefits may lead policy makers to choose prof&8 projects that do not necessarily improve dvera
social welfare, specifically system performance shAswn in Table 3, the monopoly and oligopoly cases
(Cases 3 and 4, with no toll limit) provide theliégt profits from tolling while the same cases
drastically lower service quality and overall sbevalfare (as shown in Table 2).

Table 4 reports annual benefits and costs of tbeaimentioned ownership cases for two other
major stakeholders (average users and residerggjisBussed in Section 3, users’ social welfaragha
includes: (1) average tolls; (2) average chandeaiel costs other than tolls (time and fuel
consumption); and (3) average change in socialanefirom travel demand reductions for all users.
Based on the rule of half (Rouhani and Niemeiet,130the last component quantifies the decrease in
social welfare when some users decide not to trdwelto higher travel costs associated with t&8lisce
Fresno’s transportation system does not provideoag public transportation option to users, wendb
consider reductions in users’ utility that resudinh switching from private cars to public systems.

When traffic congestion exists in urban transpartesettings, the political benefits of
implementing higher tolls (where revenues are pliytreturned to government or residents) may be
aligned with the social welfare goal of a more@ént transportation system (Boardman and Vining,
2012). Private and public goals could be aligndg driravel costs (tolls) increase on most roads
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(routes), and a strong public transportation systgists (Rouhani, 2009). However, in most of our
profit-maximizing scenarios (e.g., monopoly andjopoly), the application of high unlimited tolls on
few roads does not improve transportation systerfopeance due to spillover effects onto highly
congested roads.

Users usually enjoy the greatest benefits undesybtermoptimal case (Case 5) since the annual
benefits of a more-efficient transportation sys{&482.8) can offset the annual toll costs paid §58)
by average users. Note that as technological ingmmants decrease toll collection costs over time,
system-optimal pricing becomes more and more fdiigi.e., less costly) to society since lower toll
collection costs might lead to profitable systenthopl pricing schemes. As expected, the worst cases
for users are under the profit-maximizing (oligopahd especially monopoly) structures since usets n
only pay high tolls, but system performance decliag well. For instance, users end up paying $1,502
more per annum under the monopoly case, $900.hifwis from higher time and fuel costs. However,
motorists who use the roads more than averagdos#dl more, with many inequality implications
because of regional (zonal) and income (VOT) factBlowever, when average users are better off, we
can achieve a Pareto improvement for most usersliating toll profits and by transferring utility
among users. Applying fees to advantaged userpr@witling credits (monetary support) to
disadvantaged users allows such redistributionui@pnt, 1990; Kockelman and Kalmanje, 2005).

Residents’ social welfare change includes two maimponents: (1) average changes in
emissions costs for all residents; and (2) divideindm the IP3 approach. As shown in Table 4,
emissions costs are negligible relative to dividemividends are calculated based on a declining
principal (instead of perpetuity) approach, for @assion periods of 20 and 50 years, applying a ddma
risk factor as mentioned in Section 3.3. Our edith@ividends are generally lower than the annual
dividends of $1,000 (to each household) found enx@eddes and Nentchev study (2013) for the
Columbus, Ohio region. The main reason for theed#fice is that we assume that only a small sét of a
urban roads are tolled as P3 concession roads 43ntyiles or 69 km in totality).

System-optimal cases work well for average usersgbvernment must pay for the costly toll
systems. On the other hand, by using profit maxation cases, government and the private sector can
raise substantial profits and be better-off, whidevel costs may be dramatically higher and usenslav
be worse-off. The overall goal should be findingaeto-optimal solution where all stakeholders
(average users, average residents, and the pulblipravate sectors) are better-off than the do4ingth
case. Case 7, the mixed ownership scenario casesents a Pareto improvement. Not only do
government and the private sector achieve net lieéf$1.7 million and $14.5 million, the resident
and users are also better-off by $6.6 and $90 {#83.9 with a 20-year concession) annually,
respectively. Case 7 is a Pareto improvement desipgtfact that under a similar case (Case 6 ictwhi
the same two private roads, not the public rogo@rate, average users will pay $170 more annually.
The key to Pareto improvement is to use a mixedeoghip structure where some road segments are
tolled privately to raise profits, but other roayments are tolled publicly to improve transpootati
system performance.

