
APPENDIX A. Related Technical Activities

The following DOT agencies perform R&D-related activities yet have no explicit RD&T budget: 

MARITIME ADMINISTRATION 

MARAD’s mission is to strengthen U.S. maritime industries to support the nation’s economic and security needs.  MARAD promotes the development and maintenance of an adequate, well-balanced U.S. merchant marine capable of carrying the nation’s domestic waterborne commerce in addition to a substantial portion of its foreign commerce.  The U.S. Merchant Marine is also capable of serving as a naval and military auxiliary in time of war or national emergency.  Furthermore, MARAD seeks to ensure that the nation has adequate shipbuilding and repair services, efficient ports, effective intermodal water and land transportation systems, and reserve shipping capacity.

For the past 7 years, MARAD has had no RD&T funds to invest in maritime innovation.  The same is true for the upcoming fiscal year.  However, MARAD does work collaboratively through a process of government–private sector partnerships and interagency agreements—characterized by the highly innovative Marine Transportation System (MTS) initiative and other government–industry–labor partnerships—to apply agency expertise to stimulate and facilitate investments by others.  

MTS and Research and Technology (R&T)

The MTS is a Secretarial initiative to advance marine interests throughout the United States.  It involves 17 different Federal agencies and all industry components of the maritime transportation system, which includes entities involved with intermodal connections, cargo and passenger movements, and many other public and private stakeholders.  The Interagency Committee of the MTS (ICMTS), the Federal team, and the MTS National Advisory Council (MTSNAC) each have dedicated R&T subcommittees.  The MTS initiative acts as a catalyst to focus, coordinate, and accelerate the application of advanced communications, information systems, and Intelligent Transportation Systems (ITS) technology by the intermodal industry and Federal, state, and local transportation agencies.  

The intermodal industry is driven by private sector demand.  The public sector cannot design and deliver new intermodal services, nor should it force such management information systems upon the marketplace.  However, MARAD and the MTS process, in cooperation with other Federal agencies, can bring parties together, focus attention on issues and opportunities, provide seed money to leverage private investment and test applications, and underwrite standards development to determine industry and user consensus.

The Secretary of Transportation is currently supporting and sponsoring the development of wide-reaching legislation in support of the MTS.  This legislation, developed jointly by the ICMTS and MTSNAC, is expected to provide a specific line item for future MTS R&T funding.  Future coordination depends on all modes meeting a base capability for MTS.

MTSNAC R&T

The MTSNAC currently is in the process of incorporating R&T recommendations into a proposed “SEA-21” initiative as requested by the Secretary of Transportation.

ICMTS R&T

The ICMTS recently hosted an R&T coordination conference at the National Academy of Sciences to advance new ideas and reduce duplication of effort in R&T development.  The need for specific and dedicated MTS R&T funding was also highlighted in An Assessment of the U.S. Marine Transportation System: A Report to Congress.

Ship Operations Cooperative Program (SOCP)

The SOCP is a popular public–private partnership that promotes national security and economic development through the identification, development, and application of new methods, procedures, and technologies for maritime activities.  The overall objective of the program is to improve the competitiveness, productivity, efficiency, safety, and environmental responsiveness of U.S. vessel operations.  The SOCP currently has over 40 member organizations that contribute funding, resources, and active management of project support.  The latest in innovative technology is brought to bear operationally through the SOCP, where much of the maritime community works together on this information- and technology-sharing program.  

One example of the SOCP advancing national safety and security is through the development of smart cards.  Smart identification cards provide security identification for individuals in the marine industry that assures their identity in a secure manner and includes individuals’ training and qualification profiles.  Efforts of the SOCP on this project have expanded since September 11, turning the pursuit of smart identification cards into an international maritime effort.  The system will significantly improve security and safety in all maritime shoreside and shipboard environments.  MARAD remains the Federal facilitator of this effort even though MARAD RD&T funds are not available to support it.

Center for the Commercial Deployment of Transportation Technologies (CCDOTT)
MARAD and the U.S. Transportation Command provide coordinated support to the Center for the Commercial Deployment of Transportation Technologies (CCDOTT), a chartered university center at California State University, Long Beach.  The program is Congressionally sponsored, with funding provided through the Department of Defense (DOD) appropriations bill.  

The CCDOTT functions as a partnership of academic institutions, government, and commercial corporations.  The Center was implemented to enable participants to (1) leverage advanced transportation technologies, including emerging high-speed ship systems, decision support tools, tagging and tracking, transportation security, and agile port and terminal systems, in solving defense and commercial transportation infrastructure problems; (2) sponsor applied research and development in support of defense and commercial transportation infrastructure initiatives; and (3) provide a bilateral technology transfer/dual-use bridge between the DOD and commercial industry. 

Cargo Handling Cooperative Program (CHCP)

The CHCP is a public–private partnership designed to foster cargo-handling R&T development among intermodal freight entities.  The membership actively pursues innovative cargo handling developments to increase the productivity and cost effectiveness of cargo operations.  Emphasis is on industry-driven technology priorities to enhance integrated transportation systems for the movement of international and domestic freight, based on advanced technologies in (1) infrastructure design; (2) seamless international transportation networks; and (3) more efficient communication and information flows.  Initiatives are based on a system-level approach from origin to destination, so that intermodal transfer points and connections to rail and roads at ports are developed to meet total system requirements to boost industry efficiency and productivity.  While the CHCP has not independently funded any research during the past several years, its members have been able to use the CHCP organizational framework to obtain CCDOTT funding for two current projects: (1) Chassis Tag Research, and (2) Seal Processes.
Inland Waterways Intermodal Cooperative Program (IWICP)

The IWICP is a new initiative that brings together industry leaders to discuss the scope, content, and organizational structure of a public–private partnership designed to foster R&T development among inland waterways’ intermodal entities.  The membership actively pursues innovative developments to increase the productivity and cost effectiveness of cargo operations, emphasizing the movement of domestic freight.  

Maritime Energy and Emissions Program

Although MARAD has no RD&T funding, the agency helps to coordinate funding from other Federal, state, and local agencies; academia; and private industry through the Maritime Energy and Emissions Program.  This program advances propulsion and energy technology with the potential to boost vessel operating efficiency and cut air-polluting emissions.  Activities include in situ technology demonstrations, research analyses, and industry outreach.  

In FY 2003, MARAD plans to publish test results concerning the operation of natural gas and biodiesel fuels aboard passenger ferries.  New projects include the retrofit of existing marine diesel engines with emission reduction technologies and the design of an ultra-low-emission ferry.  MARAD also is working with the Department of Energy to develop a Maritime Hydrogen and Fuel Cell program, and may solicit projects from vessel owners operating in environmentally pristine waterways.  Finally, MARAD is partnering with the Navy on a program to evaluate the performance of marine engine alternative fuel and emission control technology and plans to hold a third annual maritime energy and emission workshop to solicit industry consultation. 

BUREAU OF TRANSPORTATION STATISTICS

The BTS started operations in December 1992.  Its mission is to lead in developing transportation data and information of high quality, and to advance their use in public and private transportation decision making.  The BTS compiles, analyzes, and makes accessible information on the nation’s transportation systems; collects information on intermodal transportation and other areas as needed; and works to enhance the quality and effectiveness of government statistics.

The BTS is not formally included within the DOT RD&T budget submission; however, its funding is authorized in the Research section of the Transportation Equity Act for the 21st Century (TEA-21).  The BTS provides the critical knowledge and understanding of our transportation system that is needed in the assessment of research needs and opportunities, as well as in the formulation of policy.  Under TEA-21, the BTS has an annual authorized budget of $31 million.  The agency does not currently have specific RD&T programs, but many of its projects do have research components.  Due to the breadth of its programs, activities in the BTS support all six of the DOT strategic goals.

The BTS has recently established a grants program to support research at the interface of transportation science and statistical inference.  The program was authorized by Section 5109 of TEA-21 [codified at 49 U.S.C. 111(g)].  Now in its third year, the program has provided research funding to nine academic institutions to investigate problems that range from Bayesian analysis of traffic accidents, to the validation of simulation models of transportation flow, to estimation of economic parameters in air freight.

Some BTS research could lead to broader application of information technology in data collection.  For example, as part of the BTS-led Safety Data Action Plan, the use of technology in data collection will be explored.  Technology has much potential for collecting data in a more timely, efficient, and, perhaps, less costly way.  Thus, it could contribute to efforts to make the U.S. transportation system safer and more efficient.

APPENDIX B. excerpt from the Transportation Equity Act for the 21st Century

Transportation Equity Act for the 21st Century [Public Law 105–178, as amended by title IX of Public Law 105–206].  An Act to authorize funds for Federal-aid highways, highway safety programs, and transit programs, and for other purposes.
Section. 5108. Surface Transportation Research Strategic Planning

    Chapter 5 of title 23, United States Code (as added by section 5101   

of this title), is amended by adding at the end the following:  

Sec. 508. Surface transportation research strategic planning  

    ``(a) In General.—The Secretary shall—  

            ``(1) establish a strategic planning process, consistent with  

        section 306 of title 5 for the Department of Transportation to  

        determine national transportation research and technology   

        development priorities related to surface transportation;  

            ``(2) coordinate Federal surface transportation research and   

        technology development activities;  

            ``(3) measure the results of those activities and how they   

        impact the performance of the surface transportation systems   

        of the United States; and  

            ``(4) ensure that planning and reporting activities carried   

        out under this section are coordinated with all other surface   

        transportation planning and reporting requirements.  

      ``(b) Implementation.—The Secretary shall—  

            ``(1) provide for the integrated planning, coordination, and   

        consultation among the operating administrations of the   

        Department of Transportation, all other Federal agencies with   

        responsibility for surface transportation research and tech-   

        nology development, State and local governments, institutions   

        of higher education, industry, and other private and public sec-   

        tor organizations engaged in surface transportation-related re-  

        search and development activities;  

            ``(2) ensure that the surface transportation research and   

        technology development programs of the Department do not   

        duplicate other Federal, State, or private sector research and   

        development programs; and  

            ``(3) provide for independent validation of the scientific and  

        technical assumptions underlying the surface transportation   

        research and technology development programs of the Depart-

        ment.  

    ``(c) Surface Transportation Research and Technology Development   

Strategic Plan.—  

            ``(1) Development.—The Secretary shall develop an inte-   

        grated surface transportation research and technology develop-  

        ment strategic plan.  

            ``(2) Contents.—The plan shall include—  

                    ``(A) an identification of the general goals and objectives  

                of the Department of Transportation for surface transportation  

                research and development;  

                    ``(B) a description of the roles of the Department and  

                other Federal agencies in achieving the goals identified  

                under subparagraph (A), in order to avoid unnecessary  

                duplication of effort;  

                    ``(C) a description of the overall strategy of the Depart-  

                ment, and the role of each of the operating administrations  

                of the Department, in carrying out the plan over the next  

                5 years, including a description of procedures for coordina-

                tion of the efforts of the Secretary with efforts of the  

                operating administrations of the Department and other 

                Federal agencies;  

                    ``(D) an assessment of how State and local research and  

                technology development activities are contributing to the  

                achievement of the goals identified under subparagraph  

                (A);  

                    ``(E) details of the surface transportation research and  

                technology development programs of the Department, in-  

                cluding performance goals, resources needed to achieve   

                those goals, and performance indicators as described in   

                section 1115(a) of title 31, United States Code, for the next  

                5 years for each area of research and technology develop-  

                ment;  

                    ``(F) significant comments on the plan obtained from   

                outside sources; and  

                    ``(G) responses to significant comments obtained from  

                the National Research Council and other advisory bodies,  

                and a description of any corrective actions taken pursuant  

                to such comments.  

            ``(3) National research council review.—The Secretary  

        shall enter into an agreement for the review by the National  

        Research Council of the details of each—  

                    ``(A) strategic plan or revision required under section  

                306 of title 5;  

                    ``(B) performance plan required under section 1115 of  

                title 31; and  

                    ``(C) program performance report required under sec-  

                tion 1116,  

        with respect to surface transportation research and technology   

        development.  

            ``(4) Performance plans and reports.—In reports sub-   

        mitted under sections 1115 and 1116 of title 31, the Secretary   

        shall include—  

                    ``(A) a summary of the results for the previous   

                fiscal year of surface transportation research and technology   

                development programs to which the Department of Trans-  

                portation contributes, along with—  

                          ``(i) an analysis of the relationship between those  

                      results and the goals identified under paragraph  

                      (2)(A); and  

                          ``(ii) a description of the methodology used for as-  

                      sessing the results; and  

                    ``(B) a description of significant surface transportation  

                research and technology development initiatives, if any,  

                undertaken during the previous fiscal year that were not  

                in the plan developed under paragraph (1), and any signifi-  

                cant changes in the plan from the previous year’s plan.  

    ``(d) Merit Review and Performance Measurement.—   

Not later than 1 year after the date of enactment of this section, the 

Secretary shall transmit to Congress a report describing competi-

tive merit review procedures for use in selecting grantees and con-

tractors in the programs covered by the plan developed under sub-

section (c) and performance measurement procedures for evaluating 

the programs.  

      ``(e) Procurement Procedures.—The Secretary shall—  

            ``(1) develop model procurement procedures that encourage   

        the use of advanced technologies; and 

            ``(2) develop model transactions for carrying out and coordi-  

        nating Federal and State surface transportation research and  

        technology development activities.  

      ``(f) Consistency With Government Performance and Re-

sults Act of 1993.—The plans and reports developed under this 

section shall be consistent with and incorporated as part of the 

plans developed under section 306 of title 5 and sections 1115 and 

1116 of title 31. 

	Mode/Program Area
	
	
	
	FY 2001 

Enacted
	FY 2002 

Enacted
	FY 2003 

Pres. Bud.

	FHWA
	
	
	
	
	
	

	
	Subtotal, R&D
	
	267,964
	275,354
	265,722

	
	Subtotal, Technology
	269,163
	254,141
	216,098

	
	Subtotal, Facilities
	
	0
	0
	0

	Total
	
	
	
	537,127
	529,495
	481,820

	FMCSA
	
	
	
	
	
	

	
	Subtotal, R&D
	
	12,349
	2,827
	6,196

	
	Subtotal, Technology
	0
	0
	2,782

	
	Subtotal, Facilities
	
	0
	0
	0

	Total
	
	
	
	12,349
	2,827
	8,978

	NHTSA
	
	
	
	
	
	

	
	Subtotal, R&D
	
	58,313
	59,042
	59,325

	
	Subtotal, Technology
	22,321
	22,920
	22,920

	
	Subtotal, Facilities
	
	0
	0
	0

	Total
	
	
	
	80,634
	81,962
	82,245

	FRA
	
	
	
	
	
	

	
	Subtotal, R&D
	
	27,001
	31,239
	30,040

	
	Subtotal, Technology
	25,945
	33,244
	24,185

	
	Subtotal, Facilities
	
	923
	925
	1,425

	Total
	
	
	
	53,869
	65,408
	55,650

	FTA
	
	
	
	
	
	

	
	Subtotal, R&D
	
	8,031
	7,320
	4,392

	
	Subtotal, Technology
	52,185
	53,450
	56,150

	
	Subtotal, Facilities
	
	0
	0
	0

	Total
	
	
	
	60,216
	60,770
	60,542

	FAA
	
	
	
	
	
	

	
	Subtotal, R&D
	
	287,388
	342,387
	207,252

	
	Subtotal, Technology
	7,364
	7,457
	16,270

	
	Subtotal, Facilities
	
	13,657
	16,200
	17,700

	Total
	
	
	
	308,409
	366,044
	241,222

	RSPA
	
	
	
	
	
	

	
	Subtotal, R&D
	
	9,360
	9,860
	14,272

	
	Subtotal, Technology
	0
	0
	0

	
	Subtotal, Facilities
	
	0
	0
	0

	Total
	
	
	
	9,360
	9,860
	14,272

	USCG
	
	
	
	
	
	

	
	Subtotal, R&D
	
	22,201
	21,099
	23,989

	
	Subtotal, Technology
	0
	0
	0

	
	Subtotal, Facilities
	
	272
	317
	317

	Total
	
	
	
	22,473
	21,416
	24,306

	OST
	
	
	
	
	
	

	
	Subtotal, R&D
	
	10,976
	11,593
	10,835

	
	Subtotal, Technology
	0
	0
	0

	
	Subtotal, Facilities
	
	0
	0
	0

	Total
	
	
	
	10,976
	11,593
	10,835

	TOTAL DOT
	
	
	
	
	

	
	Total R&D 
	
	703,583
	760,721
	622,023

	
	Total Technology
	
	376,978
	371,212
	338,405

	
	Total Facilities
	
	14,852
	17,442
	19,442

	GRAND TOTAL
	
	
	1,095,413
	1,149,375
	979,870


APPENDIX C. DOT research, development, and technology budget authority

Table C-1.  DOT FY 2003 President’s Budget: RD&T Budget Authority ($000), Modal Summary

Table C-2. FY 2003 President’s Budget: RD&T Budget Authority ($000), Program Details

	Mode and Program
	                             FY 2001 

                             Enacted
	FY 2002 Enacted
	FY 2003 President’s Budget

	FHWA
	
	 
	 

	Research and Technology Program
	
	
	

	Surface Transportation Research
	  85,515
	100,854
	77,572

	 
	a.
	Safety
	11,183
	12,002
	8,090

	 
	
	Safety (T)
	1,973
	2,118
	1,428

	 
	
	Materials
	0
	0
	0

	 
	b.
	Pavements
	13,156
	12,433
	10,401

	 
	c.
	Structures
	11,577
	10,699
	7,936

	 
	d.
	Structures (T)
	1,579
	1,459
	1,082

	 
	e.
	Environment
	3,698
	0
	0

	 
	
	Environment (T)
	1,740
	0
	0

	 
	f.
	Policy
	4,035
	7,530
	7,247

	 
	g.
	Planning & Right-of-Way
	755
	0
	0

	 
	
	Planning & Right-of-Way (T)
	2,841
	0
	0

	 
	h.
	Environmental, Planning, and Right-of-Way
	0
	9,282
	8,034

	 
	
	Environmental, Planning, and Right-of-Way (T)
	0
	5,221
	4,519

	 
	i.
	Motor Carrier
	0
	0
	0

	 
	
	Highway Operations
	0
	0
	5,875

	 
	
	Highway Operations (T)
	0
	0
	3,917

	 
	j.
	Highway Operations & Asset Management
	2,737
	5,365
	0

	 
	
