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City Selection for the National MagLev Program

National Maglev Program

Magnetic levitation (Maglev) is an advanced technology in which magnetic forces lift, propel and guide a vehicle over a guideway. Utilizing state-of-the-art power and control systems, this configuration eliminates contact between vehicle and guideway and permits cruising speeds up to 300 mph, or almost two times the speed of conventional high-speed rail service. Because of the high speed, Maglev offers competitive trip-time savings to auto and aviation modes in the 40- to 600-mile travel markets.

The Federal Railroad Administration (FRA) initiated the Magnetic Levitation Transportation Technology Deployment Program (FRA Docket No FRA-98-4545) in order to develop a Maglev system in the United States. The legislation established standards for projects to be eligible for Federal Funding. The standards require that a corridor
:

· Include a segment or segments of high-speed ground transportation that exhibit partnership potential.

· Require an amount of federal funds for project financing that will not exceed the sum of Federal Maglev funds, and the funds made available by the States by the Surface Transportation Program (STP) and the Congestion Management and Air Quality Improvement Program (CMAQ).

· Result in a operating transportation facility that provide a revenue-producing service;

· Be undertaken by a public and private partnership, with at least one third of full cost paid using non-Federal funds.

· Satisfy applicable statewide and metropolitan planning requirements;

· Be approved by the FRA based on an application submitted by a state or authority designated by one or more states.

· To the extent that non-United States Maglev technology is used within the United States, be carried as a technology transfer project; and

· Be carried out using material at least 70% of which is manufactured in the United States. 

· Must demonstrate that the operating revenues will exceed operating cost, and total benefits will exceed total cost over a 40-year period.

Federal funding consists of $55 million for pre-construction planning to identify the most promising process through competitive process, and up to $950 million for the final engineering and construction of the guide way of the one selected project.  

Each of the seven applicant projects submitted a project description to the FRA on June 30, 2000. The project description includes: projected environmental effects, cost of construction, equipment, operation and maintenance, estimates of ridership and revenue, an implementation schedule, operating plans, a management plan defining a public/private partnership that will plan, finance, construct and operate the project, and a financial plan.

The FRA indicated that it would select a single corridor for construction based on the extend to which the selected project best fulfills the following selection criteria
:

· The project must be nationally significant; it must demonstrate the feasibility of deploying Maglev technology throughout the United States.

· The project must reduce congestion in other modes of transportation and reduce the need for additional highway or airport construction.

· States, regions, and/or localities must financially contribute to the project (the implementation of the project must create new jobs in traditional and emerging industries).

· The project will foster Maglev networks identified as having partnership potential.

· Financial assistance will foster the timely implementation of the project.

· Design and Engineering costs are to be considered and enhanced throughout the life of the project.

A multi disciplined selection review committee form the Department of Transportation reviewed the Project description form the seven competing projects.  The Department of Transportation selected the Maryland and Pennsylvania projects to continue to the next stage of the program.

The Secretary of Transportation may select one of these projects for possible design and construction based upon more detailed information. Any decision to proceed with the construction phase would be contingent upon Congressional approbation and completion of a site-specific Environmental Impact Statement for the selected project.

Although not selected to participate in the next phase of the Maglev Deployment Program, the projects in California, Florida, Georgia, Louisiana, and Nevada were encouraged to develop their plans and seek alternative sources of financing. 

In this study we have attempted to capture the criteria that influences the city selection decision for the National Maglev program. With the purpose of adding more complexity and to determine if another city should have been selected to participate in the next stage of the project, we have added the city of Atlanta, Georgia.

AHP Model:

The AHP model is used to determine the city that is the best alternative for the MagLev Deployment Program: 
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Strategic Criteria: 


As mentioned before, the project/city that will be selected is the one that best fulfills the strategic criteria. The strategic criteria, along with their weight in the decision-making process are shown in the following figures:
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The following figure shows the ratings of the Benefits, Opportunities, Costs and Risks against the strategic criteria.
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Benefits

The first portion of the BOCR model equation is Benefits.  Benefits is set up such that Economic, Political, Social, and Environmental are subnets under the Goal, see Figure Be1.

Be1
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From the Goal level, the most important Criteria are Economic, 60.6%, Political, 19.9%, Social, 11.5%, and Environmental, 7.9%, See Figure Be2.

Be2
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The Economic subnet is structured with five clusters, Job Creation, Corporate Lure, Traffic, Property, and Tourism.  There are 8 total nodes under these clusters, see Be3.  Node explanation:

1. New construction-Will the project create construction jobs?

2. Operations-Will the project create operations jobs?

3. New Business-Will the project lure new business to the area?

4. Old Business-Will the project keep established business in the area?

5. Traffic Congestion-Will the project ease traffic congestion?

6. Value-Will the project raise property values in the area?

7. Availability-Will the project increase the amount of land available for development?

8. Tourism-Will the project bring tourists to the area?

Be3
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Be4.  The Super Matrix shows that Traffic Congestion is the most important at 46.9%, Operations, 27%, and New Construction, 6.8%.