Table 4 Residents’ and users’ gains and losseg wiifflerent scenario cases

Table 5 summarizes welfare impacts of applyingousr scenario cases over a 20-year
concession period. Social welfare impacts are tedan terms of net present value (NPV) of welfare
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effects on each stakeholder in millions of dollanger a 20-year period. The first conclusion froable

5 is that, with base parameters, the mixed owngrstenario case (Case 7) provides the highestlsocia
welfare followed by Case 1 (Highway No.1), Caséw®(best private roads), Case 5 (system-optimal
pricing), Case 4 (oligopoly), and Case 3 (monopblihe only positive social welfare change is from
the mixed ownership case; all other cases redurialseelfare relative to the no-tolling caSeNote

that as we discussed in Section 3.3 (Assumpti@hs)iges in the profit shares assigned to stakefsolde
(10% to government, 30% to the private sector,@¥d to residents) cannot affect total social welfar
unless we also modify welfare weights. Neverthelassther set of shares might turn a Pareto
improvement to a scheme where some stakeholdersoase-off or otherwise. Changes in the shares,
however, could not affect our results since the @ake with a positive total social welfare change
(Case 7) is already a Pareto improvement. For caitlesiegative total welfare change, modifying
shares cannot provide a Pareto improvement.

Table 5 Total welfare over a 20-year concessioroger

Another important observation in Table 5 is thaystem-optimal pricing scheme, which has
been traditionally employed in many transportasgstem analyses, may result in negative total ocia
welfare. Although the system-optimal goal is to impe system performance, toll collection (i.e.
transaction) costs can be relatively high in ureavironments (due to many entry and exit pointsl, an
as a result, such schemes can reduce social waljagring transaction costs is one flaw typical of
transportation studies.

5.3. Sensitivity Analysis

To provide a reliable social welfare impact anaysie conduct a sensitivity analysis on several key
parameters to assess the robustness of our kegdsd-igure 4 shows the changes in total social

welfare (in billions of dollars) under differentenario cases when (a) travel demand deviatesifsom
base level by 10%; and (b) the discount rate diffesm its base rate of 6%, and is instead 3% &6d 9

Fig. 4 Sensitivity of total social welfare change withpest to &) travel demand and) discount rate.

As shown in Figure-,under the profit-maximizing cases (Case 3, 4,&ndn increase in
demand results in an increase in total social welfelative to the base scenario (shown in Tapl€&ar
the system-optimal case (Case 5), however, andeer demand reduces social welfare. This
difference in outcomes stems from the fact thab\ait increase in demand, profits will grow, but
congestion will intensify.

Under our assumptions, the change in discountnatéplies the values of social welfare
change by a certain ratio since all stakeholdegj@yasonstant annual cash flows over time, and tig o

1 One may argue that the system-optimal case (Withads being tolled) should provide the highestial welfare, but this
is not true in our study for two reasons. Firsg slystem-optimal cases do not account for traractsts (toll collection
costs). So even for the base parameters, theyt ieswdgative change in social welfare. Secondaftitorough analysis, we
need to analyse the variations in the welfare wsigheach group (not necessarily equal weights).
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present expenditure in our analysis (the capitat 0btoll collection) is negligible relative tohar

annual values (Figure-8)). However, in practice, the impacts of discourg iittanges are more complex
since the cash flows differ over the years of asialyDiscount rates are one of the most important
factors in evaluating real-life P3 projects, shi@rdugh sensitivity analysis is warranted.

