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Traffic-Backed Securities:
A New Approach to Project Finance

Carles Vergara-Alert


The present paper outlines a new approach to financing the design, construction and operation of transportation infrastructures from a financial engineering perspective.  The idea is based on the establishment of public-private partnerships (PPPs) to finance transportation infrastructures through Traffic Backed Securities, a new concept based on pooling cash flows from traffic receivables so named because of its conceptual similarity to Mortgage-Backed and Asset-Backed Securities.  We propose a new solution for one of the most important problems of the PPPs: The distribution of risk between the private company (the holder of the infrastructure concession) and the government. 

The paper focuses on the modeling of the underlying risks and the ways of tranching (“backing”) and selling them to investors with specific investment and hedging needs.  We estimate the distributions of future cash flows and use them as collateral to issue bonds according to bond rating requirements.  Besides, we go one step further and pool projects in countries with different currencies and take advantage of the predictable foreign exchange rates.  The model uses two types of state variables: stochastic processes for the traffic flow of the projects and stochastic interest rates for each country involved.  
Although this structure can be applied to all kinds of transportation infrastructures such as airports, railways and ports, this paper focuses on the analysis of concession contracts for highways.  We show the simplest possible application: a pool of two highway projects located in two different countries (hypothetical new highways in San Francisco, USA and in Barcelona, Spain) that have been calibrated using data of their respective existing transportation networks.  We quantify the diversification gains from pooling projects and the benefits of the securitization into different risk levels to be sold to different kinds of investors.  
1   Introduction

The existence of a complete and interconnected transportation network, adequately managed, well-maintained, and with sufficient capacity, is essential for the good progress of a country’s economy.  But, despite the fact that the countries have considered the investments in transportation infrastructures a priority, public resources presently available are for several reasons lower than those considered necessary (e.g. large amounts of debt held by many governments, priority of investment in social policies, etc.) which has led to the complementation of public investment plans with capital furnished by the private sector (see for example European Communities Commission, 2001). 
Historically, private operators (concessionary companies) have managed transportation infrastructures as license holders.  Some countries have a wealth of experience with project finance based on concessions and all the issues associated with concession contracts and other infrastructure funding systems, toll charges and other paths to remuneration, and risk sharing between concession authorities and concessionary companies.  The most well-known cases are toll highways, whose operating licenses are interpreted as merely financial mechanisms (Robuste, 1999).  Besides, operation licenses for airports, ports and railways have also been implemented.  So far, in concession project finance, a public authority grants specific rights to a private or public company to construct, overhaul, maintain and operate the underlying infrastructure for a given period.  By contract, that company carries the costs (construction, maintenance, etc.) and the operation risks. The cash flows of the company come from the users (tolls or fees), from the public authority (shadow tolls), or from both.

This paper structures a new approach to financing the design, construction and operation (including maintenance) of transportation infrastructures from a financial engineering point of view.  The idea is based on the participation of private concessionary companies in partnership with the government in order to carry out the infrastructure projects.  Relationships based in this idea, known as Public Private Partnerships (PPPs), have already been established in Europe but with many problems still to be solved.  This paper proposes a new solution for one of the most important problems:  the distribution of risks between the private company holding the concession and the government. 

The proposed innovation is inspired by the backed strategies, such as mortgages and assets, which have been applied for the securitization of financial instruments.  This strategy is named “Traffic-Backed Securities” (TBS) in this paper because of its similarity in concept with Mortgage-Backed Securities (MBS) and, more generally, with Asset-Backed Securities (ABS).  An MBS is an asset-backed security whose cash flows are backed by the principal and interest payments of a set of mortgages
.  Similarly, a TBS is defined as an asset-backed security whose cash flows are backed by the toll and fee payments of a set of transportation infrastructures.  The process of “backing” cash flows, commonly called securitization, allows the company to separate credit origination and funding activities.  Securitization is defined as the packaging (tranching) of designated pools of receivables with an appropriate level of credit enhancement and the redistribution of these packages to investors. Investors buy the repackaged assets in the form of securities which are collateralized (secured) on the underlying pool of projects and its associated income stream.  Therefore, securitization converts illiquid assets into liquid assets.

This paper focuses on the quantification of the distribution of the cash flows derived from the tolls (direct tolls or shadow tolls) according to the risks that every project involves and the securitization of these cash flows to be sold to investors with specific investment and hedging needs.  One of the main risks of a project is the difficulty of obtaining a good forecast of the traffic in the future.  The establishment of public-private partnerships to finance transportation projects allows, by using the new strategy proposed in this paper, the allocation of risks by issuing bonds with different rates and different seniority to investors with different preferences for risk.  These investors may range from the most risk-averse (who can invest in the senior bonds guaranteed by the government) to the most risk-tolerant (who can invest in the Z-bonds at the top of the tranch, which are very sensitive to the level of traffic).   

In the proposed project finance strategy, income from concessions is based on the usage of the infrastructure.  In the case of the highways and freeways, the strategy can show two faces that will be studied in more detail later:
i. Direct toll payments:  The users of the infrastructure (e.g. the drivers) pay the toll.

ii. Shadow tolls:  The government pays to the concessionary company an amount proportional to the number of vehicles multiplied by the miles logged on the road.  

Note that the financial benefit of this structure is double. On one hand, different levels of risk of getting the payoffs from the bonds may be allocated to investors who may be willing to bear these different levels of risk. We can take advantage of this benefit with just one single project (without pooling). On the other hand, we must also consider the risk derived from the pooling of different projects is lower than the sum of their individual risks.  Besides, if these projects are developed in countries with different currencies, foreign exchange risk starts playing an important role.  Because most of the concessionary companies are becoming more global, the study of the pool of projects from different countries and the influence of the foreign exchange markets needs to be added.  
Finally, note that the Traffic-Backed Securities model can be applied to project finance most of the types of transportation projects from bridges to highways, railways, ports and airports.  In this paper, we show the simplest possible application of the model: a pool of two highway projects located in two different countries.  The model is applied to hypothetical highways in the San Francisco Bay Area (California, US) and the Barcelona Metropolitan Area (Catalonia, Spain).  The calibration of the model has been done based on data from their respective existing transportation networks.  We quantify the diversification gains from pooling projects and the benefits of the securitization into different risk levels to be sold to different kinds of investors.  
The rest of the paper is structured as follows:  In section 2, we expose a short overview of the methodology to the new project finance model.  This methodology has been separated in three parts that will be developed in detail in sections 3, 4 and 5.  In section 3, we focus on the generation of the distribution of cash flows for single projects.  In section 4, we set up the securitization or generation of the tranches for single projects
.  In section 5, we study the pooling of single projects.  In section 6, we apply the methodology to two hypothetical projects in two different areas (one in the US and one in Europe) in order to estimate the gains of the strategy for applied projects.  Finally, in Section 7, we conclude.
2   Methodology
The proposed model, applied to financing the design, construction and operation of highways, involves the following structure and methodology:

A.    Single Projects:  Generation of the distribution of cash flows
· Estimation of the revenues:
Step 1:  Traffic simulation (Highway Capacity Manual, see TRB, 2000):
· Hourly traffic simulation:  Takes into account high- and low-volume traffic hours, the boundary conditions of the infrastructure (non-negativity of traffic and maximum flow defined by the capacity) and the re-distribution of the “excess of vehicles” (when demand exceeds the offer) in the hours prior to and after the rush hour
· Daily traffic simulation:  Separates the days of the week into three groups, simulating them separately: 1) workdays (Mondays to Thursdays); 2) Fridays; and 3) weekend days (Saturdays and Sundays)

Step 2:  Toll strategy assumption:

· Direct tolls or shadow tolls

· Stationary tolls versus variable tolls (e.g. higher tolls in rush hours)

Step 3:  Simulation of daily interest rates (Vasicek model) and generation of the present value of the daily cash flows

· Estimation of the costs:  Design, construction, maintenance and operation
· Derivation of cash flows (revenues minus costs):  Study of 6-month revenues

B.    Single Projects:  Generation of the tranches
· Modelization of the bonds with semi-annual payments that can be issued: 

· Calculation of the tranches from the simulated cash flows according to the risk of default 

· Valuation of the bonds using market prices of corporate bonds for different ratings

C.    Pooling of Single Projects: 
· Estimation of the distribution of cash flows of the pool 

· Aggregation of the distribution of cash flows for individual simulated projects
· Simulation of FX rates among different currencies in order to pool projects from different countries and evaluate the influence of the FX rates on the risk and management strategies
· Comparison among the risk supported for single and pooled projects
· Calculation of the tranches from the simulated cash flows according to the risk of default 

3. 
Single projects.  Generation of the distribution of cash flows 

3.1.
Estimation of the REVENUES

The simulation of the hourly intensity of traffic is based on TRB (2000), the Highway Capacity Manual edited by the Federal Highway Administration.  Traffic simulations have been developed with a double level of study:

On the one hand, daily traffic intensity comes from demand simulations for each day of the concession period. We separate the days of the week into three groups, simulating them separately: 1) workdays (Mondays to Thursdays); 2) Fridays; and 3) weekend days (Saturdays and Sundays).  Demand is forecasted using a Monte Carlo simulation calibrated with the combination of real data on existing highways, a standard gravitate model and a standard logit model.

On the other hand, the hourly traffic simulation takes into account the high- and low-volume traffic hours, that is, the boundary conditions of the infrastructure. Traffic has two main constraints: non-negativity of traffic and maximum flow defined by the capacity. The model that has been implemented takes into account the re-distribution of the “excess of vehicles” (when demand exceeds the offer) in the hours prior to and following rush hour.

The main traffic variables that have been used are defined by the following notation:
	Lij
	Length of the highway section that goes from i to j (Note: This parameter will not appear in most of the formulas because costs per unit of length will considered in most instances) 

	N
	Number of lanes per direction

	Iij(t,h)
	Intensity of traffic in the section ij at day t and hour h

	Cij
	Capacity of the highway section that goes from i to j 

	vij(t,h)
	Average speed of the cars that are in the highway section ij at day t and hour h


The Highway Capacity Manual of the Federal Highway Administration, TRB (2000), provides an accurate methodology to forecast of the capacity of the highway according to the value of the following parameters: number of lanes per direction, type of road (freeway, highway, narrow road, etc.), width of the lanes, lateral clearance (distance to the edge of the pavement), existence of median (yes/no), access point density, specific grade of general terrain (plain or level terrain, wavy or rolling terrain or mountain or mountainous terrain) driver population factor, % of heavy vehicles, peak-hour factor (PHF) which accounts for the variation in traffic flow within an hour and the base free-flow speed (FFS).  
From the value of these parameters and from an assumption of the maximum intensity of traffic per hour of 2,000 vehicles per hour (peak-hour volume in one direction), the PHF of 0.92, the number of lanes N, the heavy vehicle factor fhv according to Exhibit 23-8 and Equation 22-3 in TRB (2000)) and the driver population factor fp of 1, we may estimate the hourly capacity Cij of the highway ij or equivalent passenger-car flow rate (in terms of passenger-car/hour/lane) as: 
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To estimate the traffic intensity in the highway section ij during one day t, named Iij(t), the forecast of the demand for the use of transportation from the point i to the point j and vice versa has been approached following Ortuzar and Willumsen (1994) and running Monte Carlo simulations on the increases of traffic levels.  The evaluation of the part of the traffic corresponding to the designed highway (the other portion will be derived from other existing infrastructures such as a road or a train that cover the same route) has mainly been approached according to a Multinomial Logit (MNL) as defined, for instance, in Ortuzar (2000).  The transportation network where the highway that we want to study must be modeled and the daily traffic intensity may be obtained.
Once we have the simulated traffic intensity, we apply a different pattern of hourly diffusion that distributes the traffic for the different hours of the day depending on whether it is metropolitan (urban) or rural.  These calculations are based on the “adjustment for excess demand” as in TRB (2000).  From these patterns, we can get pij(h), the percentage of the total traffic of the day that is using the highway ij in a particular hour h (see Figure 1 for more details about the patterns used in this paper).  The desired adjusted distribution of traffic intensity for every day t, Iij(t,h), is calculated by multiplying Iij(t) times pij(h):
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As pij(h) is a probability, then Iij(t,h) is such that:
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The proposed model also takes into account the reduction of the intensity due to congestion.  We use the relation between v(t,h), the average of the speed at day t time h in the highway or mean passenger-car speed (in km/hour), and Iij(t,h)/C, the ratio intensity/capacity as defined in TRB (2000) and adapted as shown in Figure 2.  
Once we have modeled the traffic, the toll strategy assumption that is direct tolls versus shadow tolls comes into picture. The focus of this paper in terms of financing highway design, construction, operation and maintenance is two-fold. On the one hand, there is the possibility of a direct toll or direct payment by the user of the highway. On the other hand, there are the possible shadow tolls or per-vehicle amounts that are paid to the toll operator by a third party rather than by facility users, i.e. regular drivers. These amounts are based on the “productivity” of the highway measured in veh x km (number of vehicles multiplied by kilometers traveled) or veh x miles, considering also the type of vehicle. In general, the government is the third party paying these amounts to a toll road company holding the concession.
In both direct and shadow toll cases, the amounts of future payments are projected based on the anticipated levels of traffic and, consequently, are subject to traffic risk.  In general, the private operator bears four major types of risk: construction risk, operations risk, traffic risk and financial risk. Other risks such as country risk, risk of default by counterparts, etc. are included in these four major types of risks.  Payments received from the sponsoring entity during the franchise period constitute the bulk of the financial benefits of the operator. In case of shadow tolls, the sponsoring public entity raises funds for shadow tolls mostly through three sources: state highway funds; special assessments of nearby property; and, most importantly, regional dedicated tax streams.
Why do shadow tolls appeal to the public sector? The first reason is that, by implementing a shadow toll project, the sponsoring government does not have to face huge upfront construction costs. All expenses, including the initial capital and the cost of maintenance, are evenly spread over future time periods and can be covered from different revenue sources. In addition, construction, operations, traffic and financial risks are transferred to the operator. Finally, traffic levels are not impaired by real tolls or toll increases, resulting in visible social benefits to the population. If this technique were generally applied to all the highway projects, the road transportation system would be more efficient because risks could be transferred from one project to others and the governments could realize which highways were the most “productive”. This strategy would avoid “crowding out” effects because projects without a profit in the stipulated concession period would not be developed. 

