Funding Pennsylvania’s Transportation System

Roads, Bridges and Mass Transit

By:  Michael McDonough

& Joe Yamrozik


As anyone who has lived in Pennsylvania for even a short period of time knows, there is a serious problem with the state’s transportation system.  The transportation system includes roads, bridges and the mass transit systems (public busses and light rail systems).  The state’s highways are consistently ranked in the bottom third for overall performance in the United States.  In the most recent study by the Reason Foundation, Pennsylvania ranked 36th in overall performance, 49th for deficient bridges, and 37th for maintenance disbursements per mile.1  Furthermore, a recent study by the Pennsylvania Transportation Funding and Reform Commission (the Commission) confirmed “Pennsylvania’s public transportation and highway and bridge systems are in crisis, both in terms of inadequate funding for operations, capital improvements, and maintenance, as well as decaying physical conditions.”2    The Commission concluded that the state must make available an additional $900 million per year for state-owned roads and bridges and $760 million per year for transit funding.  There have been several proposals in the state government to increase transportation funding, and the following AHP BOCR analysis was conducted using Super Decisions Software to determine the appropriate course of action the state should take.

The goal for the AHP model is to determine how Pennsylvania should raise the additional funds for the transportation system.  The alternatives were evaluated using the following strategic criteria for the goal:

· Program Stability – will the solution provide enough funds to ensure short-term and long-term security.

· Equity/Fairness – is the solution perceived to be fair and equitable by the public.

· Optimize Core Transportation Network – will the solution provide enough funds to improve the transportation system.

The following alternatives were evaluated within the control hierarchies of Benefits, Opportunities, Costs and Risks (BOCR) using Social, Political and Economic control criteria:

· Make I-80 Toll Road – turn Interstate 80, which is currently free to travel on, into a toll road.  This solution has been recommended by the Governor and others in the state legislature.

· Raise Gas Tax – it was recommended by the Commission to increase the gas tax by 12.5 cents and increase other taxes and fees such as driver’s license fees.

· Raise Turnpike Tolls – increase the tolls that are currently collected on the Pennsylvania turnpike.

· Status Quo – make no changes.


Within each of the control hierarchies are sub-networks for each control criteria.  These sub-networks contain elements that influence the decision alternatives.  These elements are arranged in different clusters.  These clusters and nodes are linked based on how they influence each other and the alternatives.  For instance, in the following Benefits-Social-Sub-Network, Safer Roads/Bridges is a benefit of proper funding of the transportation system.  This is a benefit for Motorists, but it also influences Mass Transit Customers.  This element is also compared back to each alternative.  For additional information on how clusters and nodes interact, see Exhibit A, ANP Diagram.  For definitions of all nodes, see Exhibit B.  
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For each node and cluster that is linked, pairwise comparisons must be completed to determine priorities.  See Exhibit C for priorities.  After all of the pairwise comparisons have been made, each control criteria sub-network and control hierarchy network was synthesized.  The syntheses resulted in the following alternatives having the highest priorities within each BOCR network: 

· Benefits – Raise Gas Tax

· Opportunities – Raise Gas Tax

· Costs – Make I-80 Toll Road

· Risks – Raise Gas Tax

Next, these alternatives were rated against the strategic criteria to determine overall priorities.  Based on these ratings, Pennsylvania should increase the gas tax and other miscellaneous taxes.  
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Next, sensitivity analysis was completed using Super Decision Software to ensure that small changes in priorities do not significantly change the outcome.  See Exhibit D for the sensitivity graphs for Benefits, Opportunities, Costs, and Risks.  Only the Risks graph significantly changes as the priorities change.  A small reduction in the Risks graph will cause “Make I-80 a Toll Road” to be the riskiest alternative.