The welfare weightsi(s in Equation 5) are crucial for social welfarecaddtions; a policy
analysis should determinghose benefits and costs should be included andhat ratios. Figure 5
depicts the outcomes of changing (a) residentsjiteand (b) users’ weight. The rationale behind
increasing residents’ weight is that residents @t viewed as the real owners of the transportatio
infrastructure. They can also affect the politiwdl to mobilize the process for much-needed
fundamental changes in transportation system poovis

As expected, the increase in residents’ weightrawmore-profitable monopoly and oligopoly
cases (Cases 3 and 4). When the profit-maximiziegarios are implemented, government may gain
political benefits by increasing residents’ supgoyrproviding high dividends, balancing the budget,
boosting the private sector’s profits, and keemuagent fuel (or other) taxes low. However, theralle
outcome of the highest social welfare for the migachership case (Case 7) does not change unless
very high residents’ weights (e.g., 20Higure 5—a where all other weights are one) aréexhp

Fig. 5Sensitivity of total social welfare change withpest to é) residents’ welfare andb) users’ welfare.

In addition to increasing residents’ weight, pplinakers could use a lower users’ weight than
unity since some users could be foreigners witleguial standing in the social welfare calculatidss.
shown in Figure 5-b, profit-maximizing cases benafire from a decrease in users’ weight. However,
using a weight of 0.5 or higher (50% of users otidyan system, at most, might be foreigners), the
mixed ownership case still provides the highesisdoeelfare. The Interstate Commerce Clause of the
Constitution (Article 1, Section 8, Clause 3) pretsestate governments from interfering with comraerc
by using pricing strategies or by tolling interegt“beggar thy neighbor” would be an example
(Commerce Clause, 2013). Therefore, legally, saegddare calculations become more complex than
excluding or including users from outside the regio

An average VOT (not a detailed stratified VOT dizgition) affects the trade-offs between
money (tolls) and time. Under the same traffic flpattern (which results in the same general travel
costs), a higher average VOT will result in highptimal toll rates (monetary) and consequently éigh
revenues by a constant ratfoOn the other hand, increasing VOT will boost ttdiree savings
resulting from the tolling scheme (in monetary teyiny a constant ratio. Figure 6 shows how social
welfare is affected by deviations in VOT.

12 et us assume that we have only one road beitegtaind the toll rate is the decision variablesoAlassume that the time-
equivalent-cost of each toll ratetis The revenue maximization problem can then beevriasx*(¢(x(t)) +t) x t *

VOT, wherex* is the equilibrium flow pattern (traffic demand)is the travel time which is a function of trafflow x

(which is self is a function of tollg), and VOT is an estimate of value of time for agerasers. In fack* represents the
equilibrium demand (which is a function of the suatimn of travel time and toll cost in terms of timandt” = VOT
represents tolls in monetary terms. Multiplyingg@eéwo factors (demand and toll), we reach theitgridr each toll rate. As
can be seeyOT acts like a constant multiplier and cannot chahgeprofit-optimal toll rate (in terms of time o) since

the only effective factor is the time-equivalenstof each toll rate ar. But VOT will change the profit level by a ratio.
This only holds true when we have one group ofsuéamly one VOT).

16



In most cases, an increase in VOT magnifies thed swoicial welfare both positively and
negatively. Increasing VOT will increase profitase users are more willing to pay for better seyvic
and will increase travel costs since time costdiaearly dependent on VOT. Nevertheless, Case &—th
system-optimal case—is an exception to this rofl social welfare is negative but becomes pasitiv
with a $40 VOT. For a congestion management casegach the system-optimal flow pattern, policy
makers need to charge a higher toll; tolls in teofnsme-equivalent-costs should be held constant t
reach the system-optimal flow pattern, but a high@f leads to higher tolls in monetary terms and
consequently to higher toll revenues. Meanwhill cmlection costs remain constant since the ogtim
traffic flow pattern is fixed. Travel time savingtso increase with VOT. Therefore, for a congestion
management system, a higher VOT is usually commeateswith a higher social welfare.

