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[bookmark: _Hlk78193203]ABSTRACT
Amid aging infrastructure and declining utility of traditional funding sources, it is vital that states secure innovative funding. This research analyzes the present and future funding landscape for the United States and specifically Texas, including the reliance on diminishing motor fuel tax and resistance to increasing it. Outcomes of this analysis are realized in an application that uses the Analytic Hierarchy Process to match infrastructure projects with the appropriate funding/financing mechanisms. These mechanisms and project characteristics are ranked according to academic and government sources. To the authors’ knowledge, this level of comprehensiveness has not been previously implemented. Functions also exist for creating financial projections based upon user inputs and utilizing models from similar sources. While this database helps educate policymakers on use cases around innovative concepts, it can also assist in decision-making. 
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INTRODUCTION
Over the past 60 years, the U.S. population has doubled, yet much of the infrastructure that was built then still stands today, in relatively dilapidated condition. In particular, according to an American Society of Civil Engineers report (1), about 43% of our roadways are in poor or mediocre condition and need major maintenance. Nonetheless, state and local governments are hesitant to pass legislation to increase funding for the transportation sector, even if only to keep up with inflation rates. At the same time, states have the unique ability to create funding revenues that would work best for their populations. But, to do so, states need to have information on what mechanisms work best for their contexts and project considerations, which itself requires a more basic understanding of the factors that characterize these contexts and considerations. In this paper, we identify these factors and translate the findings related to these underpinning factors into an interactive database that can allow states to identify funding/financing mechanisms that may be most suitable for specific project scenarios. While the database development itself focuses on existing or potential Texas revenue sources, the revenue sources overlap well with those available in other states, making the database easily transferable. This database not only provides insights to legislators about funding possibilities, but also informs department of transportation (DOT) personnel about potential innovative financing mechanisms (including vehicle-miles-traveled or VMT fees, congestion pricing, credit enhancement tools, and fixed-income financing instruments such as bonds (2)) that can complement traditional funding mechanisms. (Although the terms funding and financing are often used interchangeably, they are separate concepts; the USDOT states that funding and financing are distinguished by whether the money paid for the project is revenue-based or debt-based.) 

Historical Funding/Financing in the Transportation Sector
For decades, DOTs have relied heavily on raising the motor fuel tax (MFT) to ensure sufficient revenue to fund the growing transportation infrastructure needs and overcome inflation and the improvement in vehicles’ fuel efficiency. However, some states have kept rates constant for years. For example, Texas’ MFT has remained at 20¢/gallon since 1991 (3), leading to an MFT revenue decline of 6% when accounting for inflation, despite a 49% increase in gasoline consumption between 1997 and 2016 (4). Texas legislators face severe public opposition to an MFT increase (5), a challenge faced in other states as well. Thus, the search for alternative funding sources has been an ongoing effort nationwide (6–8); many reports and committees have been created to introduce alternatives to the legislatures (9, 10). Additionally, DOTs are developing transportation finance workforces to tackle these funding/financing challenges. Almost 30 states have established commissions for investigating funding gaps and suggesting mitigating strategies (11). 
Despite the increased efforts to investigate innovative funding alternatives and the dire need for more sustainable revenue sources, state legislation statistics indicate that 60% of funding proposals are rejected. Furthermore, an increased MFT remains the most popular revenue source in the U.S., corresponding to 40% of all the legislative funding proposals—but only six states have thus far approved indexed MFT increases. The growing popularity of electric vehicles (EV) has encouraged legislators to investigate EV fees, with eight successful and thirteen rejected attempts at legislation since 2015 (12). The resistance to mileage-based user fees remains significant, with only two instances of successful legislation in the past seven years. Meanwhile, VMT in the U.S. has risen from 2.57 trillion miles in 1998 to 3.2 trillion miles in 2018 (10).
Evidently, implementing new fee structures poses insurmountable obstacles for legislatures attempting to address the transportation infrastructure funding problem. Therefore, it is valuable to investigate alternatives and select ones that provide the most benefit for the least cost, while still considering the applicable values and goals of the government agency—as well as the plausibility of obtaining legislative approval of such a funding source. While prior research efforts have begun to address this problem, this research contributes to the identification of appropriate funding solutions using the Analytic Hierarchy Process (AHP) which is then embedded within a decision-making tool.