Be4
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The Political subnet is structured with three clusters, Job Creation, Pollution, and Financial.  There are 5 total nodes under these clusters, see Be5.  Node explanation:

1. New Construction-Will the project create new construction jobs?

2. Operations-Will the project create operations jobs?

3. Pollution-Will the project improve pollution?

4. Federal funds to the area-Will the project increase federal funds to the area?

5. Increase in tax revenue-Will the project increase tax revenue?

Be5
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Be6.  The Super Matrix shows that Operations is the most important at 53.3%, Federal Funding, 23.4%, and New Construction, 10.7%.

Be6
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The Social subnet is structured with two clusters, Environmental and Urban Development.  There are 4 total nodes under these clusters, see Be7.  Node explanation:

1. Traffic-Will the project provide shorter commutes?

2. Pollution-Will the project lower pollution levels?

3. Technology-Will the project provide new technology to the area?

4. Tourism-Will the project provide for increased tourism?

Be7
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Be8.  The Super Matrix shows that Traffic is the most important at 43.7%, Technology, 37.5%, and Tourism, 12.5%.

Be8
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The Environmental subnet is structured with one cluster, Environmental.  There are 3 total nodes under these clusters, see Be9.  Node explanation:

1. Air quality-Will the project improve air quality?

2. Water quality-Will the project improve water quality?

3. Wildlife-Will the project affect local wildlife?

Be9
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Be10.  The Super Matrix shows that Wildlife is the most important at 61.4%, Water quality, 26.8%, and Air quality, 11.7%.

Be10
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Opportunities


The second portion of the BOCR model equation is Opportunities.  Opportunities is set up such that Economic, Political, Social, and Environmental are subnets under the Goal, see Figure Op1.

Op1
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From the Goal level, the most important Criteria is Economic, 59.9%, Political, 21.9%, Social, 10.3%, and Environmental, 7.8%, See Figure Op2.

Op2
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The Economic subnet is structured with two clusters, Financial and Future Expansion.  There are 6 total nodes under these clusters, see Op3.  Node explanation:

1. Urban-Will project allow the metropolis to grow?

2. Increase Tourism-Will project bring more tourism?

3. Increased Air Traffic-Will project increase air traffic?

4. Alternate City Connections-Will project connect to other cities?

5. Federal Funds-Will project bring federal money to the area?

6. Ticket Revenue-Will project provide ticket revenue to the economy?
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Op4.  The Super Matrix shows that Federal Funding is the most important at 60%, Ticket Revenue, 15%, and Urban Expansion, 13.6%.

Op4
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The Political subnet is structured with three clusters, Financial Population, and Prestige.  There are 3 total nodes under these clusters, see Op5.  Node explanation:

1. Increase in the # of voters-Will the project bring more population to the area?

2. Status-Will the project increase political status of the local politicians?

3. Federal funding-Will the project bring federal monies to the area?

Op5
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Op6.  The Super Matrix shows that Federal Funding is the most important at 71.7%, Increase in the # of voter, 19.5%, and Status, 8.8%.

Op6
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The Social subnet is structured with three clusters, Transportation, Tourism, and Environmental.  There are 7 total nodes under these clusters, see Op7.  Node explanation:

1. Faster Transportation-Will the project allow residents to get from work to home quicker?

2. Will the project allow less traffic?

3. Will the project allow fewer accidents on the roadways?

4. Will the project make it more attractive for tourists?

5. Will the project improve air quality?

6. Will the project improve water quality?

7. Will the project allow increased habitat space as fewer roads are built?

Op7
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Op8.  The Super Matrix shows that Traffic congestion is the most important at 37.8%, Faster transportation, 25.7%, and Water Quality, 13.2%.
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The Environmental subnet is structured with one cluster, Pollution.  There are 3 total nodes under these clusters, see Op9.  Node explanation:

1. Air pollution-Will the project decrease air pollution?

2. Water pollution-Will to project decrease water pollution?

3. Noise-Will the project decrease noise pollution?

Op9
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Op10.  The Super Matrix shows that Air pollution is the most important at 68.7%, Water pollution, 24.3%, and Noise, 6.9%.
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Risks

The third portion of the BOCR model equation is Risks.  Risks is set up such that Economic, Political, Social, and Environmental are subnets under the Goal, see Figure Ri1.