Fig. 6 Sensitivity of total social welfare change withpest to value of time (VOT).

We also analyze variations in operating costsubip toll collection systems. For our base case,
as discussed in Section 3.3, the operating cqstiloiic systems is assumed to be 20% higher than tha
of private systems. Here, we relax this assummmhconsider various ratios of public to private
systems’ operating costs. This assumption affais ©ases 5 and 7 since these are the only casles wi
public toll roads. Figure 7 shows the effects @ tiperating cost ratio on social welfare. Variagiom
the ratio have relatively minor effects on the fioatcome; however, the effects are greater faalan
public system (Case 5, Figure 7—a). Neverthelegh,all operating cost ratios applied, Case 6 again
provides the highest change in social welfare.

Fig. 7 Sensitivity of total social welfare change to pakgrivate operating cost ratios foaseb (@), andCase7

(b).

As the final parameter, we provide a sensitivitglgsis on the assumed demand risk of 4% (refer
to Section 3.3 for information how demand risk pplged). Demand risk is an extremely important
parameter for our analysis since it greatly affebts estimated profitability of each scenario case.
expected, demand risk needs to be estimated baseuhoacteristics for each case and differs frogse ca
to case. However, because of uncertainty in fulereand, we need to run a sensitivity analysis.& &bl
reports the estimated dividends under two diffedarhand risks: 4% and 10%. As can be seen in Table
4, a higher demand risk can significantly redueedividend paid to residents, and its effects agbdr
for a longer concession period (50 years) sinangdr concession period is commensurate with a more
uncertain future demand.

Table 6 Dividends under different demand risk rates

We can observe from the figures and the tabléis section that all the parameters used for
estimations have important impacts on the analy$is shows the importance of providing a sensitivi
analysis on major parameters. Not only should wesicier different values for the parameters, but we
should also consider different combinations of ¢healues for a more robust analysis. Moreover, we
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should expand the sensitivity analysis beyond thiipeters considered in this section to apply, for
instance, various fuel costs, population, and la&lscenarios.

6. Conclusions

In this study, we develop a general social weltaralysis framework that considers the major
stakeholders (residents, users, government, angritrede sector) for the assessment of the alterat
investment public-private partnership (IP3) scherising the framework, we estimate the social
welfare change resulting from implementing IP3raléives for an urban transportation network. Our
overall policy analysis indicates thae IP3 concept creates value by encouraging roaih@ through
its annual dividend, but that the net value creatiomes from the implementation of road pricing.
Using a very detailed modeling framework, we denras that economic value cannot be realized
from a transportation facility in the form of comser and producer surplus unless the facility iprty
priced. IP3 structures coupled with proper prigmals could offer a long-term sustainable funding
solution. Therefore, we examined several alteredff8 schemes and simulated the behavior of users i
response to these schemes.

Our social welfare analysis results show that sgstetimal schemes (tolls) could decrease total
travel costs incurred by average users, but govenhshould pay for the costly toll systems. In cast,
unlimited profit maximization schemes raise subshprofits for government, residents, and the
private sector while users incur huge increasdisam transportation costs through both toll paytaen
and higher travel time and fuel consumption cdstsm a public interest viewpoint, policy makers
should search for a Pareto improvement wherealkesinlders are better-off. One of our scenarios;ase
which simulates a mixed private and public tollsaheme with mixed profit maximization and system
cost minimization goals, represents a Pareto imgm@nt. In addition, using our base assumptions, the
mixed private and public IP3 scheme (Case 7) img®#otal social welfare by close to $500 million
over a 20-year period.