Literature Review
Earlier literature focuses on characterizing funding methods in the context of their advantages and disadvantages, but these have been rather qualitative and ad hoc without a structured evaluation framework (13). An example of such a qualitative approach was implemented in 2004 in a round table of participants representing prominent transportation agencies with expertise in highway finance. They convened to reexamine long-term options for highway financing and found that general taxes are poor revenue sources to finance highway construction because they bear no direct relationship to highway use. The panel proceeded to identify alternative funding mechanisms’ strengths and limitations but did not include any standardized evaluation criteria. The panel’s approach was also employed in some studies (10, 14–16). These studies consider alternative mechanisms’ pros and cons in the context of sustainable funding generation, revenue potential, political viability, implementation, equity, and system impact considerations. However, the pure-qualitative approach, while accommodating important subjective elements, can also make decision-making challenging, especially given that the scholarly literature, as well as national and state-level reports, agree that decisions regarding funding alternatives constitute a complex multi-criteria problem (13). In this regard, many researchers have found that quantitative methods can provide important insights into the decision-making process, which can then be supplemented appropriately by subjective considerations. Toward this end, Indiana DOT (INDOT) used five criteria to assess potential funding mechanisms—revenue yield, ease of implementation, revenue predictability, public support, and business climate friendliness—each ranked on a three-point scale (17). Similarly, the Texas A&M Transportation Institute (TTI) relied on three-point based criteria, to inform policy decisions and determine how best to fund transportation infrastructure (18). Later NCHRP reports also evaluated revenue sources for public transportation investments using similar criteria and scores (19, 20). While such efforts do provide a useful general guidance platform, they do not provide adequate and specific insights for selecting mechanisms based on agency needs (18). Besides, these criteria-based analyses do not go as far as to project future revenue, such as accomplished by the Joint Analysis using the Combined Knowledge (J.A.C.K.) model, the Transportation Revenue Estimator and Needs Determination System (TRENDS) model, and the INDOT revenue cost model, all described next.
The J.A.C.K. and TRENDS models are Texas-specific tools that were developed to perform revenue projections. The J.A.C.K. model combines revenue predictions and “what-if” scenarios related to vehicle registration fees, MFTs, proposition bonds, and other agency revenues (21). The model inputs and assumptions include population, vehicle registration, fuel economy, inflation, and tax rates. The evaluation of this model concluded that revenue projections are most sensitive to the accuracy of the population and fuel economy estimates (21). TRENDS is another web-based tool developed by TTI in 2012 to provide a comprehensive financial forecasting tool for Texas transportation agencies (22). The tool makes assumptions regarding transportation needs, population growth, fuel efficiency, inflation, and gas taxes. User inputs include the selection of population growth and fuel efficiency scenarios, as well as fees and tax increases. Then, the model outputs tables and graphs of forecasted revenues and expenditures throughout the analysis period. The revenue sources considered in this tool include MFT, indexed MFT, vehicle registration fee, alternative fuel fee, and VMT fee (22). Another state-specific tool is INDOT’s framework that projects revenues while considering evasion rates and implementation costs. The outcome is a comprehensive cash flow diagram presenting the estimated net revenue that each mechanism generates. The framework is publicly available as an Excel-based tool, allowing users to test different scenarios and the effects of the various inputs on revenues (23). While these three models provide good examples of revenue projection capabilities, they leave out an important piece of the puzzle: the ability to explore other criteria (such as political viability, implementation, equity, and revenue predictability) that affect the viability of an alternative and develop a transparent methodology that assigns relative weights (priorities) to the suite of criteria based on importance within the context of a multi-criteria decision mechanism. 
Finally, we identified two studies that implement a decision-making framework through assigning importance weights to the criteria, instead of being solely based on numeric or verbal evaluation of each criterion. The first is the numeric scoring approach proposed by the National Surface Transportation Infrastructure Financing Commission (NSTIFC) in 2009. The committee developed guiding principles to evaluate future funding/financing mechanisms based on five criteria categories and relevant sub-criteria: 

· Funding Stream Considerations (the overall revenue-raising potential, sustainability, and flexibility of the funding approach);
· Implementation and Administration Considerations (the political and legal viability of a mechanism, the ease and cost of initial implementation, and enforcement requirements);
· Economic Efficiency and Impact Considerations (the ability of the mechanism to promote efficient use of the transportation system);
· Equity Considerations (the user-pay principle and equity across groups); and
· Applicability to Other Levels of Government (the applicability of particular funding methods to the federal, state, and local government levels) (24).

The study then assigned quantitative weights to the criteria based on its members’ opinions about the relative importance of individual criteria (24). Criteria related to revenue stream considerations had the highest importance and represented 31% of the weight. This was followed by implementation considerations weighing 27.5%, economic efficiency and impact representing 24.5% of the weight, and equity considerations, which were given 17% of the weight (24). Pulipati et al., the second study to assign importance weights, also conducted a multi-criteria analysis to select transportation revenue strategies for Texas (13). This study is the closest to our current effort since the researchers used a multi-criteria decision analysis (MCDA) method called “PROMETHEE” to rank funding alternatives based on criteria weights elicited through Delphi surveys targeting subject matter experts. Compared to the NSTIFC study, the weights corresponding to revenue generation and ease of implementation criteria were reduced to 24% and 18%, respectively. On the other hand, the study gave a higher weight of 25% to equity considerations, as compared to the 17% assigned by the NSTIFC study. Finally, the authors conclude that such a systematic approach can improve the decisions of policymakers and they recommend this methodology to other DOTs (13). 
Most of the criteria compete for significance and therefore necessitate the establishment of priorities among state officials to better inform their decisions (13, 24). This concept is further researched within the database application presented by this paper. Unlike earlier studies which required interviewing SMEs to acquire data on the weights that should be assigned for each criterion, our work streamlines this process by assigning importance weights on a project-by-project basis. Additionally, our work allows for a versatile approach that dynamically updates the decision weights as a function of the project at hand rather than using the constant weights provided in previous studies. Furthermore, while previous efforts strictly focused on either implementing a multi-criteria approach or financial projections to evaluate new revenue sources, this study provides both perspectives simultaneously to ensure a holistic framework. 