The elasticity to toll prices (toll sensitivity) has been implemented in the model. Details on toll sensitivity are shown in Figure 3.  Note that two different environments have been considered:  highways with few and costly alternatives (e.g. the project in the USA in Section 6) and highways with more and cheaper alternatives (e.g. the project in Europe in the same section).  Hence, investment decisions about shadow tolls (toll equal to zero for the user) or direct tolls can be made using this analysis.

Apart from that, in case of both direct and shadow tolls, there is also the option of varying the value of the toll during the day as exposed in Robuste, Vergara and Lopez-Pita (2003). This makes more sense in the case of direct tolls because their value helps to optimize the management of the whole transportation network.  In the proposed model, the toll pattern shown in Figure 4, together with the toll sensitivity concept outlined above, has been used to simulate hourly and daily traffic intensity and cash inflows.

By making the assumption that all kinds of vehicles pay the same toll and considering τij(h) as the value of the toll per vehicle at the hour h (as noted in the pattern shown in Figure 4), and by considering an annual toll increase rτ (constant rate) such that the tolls remain constant during the year, then the total income cash flows of the highway ij at day t is:
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So far, we have calculated the income cash flows for the different periods of time. Based on the classic asset pricing theory, the expected present value of the cumulative amount of cash collected during the first t days of the concession will be:


[image: image5.wmf]þ

ý

ü

î

í

ì

×

=

å

=

t

1

d

ij

d

0

Cum

ij

)

d

(

T

M

E

)

t

(

T


where E0 represents the expected value at time t=0 and Md is the stochastic discount factor. As we want to operate in discrete time, we must include the simulation of interest rates in the model in order to be able to discount the future daily cash inflows to the present date (t=0). Hence, 
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 is the daily project’s cost of capital, 
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. In this case, r(t) represents the daily interest rate coming from the interest rate model, 
[image: image10.wmf]b

 is the beta of the return of this project (considered constant) and 
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 is the return of the tangency portfolio (see Grinblatt and Titman (2002) for more details on the estimation of these parameters).

Daily interest rates, r(t) have been estimated using a traditional term structure approach. The Vasicek Model has been implemented as explained in Vasicek (1977). The stochastic differential equation representing the uncertainty of the short rate is given by:
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where r=r(t) is the level of the short rate at time t, and dz is the increment in a Wiener process.  In this model, the short rate is assumed to follow the Ornstein-Uhlembeck diffusion process with the volatility on the process equal to a constant σ. Moreover, the instantaneous drift represents the process as mean reverting towards some long-term level 
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. This model assumes that the interest rate is the single source of uncertainty.

This model is based on Cox, Ingersoll and Ross (1985). Although more complicated models (two-factor models or any term structure consistent model) could be implemented, the goal of this project does not include the improvement of such models. For a comparison of other interest rate models, see Clewlow and Strickland (1998).

3.2. 
Estimation of the COSTS

There are different costs (outcomes) that a transportation infrastructure concession involves.  Financial costs are not included in this section but will be included later. These outcomes can be grouped into the following blocks:
	Oij,CC(s)
	Costs of the construction of the infrastructure ij in year s. These costs are fixed by the contract that the concessionary company signs with the construction company that builds it.  These costs are very important and must be incurred in the Pij,CC construction period, which is the first period of the concession. 

	Oij,YM(s)
	Yearly fixed costs of maintenance of the infrastructure in year s.  These costs are budgeted at the beginning of the concession but they could change as a result of changes in the construction sector itself.  This risk may be reduced by entering into a contract with a construction company for the maintenance of the highway.

	Oij,PM(s)
	Periodic fixed costs of maintenance in year s.  The yearly maintenance budgeted as Oij,YM is not enough to offer an optimal service.  Hence, extra expenses in periods of Pij,PM years must be taken into account (i.e. renewal of the asphalt of a highway every Pij,PM=5 years).  These costs are also budgeted at the beginning of the concession but could change due to changes in the construction sector.   

	Oij,Op(s)
	Costs of operation.  These costs are variable because they include employee salaries, energy costs, office costs, etc. 

	Oij,UC(s)
	Other unscheduled costs in year s (i.e. damages, catastrophic risk, etc.)


For simplicity, we assume that these costs can be added, paid and discounted semi-annually, that is s=0.5, 1.0, 1.5, 2.0, etc., in order to match the semi-annual payments of the issued bonds that will be modeled later.  According to the notation, the expected present value of the total costs from s=0 to the semiannuality T, can be estimated as:
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 is the project’s cost of capital.  The variable s (years) can take, in case of semi-annual payments, the values s=0.5, 1.0, 1.5, 2.0, etc.
3.3.
Derivation of the CASH FLOWS

The final cash flows come from the subtraction of the costs from the revenues. Hence, the scheduled and unscheduled costs stated in section “Estimation of the COSTS” must be subtracted from the simulated revenues from tolls explained in section “Estimation of the REVENUES”. Hence, the present value of the total cash flows is the net present value of the investment and, for a concession of duration TY, is calculated as follows:
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Classical net present value (NPV) rule states that this project can be developed if its NPV is positive, which means that PV[CFij]>0 and gives benefit over projects that can be obtained by investing at the risk-free rate.  For simplicity, we will not include a real option approach to the analysis.  This is true if the costs of the finance of the projects are not taken into account.  However, the necessary instruments to finance the project must be defined and optimized, which involves an accurate forecast of the availability of cash to pay all claims at the required moment during the whole concession period.