	Highway Operations & Asset Management (T)
	1,824
	3,577
	0

	 
	k.
	Freight R&D
	0
	0
	0

	 
	l.
	Technical Assessment and Deployment (T)
	12,279
	0
	0

	 
	m.
	R&T Technical Support
	6,578
	7,354
	7,083

	 
	n.
	Long-Term Pavement Performance
	8,771
	9,040
	7,620

	 
	o.
	Advanced Research
	789
	2,387
	953

	 
	
	R&T Strategic Plan/Performance Measure
	0
	0
	728

	 
	p.
	National Advanced Driver Simulator
	0
	0
	0

	 
	q.
	SHRP II/RSPA
	0
	0
	0

	 
	r.
	International Outreach
	0
	0
	0

	 
	s.
	Planning and Environment
	0
	0
	0

	 
	t.
	Asset Management
	0
	0
	2,659

	 
	u.
	Federal Lands
	0
	0
	0

	 
	v.
	Agency-wide Initiatives
	0
	0
	0

	 
	w.
	Supplemental Technology Deployment
	0
	0
	0

	 
	x.
	Program Administration
	0
	0
	0

	 
	y.
	Contract Authority
	0
	0
	0

	 
	
	Field Services R&T Delivery and R&T Strategic Plan
	0
	2,387
	0

	 
	z.
	LTPP and SUPERPAVE Programs (RABA)
	0
	10,000
	0

	Technology Deployment Program 
	39,468
	40,680
	38,100

	 
	a.
	Technology Deployment (T)
	39,468
	40,680
	38,100

	 
	b.
	Applied R&T (F)
	0
	0
	0

	 
	c.
	RABA (T)
	0
	0
	0

	Training and Education
	15,787
	17,176
	15,240

	 
	a.
	National Highway Institute (T)
	6,139
	6,328
	6,096

	 
	b.
	Local Technical Assistance Program (T)
	7,894
	9,040
	7,620

	 
	c.
	Eisenhower Transportation Fellowship Program (T)
	1,754
	1,808
	1,524

	 
	
	Eisenhower Transportation Fellowship Program
	0
	0
	0

	 
	d.
	RABA (T)
	0
	0
	0

	Intelligent Transportation Systems
	191,200
	203,400
	176,784

	 
	a.
	Research
	42,441
	43,410
	39,070

	 
	
	Automated Highway Systems
	0
	0
	0

	 
	b.
	Operational Test 
	11,290
	3,652
	8,000

	 
	
	Operational Test (T)
	0
	7,998
	0

	 
	c.
	Evaluation/Program Assessment (T)
	6,329
	6,855
	5,000

	 
	d.
	Architecture and Standards (T)
	12,207
	14,663
	14,000

	 
	
	Commercial Vehicle Operations (T)
	0
	0
	0

	 
	e.
	Mainstreaming/Integration (T)
	0
	0
	0

	 
	f.
	ITS Program & System Support (T)
	7,741
	8,603
	8,750

	 
	
	Advanced Technology Applications
	0
	0
	0

	 
	g.
	Integration
	0
	0
	0

	 
	
	Integration (T)
	7,698
	9,739
	9,000

	 
	h.
	ITS Deployment (T)
	103,494
	108,480
	92,964

	 
	
	ISTEA Section 6058 Funds
	0
	0
	0

	 
	
	ISTEA Section 6058 Funds (T)
	0
	0
	0

	 
	i.
	RABA-ITS Standards
	0
	0
	0

	 
	j.
	RABA-Deployment (T)
	0
	0
	0

	University Transportation Research
	23,900
	23,956
	20,193

	 
	a.
	University Transportation Research
	0
	0
	0

	 
	b.
	University Transportation Research (T)
	23,900
	23,956
	20,193

	 
	c.
	University Research Institutes 
	0
	0
	0

	 
	d.
	RABA (T)
	0
	0
	0

	Other
	169,539
	131,685
	141,882

	 
	a.
	Rehabilitation of Turner-Fairbank (F)
	0
	0
	0

	 
	b.
	Truck Dynamic Test Facility (F)
	0
	0
	0

	 
	c.
	State Planning & Research
	139,236
	128,069
	139,977

	 
	d.
	Strategic Highway Research Program
	0
	0
	0

	 
	e.
	Strategic Highway Research Program (T)
	0
	0
	0

	 
	f.
	Seismic R&D Program 
	0
	0
	0

	 
	g.
	Fundamental Properties of Asphalts
	0
	0
	0

	 
	h.
	Timber Bridge Research 
	0
	0
	0

	 
	i.
	GPS Support
	0
	0
	0

	 
	j.
	Advanced Vehicle Technologies Program (T)
	0
	0
	0

	 
	k.
	Commercial Remote Sensing (T)
	3,991
	0
	0

	 
	l.
	Nationwide Differential Global Positioning System (T)
	0
	0
	0

	 
	m
	Maglev (T)
	21,927
	0
	0

	 
	n.
	Pavement Smoothness
	0
	0
	0

	 
	o.
	Robotics (T)
	0
	0
	0

	 
	p.
	TRANSIMS (T)
	4,385
	3,616
	1,905

	 
	q.
	Nanotechnology (T)
	0
	0
	0

	 
	r.
	Planning & Technology Research Program
	0
	0
	0

	 
	s.
	Fatigue & Human Factors
	0
	0
	0

	 
	t.
	Information Sharing Data Standards
	0
	0
	0

	 
	u.
	Technology Sharing & Transfer (T)
	0
	0
	0

	 
	v.
	Aging America
	0
	0
	0

	 
	w.
	FSHARP
	0
	0
	0

	Administrative Expenses
	11,718
	11,744
	12,049

	 
	Subtotal, R&D
	267,964
	275,354
	265,722

	 
	Subtotal, Technology Investment (T)
	269,163
	254,141
	216,098

	 
	Subtotal, Facilities (F)
	0
	0
	0

	 
	 
	Total FHWA
	537,127
	529,495
	481,820

	FMCSA
	
	 
	 

	Motor Carrier Safety
	9,828
	0
	7,000

	 
	Driver Safety Performance
	3,475
	0
	2,150

	 
	a.
	Noncommercial Driver - Performance Enhancement
	860
	0
	300

	 
	b.
	Commercial Driver - Performance Enhancement
	606
	0
	300

	 
	c.
	Commercial Driver - Performance Enhancement (T)
	78
	0
	0

	 
	d.
	Commercial Driver - Fatigue
	1,321
	0
	1,000

	 
	e.
	Commercial Driver - Fatigue (T)
	35
	0
	0

	 
	f.
	Commercial Driver - Physical Qualifications
	575
	0
	550

	 
	Commercial Vehicle Safety Performance
	809
	0
	1,958

	 
	a.
	Intelligent Vehicle Safety Technologies
	0
	0
	258

	 
	b.
	Intelligent Vehicle Safety Technologies (T)
	250
	0
	1,700

	 
	c.
	Policies, Regulations, and Standards
	260
	0
	0

	 
	d.
	Policies, Regulations, and Standards (T)
	299
	0
	0

	 
	e.
	Occupant Protection and Safety
	0
	0
	0

	 
	Carrier Compliance and Safety
	2,106
	0
	800

	 
	a.
	Carrier Compliance and Safety
	2,106
	0
	800

	 
	b.
	Carrier Compliance and Safety (T)
	0
	0
	0

	 
	Safety Systems and Technologies
	931
	0
	700

	 
	a.
	Safety Technologies for 2010 Project
	368
	0
	0

	 
	b.
	Safety Technologies for 2010 Project (T)
	463
	0
	600

	 
	c.
	Commercial Vehicle Information Systems & Network Deployment Project (T)
	100
	0
	100

	 
	Crosscutting Safety Initiatives
	2,507
	0
	1,392

	 
	a.
	Risk Assessments
	2,167
	0
	1,010

	 
	b.
	Partnerships and Communications (T)
	340
	0
	382

	Administrative Expenses
	2,521
	2,827
	1,978

	 
	Subtotal, R&D
	10,784
	2,827
	6,196

	 
	Subtotal, Technology Investment (T)
	1,565
	0
	2,782

	 
	Subtotal, Facilities (F)
	0
	0
	0

	 
	
	TOTAL FMCSA
	12,349
	2,827
	8,978

	NHTSA
	 
	 
	 

	Research and Analysis 
	57,938
	57,938
	56,621

	 
	Crashworthiness
	23,453
	23,038
	23,038

	 
	a.
	Safety Systems
	9,268
	9,084
	9,084

	 
	b.
	Biomechanics
	14,185
	13,954
	13,954

	 
	c.
	Partnership for a New Generation of Vehicles
	0
	0
	0

	 
	Crash Avoidance
	11,214
	10,990
	9,673

	 
	a.
	Driver/Vehicle Performance
	7,030
	3,450
	3,450

	 
	b.
	Driver Behavior Simulation Research
	0
	3,450
	3,450

	 
	c.
	National Advanced Driver Simulator
	0
	0
	0

	 
	d.
	Heavy Vehicles
	2,192
	2,160
	2,160

	 
	e.
	Pneumatic Tire Research
	1,992
	1,930
	613

	 
	Data Programs (T)
	22,321
	22,920
	22,920

	 
	a.
	Fatal Accident Reporting System (T)
	5,480
	5,700
	5,700

	 
	b.
	National Accident Sampling System (T)
	10,163
	10,570
	10,570

	 
	c.
	Data Analysis Program (T)
	1,993
	1,950
	1,950

	 
	d.
	State Data Program (T)
	2,491
	2,450
	2,450

	 
	e.
	Occupant Protection Survey (T)
	600
	600
	600

	 
	f.
	Special Crash Investigations (T)
	1,594
	1,650
	1,650

	 
	Technology Transfer Programs (T)
	0
	0
	0

	 
	Vehicle Research and Test Center
	950
	990
	990

	Highway Safety Research
	7,277
	7,277
	7,098

	Administrative Expenses
	15,419
	16,747
	18,526

	 
	Subtotal, R&D
	58,313
	59,042
	59,325

	 
	Subtotal, Technology Investment (T)
	22,321
	22,920
	22,920

	 
	Subtotal, Facilities (F)
	0
	0
	0

	 
	 
	TOTAL NHTSA
	80,634
	81,962
	82,245

	FRA 
	
	 
	 

	Railroad R&D
	25,269
	29,000
	28,325

	 
	Equipment, Operations, & Hazmat
	11,424
	13,650
	0

	 
	Track & Vehicle-Track Interaction
	8,282
	9,275
	0

	 
	Railroad Systems Safety & Security
	4,640
	5,150
	0

	 
	a.
	Railroad Systems Safety & Security 
	4,640
	5,150
	0

	 
	b.
	Railroad Systems Safety & Security (T)
	0
	0
	0

	 
	Safety of High-Speed Ground Transportation
	0
	0
	0

	 
	a.
	Safety of High-Speed Ground Transportation
	0
	0
	0

	 
	b.
	Safety of High-Speed Ground Transportation (T)
	0
	0
	0

	 
	R&D Facilities & Equipment (F)
	923
	925
	0

	 
	Railroad Systems Issues
	[4,640]
	[5,150]
	3,225

	 
	Human Factors
	[2,971]
	[3,278]
	3,478

	 
	Rolling Stock and Components
	[1,284]
	[2,187]
	2,487

	 
	Track and Structures
	[4,640]
	[6,325]
	4,225

	 
	Track and Train Interaction
	[3,043]
	[3,350]
	3,350

	 
	Train Control
	[0]
	[0]
	1,250

	 
	Grade Crossings
	[1,432]
	[1,435]
	1,435

	 
	Hazardous Materials Transportation
	[998]
	[1,000]
	1,000

	 
	Train Occupant Protection
	[5,338]
	[5,350]
	6,450

	 
	R&D Facilities & Test Equipment (F)
	[923]
	[925]
	1,425

	Next Generation High-Speed Rail
	25,045
	32,300
	23,200

	 
	High-Speed Rail/Next Generation
	0
	0
	0

	 
	High-Speed Rail/Next Generation (F)
	0
	0
	0

	 
	High-Speed Rail/Next Generation (T)
	0
	0
	0

	 
	High-Speed Train Control Systems (T)
	10,976
	11,750
	10,000

	 
	Non-Electric Locomotives (T)
	6,785
	6,550
	5,900

	 
	Non-Electric Locomotives (F)
	0
	0
	0

	 
	Grade Crossing & Innovative Technologies (T)
	4,291
	3,500
	4,300

	 
	Track/Structures Technology (T)
	1,297
	1,000
	1,300

	 
	Corridor Planning (T)
	1,696
	5,900
	1,700

	 
	Administration (T)
	0
	0
	0

	 
	MAGLEV (T)
	0
	3,600
	0

	 
	NDGPS (T)
	0
	0
	0

	Safety and Operations
	3,555
	4,108
	4,125

	 
	Salaries and Expenses (R&D)
	2,655
	3,164
	3,140

	 
	Salaries and Expenses (T)
	900
	944
	985

	MAGLEV (T)
	0
	0
	0

	 
	Subtotal, R&D
	27,001
	31,239
	30,040

	 
	Subtotal, Technology Investment (T)
	25,945
	33,244
	24,185

	 
	Subtotal, Facilities (F)
	923
	925
	1,425

	 
	 
	TOTAL FRA
	53,869
	65,408
	55,650

	FTA 
	
	
	 
	 

	National Program
	29,435
	31,700
	31,700

	Safety and Security
	6,087
	9,900
	13,245

	 
	a.
	Safety and Security
	0
	650
	500

	 
	b.
	Safety and Security (T)
	6,087
	9,250
	12,745

	Equipment and Infrastructure
	9,713
	10,430
	4,900

	 
	a.
	New Bus and Rail Vehicles and Infrastructure
	1,895
	3,600
	1,000

	 
	b.
	New Bus and Rail Vehicles and Infrastructure (T)
	7,818
	6,830
	3,900

	Fleet Operations
	999
	650
	3,055

	 
	a.
	Bus Rapid Transit
	0
	0
	0

	 
	b.
	Bus Rapid Transit (T)
	999
	650
	3,055

	Specialized Customer Services (T)
	5,787
	5,750
	5,000

	Information Management & Technology
	2,504
	200
	350

	 
	a.
	Information Management & Technology
	0
	0
	0

	 
	b.
	Information Management & Technology (T)
	2,504
	200
	350

	Metropolitan/Rural Policy Development
	637
	1,250
	1,300

	 
	a.
	Metropolitan/Rural Policy Development
	0
	350
	400

	 
	b.
	Metropolitan/Rural Policy Development (T)
	637
	900
	900

	Planning and Project Development
	3,091
	2,470
	2,350

	 
	a.
	Planning and Project Development
	449
	0
	0

	 
	b.
	Planning and Project Development (T)
	2,642
	2,470
	2,350

	Human Resources (T)
	217
	450
	400

	Performance and Review (T)
	100
	250
	600

	International Mass Transportation Program (T)
	300
	350
	500

	Transit Cooperative Research Program
	8,232
	8,250
	8,250

	 
	a.
	Transit Cooperative Research Program
	1,996
	2,000
	2,000

	 
	b.
	Transit Cooperative Research Program (T)
	6,236
	6,250
	6,250

	National Transit Institute (T)
	3,991
	4,000
	4,000

	Rural Transit Assistance Program (T)
	5,238
	5,250
	5,250

	Subtotal, Transit Planning and Research
	46,896
	49,200
	49,200

	Fuel Cell Bus & Bus Facilities (T)
	4,839
	4,850
	4,850

	Bus Testing (TEA-21) (T)
	0
	0
	0

	University Transportation Centers (UTCs)
	5,987
	6,000
	6,000

	 
	a.
	UTCs
	1,197
	0
	0

	 
	b.
	UTCs (T)
	4,790
	6,000
	6,000

	Administrative Expenses
	2,494
	720
	492

	 
	Subtotal, R&D
	8,031
	7,320
	4,392

	 
	Subtotal, Technology Investment (T)
	52,185
	53,450
	56,150

	 
	Subtotal, Facilities (F)
	0
	0
	0

	 
	 
	TOTAL FTA
	60,216
	60,770
	60,542

	FAA
	
	
	 
	 

	Research, Engineering, and Development (RE&D)
	186,589
	245,000
	126,744

	System Development and Infrastructure
	17,375
	16,031
	7,914

	 
	a.
	System Planning & Resource Management
	1,161
	1,200
	1,459

	 
	b.
	WJHTC Laboratory Facility
	12,223
	12,250
	6,455

	 
	c.
	Center for Advanced Aviation System Development
	3,991
	0
	0

	 
	d.
	Information System Security
	0
	2,581
	0

	Weather
	24,751
	23,668
	28,505

	 
	a.
	Weather Program
	21,658
	23,668
	28,505

	 
	b.
	Juneau, Alaska
	3,093
	0
	0

	 
	c.
	SOCRATES
	0
	0
	0

	Airport Technology
	0
	0
	0

	Aircraft Safety Technology
	62,542
	63,782
	54,686

	 
	a.
	Fire Research and Safety
	4,740
	5,242
	6,429

	 
	b.
	Advanced Materials/Structural Safety
	2,791
	2,974
	3,053

	 
	c.
	Propulsion and Fuel Systems
	8,182
	8,568
	5,711

	 
	d.
	Flight Safety/Atmospheric Hazards Research
	4,100
	6,420
	4,430

	 
	e.
	Aging Aircraft
	33,311
	32,000
	26,217

	 
	f.
	Aircraft Catastrophic Failure Prevention Research
	2,776
	2,794
	1,920

	 
	g.
	Aviation Safety Risk Analysis
	6,642
	5,784
	6,926

	 
	h.
	Terminal Operations Safety
	0
	0
	0

	System Security Technology

	54,401
	94,511
	0

	 
	a.
	Explosives and Weapons Detection
	42,512
	32,624
	0

	 
	b.
	Airport Security Technology Integration
	2,457
	2,084
	0

	 
	c.
	Airport Security Human Factors
	5,134
	5,163
	0

	 
	d.
	Aircraft Hardening
	4,298
	4,640
	0

	 
	e.
	Nanotechnology
	0
	0
	0

	 
	f.
	FY 2002 DOD Supplemental
	0
	50,000
	0

	Human Factors (HF) and Aviation Medicine
	24,047
	24,527
	27,331

	 
	a.
	Flight Deck/Maintenance/System Integration HF
	10,078
	9,906
	10,411

	 
	b.
	Air Traffic Control/Airway Facilities HF
	7,982
	8,500
	10,317

	 
	c.
	Aeromedical Research
	5,987
	6,121
	6,603

	Environment and Energy
	3,473
	22,081
	7,698

	Strategic Partnerships
	0
	400
	610

	Facilities and Equipment (F&E)
	104,936
	103,944
	88,600

	 
	a.
	Advanced Technology Development & Prototyping
	91,279
	87,744
	70,900

	 
	b.
	Plant (F)
	13,657
	16,200
	17,700

	Airport Improvement Program
	
	
	