Outline of Database Framework
This paper develops a modeling approach, implemented in the form of a database application, to assist transportation agencies with mapping out future funding/financing plans and effectively communicating their findings with legislators and the public. To our knowledge, no attempts have been made to evaluate the appropriateness of funding/financing mechanisms regarding specific project applications. Providing alternative definitions customized to project characteristics is more desirable than a general concept by supporting a more consistent and realistic comparison of the alternatives to each of the criteria. 
The study goals are implemented in a database via two modules: (a) Appropriateness and (b) Projections. The Appropriateness module ranks the different strategies based on economic, implementation, equity, and other parameters identified by the NSTIFC, INDOT, and TTI. The Projections module predicts revenue streams and tests the revenue generation potential of different policies. The outcomes of the database provide a comprehensive indication of the performance of each alternative as part of specific project investments, unlike previous studies that tend to limit the evaluation to a specific set of criteria and generalizing the results for all project types. 
A multi-step methodology was implemented to achieve a dynamic MCDA framework whose recommendations are sensitive to changes in the characteristics of the project being funded:

1. Define a set of funding/mechanisms and their evaluation criteria.
2. Assign a performance score for each alternative on each criterion using a five-point scale.
3. Develop a framework to convert a set of project-specific inputs, including budget, significance, construction duration, investment timing, sustainability and equity goals, and business density, into a smaller set of coherent variables, capturing the major features of the project that could be later related to the selection of financing mechanisms.
4. Develop a procedure to translate the effect of project characteristics on the importance of each criterion. This procedure involves eliciting expert opinions regarding the importance of evaluation criteria for four project scenarios corresponding to different characteristics and determining a score for each characteristic. These opinions are then extrapolated for other projects having different characteristics scores by piecewise linear interpolation.
5. Apply AHP to determine the best-performing strategies depending on revenue generation as well as the other parameters previously discussed.
6. Develop revenue projection models to produce revenue stream diagrams. The Projections module considers population, vehicle ownership, employment, inflation, and other relevant economic inputs and assumptions—similar to the efforts previously conducted in TTI’s TRENDS models and INDOT Revenue Cost Model but extended further.

The Appropriateness and Projections modules are integrated into the FUNding Decision (FUND) database—an Access-based application developed to support the selection of funding mechanisms for specific projects. Using that framework, FUND ranks funding/financing mechanisms based on characteristics of a hypothetical project as provided through a series of questions. The methodology of the process and the AHP calculations are further explained in the next section. While this methodology is designed to be implemented by any DOT, this study focuses on the case of TxDOT for whom the FUND database was developed.

METHODOLOGY
[bookmark: _Ref77258847]MCDA and AHP Concept
MCDA methods have been developed to support decisions that involve conflicting criteria, and provide a systematic evaluation process that is transparent and repeatable, capable of eliciting expert opinions, and better understood by the public and policymakers. Broniewicz and Ogrodnik (2020) recognized over 58 articles that employ MCDA in the field of transportation over the last 20 years (25). Based on their review, they concluded that the AHP is the most popular MCDA method for solving complex and unstructured problems through a systematic logical analysis.
AHP involves pairwise comparisons between criteria and options to facilitate the selection of the best alternative (26). It provides a mathematical framework for decomposing and structuring complex problems and involves six main steps: (a) structuring, (b) prioritizing through pairwise comparisons, (c) obtaining a priority vector for decision criteria, (d) computing the matrix of option (alternative) scores, (e) checking for consistency in the preference judgments, and (f) ranking the options. AHP is explained in detail in several MCDA books such as (26).  

Implementation of the Appropriateness Module 
[bookmark: _Hlk77103746]One of the main objectives of this study is to implement AHP within a decision-making framework that ranks funding/financing mechanisms according to their appropriateness to fund user-specified projects with specific characteristics. This objective is achieved through a three-component framework that captures the characteristics of the transportation infrastructure project at hand through a set of questions, conveys the AHP problem structuring, and combines project characteristics and AHP definitions through a computational process to determine the appropriateness score of each mechanism. Figure 1 provides an overview of the major components of the framework developed in this study to rank financing mechanisms using AHP; each component is discussed in detail in the next sections. The solid-colored boxes in Figure 1 represent the main outcome of each component. 
[image: ]

[bookmark: _Ref77256743]Figure 1 AHP Framework for Funding/Financing Mechanisms Appropriateness

Problem Structuring
The problem structuring block in Figure 1 is associated with three definitional considerations, as discussed below. 
	The AHP hierarchy structure definitions (leftmost box within the “Problem Structuring” block in Figure 1) used for the AHP analysis are designed to address the main goal—selecting the most suitable funding/financing plans for user-specified projects. The overall objective is to rank funding/financing mechanisms, which is placed at the top level in the hierarchy (Level 0) as shown in Figure 2. Level 1 includes the criteria for evaluating the performance of alternatives, while the alternatives themselves are placed at the bottom level (Level 2) of the hierarchy. 