This securitization instrument, which is based on a strategy named, will be stated in the following section. For this purpose, the evaluation of present value of the cash flows in terms of semi-annual periods is needed. The present value of the cash flows from the beginning of the concession to time t is:
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for every t=0.5, 1.0, 1.5, 2.0,… such that 
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, where m(t) the number of days from the beginning of the concession to time t and, in particular, to time TY or end of the concession.

Monte Carlo simulations were implemented as stated above in order to calculate the expectation E0. They will provide the distribution of the present value of the cash flows for each period, t=0.5, 1.0, 1.5,…, TY.  

4.
Single projects.  Generation of the tranches
4.1. 
Special Purpose Vehicles (SPVs) and the role of Equity 
This section presents the guidelines for an approach to project finance based on the general project finance of transportation infrastructures, and toll highways in particular. The cornerstone of the proposed strategy is based on understanding the major risks associated with the cash flows generated and how these cash flows could be tranched in order to better match the risk profiles of prospective investors.  The TBS strategy originates from the analysis of the structures of Mortgage-Backed Securities (MBS) and Asset-Backed Securities (ABS). The key issues associated with MBS and ABS have been developed in Hayre, L. (2001), among others.

The first issue is the separation of toll projects (both direct and shadow tolls) from the books of the operator. This could be done via a Special Purpose Vehicles (SPV) or a similar mechanism. The SPV must be maintained throughout the entire life of the enterprise.  The benefits derived from maintaining separate structures are directly related to the suggestions outlined in this paper and are based on separating and tranching risks.  The SPV approach should help prospective investors to look at the assets of the project without mixing them with the financial data and, consequently, risks of the operator.  The legal aspects of the suggested structure should also guarantee that, in the case of bankruptcy on the part of the operator, the SPV is able to survive as an independent entity. The increased transparency and “independence” of the project’s financials would lead to lower costs of financing and higher debt liquidity.

SPVs could be financed by issuing debt (backed by the future periodic payments made by the sponsor) and by equity.  Let us focus first on equity.  The portion of equity as compared to the total amount of debt should be very small.  The equity contribution should be made by the operator who has an interest in making this equity investment for at least two reasons.  First, the operator is interested in “making the project work” and second, as will be described later, the operator has a chance to capture the project’s potential financial upside.

Equity funds should only be used to cover administrative, legal and organizational costs necessary to support the project during its initiation.  All the costs associated with the planning, construction and maintenance of the project should be covered from the pool of the issued debt and, later, from the periodic payments received from the sponsor.  In this way, all the costs would be matched with the debt investments and the future operational cash flows.  The goal of this approach is to implement a project by raising significant amounts of debt.  Reducing the role of equity to a minimum level should help keep the whole expense structure of the project clear and, consequently, reduce the cost of debt.

4.2.
 Debt and Key Elements of the General Structure of the Project
Let us now focus on the debt side of the SPV.  The debt structure of the entity is going to be much more complex than the composition of the equity side, but, at the same time, much clearer than the financial structure of currently existing projects of transportation infrastructures.  As noted above, debt payments are coved by the cash flows received from the sponsor (shadow tolls) or the users (direct tolls).  There is, however, a timing mismatch between the moment when debt funding is needed and the moment when the sponsor starts making its payments.  The investments are needed upfront because the money in needed for constructing the road.  Sponsor’s payments, on the other hand, do not start until a few years later when the toll becomes operational.  Another important point is that payments made by the sponsor are linked to the levels of traffic during the corresponding time periods and, therefore, fluctuate from one time period to another.

At this point, the key question is, “How can one make the debt less expensive and still stay within these specific project characteristics?” A structure that, in essence, closely resembles the composition of MBS leads to the answer of this question.  MBS are used to match future cash flows received from mortgage holders with debt obligations backed by these payments.  Cash flows received from mortgage holders are subject to prepayment risk and, therefore, fluctuate with time.  Similarly, cash flows received from sponsors (shadow tolls) or from drivers (direct tolls) fluctuate over time due to different levels of traffic. 

Before discussing further details of the suggested structure, let us first review Figure 5 which links together the concepts that have already been introduced.  This graph schematically summarizes how a typical toll project could be financed based on the proposed strategy.  It is broken into three stages: Initiation, Design and Construction and Operation and Maintenance. For simplicity, it can be assumed that the Initiation stage will last for 1 year, Design and Construction for 4 years, and Operation for 30 years.  These numbers approximate the real timelines of the corresponding phases of existing toll road franchises for a 35-year concession contract.  In this paper, the question of what happens after the end of the Operation and Maintenance stage (i.e. renegotiation of the concession contract, management reversion to the government, etc.) is avoided.  Also effects and costs of other legal issues have been ignored.
Under each of the three major stages in the Figure 5, the funds that are either absorbed or generated during the associated time periods have been noted.  As mentioned above, the first stage of the project, Initiation, has to be funded from the equity pool.  The funds spent on the Initiation stage are very low compared to the total funds typically involved in these kinds of projects.
The next stage, Design and Construction, is associated with a large pool of funds raised through issuing debt.  Under the assumption that all contributions are made upfront, this pool of funds gradually decreases towards the end of the 5-year period.  Most of the investments have to be absorbed by the time the toll starts its operation.

During the Operation and Maintenance stage, the situation reverses because the project begins to generating cash instead of using funds.  The cash flows fluctuate during the life of the project reflecting different levels of traffic. Cash flows have to be used to cover maintenance costs of the road and interest and principal payments on the outstanding debt. Maintenance costs are considered to be as a small fraction of the corresponding interest and principal payments.

The top portion of the cash flows is broken into three streams: Bond AAA obligations, Bond B obligations, and Z-bond obligations. The notation for the bonds reflects the credit quality of the associated debt discussed later. Once periodic maintenance expenses are covered, the remaining cash should be distributed among the debt holders. The priority of payments may have a structure similar than the following:

	Priority
	Debt
	Obligation
	Comments

	1
	AAA
	Interest
	None

	2
	B
	Interest
	None

	3
	AAA
	Principal/Scheduled
	None

	4
	B
	Principal/Scheduled
	None

	5
	Z-Bond
	Interest
	None

	6
	AAA
	Principal/Prepayment
	None

	7
	B
	Principal/Prepayment
	Payments do not start until all obligations on debt AAA are met

	8
	Z-Bond
	Principal/Scheduled and Prepayment
	Payments do not start until all obligations on debt AAA and B are met


There are several important characteristics of the above payment priority structure.  First, Bond AAA has the highest priority in receiving both interest and principal payments.  It makes this portion of the project’s total debt very highly ranked in terms of credit quality.  The sponsor, usually a government entity, should also insure the payments on this debt and achieve AAA credit rating.  The increase in credit quality will help directly reduce the associated price of this debt.  Note that payments on Bond AAA should be made at a fixed interest rate.  Also, for debt to be rated AAA, it is important to make its size, relative to the size of the total pool of the project’s debt, very small.  This will ensure that periodic cash flows received from the sponsor are sufficient to meet the corresponding obligations.  