Using sensitivity analysis, we show that change®ajor factors such as travel demand level,
discount rate, welfare weights, and value of tiM@T) do not affect the ultimate outcome: the mixed-
tolling scheme provides the highest social welfarkess changes in those factors are extraordinary.
However, a decrease in users’ weight and an inenga®sidents’ weight seem reasonable since some
users are not from the region (they do not havelesianding in social welfare calculations unless
because of legal constraints), and residents pi@pitant roles in the public acceptance of an IP3
approach.

Our modeling suffers from several simplificatioRgst, potential improvements in
transportation and urban systems are neglecteprd®® (upfront payments) can be used to improve
transportation system performance, but since tBeafiproach assumes that the main portion of P3
profits will be redistributed to residents, we diok account for these potential improvements. i, fa
the IP3 approach could be compared to the use imffi@structure fund that can potentially increase
social welfare through improving transportationtsyss, creating new jobs, and stimulating long-term
growth.

Second, our analysis is based on average effectsorA detailed analysis should take the effects
on different groups of user/residents into accoespecially from an equity perspective. Third, our
model simulates a static process, so it fails piw@& potential dynamics between different timequks
in the long run and the possible difference in ahpuofits and costs in different years. Fourtke th
employed benchmark modeling could be improved laygusiulti-user equilibrium (Yang and Huang,
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2004) and considering heterogeneity in VOT of ug8mall, 2012), more detailed analysis of travel
demand uncertainty (Chen and Subprasom, 2007)ti§oation and optimal allocation of risk (Jin and
Zhang, 2011), and more advanced objective functiogs abstract profit maximization and system cost
minimization. Nevertheless, our modeling framewankl our results provide the foundation for future
social welfare studies that evaluate transporta®@dprojects.

Finally, our intention is not to suggest that Fresno is s&may the appropriate place to
implement an IP3. We show that how an IP3 scheméeamplemented, what tools/models are
needed, and how to apply/formulate a social weldaaysis As shown by our previous studies
(Rouhani and Niemeier, 2011), an IP3 approach @iRS3 approach) can further improve social welfare
for a metropolitan area with a strong public traor&gtion system since an IP3 can incentivize tleeais
more energy-efficient modes while it does not dye&tduce travel demand.

Future work could develop a more in-depth socidfave analysis that will account for the
equity effects on different groups of users andleggs. In addition, certain types of risks assecia
with the P3 project delivery should be quantified @onsidered in the social welfare analysis iratge
detail. Finally, the effects on factors outside titasportation sector, such as employment, laedargd
work hours, should also be taken into account. \Wighconsideration of such factors along with the
potential decrease in insurance and maintenands ebsavel and GHG emissions globally, our
proposed IP3 schemes could offer significantly bighenefits than estimated.

Caveat

The transportation planning model used in thisystuds employed only for research purposes, and not
for developing regional transportation plans onggortation improvement programs. The authors do
not obtain financial interests or benefits from tiect applications of this research.
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Users’ Welfare:
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Fig. 2. Social welfare factors fceach stakeholder tyg
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Table 1.

Major features of alternative IP3 schemes

Concession roads Objective Function Operator Toll cap
Case 1 HW1 Profit maximization Private No limit
Case 2 Individual roads Profit maximization Private No limit
Case 3 Monopoly (all) Profit maximization Private No limit
Case 4 Oligopoly (all) Profit maximization Private No limit
Case 5 System optimal pricing System cost minimization Public Limited
Case 6 Two private HWs Profit maximization Private Limited
Case 7 Two private HWSs & one Combination Private & Public  Limited

public HW
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Table 2.
The overall outcomes of alternative schemes

Toll collection Total travel cost

(w/o toll)
Period Revenue Cost Profits Profits Percent System cost
($1000 ($1000 ($1000 (million change change

hourly) hourly) hourly) $/ year) (million $/ year)