[image: ]
[bookmark: _Ref77256761]
Figure 2 Hierarchy Structure for AHP Analysis
	The decision criteria definitions (the top-right box within the “Problem Structuring” block of Figure 1) assist in providing a transparent mechanism to support results and evaluate the appropriateness of funding/financing mechanisms for transportation projects based on a set of criteria informed by our literature review. This list includes four main categories, with sub-categories, as presented in Table 1. 

[bookmark: _Ref77257593]Table 1 Funding/Financing Criteria Adopted in the Appropriateness Module
	[bookmark: _Hlk77323502]Criteria
	Description

	Revenue Stream Considerations

	Predictability
	Predictability reflects the presence of sufficient information to make reliable predictions and reliably forecast any possible variations in revenue generation.

	Stability
	The stability criterion refers to the level of uncertainty and fluctuation in revenues that can impact an agency’s ability to manage resources. Stable mechanisms are not expected to deviate significantly during periods of economic downturn or changes in travel behavior.

	Sustainability
	Sustainability reflects the degree or extent to which a mechanism can be adjusted to keep pace with inflation and funding demand changes. This also involves the scalability to meet funding demands. This measure can also reflect the timeframe during which the mechanism remains a viable revenue source. The authors took these considerations into account while deriving the sustainability of alternative revenue mechanisms.

	Revenue potential
	Revenue potential is a measure of an individual mechanism’s ability to yield significant revenue. For the scope of this study, mechanisms’ revenue potential is considered in the context of funding for the overall surface transportation system. Consequently, mechanisms must generate significant revenue, such as that achieved by the gas tax, to receive a high score.

	Implementation and Administration Considerations

	Current use status
	This criterion reflects whether a mechanism is currently in use at the specific state level, being considered, or completely new.

	Ease of implementation
	Ease of implementation reflects the complexity and cost of implementing and administering new funding mechanisms.

	Ability to enforce
	The ability to enforce reflects a mechanism’s enforcement complexity and cost—it is a measure of the resources an agency has to invest to minimize payer evasion.

	Public acceptance (Political viability)
	This criterion reflects a mechanism’s ability to gain public acceptance, which in turn has a direct impact on the political viability of the mechanism. The level of public acceptance is dynamic and can change depending on technological advances or educational efforts.

	Economic Efficiency and Impact Considerations

	Promotion of efficient use
	This criterion reflects the extent to which a mechanism promotes and incentivizes the efficient use of the system by influencing travel choices and behaviors. Efficient system use reduces additional infrastructure investment needs. This criterion is also tied with the mechanism’s ability to reduce the adverse side effects of the transportation investment, such as pollution, noise, and congestion.

	Equity Considerations

	User/beneficiary equity
	User equity reflects the extent to which a mechanism charges those who directly use and benefit from the transportation infrastructure investment.

	Promotion of social equity
	Social equity reflects the fairness of tax or fee burden among different economic groups and geographic locations. Mechanisms that result in a disproportionate burden on lower-income groups would score low on this criterion.



	The financing mechanisms definitions (the bottom-right box within the “Problem Structuring” block of Figure 1) list all of the mechanisms available in the FUND database. To evaluate the mechanisms, we used a five-point scoring system based on a thorough review of the literature on this topic (17–19, 24, 27–29). A low score means the option ranks poorly and a high score means it ranks well under the associated criterion. Table 2 presents the assigned funding/financing mechanisms performance scores (the output of the “Problem Structuring” block of Figure 1) for the case of Texas. While there are several cell values in the table, the scores can be customized based on individual states. For example, public acceptance of VMT fees has a very low score in Texas, but may be assigned a higher score in other states. 

[bookmark: _Ref77257610] Table 2 List of Funding/Financing Mechanisms Performance Scores for Texas
	[bookmark: _Hlk77323541]Mechanism
	Predictability
	Stability
	Sustainability
	Revenue Potential
	Current Use Status
	Public Acceptance
	Ease of Implementation 
	Ability to Enforce
	Promotion of efficient use
	User/ Beneficiary Equity 
	Promotion of Social Equity

	[bookmark: _Toc43836538][bookmark: _Toc43921619]Customs Revenues: Partial Dedication 
	4
	4
	5
	4
	1
	3
	5
	4
	2
	3
	3

	[bookmark: _Toc43836539][bookmark: _Toc43921621]Indexed Fuel Tax 
	4
	4.5
	3.5
	5
	0
	3
	4
	5
	4
	4
	3

	[bookmark: _Toc43836540][bookmark: _Toc43921622]Increased Motor Fuel Tax Rate 
	4
	4.5
	2.5
	4
	0
	2
	5
	5
	4
	4
	3

	[bookmark: _Toc43836541][bookmark: _Toc43921623]Vehicle Miles Traveled Fee 
	3
	4
	5
	5
	0
	1
	1
	2
	5
	5
	3