	 
	Airport Technology (T)
	7,364
	7,457
	16,270

	Operations
	8,921
	9,043
	9,008

	Commercial Space Transportation

	599
	600
	600

	 
	Subtotal, R&D
	287,388
	342,387
	207,252

	 
	Subtotal, Technology Investment (T)
	7,364
	7,457
	16,270

	 
	Subtotal, Facilities (F)
	13,657
	16,200
	17,700

	 
	 
	TOTAL FAA
	308,409
	366,044
	241,222

	RSPA
	
	 
	 

	Research and Special Programs
	6,426
	4,924
	5,187

	 
	Hazardous Materials
	1,193
	1,375
	1,473

	 
	R&T
	3,535
	1,560
	1,634

	 
	Emergency Transportation
	235
	235
	235

	 
	Administrative Expenses
	1,463
	1,754
	1,845

	Pipeline Safety
	2,934
	4,936
	9,085

	 
	Pipeline Safety
	2,744
	4,736
	8,773

	 
	Administrative Expenses
	190
	200
	312

	 
	 
	TOTAL RSPA
	9,360
	9,860
	14,272

	MARAD
	0
	0
	0

	USCG
	
	 
	 

	Research, Development, Test, & Evaluation
	21,273
	20,216
	23,106

	 
	Improved Search & Rescue Capability
	456
	0
	0

	 
	Waterways Safety, Management, & Aids to Navigation
	1,193
	1,851
	1,420

	 
	Marine Safety
	5,437
	3,453
	4,080

	 
	Support for Interagency Ship Structure Committee
	380
	0
	0

	 
	Marine Environmental Protection
	1,139
	1,280
	1,945

	 
	Maritime Law Enforcement
	4,412
	4,762
	5,140

	 
	Technology Advancement and Assessment
	3,982
	4,471
	4,537

	 
	Safety & Environmental Compliance
	0
	0
	0

	 
	Human Resources Management
	0
	0
	0

	 
	Command, Control, Communication, Computer, & Intelligence Integration

	0
	0
	0

	 
	Technology Advancement5
	0
	0
	0

	 
	R&D Personnel, Program Support, & Operations
	4,002
	4,082
	5,667

	 
	R&D Facilities (F)
	272
	317
	317

	 
	Supplemental, Military Readiness, Overseas Contingency
	0
	0
	0

	Oil Spill Recovery, Prince William Sound
	1,200
	1,200
	1,200

	 
	Subtotal, R&D
	22,201
	21,099
	23,989

	 
	Subtotal, Technology Investment (T)
	0
	0
	0

	 
	Subtotal, Facilities (F)
	272
	317
	317

	 
	 
	TOTAL USCG
	22,473
	21,416
	24,306

	OST 
	
	 
	 

	Transportation, Planning, R&D
	10,976
	11,593
	10,835

	 
	 
	TOTAL OST
	10,976
	11,593
	10,835

	DOT SUBTOTALS
	
	 
	 

	 
	
	R&D
	703,583
	760,721
	622,023

	 
	
	Technology Investment (T)
	376,978
	371,212
	338,405

	 
	
	Facilities (F)
	14,852
	17,442
	19,442

	DOT GRAND TOTAL
	1,095,413
	1,149,375
	979,870


APPENDIX D. Priority technology partnership areas

This appendix presents strategies to promote implementation of a number of more mature technologies with which the Department is involved.  All of these technologies meet two criteria:  (1) they address national needs, and (2) they must rely on the private sector, in some part, for eventual implementation.  Each partnership benefits the country as a whole and could not proceed without some cost-shared Federal support.  The 14 technology areas are: 

1.  AVIATION SAFETY RESEARCH 

Vision

An even safer aviation system that accommodates continued growth in air traffic while experiencing fewer aircraft accidents and related fatalities.

Goal

Identify methods that, when implemented, would reduce the fatal aviation accident rate by 80 percent by 2007, as compared to the 1994–1996 baseline.

Magnitude of the Problem

Commercial aviation has established an impressive safety record.  That accomplishment has been based largely on advances in technology, including cockpit automation, simulator training, and air traffic control (ATC).  The steady long-term improvement has been particularly remarkable in an industry that must adapt continually to a high rate of technological change.  However, while the accident rate for scheduled airlines over the last two decades has been very low, it has been relatively constant.  Even with today’s very low accident rate, projected growth in air travel will inevitably produce a higher and continually increasing number of accidents as years pass, unless the rate can be decreased.  If left unchecked, there could be a fatal airline accident somewhere in the world each week in less than two decades. 

The importance of research and technology in reducing aviation fatalities was noted in a study by the FAA Research, Engineering, and Development Advisory Committee. After identifying several important new technologies, their report said that, “The synergy and steady advance associated with all of the above technology areas are creating rapidly succeeding vistas of rich new capabilities.  As they combine and specific new applications are developed, we have a critical family of technologies that imply major…opportunities for safety enhancement.”
 

In addition to research to exploit potential avenues to increase safety, continuing work is necessary to assure that new systems and procedures do not inadvertently introduce new hazards.  As a 1996 National Aeronautics and Space Administration (NASA) report noted, “The history of aviation is characterized by periods of major quantum jumps in safety brought about by advances in technology, followed by years of marginal improvements. Today we already can see the new technology that may drive the next quantum leap in safety. The challenge is to ensure that our leap in technology to solve past problems does not induce new problems that pose a greater threat.  Our next leap must be a leap based on sound research.”
 

Requirements

Programs underway for years within government and industry have been successful at holding the accident rate constant and countering potential problems associated with the introduction of new technologies. However, significantly reducing the accident rate requires a truly integrated partnership between Federal agencies and the aviation industry. This Aviation Safety Research initiative is a coordinated effort among the FAA, NASA, Department of Defense (DOD), and industry to (1) further define the safety goal; (2) identify focus areas; (3) agree on intervention strategies; and (4) commit to mutual action plans. 

Among Federal agencies, the FAA has the lead role, focusing on regulation and certification, National Airspace System infrastructure, and system surveillance. NASA’s role is to develop enabling tools and technologies to be incorporated into the FAA’s operational programs and implemented voluntarily by industry. DOD is concerned primarily with the safety of military operations and the transfer of defense technologies to the civil sector.  Finally, the aviation industry works closely with its Federal partners on identifying safety issues, in addition to having the dominant role in technology implementation.

Participants 
Federal: FAA, NASA, DOD (lead agencies); Department of Energy (DOE); National Institute of Standards and Technology (NIST); National Science Foundation (NSF); National Weather Service (NWS); U.S. Bureau of Mines.  

Other: United Nations/International Civil Aviation Organization (ICAO), aircraft and avionics manufacturers, airlines, aviation organizations, universities. 

2.  harmonized Global Air Transportation

Vision

A safer, more efficient, environmentally compatible, and sustainable airspace system that meets future needs for global air transportation.

Goal

Achieve a global air transportation system that (1) assures the most effective use of present and future air system capacity, and (2) assures that system capacity is devoted to meeting the highest priority needs for it.

Magnitude of the Problem

Many factors will challenge our ability to operate the air traffic system safely and efficiently.  For one, the FAA expects that world revenue passenger miles will increase by 64 percent between 1997 and 2008.  To meet this demand, airlines will increase the hours flown by their large aircraft, by as much as 52 percent.  In fact, the use of larger and heavier aircraft to accommodate demand will help to increase airlines’ inventories of aircraft by 50 percent.
Requirements

Air transportation is essential to the nation’s economic well-being.  Since 1960, the U.S. gross domestic product has grown 14-fold and U.S. exports 30-fold.  Today, American exports total more than $580 billion a year.  Such growth is made possible largely by safe, reliable, and consistent air transportation.  In this era of global economies, air transportation helps make it possible to move quickly millions of people and billions of dollars of goods to markets around the world.  The challenge today is to keep ahead of this growth in globalization by getting people and freight anywhere in the world safely, efficiently, and at a reasonable cost.

Anticipating the future growth in air traffic, this partnership addresses the near- and long-term modernization and evolution of the air traffic system to assure that it continues to meet users’ needs. Including both the enabling technology and associated operational practices, modernization will (1) provide new systems to enhance capabilities and services, and (2) make the critical infrastructure for ATC services far easier and more cost-effective to operate and maintain. Even after the new ATC infrastructure is in place, continuing system evolution will depend on longer term breakthroughs(such as powerful automation aids and new operational concepts(now being pursued by the FAA, NASA, DOD, and industry. 

The basic air traffic infrastructure, with respect to both near-term implementation and longer term research, can be described in terms of seven elements:

Communications: Integration of aviation communications systems into a seamless network using digital technology for voice and data, with electronic data exchange between controllers and cockpit.

Navigation: Satellite-based navigation supporting direct routes and more predictable schedules for users, with declining reliance on ground-based navigation aids. The Global Positioning System (GPS), in conjunction with the Wide Area and Local Area Augmentation Systems, will become the primary means for en route navigation and instrument approaches.

Surveillance: Gradual transition from current radar systems to digital radar and Automatic Dependent Surveillance (ADS), which, when coupled with broadcast capabilities (ADS-B), will greatly enhance pilot awareness of the surrounding environment and eventually provide similar information for controllers.

Aviation weather: Improved ways to collect, process, transmit, and display weather information, during planning and in flight, based on real-time data from multiple sources. This includes development of improved forecasting and aviation-specific weather products, such as near-term (0- to 30-minute) predictions of significant terminal-area weather.

Avionics: Aircraft systems that link GPS receivers to digital terrain maps; multimode digital communications technology for a wide range of uses; ADS-B to transmit position, velocity, and intent to ground stations and other aircraft; multi-functional displays; and an enhanced collision avoidance system.

Operational tools: Tools that give controllers, planners, and service operators more complete information about ATC and flight operations, including data-link communications using predefined messages, support for collaborative decision making with airlines, and improved sequencing into terminal areas and on the airport surface.

Automation infrastructure: Infrastructure elements include improved air traffic controller displays and computers capable of supporting and exploiting new sequencing and spacing tools, and advanced communications, navigation, surveillance, and weather systems. This also includes a system-wide information network that enables users and providers to receive and share common data and make joint operational planning decisions. 

Participants

Federal:  FAA, NASA (lead agencies); DOD; NSF; NWS; USCG.

Other: Airlines, aircraft and avionics industries, airport authorities, academia, ICAO.

3.  NEXT GENERATION TRANSPORTATION VEHICLES

Vision

A far more sustainable transportation system with fewer harmful environmental impacts and reduced dependence on fossil fuels.

Goal

Develop internationally competitive, domestically produced transportation vehicles that achieve unprecedented gains in fuel efficiency and in both environmental and operational performance, including reduced greenhouse gas emissions.

Magnitude of the Problem

As the world’s reliance on transportation vehicles has grown, so have concerns about concomitant increases in petroleum consumption, carbon emissions, and air pollution.  In the United States, transportation consumes two-thirds of all petroleum used and produces one-third of greenhouse gases.  The United States relies on petroleum to provide more than 95 percent of the energy required for transportation.  Some researchers estimate that even a brief supply curtailment (i.e., 2 years) could drain as much as $500 billion from the economy.  Yet another problem is urban air quality.  Although many U.S. cities have seen recent air quality improvements, transportation-related emissions of ozone precursors and fine particles continue to create health problems.  As many as 120 million U.S. residents live in areas with unhealthy air.

Requirements

Addressing the problems of petroleum dependence, global warming, and air pollution requires significant advances in transportation vehicle technology.  This partnership responds through research leading to the development of highway vehicles, locomotives, ships, and aircraft that are better designed, more efficient, and less polluting.

Highway Vehicles: This effort will focus on dramatic improvements in medium- and heavy-duty-vehicle fuel efficiency.  While automobiles account for 40 percent of the nation’s highway transportation energy demand, trucks of all classes account for the rest.  Since the oil embargo in 1973, essentially all of the increase in highway transportation energy use has been due to trucks, for two reasons: (1) the increase in demand for freight transport (provided by medium- and heavy-duty trucks), and (2) the increase in popularity for personal transport of light-duty trucks such as pickups, vans, and sport utility vehicles, which weigh more than a comparable automobile and need bigger engines (200(250 horsepower).

DOE’s work in clean diesel technologies is designed to slow the tremendous increase in fuel demand associated with the nation’s growing reliance on all types of trucks.  For heavy- and medium-duty trucks, these efforts aim to make diesel engines more fuel-efficient, less polluting, and able to use other suitable fuels.  DOE research for light-duty trucks, conducted under 50 percent cost-shared cooperative agreements with U.S. diesel engine manufacturers and automakers, focuses on development of technologies for low-emission diesel engines that can replace gasoline engines in these vehicles.  This approach would result in reduced greenhouse gas emissions without adverse economic impacts, given that the infrastructure for manufacturing and servicing the engine, as well as for refueling, is already in place.

In recent years, the FTA has worked in collaboration with the transit industry, Defense Advanced Research Projects Agency (DARPA), and DOE to develop a prototype advanced technology transit bus.  This bus uses lightweight composite materials and an electric drive train to achieve a four- to five-ton reduction in curb weight, low emissions, and reduced fuel consumption.  Moreover, the Advanced Vehicle Technologies Program is developing a range of technologies for medium- and heavy-duty vehicles to reduce energy intensity and emissions and to improve industry competitiveness.   

Locomotives: Applications in the United States for high-speed trains require a non-electric high-acceleration locomotive.  Although most high-speed technology uses electric propulsion, virtually the only portion of the U.S. rail system currently electrified is the Northeast Corridor—and the cost of electrifi​cation is daunting.  This initiative will support the development, test, and demonstration of non-electric high-speed rail technology to establish a technological context in which state and local governments and private industry can proceed to implement new rail services.

Ships: An aggressive program to demonstrate and develop the marine application of fuel cells has led to a partnership among DOT, DOD, DOE, and Department of Commerce (DOC).  The program’s purpose is to develop fuel-cell technology for wider use in the entire government fleet and to transfer this technology to the private sector.  Addressing the unique challenges of the marine environment, this initiative builds on existing efforts of DOE, DOD, and industry to develop fuel-cell technology for stationary shore-side power and land-vehicle propulsion.

Aircraft: U.S. leadership in the global aviation industry requires continued advances in all aspects of aeronautics technology: safety, environmental compatibility, and cost. In the area of safety, advances in airframe inspection and structural life prediction will be essential to the safe and economical operation of an aging aircraft fleet. Concerns about environmental compatibility will require new noise- and emission-reduction technologies to accommodate growth in the number and size of aircraft. Finally, reductions in the time and cost required to develop, produce, and certify new aircraft will be key to cutting aircraft costs(and thus to making air travel more affordable. This joint effort among NASA, the FAA, and industry will develop advanced subsonic aircraft technology, that will (1) ensure that U.S. commercial and general aviation aircraft continue to provide safe transportation; (2) significantly reduce the impacts of aircraft on the environment; and (3) decrease the cost of air travel. 

Participants

Federal:  DOT (FAA, FHWA, FMCSA, FRA, FTA, MARAD, NHTSA, RSPA, USCG); DOD (Army, Navy, DARPA); DOC; DOE; and NASA(all lead agencies; also Environmental Protection Agency (EPA) and NSF.

Other: Vehicle, engine, and fuel-cell manufacturers; aircraft manufacturers; fuel producers; component suppliers; developers of fuel cells and other new energy-conversion technologies; state and local authorities; universities.

4.  NATIONAL INTELLIGENT TRANSPORTATION INFRASTRUCTURE

Vision

A truly seamless intermodal surface transportation system that accommo​dates private, public, and commercial vehicles; permits in​creasing communication and cooperation between infrastruc​ture and vehicles; and utilizes relevant communication and information technologies to promote access and commerce.
Goals

Make the most effective use of the existing transportation system; reduce the costs of operating and using the surface transportation system; reduce travel time for all system users; increase productivity and improve cus​tomer service for highway and transit users; provide accurate system information to enable more effective transportation planning, operating policies, and pricing/control strategies; and reduce traffic crashes and fatalities.

Magnitude of the Problem

Surface transportation in the United States faces a number of challenges.  Despite the fact that we have one of the best transportation systems in the world, congestion costs an estimated $40 billion a year.  Moreover, safety remains a serious problem: traffic crashes result in the loss of 40,000 lives each year and represent a $150 billion financial bur​den to the economy.  Finally, surface transportation safety and efficiency have direct im​pacts on economic growth, land use, and accessibility to jobs and critical services.  The inefficient movement of vehicles, whether private, commercial, or transit, reduces pro​ductivity, wastes energy, increases emissions, and threatens the quality of life that we enjoy.  

Requirements

Intelligent Transportation Systems (ITS) offer promising solutions to the problems of congestion, highway crashes, and environmental impacts.  At their most basic level, ITS apply information technologies to make surface transportation safer and more efficient.  However, no single technology “fix” can meet America’s growing demand for travel.  Although individual ITS products and services have their unique merits, it is important that they be seamlessly integrated to support multimodalism and intermodalism in metropolitan and rural areas and on interstate corridors.

This initiative supports deployment of an integrated National Intelligent Transportation Infrastructure (NITI) across the United States within the next decade.  A communication and information “backbone,” the NITI refers to the integrated electronics, communications, and hardware and software elements that will enable ITS products and services to work together to save time and lives, including DOT’s Nationwide Differential Global Positioning System.  Analogous to the local- and wide-area networks used in many workplaces, the NITI will allow the surface transportation system to be managed as a seamless entity by integrating transportation and management information systems across both modal and jurisdictional lines within a region and, where appropriate, across the country.  The NITI also will be a rich source of data for use in transportation planning and demand-management strategies.  Partners have configured the initiative to address the needs of three specific types of users: 

The Metropolitan Intelligent Transportation Infrastructure will integrate the various NITI components in metropolitan areas of the country.

The Commercial Vehicle Operations Infrastructure will integrate existing information databases to promote safe and efficient freight operations and enable electronic business transactions.