Peak 9.8 3.9 5.1 1.06%
Case 1 12.3 -16.4
off-peak 2.6 1.9 0.8 -1.42%
Peak 82.4 38.3 441 -
Case 2 116.4 -
off-peak 20.1 15.0 5.1 -
Peak 105.0 37.3 67.7 10.33%
Case 3 137.3 407.3
off-peak 25.4 17.4 8.0 0.18%
Peak 102.1 41.6 60.5 6.70%
Case 4 125.3 267.3
off-peak 25.1 17.7 7.4 0.19%
Peak 71.7 76.3 -4.6 -3.15%
Case 5 -133.5 -226.3
off-peak 25.3 534 -28.1 -2.58%
Peak 49.0 24.0 25.0 -0.02%
Case 6 52.7 -59.9
off-peak 14.3 10.6 3.7 -1.46%
Peak 58.4 33.2 25.2 -2.35%
Case 7 455 -170.8
off-peak 17.0 15.4 1.6 -1.97%
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Table 3.
The government and private sector gains and lags#sr different scenario cases

Toll Collection system Government Private
sector
. 2-Profits '
Revenue Cost Profit 1-Profits from profits Profits
(million $) (million $) (milion$) M P3 ipiictolls . 1*2  (million $)
(million $) (million $) (million $)
Casel 26.1 141 12.0 1.2 - 1.2 3.6
Case 2 2035 87.1 116.4 11.6 - 11.6 34.9
Case3 2715 134.2 137.3 13.7 - 13.7 41.2
Case4 267.0 141.7 125.3 12.5 - 12.5 37.6
Case5 221.2 354.7 -133.5 - -133.5 -133.5 -
Case 6 138.0 83.5 54.6 55 - 55 16.4
Case 7 164.3 118.8 45.5 4.8 -2.9 1.7 14.5
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Table 4.
Residents’ and users’ gains and losses under eliffescenario cases

Average users Residents

(2) Change (3) Social Total (1) Benefits of
(1) Paid tolls  in other cost- demant change fewer
(% per user) travel costs decrease 1+2+3($ emissions ($
(% per user) ($ peruser) peruser) per person)

(2-a) dividends (2-b) dividends
of 20 year conc of 50 year conc.
(% per person) ($ per person)

Case 1l

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

57.4 -21.9 0.1 35.6 0.8 21.9 19.1
- - - - - 212.1 181.1
593.6 900.1 8.3 1502.0 -14.7 250.2 214.0
580.6 589.7 7.1 1177.5 -9.6 228.3 194.5
478.9 -482.8 2.3 -1.7 8.4 - -
297.6 -127.7 15 171.4 2.3 96 82.1
356.2 -364.5 1.8 -6.6 6.5 82.9 70.7
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Table 5.
Total welfare over a 20-year concession period

Residents Government Private sector Users Total welfare

(million $) (million $) (million $) (million $)  (million $)
Case 1 69 11 34 -185 -71
Case 3 784 131 392 -7780 -6474
Case 4 716 119 358 -6104 -4911
Case 5 0 -1271 0 9 -1262
Case 6 312 52 156 -891 -371
Case 7 260 18 138 34 451
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Table 6.
Dividends under different demand risk rates

(2-a) dividends of 20 year (2-b) dividends of 50 year

conc. ($ per person) conc. ($ per person)
Concession road:
Demand risk Demand risk Demand risk  Demand risk

4% 10% 4% 10%
Case 1 HW1 21.9 19.9 191 15.5
Case 2 Individual roads 212.1 188.1 181.1 146.7
Case 3 Monopoly (all) 250.2 222.0 214.0 173.2
Case 4 Oligopoly (all) 228.3 202.1 194.5 157.6
Case 5 Syste.m. opitlmal i i i i

pricing

Case 6 Two private HWs 99.5 85.2 82.1 66.4
Case7 Woprvate HW& —g) g 736 — 707 57.3

one public HW

* For this case the public sector cannot pay diviti® residents. However, the corresponding divddehat residents should
pay are: 243.3, 216, 207.7, and 168.2, respectively
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