The final synthesized results, priorities in Exhibit C, and the sensitivity graphs in Exhibit D were calculated using the additive formula (bB + oO + cC + rR) to BOCR analysis.  When the multiplicative formula (BO/CR) is used to rank the alternatives, “Raise Turnpike Tolls” becomes the recommended alternative.  This occurs because the multiplicative approach ignores the BOCR weights.  See Exhibit E for detailed calculations.  The additive formula is considered more accurate because it factors in the BOCR weights.
In conclusion, when evaluating the results based on the strategic criteria, raising the gas tax and other taxes makes the most sense despite the difference between the additive and multiplicative approach.  Raising taxes will provide stability for the transportation system because it will likely provide the most funds.  In addition, the gas tax is fair in that it affects everyone the same.  All individuals, not just those using I-80 or the turnpike, will help pay for the state’s transportation system.  Furthermore, raising taxes will provide enough funds in to improve the core transportation networks.
Exhibit A – ANP Diagram


Exhibit B – Clusters and Criteria Definitions
· Benefits

· Social 

· Motorists

· Safer Roads / Bridges – motorists will benefit from safer roads and bridges
· Modernize Traffic Signals – motorists will benefit through the investment in new technology to reduce congestion
· Mass Transit

· More Frequent Riders – benefits of increased ridership if mass transit is more reliable
· Stabilize Service – riders will benefit from stabilized, possibly more frequent service
· Political

· Politicians
· Voter Perception – positive perception for a fair solution to transportation issue
· Media Coverage – positive media coverage for solution to PA transportation issues
· Economic 

· Financial 

· Adequate Funding – the benefit will lead to a more efficiently run transportation system for PA
· Operational
· Fund New Transportation Projects – benefits of new transportation projects
· Opportunities

· Social 

· Motorists

· Reduced Congestion – with more motorists using public transportation, there would be less congestion
· Mass Transit

· Expand Service – with more funds, the opportunity exists to expand service and means of transportation 
· Increased Commuting Costs – the opportunities exist for commuters to switch to mass transit
· Political

· Politicians

· Attract New Supporters – the resolution of the Transportation issues may result in new supporters for politicians

· Increased Political Capital – the resolution of the transportation issues may allow politicians to use their new political capital to influence other issues

· Likelihood for Reelection – the resolution helps the politician get re-elected

· Media Coverage – positive media coverage for solution to PA transportation issues

· Economic 

· Financial 

· Create / Identify Spending Efficiencies – opportunities exist to find other ways (beyond our alternatives) to operate more efficiently
· Lower Operating Costs – another opportunity to generate a stable budget
· Solid Financial Footing – once this opportunity is reached, the PA transportation system will be more stable (both financially and operationally) 
· Operational

· Business Expansion / Job Creation – opportunities exist for newly created jobs and local business expansion
· Fund New Transportation Projects – with more adequate funding, opportunities exist for new transportation projects to be financed
· Solid Operational Footing – once this opportunity is reached, the PA Transportation system will be more stable (both financially and operationally)
· Costs

· Social 

· Motorists

· Increased Travel Time – roads that are worse off and traffic lights that are outdated will lead to increased travel time
· Increased Travel Costs – the alternatives we’ve chosen will ultimately cost the motorist more money
· Mass Transit

· Increased Commuting Costs - the alternatives we’ve chosen will ultimately cost the rider more money

· Political

· Politicians

· Time / Energy – huge costs associated with the time and energy spent by politicians
· Voter Perception – huge costs associated with the voter perception to the final outcome of the transportation issues in PA
· Economic 

· Financial 

· Dedicated Transit Trust Fund – costs (such as setup and maintenance) are associated with having a personalized transit trust fund
· Operational

· More Construction – more revenues will generate more projects to improve driving conditions across PA
· Upgrade Technology – more revenues will generate more technological improvements to PA’s roads / bridges / mass transportation systems
· Risks

· Social 

· Motorists

· Diversion & Evasion – our alternatives suggest that some motorists may either choose other routes (if I-80 becomes a toll road), or drive less (if gas taxes increase)
· Safer Roads & Bridges – PA’s roads / bridges will continue to deteriorate if nothing is done to create a more stabilized revenue stream
· Mass Transit