	[bookmark: _Toc43836542][bookmark: _Toc43921624]Tax Increment Financing (TIF-TRZ) 
	2
	2.5
	3
	2
	1
	3
	4
	4
	1
	2
	3

	[bookmark: _Toc43836544][bookmark: _Toc43921626]Impact Fee 
	3
	1
	1
	3
	0
	3
	3
	4
	1
	2
	4

	[bookmark: _Toc43836545][bookmark: _Toc43921627]Congestion Charges 
	3
	2
	4
	3
	0
	1
	1
	3
	4
	4
	2.5

	[bookmark: _Toc43836546][bookmark: _Toc43921628]Cordon Pricing 
	3
	1
	4
	2.5
	0
	2
	2.5
	3
	4
	4
	2.5

	[bookmark: _Toc43836547][bookmark: _Toc43921629]Container Fees/Tax 
	3.5
	3.5
	4
	2
	0
	4
	4
	4
	1
	1
	3.5

	[bookmark: _Toc43836548][bookmark: _Toc43921630]Carbon Taxes 
	2
	4.5
	3
	5
	0
	2
	5
	4
	3
	4
	2

	[bookmark: _Toc43836549][bookmark: _Toc43921631]Freight Bill 
	3
	3.5
	5
	3
	0
	2
	2
	2
	1
	1
	3.5

	[bookmark: _Toc43836550][bookmark: _Toc43921632]Freight Charge: Ton or Ton-Mile 
	2
	3.5
	4
	4
	0
	2
	1
	1
	3.5
	1
	3.5

	Facility-level Tolling and Pricing 
	3
	2
	4
	3
	1
	3
	3
	4
	4
	5
	3

	[bookmark: _Toc43836553][bookmark: _Toc43921635]Heavy Vehicle Use Tax 
	3
	4
	4
	2
	0
	3
	4
	3
	3
	4
	3

	[bookmark: _Toc43836554][bookmark: _Toc43921636]Imported Oil Tax 
	2
	2
	2
	3.5
	0
	3
	3
	4
	3
	2
	2

	[bookmark: _Toc43921638]Sales Tax: Auto-related Parts and Services 
	4
	4
	4
	3.5
	0
	2
	2
	2
	2.5
	2
	2

	[bookmark: _Toc43921639]Variable Parking Fee 
	3
	2.5
	3.5
	3.5
	0
	1
	4
	4
	3
	3.5
	2

	[bookmark: _Toc43836558][bookmark: _Toc43921640]Transportation Utility Fee 
	4
	5
	4.5
	1
	0
	2
	3
	5
	1
	3
	2

	Electric Vehicle Fees 
	3
	3
	5
	2
	0
	4
	2
	4
	3.5
	5
	4

	TIFIA 
	4
	4
	1
	3
	1
	2
	4
	4
	1
	1
	1

	General Obligation Bonds 
	4
	4
	1
	2
	1
	2
	4
	2
	1
	1
	1

	Revenue Bonds 
	4
	4
	1
	2
	1
	2
	4
	2
	1
	1
	1

	Private Activity Bonds 
	4
	4
	1
	2
	1
	2
	4
	2
	1
	1
	1



Project Characteristics
The “Project Characteristics” block in Figure 1 is associated with the steps preceding criteria priority calculations, and involves extracting the project characteristics and correlating those with the level of importance of the decision criteria. Since the aim of the FUND database is to automatically relate project characteristics to criteria importance without requiring any user inputs related to criteria importance, it was essential to investigate the relationship between project characteristics scores and the decision criteria. The main outcomes of the “Project Characteristics” component in Figure 1 are the decision criteria scores which are calculated from project characteristics using the process discussed later in this section.
Questions and answers (the top box within the “Project Characteristics” block of Figure 1) reflects the project questionnaire within FUND that asks the user a series of questions. Many of the answers offered are categorical (mostly ordered, such as low/medium/high), and map to a set of points that can be assigned to project characteristics. The set of questions and answer options provided by FUND to extract project characteristics are presented in the first and second columns of Table 3.  
Project characteristics scores (the middle box within the project characteristics block of Figure 1) are designed to group the project question answers into a smaller set of coherent variables, capturing the major features of the project that could be related to the selection of financing mechanisms. Due to the nature of the definition, the project characteristic scores (PCS) are a function of project answers (one-to-multiple relationship). For example, “How long is the project construction period?” would indicate whether the project involves “long-term investment” and has a “large project scale.” The current set of Project Characteristics K includes:

· Large Project Scale 
· Exact Investment Timing
· Long-term Investment
· High Significance
· Innovation
· Project Sustainability Goals
· Project Equity Goals

The set of answers A is converted to K individual PCS using Equation (1).
 
	
	(1)


where
· wak are the weights used for each transformation of the answer a to project characteristic k
· A is the set of all answers
·  is the cumulative score for characteristic k.