Ri1
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From the Goal level, the most important Criteria are Economic, 58.4%, Political, 12.1%, Social, 23.7%, and Environmental, 5.8%, See Figure Ri2.

Ri2
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The Economic subnet is structured with two clusters, Financial and Terrorism.  There are 5 total nodes under these clusters, see Ri3.  Node explanation:

1. Funding-Will the project strain the areas funding?

2. Revenue-Will there not be enough ridership to support the project?

3. Eminent Domain-Will there be much cost associated with taking over private land?

4. Future Funding-Will the project generate interest for future funds and expansion?

5. Terrorism-Will there be a terrorist attack on the train?

Ri3
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Ri4.  The Super Matrix shows that Revenue is the most important at 56.8%, Future Funding, 28.3%, and Funding, 10.5%.

Ri4
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The Political subnet is structured with two clusters, Political and Terrorism.  There are 4 total nodes under these clusters, see Ri3.  Node explanation:

1. Eminent Domain-Will the project hurt political popularity due to personal property buyouts?

2. Ridership-Will people ride the train?

3. Funding-Can you get future expansion funding?

4. Terrorism-Will terrorism affect the project?

Ri5
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Ri6.  The Super Matrix shows that Ridership is the most important at 57.8%, Terrorism, 20%, and Funding, 16.3%.

Ri6
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The Social subnet is structured with two clusters, Social and Terrorism.  There are 4 total nodes under these clusters, see Ri7.  Node explanation:

1. Safety-Will the train be safe?

2. Cosmetic-Will the train add to the areas aesthetics?

3. Traffic-Will the train alleviate traffic problems?

4. Terrorism-Will the project be attacked by terrorists?

Ri7
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Ri8.  The Super Matrix shows that Terrorism is the most important at 50%, Traffic, 26.9%, and Cosmetic, 14.8%.

Ri8
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The Environmental subnet is structured with two clusters, Environmental and Terrorism.  There are 4 total nodes under these clusters, see Ri9.  Node explanation:

1. Air Pollution-Will the project create air pollution?

2. Wildlife-Will the project disturb habitats?

3. Water Pollution-Will the project create water pollution?

4. Terrorism-Will the project be subject to terrorism?

Ri9
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Ri10.  The Super Matrix shows that Terrorism is the most important at 50%, Air-Water and Wildlife are all tied at 16.7%.

Ri10
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Costs

The fourth portion of the BOCR model equation is Costs.  Costs is set up such that Economic, Political, Social, and Environmental are subnets under the Goal, see Figure Co1.

Co1
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From the Goal level, the most important Criteria are Economic, 54.9%, Political, 10.1%, Social, 27.9%, and Environmental, 6.9%, See Figure Co2.

Co2
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The Economic subnet is structured with five clusters, Operating, Eminent Domain, Technology, Maintenance, and Construction.  There are 7 total nodes under these clusters, see Co3.  Node explanation:

1. Labor-People who will operate and manage the train.

2. Utility-Cost of electricity for the train.

3. Eminent Domain-Cost of buying out personal property.

4. Technology-Cost of bringing maglev technology to the area.

5. Maintenance-Cost of maintaining the train.

6. Materials-Cost of materials to build the train.

7. Construction labor-Cost of labor to construct the train.

Co3
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Co4.  The Super Matrix shows that Eminent Domain is the most important at 45.4%, Construction, 25.1%, and Labor, 9.6%.

Co4
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The Political subnet is structured with two clusters, Political and Terrorism.  There are 3 total nodes under these clusters, see Co5.  Node explanation:

1. Neglect-Cost of ignoring other political issues.

2. Funding-Cost of diverting funding from other important issues.

3. Terrorism-Cost of terrorism.

Co5
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Co6.  The Super Matrix shows that Funding is the most important at 66.7%, Neglect and Terrorism at 16.7%.

Co6
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The Social subnet is structured with two clusters, Social and Terrorism.  There are 3 total nodes under these clusters, see Co7.  Node explanation:

1. Funding Neglect-The cost to society for not funding other programs.

2. Eminent Domain-The cost of buying out property.

3. Terrorism-The cost of terrorism to society.

Co7
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The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Co8.  The Super Matrix shows that Eminent Domain is the most important at 69.4%, Terrorism, 16.7%, and Funding, 13.9%.