Bond B, on the other hand, will be subject to reduced prepayment risk but will bare higher levels of credit risk.  In the event that traffic decreases below a level when the reduction in periodic payments can no longer be absorbed by the Z-Bond, Bond B holders will be affected.  This explains why this portion of the project’s debt was placed in the B category.  The interest rate on this debt will be higher and the rate would be affected by deep downside traffic fluctuations.  If the traffic does not drop below a certain initially predetermined level, interest payments would be extended at a fixed rate.
The Z-Bond is designed in such a way so that it could absorb the biggest portion of traffic fluctuations.  The bond will be subject to substantial levels of traffic risk and will received periodic payments dependent on the corresponding levels of traffic.
The last important point associated with the payment scheme of the suggested structure is related to the situations when all the debt of the SPV has been paid off before the end of the project.  This could be a result of high levels of unanticipated traffic.  Once the debt is paid off, all collections from the sponsor would have to be transferred to the equity holder (the operator of the toll road).  This issue constitutes the potential upside effect associated with the equity investment that was mentioned earlier.  

4.3.
Placement of Debt

So far, we have argued that the essential debt idea of the suggested structure is based on the separation of risks into different categories.  Realization of this debt is, however, dependent on how efficiently debt is placed in terms of matching the type of the associated risks with the objectives of potential investors.  Bond AAA should appeal to investors with very low levels of risk tolerance or institutions that need AAA-rated debt in order to meet their asset diversification objectives.  It is not clear that operators should be interested in selling Bond AAA off their books.  Interest earned on this portion of debt would likely be only slightly higher, if not lower, than the cost of financing these companies.  Investors interested in Bond AAA have different investment objectives than the operators and are willing to pay a lower price for this debt.

Bond B, on the other hand, could and probably should be bought back by the operators.  This portion of the total pool of debt could be placed privately so that the terms are better matched with the requirements of the operator.  It’s a high interest-paying debt which should be attractive to the operator from its cost of financing point of view.  If we focus on the accomplishment of the overall project goals, having the operator invest its assets in Debt B will help ensure that services provided to the toll users are of good quality.  Debt B holders will be “hurt” in case the level of traffic falls below the point when the SPV, after making its scheduled payments to Bond AAA investors, does have enough money to fully meet its Bond B obligations.  These kinds of situations will force the operator to ensure good service and would aim to avoid triggering subjective reductions in the level of traffic. 

Finally, it is suggested that the Z-Bond should be promoted to those investors that could use this security as a hedging instrument.  Note that in case of a “classic” Z-bond, investors do not receive their periodic interest payments until all the obligations on higher priority debt are met.  The periodic interest earned on Z-Bond simply accumulates on a separate account and is added to the outstanding principal.  In this case, however, Z-Bond investors do receive their interest before the project starts making prepayments on Bond AAA and Bond B.  This is an important feature from the perspective of potential Z-Bond investors.   

It is recommended that Z-Bonds are placed with investors who could use the periodic interest to hedge against fluctuations in their operational cash flows. Their cash flows should be directly or indirectly associated with the fluctuations in traffic.  For example, in some metropolitan areas, traffic levels are very sensitive to the cost of fuel.  Besides, the cost of gas is directly related to the levels of revenue generated by oil companies.  Then, if prices on oil drop, then, the profits of oil companies may also decrease.  Lower gas prices, by contrast, lead to higher traffic, which, in turn, would result in higher periodic payments generated by the investments in Z-Bonds.  Therefore, oil companies could view shadow toll Z-Bonds as extra hedging instruments, apart from the existing oil futures.  If a Z-Bond is “effectively” placed and there is sufficient demand for this tranche, investors see additional indirect benefits from using this instrument, the cost of this portion of debt, from the point of view of the SPV and the shadow toll sponsor, will decrease.  

4.4.
Benefits of Traffic-Backed Securities
So far, in this section we have exposed the securitization process.  We have explained how to generate the equity and debt structure of the project and have argued which will be the potential investors for the equity and the different debt tranches.   Now, we are going to justify the benefits of these strucutres.  There are many reasons to finance transportation projects by the Traffic-Backed Securities (TBS) strategy proposed in this paper:
· TBS transform relatively illiquid, individual financial assets (that is, cash flows form tolls of a single project) into liquid capital market securities.
· TBS can be used by investment banks or other financial institutions to quantify the credit spread between the origination of an underlying transportation project (a private market transaction) and the yield demanded by bond investors through the issuance of bonds (usually, a public market transaction).  Therefore, it is the market who quantifies the extra return (credit spread) that should be paid to the bearers of the different traffic risk levels.
· TBS are instruments that can achieve more efficient and cheaper financing sources in comparison with other capital markets financing alternatives.
· TBS do not need funds form the government, which may be used for other purposes.
· TBS allow issuers to diversify their financing sources, by offering alternatives to traditional forms of debt and equity project financing. 

· TBS may allow issuers to remove assets from their balance sheet, which can help to improve various financial ratios, utilize capital more efficiently and achieve compliance with risk-based capital standards.  This point is related to the periodic interest expenses of the SPV.  Although formally the SPV is a separate entity because it is owned by the operator, all the accounting transactions associated with the toll project would go though the books of the operator.  For the operator this is a very important revenue recovery mechanism because of minimization of taxable amounts.  This is one of the key points to be taken into consideration by the sponsor when negotiating the conditions on which Bond B is offered to the operator.  For the sponsor this is one of the indirect sources of reducing the total cost of the project.  

4.5.
Determination of the different tranches and bonds to be issued

The steps used to obtain the distribution of cash flows have been explained in detail before.  Monte Carlo simulations on the implemented PV[CFij(t)] provided the distribution of the present value of the cash flows for all the periods,  t=0.5, 1.0, 1.5, 2.0,…, TY.  Once we have estimated these distributions, the next step is based on the optimization of the tranches.  This process will involve the study of the tails of these distributions.  The operator would like to issue as much as possible of the best rated bond (i.e. bond AAA) because it represents the cheapest way to finance its project, then the maximum amount of the second best rated bond (i.e. bond AA, or bond B in our example showed in Figure 5), and so on.  