The natural next step is relating the PCS to the importance of each decision criterion. To establish a relationship between the continuous  (refer to Table 4  for PCS examples) and criteria importance, four reference project examples (the top oval within the “Project Characteristics” block of Figure 1) were considered, each of which helps to display extreme characteristics so one can determine how each criterion is connected to each of the characteristics. The project profiles were carefully designed in collaboration with TxDOT to cover a comprehensive set of project characteristics commonly encountered. The characteristics corresponding to different project scenarios are summarized in Table 3. For instance, Project #1 is a large project, with a strict budget, long-term investment, and long construction phase.


[bookmark: _Ref77257640]Table 3 Characteristics of Each Project Scenario
	[bookmark: _Hlk77323577]Characteristic
	1
	2
	3
	4

	Type
	Federal
	x
	
	
	

	
	State
	
	x
	x
	

	
	Local
	
	
	
	x

	Budget Size
	Billions
	x
	
	
	

	
	Hundreds of Millions
	
	x
	
	

	
	Millions
	
	
	x
	

	
	Less than a Million
	
	
	
	x

	Project Type
	Maintenance
	
	
	
	x

	
	Operations
	
	
	x
	

	
	Construction
	x
	x
	
	

	Exact Investment Timing (clarity of scope and likelihood of cost changes)
	Cost change very likely
	
	
	x
	

	
	Cost change not likely
	x
	x
	
	

	
	Cost change has no impact on project
	
	
	
	x

	Project Timeline (period of construction)
	2 or more years
	x
	x
	
	

	
	1 to 2 years
	
	
	x
	

	
	Less than 1 year
	
	
	
	x

	Long-term investment
	2 or more years
	x
	x
	
	

	
	Less than 2 years
	
	
	x
	x

	Significance of Project
	Highly significant
	x
	x
	
	

	
	Not significant
	
	
	x
	x

	Prone to Start Time Delay
	Start time delay likely
	
	
	x
	

	
	Start time delay unlikely
	x
	x
	
	x

	Prone to Duration delay
	Duration delay likely
	
	
	
	x

	
	Duration delay unlikely
	x
	x
	x
	

	Innovative Construction or Delivery Methods
	Yes
	
	x
	
	

	
	No
	x
	
	x
	x

	Location: Urban or Suburban
	Urban
	x
	x
	
	

	
	Suburban
	
	
	x
	x

	Sustainability Objectives
	Yes
	
	x
	x
	

	
	No
	x
	
	
	x

	Equity Objectives
	Yes
	
	x
	x
	x

	
	No
	x
	
	
	

	Complexity/Experience (level of project team expertise required)
	Experts
	x
	x
	
	

	
	Some experience
	
	
	x
	

	
	No experience
	
	
	
	x



	For each project profile, the PCS are calculated based on the relevant answers. Then, each criterion’s importance is specified based on the experience of the research team and the literature. Consequently, each of the seven project characteristics will have importance scores for each of the eleven decision criteria. Ultimately, four matrices that show the reference decision criteria score (the bottom oval within the “Project Characteristics” block of Figure 1) for each project profile are determined. Table 4 shows the project characteristics and criteria importance scores for Project Profile 1. For example, predictability receives a score of 5 when examined against the large project scale characteristic while it receives a score of 3 for the sustainability criteria because it is a medium-term investment. The reference decision criteria scores, such as those presented in Table 4, can be elicited from transportation experts through a Delphi survey. In each question in the survey, the decision-maker assigns a numerical value to the dominant factor that reflects its importance based on specific project characteristics. Since the Delphi survey had not been conducted at the time of this writing, the authors filled those matrices based on their knowledge, meetings with DOT experts, and the literature on the topic.
The same process is replicated for the three remaining reference projects to achieve Figure 3 which shows the change in the criteria importance score as a function of the PCS corresponding to each of the considered characteristics. The relationships established in Figure 3 are leveraged to automatically relate project characteristics to criteria importance within FUND through the Interpolation of decision criteria scores (the bottom box within the “Project Characteristics” block of Figure 1). For example, if a new project being studied has a “Large Project Scale” score of 1.5, then the characteristic scores of the four project profiles are used to obtain the upper and lower limit values and determine the required criteria importance scores via linear interpolation, as shown in Equation (2).

	
	(2)



where CS represents characteristic scores at respective upper bound ub and lower bound lb.
The outcome of the “Project Characteristics” component is the Decision criteria scores (the output of the “Project Characteristics” block of Figure 1) corresponding to each criterion.
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Table 4 Project Characteristics and Criteria Importance Scores Example for Project Profile 1
	[bookmark: _Hlk77323612]Project Characteristics
	Large Project Scale
	Exact Investment Timing
	Long-term Investment
	Significance
	Innovation
	Sustainable Project
	Equity Conscious Project

	Project Characteristics Score
	3.5
	5
	1
	5.2
	0
	0
	1

	Decision Criteria
	Criteria Importance Score (Scale 0-5)

	
	Large Project Scale
	Exact Investment Timing
	Long-term Investment
	Significance
	Innovation
	Sustainable Project
	Equity Conscious Project