· Fare Increases – risk associated with paying more to ride mass transit whether or not something is done
· Loss of Transit Customers – risk to mass transit system if services continue to be cut and fares continue to increase
· Loss of Transit Services – risk to mass transit riders if the system continues to operate in the red
· Political

· Politicians

· Loss of Supporters – if an outcome is viewed as unfavorable, this risk could cost a politician his / her job
· Media Coverage – negative media coverage will surround all of the alternatives
· Voter Perception – an unfavorable outcome would significantly sway a voters perception of a politician
· Economic 

· Financial 

· Diversion & Evasion – less travelers in the state of PA increase the risk that less income is generated
· Lack of Plan Approval – turning I-80 into a toll road may not be legal (PA politicians are currently in the process of determining that)
· Operational

· Business Expansion – without adequate transportation systems in PA, local businesses run the risk of not being able to expand
Exhibit C - Benefits, Opportunities, Costs and Risks Priorities
Priorities assigned via pair-wise comparisons of elements

	BOCR
	Control Criteria
	Clusters
	Elements
	Priorities

	
	
	
	
	

	Benefits
	Social
	Motorists
	Safer Roads / Bridges
	0.750

	
	
	
	Modernize Traffic Signals
	0.250

	
	
	Mass Transit     
	More Frequent Riders
	0.345

	
	
	
	Stabilize Service
	0.655

	
	Political
	Politicians
	Voter Perception
	0.638

	
	
	
	Media Coverage
	0.362

	
	Economic
	Financial

	Adequate Funding
	0.400

	
	
	Operational

	Fund New Projects
	0.600

	Opportunities
	Social
	Motorists

	Reduced Congestion
	0.556

	
	
	Mass Transit     
	Expand Service
	0.333

	
	
	
	Safer Transit
	0.111

	
	Political
	Politicians
	Attract New Supporters
	0.350

	
	
	
	Increased Political Capital
	0.149

	
	
	
	Likelihood of Reelection
	0.410

	
	
	
	Media Coverage
	0.092

	
	Economic
	Financial
	Create / ID Efficiencies
	0.537

	
	
	
	Lower Operating Costs
	0.238

	
	
	
	Solid Financial Footing
	0.225

	
	
	Operational
	Bus. Expansion / Jobs
	0.163

	
	
	
	Fund New Trans Projects
	0.527

	
	
	
	Solid Operational Footing
	0.310

	Costs
	Social
	Motorists
	Increased Travel Time
	0.397

	
	
	
	Increased Travel Costs
	0.603

	
	
	Mass Transit   
  
	Incr. Commuting Costs
	1.000

	
	Political
	Politicians
	Time Energy
	0.215

	
	
	
	Voter Perception
	0.785

	
	Economic
	Financial

	Dedicated Trust Fund
	1.000

	
	
	Operational
	More Construction
	0.476

	
	
	
	Upgrade Technology
	0.524


	Risks
	Social
	Motorists
	Diversion & Evasion
	0.538

	
	
	
	Safer Roads & Bridges
	0.462

	
	
	Mass Transit     
	Fare Increases
	0.345

	
	
	
	Loss of Transit Customers
	0.485

	
	
	
	Loss of Transit Services
	0.170

	
	Political
	Politicians
	Loss of Supporters
	0.698

	
	
	
	Media Coverage
	0.112

	
	
	
	Voter Perception
	0.189

	
	Economic
	Financial
	Diversion & Evasion
	0.348

	
	
	
	Lack of Plan Approval
	0.101

	
	
	Operational

	Business Expansion
	0.551


Exhibit D – Sensitivity Analysis
                                                                                         BENEFITS
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                                                                                            COSTS
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                                                                                             RISKS
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Exhibit E – Calculations