Let us assume that the operator decides to issue h kinds of different rated bonds.  The optimization process must take into account the priority of payments established for the different bonds (see Subsection 4.2.3 for further details) and the spreads traded in the markets for the same rated bonds.  The notation for the TBS spreads is given by the following table:
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Hence, the concessionary company must pay a coupon payment equal to 
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 at t=1.0 year, etc. for every AAA-rated bond that was issued.  If a notional amount 
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 of AAA-rated bond is issued then the semi-annual payment at t = i associated to this kinds of bond is 
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.  The concept is the same for bonds that hold other ratings.

We will focus now on the estimation of the optimal values of the tranches according to the amount of bond issued for every kind of rating  
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 etc.).  This methodology is based on the estimation of the probabilities of default of the different kinds of bonds.  The Standardized Model of the Basel Capital Accord of 2002 (BIS II) provides the Total Capital Requirements on Corporate Obligations for the different rated corporate bonds (qAAA, qAA, …, qBelow BB-).  Table 1 shows these capital requirements according to BIS II.  Figure 6 shows an example of a hypothetical highway calibrated for the traffic increases and traffic volatility of the highway C-16 in Barcelona at the last semi-annual period of a 30-year operation (interval [29.5, 30.0] of the concession).  More information on tranching and estimation of default probabilities may be found in Saunders and Allen (2002).

As noted in Figures 5 and 6, the costs of maintenance and operation corresponding to the underlying semi-annual period must be subtracted from the simulated distribution of the total inflows.  Once we have the distribution of the total cash flows (revenues minus costs), the percentiles for every kind of bond are calculated according to the capital requirements stated by the rating agencies.  From these calculations, and according to the rating agencies statements, we obtain the array of amounts of every kind of bond that can be issued:  
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5.
Pooled projects.   Extension to the international pooling of projects
5.1. 
Traffic correlation in different infrastructures
The securitization of a single project improves the actual project finance because the tranching strategy distributes the different risks among investors with different level of risk tolerance.  Hence, project finance is “cheaper” using Traffic-Backed Securities than using traditional finance methods based, for example, on the issue of debt.  But the benefits from the Traffic-Backed Securities strategy can be even higher if some projects are pooled and the tranches are defined over the whole group of projects.  Therefore, the Foreign Exchange (FX) risk among the currencies must be taken into account (see Lyons (2001) for more details about FX Rate models).  Monte Carlo simulations can be implemented to model the forecasted traffic in these infrastructures on top of an FX rate model.  

Traffic correlation among transportation projects is important.  The user can choose among different alternatives according to the generalized cost of transport that he/she perceives (see Ortuzar and Willumsen (1994) for more information about modeling of the distribution of travelers among different alternatives).  Therefore, traffic data of infrastructures located in the same area will not be independent of each other and correlations among long-term series of traffic data related to the same periods of time must be determined.  

Let us consider N infrastructures (1,2,…,N) located in the same area.  Monte Carlo simulations must be done according to the following processes for each of the two infrastructures according to a process with N dimensions:
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    with  k=1,…,N

The correlation among the traffic intensity processes, that is, the correlation [I1(t),…,IN(t)], is determined by the correlation among the process changes [dI1(t),…,dIN(t)].  These correlations are not equal in general but they are equal in the case of Wiener processes.  

To illustrate this, consider the simplest case of two standard log-normal processes for the intensity of traffic increments with constant drift and volatility:
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.  The goal is to get the correlation of I1(t) and I2(t) as a function of 
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Nevertheless, the standard set for generating a set of correlated normal random variables Zi*, which is the general case that we can found in practice, is through a linear combination of uncorrelated (independent) normal random variables Zi with correlation matrix R.  Following Press et al. (1992) we can see that a Choleski decomposition of the matrix R, such that R=A·AT, is needed, because Z*=A·Z.

As all the elements of the correlation matrix will be values between zero and one, there is diversification that causes the traffic risk of the pooled projects to be less than the sum of the traffic risk of the single projects.  This condition holds true in all cases in which correlation is not perfect because the matrix is not the identity matrix.  We see this result in most of the cases.  Hence, because of diversification, the risk supported by the pool of transportation infrastructure projects is lower than the addition of the independent risk of the projects both if they are directly correlated (i.e. two parallel infrastructures) or not (i.e. two infrastructures in different countries).  

5.2. 
Pool of infrastructures located in countries with different currencies
The easiest way to reduce the Foreign Exchange (FX) rate risk is to hedge against fluctuation against different currencies.  This is a good strategy, but in the case of pooling of projects with different currencies, we must take into account that some strategies taking advantage of forecastable FX rates can be used.  A mixture between hedging and a management strategy based on an optimal management of cash outflows can provide very good results.

Consider for example a pool of two highways, one in Europe and the other in America.  The first one receives the cash flows in Euros and the second in U.S. Dollars.  If one currency has a low value and it is forecasted to increase, then it is good to materialize the maintenance events in advance in the country with the “weak” currency and delay the maintenance events in the country with the “strong” currency.  We must take into account that most of the transportation projects involve a yearly fixed amount of maintenance costs but also a periodic higher amount (usually to be done once every four or five years).  This periodic maintenance event can be advanced or delayed according to our FX rates optimization.  

Due to the fact that the correlation among traffic intensity of projects located in different countries is less than one (or even negative), the traffic risk using the Traffic-Backed Securities is lower than the sum of the traffic risk of the independent projects.  Hence, as correlation among cash flows can be estimated and internal hedging strategies can be used in order to hedge against FX rate changes.
6.
Application to highways in the San Francisco Bay Area (US) and the Barcelona Metropolitan Area (Spain)

The concept of Traffic-Backed Securities can be implemented in the finance of different transportation projects, from road infrastructures (highways, bridges, tunnels, etc.), to railways, ports or airports.  This paper implements the idea and the methodology to the following two cases:

· A new, hypothetical urban highway/tunnel project in the metropolitan area of Barcelona (Catalonia, Spain).  It can be imagined as a tunnel connecting Barcelona and Valles county similar to the Horta Tunnel Project (under study).
· A new, hypothetical urban highway with a bridge in the Bay Area of San Francisco (California, U.S.).  It can be imagined as a bridge connecting the city of San Francisco with Marin county, that is, a bridge parallel to the Golden Gate Bridge.

The cash flows of both projects are collected in different currencies, Euros and U.S. Dollars respectively.  Hence, the hedge against variations in currencies and the reduction of the total risk derived from the pooling of the two projects must be taken into account.