The rural initiative has identified clusters of related technologies to enhance the safety of rural highways and upgrade transportation services in rural communities.


Key NITI components focus on improvements in public transportation.  Known collectively as Advanced Public Transit Systems, these elements include Traffic Management, for example, through automated dispatching or automatic vehicle location; Electronic Fare Payment, through use of  “smart cards” or other media; and Traveler Information Systems, such as automated kiosks.  

Intelligent Railroad Systems will do for railroads what ITS is doing for highways and transit.  These systems use sensors, computers, and digital communications to collect, process, and disseminate information to improve the safety and operational effectiveness of railroads.  One example, Positive Train Control, will communicate with other NITI elements to ensure positive train separation, enforce speed restrictions, and detect hazards at highway(rail crossings. 

Although today travelers across the country are using ITS, no area has all of the NITI components in place, and very few have integrated the components into a regional communication and information platform. However, a number of existing model deployment initiatives are leading examples.

Participants 
Federal:  DOT (ITS JPO(lead agency, FHWA, FMCSA, FRA, FTA, MARAD, USCG); DOD (U.S. Army Corps of Engineers [USACE]); Department of Justice (DOJ); Immigration and Naturalization Service (INS); Treasury (U.S. Customs); NSF; U.S. Department of Agriculture (USDA).

Other: State DOTs, Metropolitan Planning Organizations (MPOs), emergency response and law enforcement agencies, railroads, trucking companies, information systems vendors and manufacturers, ITS Service Centers.

5.  INTELLIGENT VEHICLE INITIATIVE (IVI)

Vision

A roadway system where Americans operate in a significantly safer environment and enjoy greater mobility and efficiency, while enhancing and preserving the environment and character of the communities it serves.
Goals

Reduce the number of highway crashes and pedestrian casualties and the resulting injuries and fatalities; improve the effectiveness of intelligent systems to assure safe vehicle operation.

Magnitude of the Problem

The personal, social, and economic costs of motor vehicle crashes include pain and suffering; direct costs sustained by the injured persons and their insurers; indirect costs to taxpayers for health care and public assistance; and, for many crash victims, a lower standard of living and quality of life.  During the past two decades, motor vehicle crashes accounted for over 90 percent of all transportation fatalities and an even larger percentage of accidents and injuries.  More than 40,000 people die each year in highway crashes, with a total economic loss at over $150 billion annually.  In addition, 30,000 bus crashes over the past 5 years resulted in 17,000 deaths and injuries.  Driver error is cited as the primary cause in about 90 percent of police-reported crashes involving cars, buses, and trucks.  Pedestrian deaths and injuries pose yet another significant problem.

Requirements

Research indicates that collision avoidance systems offer the potential for significantly reducing motor vehicle crashes.  In particular, preliminary NHTSA estimates show that rear-end, lane-change, and roadway-departure crash avoidance systems have the potential, collectively, to reduce crashes by one-sixth, or about 1.2 million crashes a year.  Such systems may warn drivers, recommend control actions, or introduce temporary or partial automated control of the vehicle in hazardous situations.

The IVI is a government(industry program to accelerate the development and commercialization of these safety- and mobility-enhancing driver-assistance systems.  The underlying proposition is that Federal involvement will move up the timetable for introducing such publicly beneficial innovations into common use and reduce the possibility of degraded safety from non-integrated after-market applications.  At the same time, in recognition of the need for balance between public benefits and marketability, government and industry partners in the IVI will ensure that all safety benefits identified are reasonable, that safety is not compromised by in-vehicle systems, that the proposed systems are commercially viable, and that products can be implemented in the near term.

The overall emphasis of the IVI is on four areas: (1) research and evaluation of the costs and benefits of IVI products; (2) development of industry-wide standards; (3) system prototyping; and (4) field test evaluations of the most promising products. 

Participants 
Federal:  DOT (ITS JPO(lead agency, FHWA, FMCSA, FTA, NHTSA, RSPA/Volpe National Transportation Systems Center); DOD (Tank and Automotive Research, Development and Engineering Center); NSF.

Other:  Motor vehicle and trucking industries, fleet operators, state and local transportation and law enforcement agencies, emergency response organizations, universities and other research organizations, professional societies.

6.  TRANSPORTATION AND SUSTAINABLE COMMUNITIES

Vision

A transportation system that meets the needs for mobility and accessibility while balancing the current and long-term goals of economic growth, environmental quality, and social equity.

Goals

Integrate and coordinate existing research agendas to minimize duplication and research gaps while optimizing support for a sustainable transportation system; develop improved technical tools and models to analyze the impacts of transportation activities on both the natural and the social environment.

Magnitude of the Problem

Transportation is vital to our economy and our society.  It supports economic development through the movement of goods and through access to jobs, services, and other activities.  However, concerns are growing about how to meet increasing demands for access and mobility, safe and efficient operations, capacity of the current transportation infrastructure, environmental quality, and social equity. 

The negative effects of transportation activities, and the development patterns they support, include contribution to greenhouse gases and global warming, congestion, air and water pollution, inefficient land use, unequal access to transportation, and ecosystem fragmentation.  Specifically: 

· Transportation accounts for as much as one-third of U.S. greenhouse gas emissions.

· After bottoming out in 2010 at levels about 30 percent lower than in 1990, nitrogen oxide emissions in the Northeast Ozone Transport Region will reverse course and begin climbing through 2015 and beyond, unless new technologies can keep pace.

· Congestion costs are $6.6 billion in New York City and $7.7 billion in Los Angeles, where it would require 665 new lane miles of highway annually just to maintain current mobility.

· Welfare reform is helping individuals get and keep jobs across the country, but transportation remains one of the biggest barriers facing people who move from welfare to work.  Few welfare recipients own cars.  Existing mass transit does not provide adequate links to many suburban jobs at all, or within a reasonable commute time.  In addition, in many urban and rural areas—where most recipients reside—transit does not reach most of the potential jobs or is nonexistent.

These and related concerns are of vital importance to regional, national, and international environmental policy.

Requirements

Despite widespread recognition of the concerns listed above, there is a lack of understanding of how best to balance the often conflicting goals of economic growth, environmental quality, and sustainability.  This partnership’s key focus is exploring how sustainable transportation and land use can contribute to this balance.  
As acknowledged above, transportation systems interact with other built, social, and natural systems, and thus have broad impacts on sustainability.  This partnership looks at the interrelationships between transportation decisions(including policies, investments, and strategies(and development.  These relationships produce environmental, social equity, and economic outcomes, sometimes characterized as the “Three E’s.”  Transportation can be considered “sustainable” to the extent that it contributes to improved economic opportunity, social equity, public health, and environmental quality. 

Federal agencies contribute to sustainable communities through several means, including: 
· Expanding understanding of both the positive and negative consequences of transportation choices.

· Facilitating development of effective regional entities that can guide investment in transportation and other infrastructure.

· Developing better forecasting, planning, and impact assessment tools for use by regional bodies and localities.

· Continuing environmentally beneficial technology research.

· Supporting development, demonstration, and evaluation of sustainable community and transportation initiatives.

This activity furthers the efforts of Federal agencies to work with each other and with other levels of government and the private sector to contribute to sustainability.  
Participants 
Federal:  DOD (USACE); DOE; DOT (OST, BTS, FAA, FHWA, FRA, FTA, RSPA); EPA; Department of Health and Human Services [HHS] (U.S. Center for Disease Control and Prevention [CDC]); Department of Housing and Urban Development (HUD); Department of the Interior (National Parks Service); White House Office of Management and Budget(all lead agencies.

Other: State and local transportation/environmental agencies and organizations; public health agencies; MPOs; mayoral offices; environmental advocates; environmental technology manufacturers and vendors; transportation system design, engineering, and construction firms; materials manufacturers; vehicle and fuel manufacturers; universities. 

7.  TRANSPORTATION INFRASTRUCTURE ASSURANCE

Vision

A transportation infrastructure that is secure from acts of terrorism and crime and that adapts rapidly to natural or intentional disruptions.

Goal

Develop a comprehensive approach to assessing threats to the security of transportation’s physical and information infrastructure and to implementing integrated security technologies and procedures tailored to these threats.

Magnitude of the Problem

The events of September 11, 2001, underscore the importance of transportation security as part of America’s homeland security.  Assessing threats to transportation, and the range of measures that can be taken to guard against them, requires the participation and assent of all organizations, both public and private, involved in transportation operations and oversight.  This includes numerous Federal agencies with transportation, law enforcement, and threat-analysis responsibilities, as well as their state and local counterparts; transit and port authorities; and private transportation providers. 

Requirements

Among other topics, this activity addresses the following:

· Physical security of terminals.

· Security of vital communication and information systems.

· Development and dissemination of information about security incidents, as well as assessments of the potential threats to transportation facilities and operators.

This partnership identifies current and new R&D activities that are necessary to (1) protect the nation’s transportation infrastructure, operators, and users against future acts of terrorism and crime, and (2) enable the transportation system to adapt rapidly to natural or intentional disruptions.

In defining the R&D requirements, the Department’s Office of Intelligence and Security (OIS) (1) solicits requirements from DOT’s operating administrations; (2) weighs these requirements against overarching DOT/OIS R&D objectives; and (3) coordinates intermodal responses through the Department’s Security Working Group and the Committee on Critical Infrastructure to the White House Office of Science and Technology Policy (OSTP).

Participants 
Federal:  DOT (OST/OIS—lead agency, FAA, FHWA, FMCSA, FRA, FTA, ITS JPO, MARAD, RSPA, USCG); DOD; DOJ (Federal Bureau of Investigation, National Institute of Justice, INS); NSF; Office of Homeland Security; OSTP; Treasury (U.S. Customs).

Other: State and local law enforcement agencies; port and airport authorities; transportation service providers (airlines, bus lines, transit agencies, trucking companies, ship lines, railroads, parcel and freight companies). 

8.  ENHANCED GOODS AND FREIGHT MOVEMENT AT DOMESTIC AND INTERNATIONAL GATEWAYS

Vision

A more productive national economy afforded by a more flexible, efficient, and seamless freight transportation system.

Goals

Improve freight mobility at the nation’s land borders and ports; ensure diffusion of existing freight information technologies and networks; expedite the global flow of goods.

Magnitude of the Problem

Several trends in the past decade have transformed the way that goods are transported across the globe.

First and foremost is the growth in the volume of international trade.  The North American Free Trade Agreement (NAFTA), in particular, has led to unprecedented growth in trade and land border traffic: U.S. exports to Mexico have grown by 37 percent and to Canada by 34 percent.  Laredo, Texas, across the Rio Grande from Mexico, has become the nation’s largest inland port, handling more than 2,000 loaded tractor trailers a day and over 23,000 passenger cars and buses.   The lines formed by vehicles at Laredo’s border inspection gates are a mile long and take several hours to clear.

On highways, truck congestion has reduced freight mobility, with trucks on many key freight arteries accounting for as much as one-fourth of the average daily traffic.  Delays due to congested highways are estimated at 2 billion hours per year. 

Finally, congestion at container ports creates delays for shippers and increased costs for consumers.  This congestion can result from bottlenecks on or near freight terminals or from city- or region-wide surface transportation congestion and inefficiencies.

While congestion is creating freight bottlenecks, the process of moving freight is becoming increasingly information-intensive.  Already, information technologies have improved the logistics and management of freight movement and transformed the ability of trading partners to compete in global markets.  Automation of terminal operations, for example, has afforded tremendous productivity improvements, while electronic scheduling and dispatch systems have increased both facility capacity and equipment utilization.

Requirements

Spurred by the Intermodal Surface Transportation Efficiency Act, Transportation Equity Act for the 21st Century (TEA-21), and NAFTA, Federal, state, and local agencies are working with the private sector to enhance freight movement at international and domestic gateways.  Such efforts have included:

Gateway, Port Infrastructure, and Advanced Technology Investments: These projects include bridge and tunnel rehabilitation; highway access improvements; terminal structure and layout improvements; port access improvements; and tests of ITS technologies for electronic clearance of commercial vehicles at Canadian and Mexican land borders.

Investments at Advanced Freight Terminals: Mostly funded privately and by local and state agencies, these investments primarily support improvements at rail terminals, cargo consolidation hubs, and cargo airports.

Building on these efforts, this activity seeks to facilitate information exchange and technology demonstrations to promote the deployment of innovative logistics practices and information technologies at freight gateways.  

Participants 
Federal:  DOT (ITS JPO and Secretary’s Office of Intermodalism(lead agencies, FAA, FHWA, FRA, MARAD, RSPA, USCG); DOC; DOD (Military Traffic Management Command); DOE; DOJ (INS); EPA; Department of State; Treasury (U.S. Customs); USDA.

Other:  National governments and international societies; state and local agencies; port and airport authorities; industry (air cargo companies, trucking companies, ship operators, railroads, parcel and freight companies, equipment manufacturers, vehicle manufacturers).
9.  Infrastructure renewal Partnership initiative

Vision

A self-sustaining, environmentally compatible transportation infrastructure that is durable, efficient, and requires fewer human, economic, and environmental resources to produce, operate, and maintain.

Goals

Accelerate the comprehensive repair, renewal, and advancement of the nation’s aging transportation infrastructure using innovative, cost-effective technologies (such as stronger, cheaper, and environmentally superior materials) and methodologies (such as creative, non-traditional program delivery and management systems); reduce waste, pollution, and emissions generated in infrastructure production and maintenance.

Magnitude of the Problem

A healthy physical transportation infrastructure is essential to the vitality and economic prosperity of the nation.  Transport infrastructure is the engine that powers the U.S. economy, employing 12 million people and attracting 1 of every 5 dollars in total household spending.  In direct expenditures alone, transportation-related activities account for almost 20 percent of the U.S. Gross Domestic Product, with about 15 percent of that applied to construction, operation, and maintenance of transportation systems.  Of these expenditures, more than 80 percent are for maintenance of our transportation infrastructure.  Despite this fact, there is a need to update the technologies and methodologies used in infrastructure construction, maintenance, and renewal, since traditional infrastructure-management practices may be inadequate if our transportation systems are to overcome past infrastructure disinvestments and keep pace with growing demand.

Requirements

Recent advances in technologies—particularly in materials—have the potential to improve infrastructure condition and performance without large increases in infrastructure spending. For example, engineers are beginning to use a variety of self-repairing, or “smart,” materials in the repair and retrofit of bridges, docks, highways, railroads, and other elements of the transportation infrastructure; these materials use unique shape memory alloys to restore a structural component to its original shape, stiffness, or orientation. Structural monitoring and sensing devices promise to revolutionize the way we build, maintain, and operate built structures.  And, as engineers take advantage of the enormous potential of high-performance concrete, fiber-reinforced polymers, and other advanced materials, the nation will benefit from huge reductions in traffic delays, downtime, and other costs associated with infrastructure repair.

Yet, despite these advances, a number of factors combine to discourage innovation.  These include the high cost of insurance for engineering and construction firms; antiquated contracting, design, and engineering practices; the multitude of regulations; industry fragmentation; a lack of information sharing; and inflexible financing tools.  Establishing innovative new methodologies for addressing these obstacles may result in great gains in effectiveness and efficiency.

This activity aims to accelerate deployment of transportation infrastructure-renewal technologies and methodologies into widespread practice, by creating a joint effort among industry, government, academic, and non-profit transportation professionals, and by maintaining a web-based information clearinghouse to facilitate the effective exchange and dissemination of infrastructure-renewal innovations within the transportation community.  The activity will build upon previous efforts, such as the Partnership for the Advancement of Infrastructure and its Renewal.  A major focus is the identification and removal or reduction of non-technical barriers that impede the introduction of innovative infrastructure technologies and methodologies into the marketplace. 

Participants

Federal: DOT (RSPA(lead agency, FHWA, FAA, FRA, FTA, MARAD, USCG); DOD (USACE); DOC (NIST); NSF. 

Other: American Association of State Highway and Transportation Officials; Transportation Research Board; state DOTs and other state and local agencies; chemical, automotive, and material manufacturers; commercial freight, air transport, and insurance industries; infrastructure construction, planning, and management firms; communications, water, gas, and electric utilities; University Transportation Centers and other universities; Civil Engineering Research Foundation; other national transportation organizations; industry and trade associations and other transportation contractors and consultants.

10.  MARITIME SAFETY RESEARCH 

Vision

A maritime transportation system that is the world’s safest and most cost-effective.

Goals

Reduce the number of deaths, injuries, and damage to goods and the environment from maritime casualties.  

Magnitude of the Problem

The United States relies on a safe marine transportation system (MTS) to maintain its role as the world’s leading maritime nation.

Safety is one of the primary goals of the MTS, a network of public and privately owned waterways, ports and their intermodal connections, vessels, vehicles, shipyards, and repair facilities.  However, the expansion of trade and recreational use will stretch the system’s ability to maintain safety while meeting demand.  For example, over the next 20 years: 

· The total volume of domestic and international maritime trade will double.

· The number of recreational users will increase up to 130 million annually.

· Rapid growth will occur in high-speed ferry transportation, commercial fishing, and the military’s use of the system for force projection and sustainment. 

Requirements

In November 1998, a national conference of private and public stakeholders agreed on a vision for the marine transportation system of 2020:

The U.S. Marine Transportation System will be the world’s most technologically advanced, safe, secure, efficient, effective, accessible, globally competitive, dynamic and environmentally responsible system for moving goods and people.

This activity supports this vision through a broad safety research alliance among Federal agencies, state and local authorities, and private interests.  The alliance addresses three critical safety areas: human factors, vessel technology, and information systems. Efforts build on existing safety research partnerships, including DOT’s MTS initiative, the USCG’s Prevention Through People Program, and the work of the U.S. Ship Structures Committee. This work is also part of a broader set of activities that includes Aviation Safety Research and the IVI.

Participants

Federal:  DOT (MARAD, USCG) and DOD (Military Traffic Management Command, Navy, USACE)(all lead agencies.

Other:  Port authorities and other state and local authorities, the maritime industry, the intermodal industry, vessel manufacturers, shipyards and repair facilities, universities.

11.  NEXT GENERATION SPACE TRANSPORTATION TECHNOLOGY

Vision

Realization of the full potential for commerce, technology, and exploration in space.

Goal

Research, develop, verify, and transfer advanced aeronautics, space, and related technologies to support revolutionary space vehicles, launch systems, and operations.