[image: image8.wmf]Priorities for Alternatives under Control Criterion

Social

Political

Economic

Social

Political

Economic

0.280

0.093

0.627

0.547

0.108

0.345

Make I-80 a Toll Road

0.610

0.704

0.494

0.283

0.619

0.565

Raise Turnpike Tolls

0.390

1.000

0.278

0.362

1.000

0.495

Raise Gas Tax

1.000

0.257

1.000

1.000

0.337

1.000

Status Quo

0.204

0.445

0.146

0.207

0.287

0.533

Social

Political

Economic

Social

Political

Economic

0.626

0.094

0.280

0.258

0.105

0.637

Make I-80 a Toll Road

1.000

0.456

1.000

0.379

0.445

0.675

Raise Turnpike Tolls

0.628

0.228

0.259

0.401

0.188

0.229

Raise Gas Tax

0.940

1.000

0.323

1.000

1.000

1.000

Status Quo

0.519

0.133

0.226

0.808

0.129

0.133

Priorities for Alternatives under BOCR

Alternatives

Benefits

Opportun

Costs

Risks

Make I-80 a Toll Road

0.546

0.417

0.949

0.575

Raise Turnpike Tolls

0.376

0.477

0.487

0.269

Raise Gas Tax

0.931

0.928

0.773

1.000

Status Quo

0.190

0.328

0.401

0.307

Strategic Criteria Scale for Ratings

Rating Importance of BOCR

Program 

Stability

Equity / 

Fairness

Optimize 

Trans 

Network

Priorities

Benefits

High

High

High

0.348193

Opportunities

High

High

High

0.348193

Costs

Medium

Low

Medium

0.097327

Risks

Medium

High

High

0.206287

Benefits

Opportunities

Costs

Risks

Ratio

Total

0.348193

0.348193

0.097327

0.206287

BO / CR

bB + oO - 

cC - rR

Make I-80 a Toll Road

0.546

0.417

0.949

0.575

0.417

0.124

Raise Turnpike Tolls

0.376

0.477

0.487

0.269

1.369

0.194

Raise Gas Tax

0.931

0.928

0.773

1.000

1.118

0.366

Status Quo

0.190

0.328

0.401

0.307

0.507

0.078

Optimize Trans Network 

High (.6267)

Medium (.2797)

Low (.0936)

Medium (.2797)

Low (.0936)

Equity / Fairness (.109)

High (.6267)

Medium (.2797)

Low (.0936)

Alternatives

Alternatives

Program Stability (.582)

High (.6267)

Benefits

Opportunities

Costs

Risks


Footnotes
1 16th Annual Report on the Performance of State Highway Systems (1984 – 2005), The Reason Foundation, David T. Hartgen, Ph.D and Ravi K. Karanam

2 Pennsylvania Transportation Funding and Reform Commission Report, Pennslyvania Transportation Funding and Reform Commission
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RISKS


Social


Motorists


Diversion & Evasion


Safer roads/bridges


Mass Transit Customers


Loss of Transit Services


Diversion & Evasion


Service Reductions


Fare Increases	





Political


Politicians


Voter perception


Media Coverage


Attract new supporters





Economic


Financial


Lack of plan approval


Diversion & Evasion


Operational


Business Expansion


























COSTS


Social


Motorists


Increase travel costs


Increase travel time


Modernize traffic signals


Safer roads / bridges


Mass Transit Customers


Increased commuting costs


Political


Politicians


Voter perception


Time / Energy





Economic


Financial


Dedicated Transit Trust Fund


Operational


More construction


Upgrade technology








OPPORTUNITIES


Social


Motorists


Reduced congestions


Mass Transit Customers


Expand Service


Safer Transit





Political


Politicians


Likelihood for reelection


Media coverage


Attract new supporters


Increased political capital





Economic


Financial


Provide solid financial Footing


Lower Operating Costs


Create / Identify Spending Efficiencies


Operational


Fund new transportation projects


Provide solid operational footing


Business Expansion/Job Growth








BENEFITS


Social


Motorists


Safer roads/bridges


Modernize traffic signals


Mass Transit Customers


More Frequent Riders


Stabilize Service





Political


Politicians


Voter perception


Media coverage





Economic


Financial


Adequate funding for transportation


Operational


Fund new transportation projects








Strategic Criteria





Optimize Core Transportation Network





Equity/Fairness





Program Stability





GOAL:  Determine a course of action for PA to fund the Transportation System






