Let us name the new highway in Barcelona as Highway A and the new highway in San Francisco as Highway B.  Data on traffic for the existing highways C-16 and C-58, local roads and public transportation (provided by Departament de Politica Territorial de la Generalitat de Catalunya, Ferrocarrils de la Generalitat de Catalunya and RENFE) has been used in the model of future cash flows for the Highway A based on the Monte Carlo simulations on traffic.  Data on traffic for Highway 101 and the Golden Gate Ferry (provided by the Golden Gate Transit / Golden Gate Ferry CalTrans) has been used for the same purpose in Highway B.  Table 2 shows more information about initial data considered for the simulations of both projects.

Figures 7 to 11 show the results that have been obtained from the simulation for the different cash flows and the pooling and tranching strategies.  Figure 7 and 8 show the capital available to make payments to the investors at every semi-annual period with direct and shadow toll strategies simulated for Highways A (Barcelona, Europe) and B (San Francisco, US), respectively.  We obtain increasing cash flows in both projects because of the forecasted traffic increase in both metropolitan areas for the next 30 years.  Because of the relatively low volatility of traffic that has been conssidered, the estimated distributions of cash flows show low deviations.  

Highway A gets less revenue per unit of length than Highway B.  This is partly due to the fact that the elasticity of demand in the Valles-Barcelona corridor is higher than in the San Francisco’s Golden Gate corridor.  There are several alternatives within the corridor in Barcelona (two railways, two highways and some roads) while the only alternative in the San Francisco’s project are just the existing Golden Gate Bridge and the Golden Gate Ferry that crosses the bay in parallel to the Golden Gate Bridge.  
The effects of the pool of both projects are shown in Figures 9 and 10 with results from both scenarios: direct toll (Figure 9) and shadow toll (Figure 10).  Figures 9 and 10 show the capital available at every semi-annual period simulated for Highway (A+B) or the pool of the Highways A and B (top figure) and for Highway(A)+Highway(B) or the non-pooling of the projects for direct and shadow scenarios, respectively.  Finally, Figure 11 shows the difference between pooling and not pooling the finance of both projects.

From Figure 11 (difference between Figures 9 and 10) three conclusions may be highlighted: (1) the minimum value of all the cash flow simulations is higher in case of pooled projects;  (2) the maximum value of all the cash flow simulations is lower in case of pooled projects;  and (3) the mean of all the cash flows in higher in case of pooled projects.
In the appendix we expose the key issues about the cash flow generator and securitization tool that have been created for this project. 

7.
 Conclusions
Because of diversification, the risk supported by the pool of transportation infrastructure projects is lower than the addition of the independent risks of the projects both if they are directly correlated (i.e. two parallel infrastructures) or not (i.e. two infrastructures in different countries).  Apart from that, in the case of the pool of projects in countries with different currencies, some strategies to take advantage of the predictability of FX rates (i.e. advancing in time or delaying maintenance events, or using internal hedging strategies) are highlighted.

The proposed structure is a very flexible mechanism for raising money for socially beneficial projects.  The government might improve transportation infrastructures without being in possession of the necessary funds to implement the project.  The road, or system of roads, could be funded by the debt raised via bonds issued using the direct or shadow tolls generated by project.  In the case of shadow tolls, the government would only have to make payments to the operator of the road in the future and could sponsor these payments from taxes.  In case of direct tolls, the cost for the government is zero.  One of the first benefits delivered by the proposed structured toll projects is the fact that the government avoids significant impacts on its budget at the beginning of the projects by not having to make upfront construction investments.  Financial investors will take the risks of the projects.
This project finance methodology is not applicable exclusively to developed countries.  Emerging economies may also make use of this approach.  Usually the governments of these countries do not have sufficient funds to make necessary investments in developing the infrastructure.  The approach developed in this paper, again, offers an effective alternative of getting the projects implemented without substantial upfront investments on behalf of the sponsor. The model would then have to include some kind of consideration for the risks incurred by the operator in entering in contracts in this kind of countries, most of them with a potentially unstable political situation and the risk that the sponsor could default on payments or take over from the operator. 

Finally, the Traffic-Backed Securities idea could be extended in general to all kinds of project finance.  Packaging different kinds of risks into different categories and offering them to investors with specific financial needs may significantly reduce the total costs of the project.  In order to show the potential benefits of the proposed strategy, this paper exposes an application to hypothetical highway projects in the the Barcelona Metropolitan Area (Catalonia, Spain) San Francisco Bay Area (California, USA).  We show from the simulation of future cash flows for both projects and their securitization using Traffic-Backed Securities that we can obtain benefits between 2% and 3% with respect to the current project finance strategy.  We might obtain higher benefits by pooling more than two projects and increasing the diversification of the pool.
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Table 1.   Total Capital Requirements on Corporate Obligations 
under the Standardized Model of BIS II 

	External Credit Risk
	AAA to AA-
	A+ to A-
	BBB+ to BB-
	Below BB-
	Unrated

	Risk weight under BIS II
	20%
	50%
	100%
	150%
	100%

	Capital requirement under BIS II
	1.6%
	4%
	8%
	12%
	8%


Observation:  The Capital Requirements above are the classification of the bank’s assets into each of the five risk buckets shown in the table.  The assignment has been done according to the credit rating assigned to the obligor by independent rating agencies, such as Standard & Poor’s, Moody’s and Fitch.  Although the credit enhancements might be established for every securitization project by a rating agency, the standard requirements for bank’s assets have been used in this paper to optimize the tranching structure.
Source:  Saunders, A. and L. Allen (2002).

Table 2.   Initial data and parameters considered for the Highway in Europe and Highway in the US projects
	
	Highway in Europe (Barcelona)
	Highway in the US        (San Francisco)

	GENERAL DATA ABOUT THE CONCESSION
	
	

	    Concession Period (Days)
	10950
	10950

	    % increase of the Toll fee (% annual)
	3.00%
	3.00%

	
	
	

	HIGHWAY TRAFFIC (Work Days: Monday to Thursday)
	
	

	    Initial Desired Traffic Intensity (t=0)
	100000
	111493

	    Mean Daily Traffic Intensity Increase (T)
	0.00273%
	0.00223%

	    Daily Volatility of Traffic Intensity (T)
	0.01%
	0.0085%

	
	
	

	HIGHWAY TRAFFIC (Friday)
	
	

	    Initial Desired Traffic Intensity (t=0)
	110000
	120000

	    Mean Daily Traffic Intensity Increase (T)
	0.00408%
	0.00416%

	    Daily Volatility of Traffic Intensity (T)
	0.040%
	0.037%

	
	
	

	HIGHWAY TRAFFIC (Weekends: Saturday and Sunday)
	
	

	    Initial Desired Traffic Intensity (t=0)
	80000
	100000

	    Mean Daily Traffic Intensity Increase (T)
	0.00677%
	0.00525%

	    Daily Volatility of Traffic Intensity (T)
	0.061%
	0.056%

	
	