	Predictability
	5
	4
	0
	4
	0
	0
	0

	Stability
	4
	5
	0
	4
	0
	0
	0

	Sustainability
	0
	0
	3
	0
	0
	0
	0

	Revenue Potential
	5
	0
	0
	0
	0
	0
	0

	Current Use Status
	0
	2
	0
	2
	0
	0
	0

	Ease of Implementation
	0
	0
	0
	0
	0
	0
	0

	Ability to Enforce
	0
	0
	0
	0
	0
	0
	0

	Public Acceptance
	0
	0
	0
	0
	0
	0
	0

	Promotion of Efficient Use
	0
	0
	0
	0
	0
	1
	0

	User/Beneficiary Cost
	0
	0
	0
	0
	0
	1
	3

	Promotion of Social Equity
	0
	0
	0
	0
	0
	0
	4




2


	(a) Large Project
	(b) Exact Investment

	
	

	(c) Long-Term Investment
	(d) Significance

	
	

	(e) Sustainability
	(f) Equity

	
	




	(g) Innovation
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Figure 3 Criteria Importance Scores as a Function of Characteristic Scores for: a) Large project, b) Exact investment timing, c) Long-term investment, d) Significance, e) Sustainability, f) Equity, and g) Innovation

AHP Calculations 
The AHP calculations in Figure 1 are conducted to rank the funding/financing mechanisms. The decision criteria importance scores are converted to pairwise comparisons (the top box within the “AHP Calculations” block of Figure 1) to make them compatible with the AHP framework computations. This conversion is implemented over a three-step procedure.
The first step involves calculating the average criteria importance score for each criterion. This value is obtained by averaging the non-zero cells of each row in the criteria importance scores matrix (refer to Table 4), as shown in Equation (3).
 
	
	(3)



where  is the number of project characteristics considered.
Subsequently, the difference between the average criteria importance scores is calculated in a pairwise fashion, as presented in Equation (4).
 
	
	    (4)



Finally, the differences are converted to Saaty’s 1–9 scale for pairwise comparisons according to their magnitude. Following the three steps, a pairwise comparison matrix for the decision criteria is determined and used to calculate the priority vector (or Eigenvector) (refer to the references provided in the MCDA and AHP Concept section for calculation details). The priority vector (the bottom box within the “AHP Calculations” block of Figure 1) shows the weights of the criteria while deciding on the most appropriate financing mechanism. The criteria weights are then combined with the financing mechanism alternative scores to obtain the global scores and final ranking of alternatives based on appropriateness.

Implementation of the Revenue Projections Module
The second contribution of this study and the FUND application is the Projections module. Similar to the previous TRENDS and INDOT models, the Projections module aims at obtaining cash flow diagrams for net revenues. Additionally, to understand the financial landscape of future projects, it is beneficial to leverage models that can be configured according to hypothetical future scenarios. The revenue projections are directly related to changes within the economic environment and funding availability over time. The inputs for computing these projections include population, employment, or vehicle ownership data projections. Figure 4 depicts the general framework used for achieving the revenue projections for only a subset of the funding mechanisms. 
Three types of inputs were considered in this module: non-revenue projections, assumptions, and policy testing variables. The predictions generated for the inputs required for revenue projection are referred to as non-revenue projections in this context. This corresponds to all the inputs that need to be estimated for every year within the analysis period, such as population or EV ownership.  
The general assumptions include variables that affect the non-revenue and revenue projections but are assumed to remain constant during the analysis period. The third input type corresponds to policy testing variables which are used to experiment with different tax rates and fees to evaluate their effects on the net revenues. Only a few mechanisms were considered for the Projections module for simplicity. 
The non-revenue projections and general assumptions were obtained from TxDOT publications to reflect their specific trends. Since the inputs are not generalizable for other locations, the details concerning their collection and their specific numerical values are excluded from this study for brevity. 
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Tool Development 
The FUND application that incorporates the Appropriateness and Projections modules comprises a Microsoft Access database that contains embedded Microsoft Excel spreadsheets which perform the technical computations and graphical displays for both modules. Linked with this are functions for collecting economic scenario and project characteristic parameters from the user that can be stored under named profiles within the same database. Project stakeholders chose this format because of its ability to contain both data and functionality that can be shared within an organization as a single file without the need for special back-end IT infrastructure.
Other innovations included the use of databases and scripting to create user-friendly, dynamic pages of questions and the injection of database-driven values into specific cells of the embedded Excel spreadsheets to automate the necessary computations. The use of Excel allows analysts to update core application functionality without the need for formal programming.
The authors have provided more information about the computations and potential uses of this application at https://github.com/ut-ctr-nmc/fund. It is anticipated that these can be utilized as a starting point for re-implementation of Appropriateness and Projections functionality for other DOTs, as well as to exemplify how such tools can be made possible using off-the-shelf office software commonly found on many desktop computers within government organizations.

[bookmark: _Ref77258884]Scenario Demonstrations
The FUND database application presents the user interface for Appropriateness and Projections modules described earlier. 