Co8

[image: image41.png]74 &3]

1 Pitts~ 2 Balti~ 3 Atlan™ Eminent™ Funding™ terrori~ |
1 Pitts™ 0.00000 0.00000 0.00000 0.05811 0.32416 0.02641
2 Balti™ 0.00000 0.00000 0.00000 0.73519 0.06101 0.34696
3 Atlan® 6.00000 ©0.00000 ©0.00000 ©0.20669 ©0.11483 0.12663
Eminent™ 0.6944% 0.74074 0.71429 0.00000 0.00000 0.00000
Funding™ 6.13889 ©.09259 ©.11965 ©.68068 6.06008 6.56800
terrori™ 0.16667 0.16667 0.16667 0.00000 0.50000 0.00000





The Environmental subnet is structured with two clusters, Environmental and Terrorism.  There are 4 total nodes under these clusters, see Co9.  Node explanation:

1. Land Consumption-Cost of consuming land for the project.

2. Utility-Cost of using more electricity.

3. Deforestation-Cost of cutting down forest for the project.

4. Terrorism-Cost of terrorism to the environment.

Co9

[image: image42.png]Subnet under, Costs -> Environmental.

Fle Design Assess/Compare Computations  Networks Iest telp

BR&L Avacbacasm D

Q | Alternatives
=

1 Pistu

L.mdcm.mpml 2 Bammore/\/vaahmgtonl
|
3 Atlanta

wl

' ;
e







The Weighted Super Matrix shows the importance of each node to the decision criteria Alternatives, see Co10.  The Super Matrix shows that Utility is the most important at 35.2%, Land Consumption, 24.1%, and Deforestation, 20.6%

Co10
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Results

The MagLev City Selection analysis was done to determine which location should be selected for the construction of the new experimental MagLev train.  The decision analysis was conducted between the Pittsburgh PA, Atlanta GA, and Baltimore/Washington metropolitan areas.  The analysis was first conducted for the various different subsets Benefits, Opportunities, Risks, & Costs.  The results for each other those sections are shown below.  The priorities show what components had the largest impact on the decision and the respective winner for that category.  The Results section sows which city had the highest score for that section.  (keep in mind that the Risks and Costs section factor as a negative in the formula)  

Benefits:

Priorities:
Economic (60.6%) - Pgh
Political (19.9%) - Pgh

Social (11.5%) - BW

Environmental (7.9%) - Pgh

Results:
Pittsburgh – 46.7%

Baltimore/Washington – 24.7%

Atlanta – 28.6%

Opportunities:

Priorities:
Economic (59.9%) - Pgh

Political (22.0%) - Pgh

Social (10.4%) - BW

Environmental (17.8%) - Pgh

Results:
Pittsburgh – 42.0%

Baltimore/Washington – 33.3%

Atlanta – 24.7%

Risks:

Priorities:
Economic (58.4%) - Pgh

Political (12.1%) - Pgh

Social (23.7%) - BW

Environmental (5.8%) - Pgh

Results:
Pittsburgh – 35.6%

Baltimore/Washington – 42.7%

Atlanta – 21.7%

Costs:

Priorities:
Economic (54.9%) - Pgh

Political (10.1%) - Pgh

Social (27.9%) - BW

Environmental (6.9%) - Pgh

Results:
Pittsburgh – 14.4%

Baltimore/Washington – 52.2%

Atlanta – 33.4%

These results show that Pittsburgh is the obvious choice when following the strategic criteria.  


Overall:
Pittsburgh



46.4%

Baltimore/Washington

20.8%

Atlanta



32.7%

Sensitivity Analysis
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Sensitivity Analysis: Strategic Criteria (Overall)
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Sensitivity Analysis: Benefits
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Sensitivity Analysis: Costs

The sensitivity analysis for benefits and costs deliver the same results: Pittsburgh is the best alternative followed by Atlanta and Baltimore/Washington.


The sensitivity analysis for Risk (presented in the next figure) shows that Pittsburgh is the best alternative when the priority of Risk is smaller than 0.41. When the Risk’s priority increases (over 0.41), Atlanta becomes the best alternative. The Risk’s priority of this study is 0.137.
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Sensitivity Analysis-Risks

Conclusions:

There are a few very important takeaways from this project.  The first of which is that Pittsburgh is the best choice for where to build the new experimental MagLev train.  One additional point is that Baltimore/Washington should not be one of the final two choices according to the model.  After evaluation, it was shown that Atlanta GA would be a better area to build the MagLev.  This can be attributed to a few main points.  One of which will be the cost of Eminent Domain in the Baltimore area – the train will be built through a highly developed area and the costs associated with buying everyone out will be extreme.  Pittsburgh and Atlanta have more undeveloped land that is available for development.  Another major negative factor in the Baltimore/Washington area is the increased threat of terrorism due to the fact the area is the nations capitol.  Risk is actually one item that could change the decision - when the risk is increased to roughly 50% of the decision Atlanta wins out over Pittsburgh.  This is due to Atlanta’s balance between financial stability and low risk of terrorism.  

This project proved to be an excellent learning experience and provided great results.  
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