	

	INTEREST RATE MODEL (Vasicek)
	
	

	    dr = ·(r*-r)·dt + ·dz
	
	

	    Short rate level r (t=0; annual)
	5.0%
	4.5%

	    Long-term rate (mean; annual)
	5.1%
	5.1%

	    alpha  (annual)
	15.0%
	15.0%

	    Volatility of the short rate  (annual) 
	0.3%
	0.3%


Figure 1.  Calibrated average daily traffic patterns used in the modeling
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Observation:  The pattern used for the modeling of the highway in the USA (San Francisco) has been adapted from TRB (2000), Exhibits 8-6 and 8-7.  The pattern for the highway in Europe (Barcelona) has been created with real data patters on highways C-16 and C-58 which are existing highways parallel to the studied highway.
Figure 2.  Function average speed of the vehicles vs. flow for multilane highways 

for different free-flow speeds (110.0, 96.5 and 80.0 km/h)
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Observation:  There is a non-linear relation between the speed and the flow rate in a highway. Note that when there is low traffic (flow rate/capacity ratio close to zero) then the average speed of the vehicles is high because the interaction among cars is also low.  But when traffic increases and we are close to a traffic jam, then the average speed of the car is reduced.  Finally, note that the units of the variable flow rate are passenger-cars per hour per lane, as in TRB (2000).
Source:  Adapted from TRB (2000).
Figure 3.   Sensitivity to the value of the toll (€/km) used in the modeling
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Observation:  Users are sensitive to the value of the toll.  High tolls provoke that some drivers look for cheaper alternatives such as other roads (even if they have to drive a larger distance) or public transportation.  In the case of the project in the USA (San Francisco) the sensitivity is quite higher than in Europe because alternatives to the proposed project are fewer and much longer than the proposed project in Europe.  Hence the sensitivity to the value of the toll is lower in the proposed highway in Europe where there are several alternatives to the toll highway.
Figure 4.   Toll policy considered in the case of allowing tolls varying 
with hour of the day (€/km)
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Observation:  This is the pattern of ij(h), toll per vehicle in €/km paid at every hour of the day, considering a maximum value of the in the rush hour of the morning (from 8am to 9am in this case).  For simplification, the proposed model considers the particular pattern as proportional to this one, taking as a basis the maximum value of the toll in the rush hour of the morning.  This pattern has been obtained from the maximization of toll revenues in the rush hour such that the number of vehicles is as high as possible (Figure 2).  This maximization is taking into account the demand elasticity (Figure 3). It should be taken into account that the value of the toll that will be dealt between the sponsor government and the concessionary company will be lower in a shadow toll scenario than in a direct toll scenario because the effect of demand elasticity will be subtracted.
Figure 5.   Toll Project Sample Structure (from the investors’ prospective)
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Figure 6.   Graphic example of the calculation of the capital requirements 
for the tranches
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Frequency (%)

Cash Inflows

Total Cash Flows
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	Credit Rating
	qrating, Capital Requirement (%)
	Capital Requirement (EUR)

	AAA to AA-
	0.016
	1,300,665.28

	A+ to A-
	0.04
	1,377,065.30

	BBB+ to BB-
	0.08
	1,504,398.67

	Below BB-
	0.12
	1,631,732.03


Observation:  This figure shows the distribution of cash inflows and total cash flows obtained for the highway in Europe (Barcelona) in the period from year 29.5 to year 30.  These distributions allow us to calculate the capital requirements for the issuance of bonds with different credit rating according to the BIS II capital requirements given in Table 1.
Figure 7.   Capital Available at every semi-annual period simulated for the Highway 
in Europe (Barcelona) for different rated bonds.  Direct and Shadow toll cases
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Observation:  These values are referred to the cash inflows (maintenance and operation expenses have not been discounted). Once we subtract these costs, the minimum available capital from the net cash flows distribution at each period can be calculated.

Figure 8.   Capital Available at every semi-annual period simulated for the Highway 
in the US (San Francisco) for different rated bonds.  Direct and Shadow toll cases 
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Observation:  These values are referred to the cash inflows (maintenance and operation expenses have not been discounted). Once we subtract these costs, the minimum available capital from the net cash flows distribution at each period can be calculated.

 Figure 9.   Capital Available at every semi-annual period simulated for the pool of Highways USA + Europe and for the sum (not pooled) of both projects.

Direct toll cases
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Figure 10.   Capital Available at every semi-annual period simulated for the pool of Highways USA + Europe  and for the sum (not pooled) of both projects.

Shadow toll cases
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Figure 11.   Difference in Capital Available at every semi-annual period simulated for the pool of Highways USA + Europe minus the sum (not pooled) of both projects.

Direct and Shadow toll cases
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APPENDIX.  DESCRIPTION OF THE CASH FLOW GENERATOR TOOL
A software tool has been created in order to make all the calculations and simulations required by the model.

In a first stage, the tool computes the daily distribution of the traffic in a highway.  The parameters that must be input are the following:

· Main features of the highway: length, width, capacity, type of terrain, urban/rural, etc.

· Variable toll depending on the hour of the day

· Initial forecasted daily intensity of traffic that the highway must hold

· Payment of the toll from the users (Direct Toll) or payment from the Government (Shadow Toll)

· Sensibility of the uses to the price of the toll (demand elasticity)

In a second stage, the tool forecasts daily intensity of traffic using Monte Carlo simulations and calculates the present value of the distribution of cash flows in semi-annual periods.  For this purpose, an interest rate model is needed (this tool is using the Vasicek interest rate model) and the seasonality of traffic must be taken into account days have been separated into three groups: 1) workdays (Mondays to Thursdays); 2) Fridays; and 3) weekend days (Saturdays and Sundays).

The outputs of the modeling tool are the following:

· Distribution of the cash-flows generated at t=0.5, 1.0, 1.5,…, T, where T=maturity of the concession contract

· Distribution of the traffic in the specified highway

· Data on environmental variables (air pollution and noise; not shown in this paper)

· Generalized cost for the drivers (not shown in this paper)
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� The similarity relies on the way that the cash-flows are backed, but not on the underlying set of mortgages. First, households can prepay their mortgages. Second, houses can be resold if the owner defaults, that is, he fails to make the established mortgage payments. However, there is no prepayment or default that makes resell the infrastructure in the proposed financial strategy.  


� The proposed structure allows issuing TBS for a single project. We will see that we do not need lots of projects to create a TBS, because we do not want to create a financial structure similar than mutual funds specializing in toll roads or even more diversified portfolios. However, in Sections 5 and 6, we will study the effects of diversification.
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