Magnitude of the Problem

Space launch is important to U.S. national security and economic well-being.  The United States seeks to foster a strong, internationally competitive commercial launch industry and maximum cooperation among Federal agencies, the commercial space sector, and the academic community. Progress has been made toward these goals, for example, through the Air Force’s public–private Evolved Expendable Launch Vehicle program and the ongoing Range Standardization and Automation upgrades. 

Until recently, the bulk of space launches were related to the Federal Government’s civil and national security missions.  Since the mid-1990s, however, commercial launch activities have more than tripled, as U.S. companies responded to the increase in world demand for commercial satellite launch services. The commercial sector’s launch rate outpaced the Federal Government launch rate in the late 1990s.

Requirements

Involving NASA, DOD, FAA, state governments, and industry, this partnership will address the needs of the Federal Government and the U.S. commercial space sector by developing and demonstrating technology that enables the operation of full-scale, highly competitive reusable space vehicles and related infrastructure.

NASA’s Space Launch Initiative and Advanced Space Transportation Program include focused efforts to enhance launch competitiveness by working with the private sector to develop and demonstrate technologies applicable to low-cost reusable launch vehicles (RLVs).  Assisted by the FAA and DOD, these programs promise to bring a new paradigm to space launches—that of high-flight-rate, operational RLVs more akin to aviation than to today’s space launches.  

In addition, government and industry are jointly addressing the need to upgrade the nation’s spaceport and range infrastructure.  While low-cost RLVs may not be realized until the end of the decade, the development of test and early operational vehicles will require new technologies for spaceports and ranges for operations, safety, and efficiency.  NASA’s Spaceport Technology Center will develop next-generation RLV spaceport and range technologies.  This center will increase space launch safety, reduce costs, and foster commercialization by developing technology for integrated systems for launch and landing, vehicle ground processing, and payload processing.

Participants

Federal:  NASA, FAA, DOD (all lead agencies).

Other:  State spaceport authorities, U.S. commercial space launch providers, launch site operators, satellite manufacturers and owners, colleges and universities.

12.  commercial remote sensing technologies—application to transportation

Vision

A fully integrated and coordinated research program on applying remote sensing to transportation.

Goal
Seek innovative applications of commercial remote sensing and geospatial information technologies to solve priority transportation requirements.

Magnitude of the Problem
Transportation is the flow of people and goods between geographically separated locations.  Efficient management of this flow is critical to efficient transportation.  Public agencies responsible for providing and maintaining the transportation infrastructure expend significant resources to estimate traffic flow patterns under prevailing conditions and forecast patterns that would result from operational or policy alternatives.  However, states find it expensive and difficult to achieve the desired regional coverage.  Better quality and more flow data would lead to improved estimates in forecasting traffic flows.  Airborne and satellite platforms offer the potential to obtain wide spatial coverage not offered by ground-based sensors and to monitor regional spatial transportation flow conditions.

Another problem is due to the growth of transportation networks associated with urban growth and sprawl, which generates a host of environmental impacts ranging from deforestation, impacts on local and regional hydrology, and accentuation or enhancement of such land–atmosphere factors as the urban “heat island” phenomenon.  Remote sensing allows for the synoptic observation and analysis of urban growth.  The advent of satellite-based imaging systems that provide spatial resolutions up to 1 meter facilitates analysis of environmental impacts of urban growth and transportation improvement and development at landscape scales.

Yet another issue is infrastructure management, which has historically been conducted on an asset-by-asset basis.  Management of infrastructure involves systematic maintenance, operation, and renewal of assets such as pavement, bridges, pipelines, rail lines, harbors, and airports.  Information on the location and condition of these assets is critical to effective management.  Many new tools are now available to make the infrastructure management process more efficient and integrative.  Advances in the inventory and condition assessment functions of infrastructure management, brought forth by application and development of remote sensing technologies, have the potential to profoundly affect the operations of transportation agencies and users.

Finally, there is a need to develop transportation applications based on remote sensing and geographic information system tools that are scalable to new regions for transportation hazards assessment.  These applications must respond to urban and localized hazards, public safety, and disaster assessment needs.  The objective is to introduce these tools and applications into broader transportation user communities, for example, the Southwest and Intermountain West, which face unique problems imposed by vast tracts of sparsely populated terrain dotted with rapidly growing major urban centers and smaller communities.

Requirements

TEA-21 provides for a DOT program to “validate commercial remote sensing products and spatial information technologies for application to national transportation infrastructure development and construction” in cooperation with NASA, university consortia, and others.  The Department has implemented such a program in partnership with leading academic institutions, service providers, and industry.  The program is designed to serve long-term research for education and workforce development and near-term technology applications to transportation practice.  It combines NASA research expertise in remote sensing with DOT expertise in technology assessment and application to transportation.  The program will effectively address transportation requirements for 

· Traffic surveillance, monitoring, and management.

· Environmental assessment, integration, and streamlining.

· Transportation infrastructure management.

· Hazards, safety, and disaster assessment.

The program is carried out in two major integrated parts:

· University consortia programs to advance the remote sensing technology base.  Each consortium will serve as a one-stop center for providing technical assistance to state and local agencies on remote sensing applications in the area of consortium expertise.

· Short-term technology application projects carried out by service providers and industries to demonstrate on-site application of remote sensing technology to transportation practice.  

All projects and consortia programs have cost-sharing commitments from participants in cooperation with product users.

Participants

Federal:  DOT (RSPA—lead agency, BTS, FAA, FHWA, FMCSA, FRA, FTA, MARAD, NHTSA, OST); NASA.

Other:  National Consortium on Remote Sensing in Transportation Flows (Ohio State University—lead, George Mason University, University of Arizona); National Consortium on Remote Sensing–Environment (Mississippi State University—lead, University of Alabama in Huntsville, University of Mississippi, Auburn University); University of California, Santa Barbara Consortium (University of California, Santa Barbara—lead, University of Wisconsin, Madison, Iowa State University, University of Florida, Digital Geographic Research Corporation, Geographic Paradigm Computing, Inc.); University of New Mexico Consortium (University of New Mexico—lead, University of Utah, Oak Ridge National Laboratory, George Washington University); other colleges and universities; state DOTs; remote sensing service providers and industries.

13.  ACCESSIBILITY FOR AGING AND TRANSPORTATION-DISADVANTAGED POPULATIONS

Vision

A transportation system that meets the mobility and accessibility needs of the elderly, the poor, persons with disabilities, and all other Americans without access to a private automobile.

Goals

Create model alternative transportation systems that serve the needs of the elderly and transportation-disadvantaged people while taking full advantage of existing services, resources, and development patterns; promote development of transit-compatible communities that integrate transit and pedestrian services for all users; provide opportunities for employing welfare recipients by preserving communities and enhancing transit.

Magnitude of the Problem

Although the United States possesses one of the safest and most extensive passenger transportation systems in the world, the system is unable to provide optimal mobility for selected and growing portions of the population.  These segments include the elderly, the physically challenged, and the poor.

Today, 12 percent of the U.S. population is 65 or older.  Estimates suggest that by the year 2020, 17 to 20 percent of the population—or approximately 50 million Americans—will be over 65.  The fastest growing cohort will be those least likely to have easy access to an automobile—those 85 and older.  Yet, most of the elderly today are drivers and, by 2010, nearly all will be licensed.  Having come to depend on the level of mobility afforded by the automobile, many elderly Americans will have to rely on alternative transit services once they are no longer able to drive. 

Likewise, those young or old with physical disabilities have considerable mobility needs.  More than 40 million Americans are disabled and many cannot drive or live in areas that are not served by transit.  For these Americans, access to medical facilities, schools, training centers, and workplaces are critical to health and well-being.

Finally, welfare reform placed a five-year lifetime limit on receipt of Federal cash assistance benefits, which means that welfare recipients must work.  Most welfare recipients, and others with low incomes, do not own a car, and the “spatial mismatch” that often exists between the locations of jobs (about 66 percent of which are located in the suburbs) and the poor (75 percent of welfare recipients live in central cities or rural areas) exacerbates mobility problems. Most of the welfare recipients required to work—and the heads of most poor households—are single mothers, which means that any effective mobility option must support the trip-chaining needs of working mothers—including work, child care, and other household management trips.

Requirements

Government investment in paratransit has provided the vast majority of the transportation options available to those without access to an automobile who are not served by conventional fixed-route transit.  Paratransit is typically defined as flexible-route, low- or medium-capacity vehicles serving a predetermined group of people, such as the elderly, for a fee.  The need for these services is growing.  Demand-responsive paratransit nationwide has doubled the number of miles traveled over the last 10 years to nearly 600 million miles per year.

Although paratransit fills an important transportation gap for many parts of the population, its financial viability has been underwritten with substantial government funding—Federal, state, local, and private—rather than from its own revenues.  High operating costs and poor management strategies that do not optimize the use of drivers and vehicles have made such services costly and less than fully responsive to their riders’ mobility needs. 

Activities in this area focus on improving the mobility of the elderly and transportation-disadvantaged through better management of paratransit operations, advanced transit technologies, and livable communities.  The various participants will achieve these ends by:

· Developing an ongoing process for coordinating and integrating Federal efforts to optimize existing transit and paratransit services.

· Identifying gaps in Federal RD&T.

· Assuring that Federal activities are fully integrated and coordinated with state, local, and private efforts to improve mobility.

· Developing innovative transportation alternatives, including regional paratransit and autonomous dial-a-ride transportation.  
Participants 
Federal: DOT (FTA(lead agency, OST, FHWA, NHTSA, ITS JPO, RSPA); Department of Labor; EPA; HHS (CDC, Administration on Aging, National Institute on Aging); HUD.

Other: State, local, and tribal agencies; MPOs; Area Agencies on Aging; housing authorities; associations; the private sector (information and communication system vendors, transit providers, employers); nongovernmental organizations; foundations (AAA Foundation for Traffic Safety, Easter Seals, Eno Transportation Foundation); and universities.

14.  ENHANCED TRANSPORTATION WEATHER SERVICES

Vision

A transportation system that is significantly safer, with far greater capacity and efficiency, by reducing the impacts of adverse weather.

Goal

Develop seamless, cost-effective transportation weather information systems.

Magnitude of the Problem

The safety, mobility, and economic impacts of weather on transportation are considerable. Weather causes or contributes to 6,000 fatalities on U.S. highways and 800 aviation-accident-related deaths each year. More than half of all flight delays, and between 25 and 35 percent of all intercity road accidents, are attributable to adverse weather. Moreover, despite the fact that North America spends more than $2 billion a year on snow and ice control, road accidents increase during bad weather by a factor of two to five.

Life-threatening and costly weather events are not limited to winter storms: The U.S. experiences more severe local storms and flooding than any other country in the world. In a typical year, the United States can expect about 10,000 violent thunderstorms; 5,000 floods; 1,000 tornadoes; and several hurricanes.

Requirements

Advances in weather technologies and meteorology over the past decade hold promise for mitigating many of the impacts of severe weather on transportation.

For surface transportation, research, testing, and evaluation in this area have primarily addressed (1) winter maintenance, including road weather information systems (RWIS) for anti-icing and de-icing operations; (2) visibility; and (3) ITS. Within DOT’s ITS program, a number of projects include weather information, five of which include such information as a core part of the system designs.  These five projects are the Advanced Transportation Weather Information System, the Idaho Storm Warning System, TravelAid, a variable speed limit project in Nevada, and the Weather Information for Surface Transportation project, also known as Foretell.  Of these, Foretell is the most comprehensive project with respect to adverse weather.  It addresses the information needs of a range of surface transportation users and operators and works closely with the National Oceanic and Atmospheric Administration (NOAA).

A partnership among the FHWA, Iowa DOT, and the private sector, Foretell’s objective is to demonstrate and evaluate an integrated weather information system—first within a “pilot” Midwestern region, then over multiple regions, and eventually throughout North America. The program’s first phase will deploy a road and weather information system across five states in the Mississippi Valley region plus western Ontario: a total land area of almost 750,000 square miles.  Fully integrated within a wider suite of ITS services, the system will make use of state-of-the-art weather radars and observing systems, including RWIS; the Doppler Weather Surveillance Radar (the FAA’s and DOD’s Next Generation Weather Radar); Automated Surface Observing System; Advanced Weather Interactive Processing System; the NWS’s Weather Forecast Offices; and advanced communication systems and weather satellites.

To reduce weather hazards in aviation, the FAA, NOAA, and other agencies are working with industry through the Aviation Weather Research Program.  This program has two main objectives: (1) improve access to and delivery of aviation weather information, and (2) reduce the consequences of weather events by generating weather observations, warnings, and forecasts with higher resolution and greater accuracy than existing aviation weather services.  Specific products under development will provide the following capabilities: accurately depict current and forecasted areas of in-flight icing, including severity and type; couple high-resolution and timely gridded weather data with interactive data assimilation and editing; forecast snowfall type and rate; detect and forecast en route turbulence, particularly clear-air turbulence; predict storm growth, initiation, and decay; make short-term predictions of ceiling and visibility in the terminal area; provide hourly forecasts of windshear events; forecast terrain-induced hazards; and provide short-term forecasts of conditions that affect wake vortices.

Participants 
Federal:  DOT (ITS JPO, FAA, FHWA, FRA, FTA, RSPA, USCG(lead agencies); DOD (USACE); Federal Emergency Management Agency; NASA; NOAA; NWS; Office of the Federal Coordinator for Meteorology; U.S. Weather Research Program.

Other: Iowa DOT and other state DOTs, National Center for Atmospheric Research, Massachusetts Institute of Technology/Lincoln Laboratories, Forecast Systems Laboratory, National Severe Storms Laboratory, Environment Technology Laboratory, Cold Regions Research and Engineering Laboratory, Environment Canada, weather technology manufacturers and integrators, vehicle suppliers, ITS Service Centers, aviation industry, academia.

APPENDIX E. ENABLING RESEARCH PRIORITY AREAS

The transportation needs of the future can be met only by continuing advances in technologies and incorporating them into transportation applications.  R&D is an essential component in the innovation process, and the Federal Government is a major participant in basic and applied research as well as subsequent development.  From the perspective of the transportation sector, a significant portion of Federal R&D is enabling research:  research that has the potential to enable significant technological innovations in transportation, regardless of whether it is performed by non-transportation agencies for other purposes, such as defense or energy supply.
  It is important that the full spectrum of R&D be identified, regardless of the agency involved or the purpose of the research, to assure that the transportation system will take the necessary steps to realize maximum benefits.

In this appendix, the term “enabling research” is defined as R&D activities with clear potential relevance to one or more transportation modes or functions, regardless of the objectives for which it is conducted or the performing agency.  Seven categories of enabling research are addressed:

· Human performance and behavior.

· Advanced materials and structures.

· Computer, information, and communication systems.

· Energy, propulsion, and environmental engineering.

· Sensing and measurement.

· Analysis, modeling, design, and construction tools.

· Social and economic policy issues.

In addition, this appendix discusses three key technology opportunities linked to this research:

· Nanotechnology.

· Biofuels.

· Complex systems and high-confidence software.

ENABLING RESEARCH

1.  Human Performance and Behavior

Overview

Transportation projects seek to achieve maximum performance at minimum cost.  To achieve these goals, systems and technologies must be designed and implemented based on an understanding of user needs, as well as the many factors affecting the ways that people interact with automated systems.

Human error is a leading contributor to transportation-related safety problems; it also may create operational inefficiencies that reduce overall productivity.  To some extent, these problems occur because basic system design, operational procedures, and training programs fail to consider the human performance limitations of transportation system users and operators.

Behavioral science research provides a critical foundation for designing systems and procedures that will be effective under real-world conditions and will apply to multiple modes of transportation.  In particular, system control and operations will be improved through better understanding of the human response to the environment.  

There are several key areas of transportation applications related to human performance and behavior.  

At the most fundamental level, proposed and existing research efforts are aimed at understanding how transportation system users and operators perceive, process, and act upon information in real-world situations.  For example, certain physical design characteristics of roadways and intersections may contribute to driver error by making it difficult for drivers to perceive the need to slow down, their distance from merging traffic, or other factors.  Roadway design issues are particularly significant for younger, less experienced drivers.  Design changes, ranging from different striping patterns to altered intersection and curve geometry, can help reduce driver error and enhance roadway safety and efficiency.

Another critical area is understanding the factors that contribute to fatigue, particularly among operators of vehicles such as large ships—where there is minimal room for error—and the development of fatigue countermeasures. Fatigue countermeasures are crucial for transportation operations personnel such as air traffic controllers, who are responsible for the safety of numerous users and operators. 

A third area develops automated systems that provide active safety enhancement by augmenting human capabilities.  They provide early warnings of potential danger (e.g., one vehicle following another too closely) and, in some cases, can take over some degree of vehicle control to help avoid collisions (e.g., applying brakes).  Understanding the ways in which vehicle operators process and act upon such warnings is a necessity if the systems are to be effective.

Finally, in certain high-risk situations, such as marine navigation, human error often contributes to inaccurate or misunderstood communication.  To remedy this problem, important research is proposed to enhance the communication of transportation systems operations teams, such as marine pilots and vessel crews. 

Promising Areas for Interagency and Public-Private Efforts

Advanced Instructional Technology: Even with a greatly improved understanding of human performance, training and education are critical for ensuring that vehicle operators are knowledgeable about their vehicles’ safety systems and operational procedures.  Research in this area would support the development of interactive programs (such as CD-ROM video techniques and simulation) to train and evaluate operators under a wider range of operational scenarios than is currently possible.

Enhanced Alertness and Work Readiness: Research is needed to study the effects of fatigue, work–sleep cycles, working environment and culture, boredom, and drug and alcohol use; response to emergency situations; readiness to perform duties; and interactions among co-workers. 

Humans and Automated Systems: Critical information for designing systems and technology that enhance performance would offer real benefits to transportation.  Examples of topics in this area include human cognition and perception, reaction times, and visual acuity. 

2.  Advanced Materials and Structures

Overview

Technical advances in the defense and consumer sectors have produced a wide variety of new materials and techniques.  This rich inventory includes high-performance concrete, new steel alloys, innovative composite materials and adhesives, imaginative structural concepts, computer-aided design techniques, automated construction and maintenance tools, and new approaches to corrosion protection and control.  Enabling research in this area supports the application of these advances to both transportation infrastructure and vehicles.  Such applications may include demonstrations of their effectiveness, long-term viability, and cost-competitiveness in enhancing safety and performance.    

The materials used to manufacture aircraft, ships, and surface vehicles have a significant impact on transportation safety, operating performance, and energy use.  Each potential application of an innovative material poses new challenges with respect to material costs, manufacturing processes, failure mechanisms, environmental concerns, and cost-compatibility with transportation uses.