Project Scenario: Large Project Example
To further demonstrate the capabilities of the database, an example project scenario is defined with these characteristics:
· Budget in billions of dollars
· Three-to-five-year construction period
· Investment stage within four years
· High priority
· Innovative construction methods
· Equity goals
· No sustainability goals
· Medium business density
· High complexity
· Not tolled
· Not appropriate to use bonds


An example of such a project could be a state-level bridge construction project that runs through a busy city corridor. These construction costs are significant due to the complexity and location of construction. Additionally, because it is high priority, it is possible to overtake other projects. Figure 5 presents how the FUND database allows for running this scenario and viewing the Appropriateness results. After selecting the appropriateness module and a relevant project profile on the main page (refer to Step 1 in Figure 5), the application prompts a project characteristics’ input form allowing for necessary profile adjustments. The image presented under step 2 in Figure 5 shows a portion of the input form corresponding to the project budget.
The results page, shown in the bottom-left image, ranks and displays the most appropriate funding/financing mechanisms for the tested scenario. Steps 3 and 4 in Figure 5 zoom into the results to show the details of the table which shows associated information and online resources. For this example, the Indexed MFT shows as the most promising. Furthermore, the detailed results presented in Step 5 of Figure 5 provide further insight on the AHP process, displaying predictability and stability as most important in a funding or financing source, while the ability to enforce and ease of implementation are ranked as least important. Overall, users are able to use both results pages to better understand what criteria among the mechanisms should be most sought for this project. In the case where a new mechanism is not coded within this database, the criteria weights would likely apply to new mechanisms considered in the future.
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Figure 5 Steps of Appropriateness Functions within FUND Database

Funding and Financing Revenue Projections
[bookmark: _GoBack]The Projections module follows a similar process as the Appropriateness module. Here, profiles containing economic scenarios can be edited and saved. Then, on the results page, the first financial revenue graph shows revenue sources projected from year 2020 onward. Each revenue source is color-coded and separate. It is also possible to see a tabular view of the graph contents, as well as non-financial results. The specifics of these projections are coded in the embedded spreadsheet for population, employment, and vehicle sales growth rate for Texas and following the framework presented in Figure 4. To produce valid results for other states, users would need to modify the inputs to be compatible with their respective locale. The functionality of the Projections module is demonstrated in the context of an economic scenario with the following parameters:


· Inflation rate: 2.5%
· Highway Cost Index: 120
· Oil barrel price: $64
· Fuel economy inputs (24.1 miles/gallon for conventional vehicles and 108.1 miles/gallon for hybrid vehicles)
· VMT fee: 5¢/vehicle-mile
· MFT indexed increase: 5¢ every 3 years (starting in 2025)
· Electric vehicle fee: $250 per-vehicle every year
· VMT per capita: 9940 
· EV growth rate: 10%
· Current MFT: 20¢/gallon
· Emissions rates: conventional (5.718 tons per year), hybrid (3.024 tons/year), electric (2.012 tons/year)

The economic status of January 2020 was selected, as it is the base year for these projections and calculations. Figure 6 presents how the FUND database collects parameters, runs the scenario, and displays financial results. The database starts with the selection of the Projections module and the corresponding economic profile as shown in Step 1. The second step involves modifying the required inputs adjusting the selected scenario as needed. The results page displays the impacts of these new fees on the revenues from these sources over 30 years. The cash flow diagram presented in Step 3 within Figure 6 shows that the periodic increase in the MFT makes a large increase in revenue over the years, but because there is no change in the VMT or carbon tax, the revenue base drops down with inflation. FUND also allows for the tabulation of the specific numbers related to the different revenue projections as presented in Step 4 within Figure 6 for EV fees. 
These projections and appropriateness scores can be used together to form a cohesive decision-making guide for policymakers, government employees, or consultants who are interested in learning how to connect funding/financing mechanisms with their specific projects.
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[bookmark: _Ref78200055]Figure 6 Steps of Projections Functions within FUND Database

Conclusion and Further Improvements
In this paper, we have developed a decision-making framework and interactive tool that can aid transportation agencies in systematically evaluating funding/financing mechanisms. The framework is housed within a Microsoft Access application called FUND that involves Appropriateness and Projections modules. In doing so, we provide transportation agencies with a workable platform to undertake careful funding/financing evaluations and effectively communicate findings to both policymakers and the public. Financing/funding concepts and rankings are conveyed using a simple, quantitative, multi-criteria, and systematic approach supplemented by visuals. The intent is that the proposed tool can serve as a valuable aid and a complement to additional subjective decision-making factors when comparing options and undertaking scenario analysis. A particularly salient aspect of our research and proposed tool is that it explicitly links project characteristics with the funding landscape, an issue that has received little attention in the literature but represents a critical element of decision-making.  
Naturally, the framework still lacks validation from practitioners in the field. Going forward, communications with subject matter experts through conferences, interviews, and surveys should be prioritized to expand the selection of project scenarios to cover a wider array of project characteristics and fine-tune the decision criteria scores. Such efforts are indispensable to ensure accurate and reliable results and, ultimately, state-level funding and financing decisions. For the time being, we expect that publishing a beta version of the tool to showcase the framework can spur the necessary discussions; this tool and supplemental information is available online at https://github.com/ut-ctr-nmc/fund. Future work can also target experimenting with MCDA methods other than AHP and comparing the reliability of the results. 
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