Some particularly innovative approaches are being considered.  For example, improvements in night vision of drivers and the conspicuity of pedestrians at night are being sought through use of ultraviolet light and specialized fluorescent materials. 

Another promising direction involves use of advanced materials in conventional applications in order to improve performance.  For example, research is underway to evaluate the feasibility of using composite highway guardrails in place of steel.

Improvement of the performance and cost-effectiveness of existing materials is also the subject of current R&D.  Work underway in this area includes studies of high-performance concrete, steel, and wood construction materials.

Also important is research focused on the required changes in existing manufacturing and production processes to use these new materials.  Additional work is needed to investigate the costs and potential problems.

Promising Areas for Interagency and Public-Private Efforts

Advanced Infrastructure Materials: Research in this area would examine the properties and performance of materials and technologies with physical infrastructure applications.  Examples include high-performance concrete, new steel alloys, innovative composite materials and adhesives, imaginative structural concepts, computer-aided design techniques, and automated construction and maintenance tools.
Materials for Transportation Vehicles: This research addresses materials with potential use in the manufacture of aircraft, ships, and surface transportation vehicles; for example, the use in body structures of high-performance steel, aluminum, magnesium, and glass- and carbon-fiber composites.  Such research would need to consider material cost, manufacturing processes, failure mechanisms, and environmental characteristics.

Advanced Manufacturing and Construction: This research would support the development of advanced technologies for infrastructure construction and materials manufacturing.  A major focus would be work leading to technologies that improve the sustainability of materials production by reducing waste, pollution, and emissions generated in the manufacturing process.

3.  Computer, Information, and Communications Systems

Overview

Modern transportation systems require continual exchange, processing, and use of accurate and timely information. As information infrastructures are overlaid onto the physical transportation infrastructure, ready access to information is becoming integrated into virtually all system elements and functions. Taking full advantage of these innovations to improve efficiency, safety, and performance requires research and development focused on system concepts, and on the characterization of alternative configurations and technical choices.  

In addition, computer and communications systems often cannot exchange data quickly or accurately, because transportation systems structure and handle information in different ways.  Basic interoperability standards for the electronic interchange of transportation system data are being addressed by trade and technical organizations.  Nonetheless, the Federal Government has a critical role in developing uniform standards for transportation-related computer, information, and communication systems.

The growing complexity of intelligent systems, and transportation’s dependence on them, requires that the systems be highly reliable and robust.  It also renders them increasingly vulnerable to accidental or deliberate service interruptions.  Federal research is conducted on systems development, modeling, and verification techniques to provide users with high levels of security, reliability, and restorability.  Systems that employ these techniques will mitigate component failure and malicious manipulation and take corrective action in response to perceived threats or actual damage.

Important applications currently underway include developing standards and protocols for communication and data exchange among traffic control devices. These may involve different types of devices and different manufacturers.  In addition, ongoing projects are focused on issues related to the operation of transportation-related communication systems within the overall communications environment.  For example, exploration of this area is intended to resolve technical issues associated with the allocation of specific radio-frequency spectrum allocation for ITS applications.

Another promising area is the application of advanced computational and modeling techniques to traffic simulation.  One current project uses emerging theories of human behavior to develop simulation models of vehicle actions in different situations.

Data fusion is a particularly promising discipline in the collection and dissemination of information vital to the operation of transportation systems.  For example, many parties are exploring enhanced means to gather, process, and disseminate weather information to highway maintenance and operations units and to travelers.

Promising Areas for Interagency and Public-Private Efforts

Spectrum Allocation: Research in this area would provide the technical and economic knowledge needed to support policy decisions regarding allocation and efficient use of the electromagnetic spectrum and sophisticated mobile data communications technologies.

Global Positioning System (GPS) Issues and Applications: Many important transportation applications use GPS for position finding and navigation.  A primary existing research topic is the development of solutions to broad financial and institutional issues associated with system growth, so that the system evolves in a manner fully reflecting the needs of civil transportation users.  At the same time, there must be integration among GPS, geographic information systems, and remote sensing technologies. 

Software Assurance and High-Confidence Systems: The growing complexity of intelligent systems and the greater dependence on them requires a high level of reliability, robustness, and security.  Two critical areas for research are (1) system development, modeling, and verification techniques, and (2) high-confidence systems that protect and enhance the security and reliability of computer and communication networks. 

4.  Energy, Propulsion, and Environmental Engineering

Overview

Today’s global economy has reinforced the geographic separation of production and consumption at a time when the world’s population and its drive for industrial and agricultural development are increasing. The transportation challenges presented by these forces have significant environmental and energy consequences. 

The economic and environmental characteristics of transportation vehicles are influenced significantly by the way that stored energy is converted into kinetic energy.  A particular technology may be applicable to several modes of transportation and may be able to improve both energy efficiency and emission characteristics.  Each particular alternative fuel offers strengths and weaknesses with respect to economics, practicality, and indirect impacts.  Because market forces tend to promote research with near-term applications, the responsibility for exploring longer term, higher risk technologies and strategies to address environmental issues is met primarily through cost-shared Federal R&D.

Numerous Federal research projects currently underway seek to reduce the environmental impacts of transportation vehicles, operations, and systems.  Among these projects are efforts to develop and test new energy storage and vehicle propulsion systems.  Examples include fuel cells, which produce electrical energy from fuel without combustion, and flywheel batteries, which store kinetic energy directly via magnetically levitated, high-density flywheels spinning at up to 100,000 rpm. New energy storage and vehicle propulsion systems like these offer enormous potential benefits in terms of energy efficiency and emissions reductions.

Other ongoing research projects that will yield emissions and energy conservation benefits include examinations of marine vessel engine management systems, and development of hybrid bus propulsion systems (e.g., electric/diesel).  Also in this category are research projects studying the emissions impacts of different motor vehicle fuels (i.e., gasoline, diesel, methanol, ethanol, compressed natural gas) and studies of the impacts of low operating temperatures on emissions of vehicles using specially formulated fuels (e.g., oxygenated gasoline).

An important ongoing project in the area of energy and propulsion involves the development of fuel cells for marine applications. A multi-agency initiative is underway to design and test fuel cells that will run on marine diesel fuel and provide both main vessel propulsion and shipboard auxiliary power.  This technology has important potential applications for diesel locomotives.

A final area of ongoing research involves improving and refining the process by which the transportation sector is monitored and regulated with respect to environmental impacts.  An example in this category is the development of onboard procedures to monitor marine vessel exhaust emissions.

Promising Areas for Interagency and Public-Private Efforts

Applications of Fuel Cells: Among candidate technologies for energy storage, fuel cells offer one of the most significant potential benefits in terms of energy conversion and mitigation of adverse environmental impacts. This research would address the properties and characteristics of fuel-cell technology and potential applications to transportation vehicles. 

Alternative Transportation Fuels: A variety of petroleum alternatives hold promise for transportation, each with strengths and weaknesses in terms of economics, practicality, and indirect impacts.  Research efforts in this area would explore the costs, benefits, and safety and infrastructure requirements of these various alternative fuels. 

Reusable Launch Vehicles and Space Launch and Reentry Operations:  Active, but fragmented, partnerships exist among a number of agencies (National Aeronautics and Space Administration, Department of Defense [DOD], Department of Commerce [DOC], FAA); states; universities; and commercial stakeholders to develop low-cost launch options, high-performance small satellites, and hypersonic transport.  The development of affordable and reliable access to space, as well as associated launch sites and operations, will enable “the high frontier” to accomplish its promise.  This will result in routine space launches, with impacts on communications, monitoring, navigation, and the environment.

5.  Sensing and Measurement

Overview

A wide range of information technologies is being incorporated into transportation vehicles and systems. This has increased the role of real-time monitoring and inspection of transportation vehicles and infrastructure.  Numerous Federal research projects are underway or planned that focus on the development, testing, and application of sensing and measurement technologies for transportation. 

Current transportation applications include developing improved roadway sensors to monitor icing, fog, and other potentially dangerous conditions.  In addition, various technologies are being evaluated that will permit non-destructive inspection and monitoring of structural components, including bridge decking, beams, roadbeds, and foundations.  These technologies could be coupled with communications devices, real-time data, and warning messages transmitted to maintenance and operations personnel.  Proposed projects in this category include the application of sensing technologies to pavements, such that roadways would “report” damage or excessive wear to maintenance personnel.

Another category of applications addresses technologies and procedures for monitoring vehicles in real time.  For example, weigh-in-motion sensors imbedded in roadways can provide accurate readings of truck-rolling weights and assess individual vehicle compliance with weight limits, while the trucks operate at normal speed.  The potential cost savings to both the public and private sector from weigh-in-motion technologies are substantial, due to the elimination of the time-consuming vehicle queues that static truck scales produce. Significant public safety advantages exist, since every truck can potentially be monitored, rather than just those trucks evaluated during periodic static-scale weight checks.

Improved remote sensing technologies are being developed for use in monitoring vehicle emissions in real-world field settings.  These devices gather data on air pollution levels and are essential for ongoing air quality monitoring, regulatory compliance monitoring, and assessment of pollution control strategies.

Sensing and measurement technologies are being developed and tested to improve the safety and efficiency of transportation systems.  For example, airborne and satellite sensing technology will provide data on ocean surface currents to improve marine search and rescue operations.  In addition, new surveillance capabilities will improve the monitoring of and response to wide-area traffic conditions, so that traffic problems can be resolved. 

Promising Areas for Interagency and Public-Private Efforts

Smart Structures and Vehicles:  Smart structures, including roads, bridges, runways, and others with a network of embedded sensors, can lower maintenance costs while improving safety and performance by continually providing detailed condition information.  Likewise, smart vehicles sense their environmental and operating circumstances.  Research in this area would identify and quantify the potential benefits and costs of coupling sensing and computing in this manner.  

Micro/Nano Devices: Research addressing this topic would support R&D of micro- and nano-scale devices with potential transportation applications such as sensors and micro-controllers for airbags, “smart” antilock brakes, engine controls, and vehicle vibration sensors.

6.  Analysis, Modeling, Design, and Construction Tools

Overview

Research in this area focuses on developing tools, knowledge, information, and techniques to improve the assessment of system requirements, design of system improvements, evaluation of alternative operational concepts and strategies, estimation of the performance likely to result from innovations, and management of system operations. 

One area of research is the development of tools and methods, such as simulations, computer models, and computer-aided design, that support systems design and process re-engineering.  These tools emphasize broad system engineering and integration to assure a high level of system performance.  Research projects include development of advanced simulation tools for modeling vehicle crashes, designing predictive computer models to simulate marine spills, and improvements to travel demand forecasting models.

Other tools provide means and methods by which system performance measures—such as mobility, safety, security, and economics—are assessed and integrated into system design and operational processes.  Applications in this area include the development of methods for use by states and Metropolitan Planning Organizations to monitor and forecast the effectiveness of congestion relief and mobility enhancement strategies.

Still other research projects concentrate on developing information technology and other tools to support the operation and management of transportation and logistics systems, and to assure seamless integration across various modes and organizations.  Research applications in this area include the development of a computer-based Interactive Highway Safety Design Model.

Finally, research in transportation planning, economics, and institutions involves understanding the economic, financial, and institutional context for transportation development by characterizing the needs and interests of the various transportation system stakeholders.  Projects of this type include studies of the multimodal tradeoffs necessary to optimize transportation expenditures among various modes.

Promising Areas for Interagency and Public-Private Efforts

Transportation System Design Tools:  Research would develop improved tools and methods that support transportation system design, with an emphasis on process re-engineering.  These tools, including computer models and simulations as well as computer-aided design, would be integrated across all institutions involved in the transportation design and planning process.

Modeling and Simulation of System Performance and Impacts:  Research of this type would provide the analytical methodologies and supporting data to forecast system use and impacts at the level of the individual vehicle.  The resulting tools would be applicable to transportation policy development, economic planning, and impact assessment.

Transportation and Logistic System Operations and Management:  In this area, research would address applications of information technology and other tools.  The goal is to support the operations management of transportation systems and to assure seamless integration across organizations, modes, and institutions.

7.  Social and Economic Policy Issues

Overview

Whether made in the public or private sector, transportation decisions must address a widening range of considerations: safety and environmental impacts, homeland security, economic effects for the nation as a whole and for various segments of the population, energy and petroleum consumption, and global competitiveness.  Many stakeholders are involved, and the realities and uncertainties are complex.  In particular, national policies place heavy burdens on state and local agencies for planning and decision making in many complicated areas related to transportation. There is a need for research leading to the development of a broad knowledge base that can support decision makers as they assess transportation options and alternatives.

The importance of such research is clear.  It has become commonplace for concerns and issues associated with social, financial, institutional, environmental, and other non-technical matters to seriously compromise realization of critically needed innovations.  The result is often long delays, non-optimal designs, and failure to achieve the system performance and mobility goals of the nation.

Promising Areas for Interagency and Public-Private Efforts

Transportation Planning, Economics, and Institutions:  The objective of this research would be to identify and characterize the needs and interests of all parties involved with the transportation system and to understand transportation’s economic, financial, and institutional context. In particular, key objectives are to find ways to increase integration of transportation modes and to identify methods to facilitate multimodal travel.
Social Impacts of Transportation Systems and Operations:  Research in this area would explore the complex relationship between transportation and society, including transportation’s impact on wealth, poverty, and inequality; the social consequences of transportation innovations; the role of transportation in homeland security; transportation and race; accessibility and mobility for disabled and older persons; and the relationship between mobility and well-being.

Transportation Trends and Projections:  The inherently long lifetime of transportation vehicles and infrastructure(sometimes measured in centuries(requires a forward-looking perspective in transportation planning and investment.  Such projections must consider the tight coupling between transportation demand—and the choices available to satisfy that demand—and land-use decisions.  This research would examine the likely consequences of current trends and project realistic future scenarios that bear on the supply of and demand for transportation services.

Key technology opportunities

The enabling research described above is an essential element in maintaining the continuous evolutionary advances needed to achieve a transportation system that can meet the needs of the 21st century.  However, recent decades have made clear that future success will also require more than evolution—it will rest on periodic injection of breakthroughs from the world of basic research that significantly alter and expand the technological options available to the transportation enterprise.

It is the nature of basic research that its practical implications are not immediately clear.  Often, many years go by before the major impacts are felt.  However, the technological acceleration in the latter part of the 20th century has generally shortened the period between scientific findings and invention and realization of real-world innovation.  Potential users as well as the scientific community are becoming more and more sensitized to the potential value of research products, so that the interval between discovery of new knowledge and practical application has become relatively brief.

Three areas—nanotechnology, biofuels, and complex systems and high-confidence software—are prime examples of enabling research that has the potential to have long-term dramatic impacts on transportation. 

1.  Nanotechnology

Nanotechnology is the building of devices and materials at the level of atoms and molecules and the exploitation of the novel properties at this scale.  Nanotechnology generally refers to work done at the scale between 0.1 and 100 nanometers. The novel properties are due to the different behavior of things at this scale as compared with either isolated molecules or larger structures.  Nanotechnology implies the direct control of atoms and molecules.  Broadly, it comprises (1) the design of atomically engineered “building blocks”; (2) the assembly of these building blocks into new, “nanostructured” materials with specific characteristics; and (3) the assembly of these materials into useful devices.  

Impact on Transportation

In the last few years, nanotechnology has yielded products with sales totaling billions of dollars, including giant magneto-resistance multilayers (for computer memory); nanostructured coatings (for data storage and the photographic industry); nanoparticles (drug-delivery in pharmaceuticals and colorants in printing); and nanostructured materials (nanocomposites and nanophase metals).  It is revolutionizing virtually every area of technology and will have a direct and dramatic impact on transportation.  

Nanotechnology’s potential benefits for transportation are broad and pervasive: lighter, more efficient cars using nanostructured materials; corrosion-free bridges and no-maintenance roads; tiny “traps” that remove pollutants from vehicle emissions; and robotic spacecraft that can explore the solar system and yet weigh only a few pounds.  Among the potential breakthroughs are the following: 

Information Technology: With molecular electronics, a single computer chip could hold billions of miniscule transistors, making computers orders of magnitude more powerful than they are today. 

Materials: Nanotechnology will yield transportation materials that are lighter, stronger, and, eventually, programmable(reducing costs through longer service life and lower failure rates.  Potential applications include nanocoatings for super-hardening, low friction, and enhanced corrosion protection; tailored materials for infrastructure and vehicles; and smart materials that monitor and assess their own status and self-repair any defects.

Aeronautics and Space: New materials developed through nanotechnology will meet the strength, weight, and thermal stability requirements of space planes, rockets, space stations, and high-speed aircraft.  Applications include: (1) economical supersonic aircraft; (2) low-power, radiation-hard computing systems for autonomous space vehicles; and (3) advanced aircraft avionics.

Environment and Energy: Nanotechnology has the potential to reduce transportation energy use and its impacts on the environment by use of nanosensors that monitor vehicle emissions and trap pollutants; nanoparticle-reinforced materials that replace metallic components in cars; and carbon-based nanostructures that serve as “hydrogen supersponges” in vehicle fuel cells.

2.  Biofuels

Currently, the transportation sector relies heavily on petroleum-based fuels such as gasoline and diesel.  Petroleum is not renewable on the time scale during which it is used, and an increasing amount of the U.S. supply is obtained from politically unstable regions.  This creates the potential for both long-term price increases and short-term supply disruptions.  Moreover, petroleum consists mainly of carbon that is oxidized to form carbon dioxide—the dominant human-induced greenhouse gas—during the combustion process.

Many other possible fuel feedstocks have the potential to increase energy security and reduce net greenhouse gas emissions.  Examples include coal, tar sands, shale, and natural gas, as well as electricity, which can be used to either recharge electric vehicles or produce hydrogen for use in internal combustion engines or fuel-cell vehicles.  

Another increasingly attractive potential option is the use of biomass, a plant matter of recent origin, which could address both energy and climate concerns in a manner that could be reasonably compatible with the existing infrastructure for distribution and delivery of liquid transportation fuels.  In the United States, 10–40 billion gallons of gasoline could be displaced with biomass ethanol through the use of wastewood, agricultural waste, cropland, and rangeland/grassland. Carbon dioxide from the atmosphere and water from the earth are combined in the photosynthetic process to produce carbohydrates (sugars) that form the building blocks of biomass. The solar energy that drives photosynthesis is stored in the chemical bonds of the structural components of biomass.  When biomass is burned efficiently, oxygen from the atmosphere combines with the carbon in plants to produce carbon dioxide and water. The process is cyclic because the carbon dioxide is then available to produce new biomass.

Partially due to process inefficiencies, biomass fuels are not presently economically competitive.  Breakthroughs in biological and thermal conversion techniques could make it possible to transform biomass into fuels much more efficiently.  Although serious ethical questions and potential risks to ecosystems must be considered, genetic engineering could be the basis for a breakthrough in biological processing of biomass.  Separately, new thermal conversion techniques coupled with chemical catalysis could make it possible to exploit the previously discarded lignin fraction by converting it into valuable chemicals that are currently derived from non-renewable fossil sources.

Although land availability limits the potential of biomass to supply all of the energy required for transportation, advances in this area could make it possible to meet a significant fraction of that demand in a manner that significantly reduces greenhouse gas emissions.

Impact on Transportation

Concern over the impact of carbon dioxide and other greenhouse gases on the global climate have been increasing steadily in recent years.  The transportation sector is a key player in this complex issue, producing approximately one-third of total human-produced carbon dioxide emissions.  (For example, combustion of a single gallon of gasoline generates about 20 pounds of carbon dioxide.)  Should the United States and other national governments at some point find it necessary not only to prevent further growth in emission of greenhouse gases but to achieve significant reductions, the impact on transportation—and the associated consequences for economies the world over—would be very substantial.  There would not only be a reduction in the level of transport of goods and people, but it would inevitably become much more costly.  Allocation of the pain of any such transition would be a highly contentious matter, and the choices made could generate serious strains on the social fabric.

Under those circumstances, availability of fuel feedstocks that play a far more benign role in carbon dioxide production would be enormously valuable to the whole world, and particularly to the United States, which accounts for the largest petroleum consumption of any nation.  This consideration alone warrants continued aggressive research to find practical ways to exploit biomass-based fuels.

3.  Complex Systems and High-Confidence Software

The rapid development and interrelationship of computer, sensing, communication, and navigation technologies is having a powerful impact across the spectrum of transportation operations in all modes.  Originally nurtured by space- and defense-related R&D, and now driven largely by global business and consumer markets, this revolution is proceeding rapidly in the private sector.  Public sector applications, particularly in transportation, are for the most part only in early stages of implementation, but are seen as having great near- and long-term promise.  One important and highly visible area currently being actively addressed is applications to traffic management on ground, air, and sea, where congestion often exacts a high societal cost in terms of time, accidents, air pollution, and quality of life for all those affected by it.  More generally, the efficiency of transportation system operations, regardless of the mode, is also critical to the productivity and overall health of the entire economy. 

Progress is already rapid in the development of systems in which information technologies and ready access to many types of data are integrated into virtually all system elements and functions to enable greater efficiency and improved performance.  The rapid infusion into the marketplace of smart products, which combine sensing and computation to make a wide range of decisions for their users, is just the first wave of ubiquitous automation.  However, as their power and economic attractiveness stimulates large-scale application of the next generations of Intelligent Transportation Systems, severe challenges can be expected.  In particular, as safety-critical systems (e.g., motor vehicle crash avoidance, aircraft flight management technology) and very widely distributed systems (e.g., highway traffic control across an urban area, or global air traffic management) proliferate, the reliability and failure modes of the technology will become ever more critical.  At the same time, system complexity and sophistication will be increasing, to the degree that a truly comprehensive analysis of reliability and failures under all circumstances becomes extremely difficult.

Thus, the steadily increasing complexity of intelligent or otherwise highly automated systems, accompanied by ever greater dependence on them, will require new extremes of reliability, security, robustness, and non-catastrophic failure modes (“graceful degradation”) in the face of subsystem failures or severe and unexpected circumstances.  The challenge posed is daunting.  Not only must the design process generate systems meeting these standards, but means must be developed to confirm that the resulting systems meet the goals.  As system size and complexity grow, and the systems themselves involve large populations of distributed and often autonomous users, new conceptual approaches and development tools will be required.  Transportation, in which safety and security considerations must always be paramount, is a key user of technological advances in this area, but the necessary enabling research is most naturally done in the information technology community, both public and private.  Usually, DOD and DOC have the lead in this discipline.

Impact on Transportation

If the challenge of developing super-reliable and highly forgiving or self-correcting software-based systems is successfully met, the safety and performance of the transportation system will benefit greatly.  Advances that enhance operator situational awareness and capabilities, and correctly identify and respond to hazardous circumstances, could provide the key ingredient needed to bring about a significant decline in transportation accident and fatality rates, which have been relatively flat in recent years.

Systems operating at or near full capacity can provide very high efficiency, but this is coupled with severe consequences from any disruption, such as weather constraints affecting busy air routes and accidents or breakdowns on crowded highways.  The fullest use of automation for traffic management in all modes will only be possible when very high capacity automated systems achieve sufficiently high reliability, security, and robustness to avoid the risk of new extremes of gridlock and system collapse should any element fail or the operating environment alter.
APPENDIX F. University Research and Education opportunities

This appendix summarizes DOT’s University Research and Education Plan (2000), which provides insight into the current status of Federal transportation learning initiatives for the future, specifically focusing on post-secondary institutions.  The plan highlights current activities and examines areas that will challenge educators and administrators, and also supporters who are not part of the formal academic network.  It is an initial attempt to consolidate and quantify the Department’s overall options for supporting research and education at the post-secondary level.  As such, it provides not only a framework to build results, but proposes methods to quantify success.  The long-term goal is to exploit the vast potential that can result from an international network where research and learning support 21st century transportation endeavors.  It is the start of a portfolio of collective investment in transportation learning mechanisms that complements DOT’s strategic goals.

BACKGROUND

The quality of research and education is a major factor in the nation’s ability to succeed and to excel.  The United States has been fortunate in the results of its investment in learning at all levels.  But past achievements and investments in research, education, training, and technology transfer do not ensure future success.  While many U.S. policy areas have a long-established commitment to learning, the focus on transportation learning has been relatively recent.  Developments in transportation learning stem from continuing demands and commitments at several levels.  

First, within the educational establishment, formal academic transportation programs have moved beyond traditional lines.  As a result, they are becoming a formal area of study as well as support to other established academic disciplines. For example, students and professors now broaden their fields of study to include such areas as communication between public and private interests, strategic management of human and capital resources, environmental impacts, and, most recently, the impacts of computerization and technology on transportation.

Second, the Federal Government now provides a financial and staff resource commitment—matched by state or local funding—through the national University Transportation Center (UTC) network.
  Federal legislation continues to provide funding for teaching and research, as well as a technology transfer component linked to transportation education needs.  The outcome benefits not only the formal academic, but the practitioner at various levels who wishes to learn new skills or enhance his or her current knowledge base.  

The Federal Government’s research commitment is a critical element of the innovation process. Advancing innovation through research and education is recognized as a key “enabler” for reaching DOT’s strategic goals based upon safety, homeland security, mobility and economic growth, human and natural environment, national security, and organizational excellence.  Basic research, undertaken by Federal research laboratories or through Federally funded projects, supports the development of products and services that will create the transportation enterprise of the future.
  Enabling research supports the transformation of existing products and services.  The Department’s various modes offer initiatives in each of their specialties.  Federal funding and incentives for transportation activities also involve coordination with policy constituencies, such as defense, communications, energy, environment, and urban–rural affairs. 

At the same time, the Federal commitment seeks to achieve specialized goals in several other ways.  In order to interest young people in transportation careers, DOT encourages curricula and computer program development not only at higher educational levels, but at elementary and secondary levels.  At the other end of the learning spectrum, professionals are adopting a life-long learning process that continues education beyond the formal classroom setting.  The process also involves those who are informally interested in transportation issues as well as expanding transportation-related opportunities to traditionally under-represented portions of the population.  Support from higher education sources—through funding and encouragement at the Federal level—helps to plan, implement, and evaluate non-traditional activities.

Practitioners and private sector interests are a third force that affects development in transportation learning.   Public sector practitioners look for more efficient and effective ways to train and motivate their staffs.  Education innovations, with emphasis on providing services to those with special needs (e.g., geographically isolated areas, technical training based on changing high technology, etc.), become part of the answer.  Private sector interests, on the other hand, are interested in benefiting from enhancements in transportation research.  The development of new products and refinements in existing methodologies offer business opportunities, especially in a global marketplace.  

Finally, transformations within the transportation enterprise spur new developments.   Demographics are a major impact.  A review of Department of Labor (DOL) and Census Bureau statistics shows the current and projected types of job and career growth potential within transportation at the start of the 21st century.  Within the DOL-defined field of transportation, the transportation sector is projected to have 4.7 million jobs in 2006, an increase of 691,000 positions from 4 million in 1996.  Trucking and warehousing employment is expected to increase by 219,000 jobs, rising from 1.6 million in 1996 to 1.9 million in 2006.  The projected annual growth rate for trucking and warehousing input is 2.8 percent through 2006. During the 1986–1996 period, the air transportation industry gained 556,000 to 1.1 million jobs.  Over the 1996–2006 projections period, employment growth in air transportation is expected to slow from 7.1 to 2.2 percent, adding 279,000 jobs.

At the same time, there is a “supply vs. demand” issue in some technical specializations such as engineering. The demands created by the new innovative environment affect the supply of available academics, researchers, and practitioners.  The positive results are excellent career opportunities, while the negative implications are shortages in some crucial areas. 

The factors mentioned above support the changing and evolving focus of the “transportation professional.”  Transportation education is no longer viewed as a series of college courses, and transportation research is seen as more than incremental improvements to the existing infrastructure. Rather, the transportation policy paradigm is shifting away from “bigger is better” to managing the existing infrastructure more effectively and building more efficiently. This is being done through enhanced management systems, improved products, and Intelligent Transportation Systems (ITS) that are partially dependent upon Federally funded investments in research and education.  

Federal Transportation-Related Research and Education in Higher Learning

Historical Progression

Formal academic research and education programs have not always been a determining factor in the development of transportation.  Nineteenth century innovations, such as steamboats and railroads, initially came from entrepreneurs’ talents and were not dependent upon a formal academic network.  In the 20th century, transportation issues became more complex, and other issues, such as economic development, environmental concerns, and public spending, became more apparent.
  Transportation issues were part of the academic agenda, but did not have a specific framework of their own.  

In the 1950s and 1960s, educational transportation endeavors at the collegiate level centered mainly on engineering programs.  Programs focused on the practical matters of building and maintaining America’s growing land, marine, and air-based systems.  In the latter part of the 20th century, transportation education became a discipline in its own right, not just an adjunct to other education programs.  At the same time, technically oriented programs with a practitioner focus evolved at the junior college and community college levels.  

The University-Based Transportation Research and Education Community 

University-based research and training in transportation involves several distinct partnerships.  The largest formal network revolves around the UTCs—a national consortium of universities, each with a specific thematic focus.
  The UTC program’s mission is to advance U.S. technology and expertise in the many disciplines comprising transportation through the mechanisms of education, research, and technology transfer at university-based centers of excellence.  These centers interact directly with the various modes within DOT; Federal departments including the Department of Defense (DOD), Department of Commerce (DOC), and Department of Education (DOEd); and Federal partners such as the National Science Foundation (NSF) and National Aeronautics and Space Administration (NASA).  The UTCs focus on state and local partners, non-profit and foundation participation, and partnerships with vocational and junior college programs.

In addition to the UTC program, the modal administrations within DOT have their own education- and learning-based programs based on their areas of specialization.  In the maritime area, for example, the USCG and MARAD administer four-year college education programs at academies focused on setting educational standards and providing a source of highly trained individuals to meet national needs in the maritime field.  Scholarship, financial assistance, and intern programs are used to encourage educational focus on transportation careers, resulting in skilled leaders.  

Some DOT programs have an education focus (e.g., Operation Lifesaver, with funding from the FRA and the Association of American Railroads), while others have a research focus (e.g., the FTA’s Transit Cooperative Research Program).  Some have a public awareness focus and target a wide audience (e.g., the NHTSA’s Public Safety Awareness Program), while others devote their attention to individual development (e.g., the Summer Transportation Internship Program for Diverse Groups, which focuses on math, science, and technology skills necessary for the future transportation workforce).  

DOT’s efforts also involve coordination and partnerships with other Federal agencies (DOEd, DOD, DOC, Department of Energy [DOE]) to strengthen the learning environment.   A major commitment is through the network of Federal research laboratories.  Some of these have a specific focus, while others support transportation initiatives as part of other policy interests.  

Other opportunities exist through coordination with professional associations, such as the American Association of State Highway and Transportation Officials and the American Public Transit Association.  Non-profit entities, such as private foundations, unions, and the Transportation Research Board, are other potential sources for partnership activity to foster and expand learning opportunities. One example of support provided by industry and labor organizations is the Professional Truck Driver Institute (PTDI) under the auspices of the American trucking industry.  The PTDI developed the first voluntary curriculum and certification standards recognized by both industry and government for truck drivers.

Products and Services

Traditionally, products and services in the transportation learning enterprise have been offered through formal degree programs in transportation and transportation-related disciplines.  Non-degree training packages enhanced skills or provided new expertise through short courses or in-service lecture series.  Traditional beneficiaries included students at the undergraduate and graduate levels.

During the past decade, the academic community realized that these traditional efforts were not enough to provide the skilled transportation workforce and knowledgeable public to adequately service systems and enable necessary innovations for efficient operations in the 21st century.  Several new high-priority audience groups evolved.  These included students at the elementary and secondary levels; students at vocational and technical schools who could become system operators; practitioners looking to upgrade their existing skills as well as acquire new expertise; and interested citizens.  Efforts have been taken to meet the needs of each of these special clients.  In addition to traditional learning approaches, new communications initiatives (via web sites, Internet programs, distance learning, satellite linkages, etc.) now make learning more available.

Research traditionally had a very narrow focus (e.g., building a better road) for a specific audience.  In its Strategic Plan, DOT addresses the need for broadening the direction of research efforts through better support of innovation in transportation.  

DOT’s activities dealing with research and education focus on the goals reflected in the Departmental Strategic Plan.  Research is not limited to these topics, but these areas provide overall direction to meet the Department’s priorities.  Research topics now include such diverse issues as human factors, environmental concerns, energy alternatives, and financial considerations. This creates opportunities for existing academics and practitioners as well as for non-traditional, transportation-related scholars.   

The combined benefits derived from enhanced research and education opportunities represent another area of products and services.  This includes the fast growing field of technology use and transfer.  Both education and research are becoming more dependent upon computerization, communications, and technology.  The collective investment in transportation learning activities and products results in a massive sharing of knowledge and ideas that benefit the academic community, practitioners, end users, and the public who pay for and use the system.

Transportation learning offers other potential benefits beyond a formal, technical education.  Transportation educators and advocates realize the importance of providing opportunities that lead to (1) networking and career development; (2) diversity awareness; and (3) historical consciousness.  The spinoffs of these additional benefits support not only transportation, but its related policy endeavors, such as engineering, management, human resources, and diversity programs.  This increases the multi-disciplinary aspect of the learning process and makes it a more attractive life-long learning endeavor.  It is also important as transportation careers become more global in character and approach.

twenty-first century challenges and opportunities

Throughout the 21st century, four areas will have a crucial impact on educational innovation:  globalization, technology, changing demographics, and curricula development.  

Globalization

One of the major challenges facing the United States and the world is the impact of globalization.  In private sector transportation endeavors, organizations provide products, services, and research capabilities to an increasingly competitive and diverse world community.  In public sector transportation endeavors, governments at various levels are responsible for the development, implementation, and maintenance of existing and evolving transportation infrastructures.  Innovations in transportation learning act as a catalyst to bind these endeavors together.

Globalization will continue to impact the academic environment.  Globalization supports the internationalization of resources, not only in the individual classroom, but in the research facility.  This promotes shared learning innovations as well as the latest R&D endeavors that go beyond the academic setting.  Global transportation education efforts support industrialization, the movement of goods and people, enhanced resources, better communications, and improvements in the quality of life for all countries.  Globalization enhances competition, providing educational stakeholders with an exciting opportunity to show leadership through innovative research projects and to use technology and communications to share resources and knowledge.

Technology

The technological revolution going on inside and beyond the classroom has a major impact on transportation education.  Within the teaching environment, the use of computers as a learning tool is revolutionizing how students study existing theoretical and practical problems and plan future transportation solutions.  Within the learning environment, research methodologies and outcomes are bringing about continuing change via the tabulation and evaluation of complex quantitative problems and through shared transportation information web sites and forums. 

The revolution extends beyond the formal classroom, opening up distance learning opportunities to the academic and the practitioner.  Technology is also being used as a tool to interest young students and those who wish to know more about the field.  The Garrett A. Morgan Technology and Transportation Futures Program web site (http://education.dot.gov) provides background information on transportation-related activities and career potential for students of all ages.

By combining technology and education endeavors, it is possible to build new technology, improve existing infrastructure, develop world-class facilities, enhance capital investments, create alternative energy sources, improve the environment, and make better communication alternatives.  All of these outcomes complement the goals presented in the Strategic Plan, and can also be used to create, test, implement, and monitor potential innovations before a financial, environmental, political, or research commitment is made.

Changing Demographics

To relate transportation education to society’s needs, transportation education must account for changing demographics in the workplace.  For example, the traditional scope of jobs and careers is expanding to include women and minorities in key managerial and leadership positions.  Education is a key component in preparing and sustaining these individuals throughout their careers within the transportation hierarchy.
  By law, DOT R&D programs, endowments, grants, and other Federally funded programs do not discriminate on the basis of race, color, national origin, religion, age, disability, reprisal, or sexual orientation.  The Eisenhower Fellowship Program encourages the pursuit of transportation-related disciplines by undergraduate and graduate students and enhances teaching competencies of transportation faculty.  

Programs developed at the higher education level impact not only the college and graduate levels, but the learning processes of elementary, secondary, and non-traditional students.  Colleges and universities are creating opportunities to challenge young students’ interests in computers and high technology.  At the other end of the spectrum, the needs of the older, established practitioners in the field highlight an additional potential within the transportation learning system.  These are the individuals who need to update their knowledge and skills in the face of massive technological and policy change.  At the same time, they may be responsible for developing and implementing new solutions to existing and envisioned problems.

The American transportation education network has become a world-class model.  Therefore, demographics encompass an international component that promotes practitioner, researcher, and manager problem solving throughout the world.

Curricula Development

While the three issues presented above are examples of external factors that will impact transportation education’s future, curricula development and reform drive change internally.  This is important as the effort grows in its own right and, at the same time, becomes an important sub-component in other policy areas.  

The traditional focus of engineering curricula is now supplemented by “soft skills” that stress management concepts and policy issues.  This can create tensions from an administrative and pedagogical standpoint.  At some state institutions there are limits to the number of credit hours required for a degree, as mandated by the legislature.  Therefore, there may be fewer opportunities to include these important new topics.

The curricula focus includes areas of specialization beyond its traditional base.  For example, transportation professionals must be able to see how their work impacts the environment; not only in the cost to the air, land, and water, but in energy resources.  They must understand the impact of their decisions on community stakeholders.  

At the same time, there is the ongoing upgrading of the curricula, based on the impacts of technology on infrastructure development, communications, and product design.  Some of these new specializations may be non-traditional.  The topic of ethics as part of the education curricula—a growing component of business school programs in the United States—provides one example of this growing diversity.  It is an issue that transcends disciplines and also relates to the training requirements of the transportation professional.  The issue begins in the classroom, where the opportunity exists to reinforce the implications of ethical dealings in business situations that students will face throughout their careers; it extends into the research environment, where scholars need to maintain integrity in their research efforts and relations with others; and it prepares students for their role in the world of commerce in both the public and private sectors.  This last element involves not only making and upholding contractual obligations, but maintaining a standard of integrity, especially in situations where ethical standards differ or do not exist.

Another important change in the transportation field is the growing emphasis on intermodalism.  In the past, transportation options were tied to specific modes.  Recent developments focus on a combination of modes for the same transportation goal so that travel time and cost can be minimized.  The needs of the profession in this area offer challenges for transportation education.

Components of a Transportation-Focused Research and Education Plan

Federal Government Implementation Mechanisms

Based on the challenges presented, the Federal Government must determine how to support the transportation learning environment.  The process begins by examining existing efforts and building mechanisms and resources to support contributions from diverse partners, and concludes with disseminating information and achievements to the various stakeholders.
  Each of the following steps, presented in the DOT University Research and Education Plan, presents the issues that must be addressed.  

Quantify Ongoing Efforts

Issue:  DOT needs to determine the resource commitment to complete an initial assessment and to maintain insight into transportation research and education activities at the post-secondary level.  

DOT Action:  The Department has begun to determine the necessary resources for such an assessment.

To establish a needed focus, it is important to begin by studying available resources.  This involves learning-focused efforts sponsored by DOT, other Federal agencies, the academic sector, and other organizations.

DOT’s research and education efforts have traditionally been mode-centered.  The UTC program, as well as Department-wide partnerships with other government/industry cooperative research efforts, represents recent effective multimodal efforts benefiting from shared communication and resources. Communication and support in the UTC system is currently provided by formal and informal means through an association of UTC directors and through the linkages and peer relationships that evolve between schools’ academic and research faculties and industry.

At the same time, other Federal agencies (DOD, DOE, DOC, NSF, NASA, and Environmental Protection Agency [EPA]) have research and education programs that directly or indirectly support transportation learning needs.  In some instances, there is a clear transportation focus, while in others, the relationship is indirect.  A common system does not exist at this point to bring together all these educational endeavors.

To develop a framework, the initial quantifying effort would require (1) an understanding of the participants, and (2) participants’ contributions.  Because of the vast number and scope of activities, the challenge is to determine what is significant and what is readily available.  

Develop Mechanisms to Share Resources and Knowledge Within/Beyond the Transportation Learning Community

Issue:  DOT needs to develop and maintain a list of stakeholders and establish a formal methodology to solicit insights and feedback on an ongoing basis.

DOT Action:  The Department has compiled an initial stakeholder list and is considering potential methodologies.
The second step in developing a learning plan goes beyond the documentation of past and current efforts to the sharing of resources and knowledge. The goal is to develop a framework so that transportation-related learning materials and opportunities are transferred to those who can benefit from them. It is an ongoing effort that is nowadays supported by technology through the Internet and communications mechanisms, as well as linkages to other resources.

To understand the needs of existing and potential stakeholders, it is important to solicit their attitudes and requirements. This involves broadening the transportation partnership to include new stakeholders:  school-age children, vocational and technical school students, college and university students, academics, academic administrators, researchers, private sector employers, practitioners at various levels, taxpayers, policy makers, interested citizens, and the transportation customer base.  Different constituencies have different learning needs.  Some want educational programs and teaching materials; others want research data and access to additional learning resources.  

At present, there is no uniform, systematic compilation of resource needs.  Therefore, decision makers and implementers will want to answer at least four important questions:

· What do learning stakeholders want?

· When do they want it?

· In what form do they want it?

· How can this material best be provided?

Success depends in part upon three factors: (1) the extent of the outreach used to include diverse viewpoints; (2) the depth of the resources documented and promoted; and (3) the commitment to build, maintain, and evaluate this type of system.

The resource compilation has an added potential benefit:  It can help policy planners in developing performance measures that go beyond traditional indicators.  In education circles, evaluation is usually done through a quantitative measurement process that tracks items such as enrollments, dollars spent, graduation rates, etc.  In research circles, this is usually done through a qualitative peer review process and a quantitative process involving publications and presentations.

Efforts are now underway to broaden this perspective.  This is important for several reasons.  The development of updated performance measures puts transportation initiatives on a more recognized footing along with other topics (such as technology, computerization, and communications) that are revolutionizing society.  By enhancing benchmarks for success, transportation educators and researchers are in a better position to inform the public.  

Build and Target Departmental Research and Education Resources

Issue:  DOT needs to assess the effectiveness of its individual modal and multimodal efforts, as well as the Garrett A. Morgan Technology and Transportation Futures Program.  With this information, Departmental policy makers can determine future resource commitments based on existing successful models, current possible overlap, and projected future goals.

DOT Action:  The Department is building on its current assessment efforts to encompass all efforts and modes.

As part of the process of quantifying and sharing resources, DOT needs to determine and coordinate its internal commitment.  Several networks highlight and promote the efforts of transportation learning, including the Garrett A. Morgan Technology and Transportation Futures Program, the proposed UTC database, and libraries and computerized resources of academic institutions that receive Federal funding.

The challenge is not only to share knowledge, but to eliminate duplication and build crosscutting efforts.  The achievements of other Federal agencies provide a benchmark.  The U.S. Department of Agriculture (USDA) has built a system that supports a domestic and international network of research and education activities. The USDA utilizes its Land Grant College system, Agricultural Graduate School, research laboratories, National Agricultural Library, and Cooperative Extension Service to support a distinct part of the agricultural learning environment.  The Land Grant College system, with a USDA-funded college in each state, meets the needs of the higher education community.  Research is further enhanced and disseminated by the National Agriculture Library. Efforts to provide learning experiences to students at the secondary and elementary level as well as to the interested citizen are available through the Cooperative Extension Service.  The professional is able to update his or her existing skills or develop new skills through the USDA Graduate School.

Institute a Methodology for Selecting, Monitoring, and Evaluating DOT-Sponsored Research

Issue:  DOT needs to develop and implement an objective peer review process for selecting, monitoring, and evaluating research supported through the Department, including evaluating the progress of research toward stated Departmental goals.

DOT Action:  Peer review is being accomplished through the National Research Council (NRC) annual assessment of the Department’s R&D plans and programs.

Instituting a process or methodology for objectively selecting, monitoring, and evaluating research supported by the Department is necessary to ensure that appropriate transportation research is supported, that DOT goals are met, and that a process supporting research decisions is in place that is defendable to the American taxpayer.  In addition to the NRC review, each Departmental mode is responsible for developing and instituting such a methodology, including performance measures, which are reflected in each mode’s performance plan.  It is understood that methodologies may vary according to research area.  However, at minimum, the methodologies must include an objective peer review process for research selection and for evaluating the quality of research results.

Leverage Other Federal Research

Issue:  DOT needs to determine current Federal resources in order to document and incorporate transportation research into an overall transportation learning system.

DOT Action:  The Department has conducted an initial analysis using the Federal Government’s RaDiUS database.

Research completed by Departmental resources is only one part of the overall commitment to innovation in transportation.
  Other branches and agencies within the Federal Government are also involved directly and indirectly in this effort.  For example, the financial resources set aside by DOD for transportation-related research are much larger than those of DOT.  While some of these efforts have specialized significance for military needs, others have a broader payback to support the overall population in areas such as safety and technology innovations.  

DOE research support has a tremendous impact on energy use, propulsion innovations, and environmental engineering.  Research into human factors by DOD and NASA provide extensive basic results useful in transportation modes to improve efficiency of operations and improvements to safety.  Support from the DOC relates to policy initiatives and macroeconomic incentives.  The Federal partnerships and potential go beyond cabinet agencies to include specialized agencies such as NASA, EPA, and NSF.  All of these have an active transportation-related research agenda that in the long run meets the needs of specialized interests as well as provides positive benefits to the general population.  

A massive computer-based effort established by the Office of Science and Technology Policy provides a database to quantify all research carried out by Federal agencies.  While this database quantifies specific transportation programs, it is difficult to determine transportation efforts supported by agencies beyond DOT.  

Foster Public/Private/Non-Profit Partnerships

Issue:  DOT needs to examine what other sectors are currently doing in post-secondary transportation learning and target DOT resources to build ongoing partnerships.

DOT Action:  Through the Garrett A. Morgan Program, the Department is actively pursuing education partnerships with DOEd and with state education departments.

As DOT builds its resource base, it needs to create new, and enhance existing, partnerships.  On an intra-governmental level, this may entail strengthening linkages within the Department so that resources within each of the modal administrations are better known and publicized.  On an inter-governmental level, this may entail coordinating with other Federal agencies and specialized laboratories to share information, avoid duplication, and develop complementary resources.  

At different levels of government, this might involve new opportunities with state, local, and municipal governments, especially those with special needs or limitations.  Beyond the public sector, there is potential for partnering with traditional learning allies and new partners.  The overall goal is to build concentric linkages that promote seamless transportation learning.  The outcome will be a mechanism (or series of mechanisms) to ascertain who the outside interests are, what they do, and how these efforts relate to DOT’s mission. 

Strengthen the DOT University Network of Recognized Centers of Excellence in Transportation Research and Education

Issue:  DOT needs to assess procedures associated with DOT UTCs in order to ensure ongoing innovation and recognition of the centers’ achievements.

DOT Action:  The Department has established a process for assessing UTC procedures and for recognizing their achievements.

Congress provided both direction and support when it authorized the expansion of the UTC program through the Transportation Equity Act for the 21st Century.  Ten regional UTCs have grown into a national effort of 33 centers whose partners include colleges and universities that address local, regional, national, and international transportation issues.  The FAA also sponsors a Centers of Excellence program, which consists of consortiums of colleges and universities promoting long-term R&D in the areas of airport pavement, airworthiness assurance, and operations research.

Strengthening UTCs offers both opportunities and challenges.  On the one hand, it provides exceptional opportunities to develop the transportation research and education agenda.  The university setting offers a unique collection of experts with a set of technical and policy skills within a broad geographic base.   Many have access to the newest innovations and a motive that extends beyond financial incentives.  The universities also have a regional base through which to partner with industry and local and state governments to promote innovation.  On the other hand, it is a challenge to coordinate and share research agendas and results to avoid duplication and stimulate further innovation. 

Performance Measures: Establish Baselines

Issue:  DOT needs to determine which baseline measures are appropriate for measuring the success of DOT research and education programs overall.  Subsequent data measurement should be collected on DOT programs on an annual basis.  

DOT Action:  Since publication of the December 2000 University Research and Education Plan, the Department has established performance measures for the UTC program.

One of the most important components of any systematic effort to improve education is measuring the success of individual programs within the research and education collaborative.  A baseline must first be established for all measures of success.  Subsequent years would be measured against these baselines to determine the rate of progress or success in meeting programmatic goals.  These measures, or metrics, have four goals:

· Benchmark the success of individual programs.
· Develop documentation on the overall success of research and education programs to outside parties.

· Highlight additional potential of research and education programs.

· Show where improvements can be made.

Metrics include traditional and innovative measures of success, grouped according to four basic areas:  human resources, education, research, and innovation/dissemination. The groupings represent the four areas that DOT modal representatives agreed were the most important in the development of a Departmental research and education plan.  The qualitative and quantitative ongoing results from this effort will provide the basis to gauge success and the direction for future initiatives that meet the needs of Congress, the transportation community, the taxpayers, and the general public.   

Publicize Achievements

Issue:  DOT needs to organize a group of academics, researchers, and non-partisan external experts in order to examine how to publicize the achievements and future potential of transportation learning efforts.

DOT Action:  DOT is currently building on the roundtable held as part of the Garrett A. Morgan Program.

The final step involves making resource adjustments (where necessary) and tracking and publicizing results.  This is important for several reasons.  First, there is a finite set of learning resources available for this type of process.  While technology brings about improvements in speed and capacity, it may involve large initial or ongoing expenditures that are beyond the means of many learning establishments.  At the same time, needs and expectations are continually changing as research opens up new opportunities.  Therefore, Federal investment in transportation learning involves not only providing support, but informing the public of the benefits and challenges derived from the nation’s investment in transportation research and education.  In this way, the commitment becomes an ongoing activity instead of something that is examined only at the time of reauthorization or annual budget appropriations.

For the planning process to be effective and efficient, it is important to prepare a projected list of expectations that the Federal Government (in conjunction with other partners) would derive from the resource commitment needed to establish and implement an ongoing research and education plan.  This is important even though specific priorities might change, since it shows the overall commitment to the process.  

A successfully implemented plan will foster additional creativity and innovation within the transportation system.  It will help to maintain America’s pre-eminent role as a leader in transportation research and learning, not only in a domestic sense, but from an international perspective. Learning then becomes both a means and an end to achieve a better world community through an enhanced transportation system.  

Establishing and Maintaining the Total Learning Environment into the 21st Century

The ideas presented in the University Research and Education Plan provide the framework to build learning tools for the 21st century.  From a practical standpoint, the plan develops the next generation of transportation leadership and supplements the needs of existing leaders.  At the same time, it strengthens the transportation learning infrastructure.  Policy makers throughout the Department may want to examine ways they can implement all or parts of the plan by taking the following steps:

· Request feedback from internal and external sources regarding the major points presented.

· Complete a targeted, prioritized needs inventory and determine the different costs involved in implementing portions of the plan.

· Prepare a resource assessment and projected commitment.

After the preliminary planning process is completed, DOT will be in a better position to determine what part (or parts) of the organization would have ultimate accountability and responsibility for planning, implementing, maintaining, and evaluating the process.  In addition, DOT will need to link learning endeavors to its overall strategic planning process.

The benefits derived from using a university network to support transportation innovations in research and education are found in four areas:

Education

The obvious benefits of training the next generation of transportation-related scholars and practitioners are now part of a greater educational agenda.  University settings are becoming part of an effort that extends down to the secondary and elementary effort to interest students in transportation issues and careers.      

Human Resource Development

University- and college-based transportation programs prepare the next generation of research scholars, teachers at all levels, practitioners, and operators.  The benefits include updating the skills of practitioners and coordinating vocational programs that train transportation operators and mechanics.  It also goes beyond those directly involved to those who work in related fields such as defense and energy.  Currently, this is expanding to other policy areas, including housing, demographics, and the environment.

Research

The university commitment to research supports the transportation community in numerous ways.  There is basic research to develop innovation in a broad topic area with no specific payback date. There is applied research that is more focused to support a targeted agenda with a specific framework for implementation.  Finally, there is developmental research that has a very select agenda to meet a highly specific goal.  

Dissemination of and Support for Future Innovation

The role of university-based transportation programs is expanding beyond the traditional roles for education and research.  An evolving benefit relates to its role as an information resource base.  This supports educational institutions, scholars, researchers, the private sector, and education programs at the secondary and elementary level (to interest students in transportation and transportation-related careers), as well as the general public.

The successful implementation of this framework builds new learning opportunities and creates the necessary innovation that meets both expected and unexpected challenges.  The ideas presented in this plan support the Department’s goal of developing a safe, secure, and efficient transportation system that not only meets America’s—and the world’s—needs, but remains the benchmark for research, education, training, and technology transfer in the highly competitive 21st century environment.

� The TSA budget request for FY 2003 did not break out RD&T.


� Responsibility for Aviation Security R&D has migrated to the TSA.  RD&T budget details will appear in the FY 2004 RD&T Plan.


� Funded in Operations, but not included above.


� Includes funds used for basic research, applied research, development, research facilities, education and training, and related DOT research efforts.


� Challenge 2000: Impact of Future Technologies. March 6, 1996.


� Toward a Safer 21st Century: Aviation Safety Research Baseline and Future Challenges. December 1996.


� ADS is a technique in which aircraft position is determined using an onboard global navigation satellite system receiver. ADS-B is an extension of this concept, in which each aircraft continually broadcasts its identity, altitude, and position directly to ground stations and nearby aircraft.


� U.S. Department of Transportation. An Assessment of the U.S. Marine Transportation System: A Report to Congress. September 1999.


� For DOT, all enabling research also supports a specific operational mission, a regulatory function, or a broad response to national needs.  (See Section 6.)


� From legislative authority originating from the 1987 Surface Transportation and Uniform Relocation Assistance Act, Congress mandated a series of UTCs—later supplemented by University Research Institutes—to specifically provide leadership in transportation education and research.  The Intermodal Surface Transportation Efficiency Act and the Transportation Equity Act for the 21st Century expanded the number, funding, and scope of these programs.


� Most basic research continues to be carried out by the public sector, mainly the Federal Government.


� U.S. Department of Labor, Monthly Labor Review, “Employment Outlook: 1996-2006.”


� For a historical insight into the origin of the Federal Government’s commitment to research and education, see Vannevar Bush’s Science – The Endless Frontier, 1945.


� For a history and assessment of the UTCs, see the February 1997 “Investing in Transportation’s Future: An Examination of the University Transportation Centers Program,” prepared by the U.S. Department of Transportation, Research and Special Programs Administration, John A. Volpe National Transportation Systems Center, Cambridge, Massachusetts.


� For further insight, see Reaching the Top: A Report of the National Task Force on Minority High Achievement [www.collegeboard.org].


� This effort was part of the research and planning for the DOT University Research and Education Plan, December 2000.  Attachments 2-15 of the plan highlight transportation research efforts and include educational programs sponsored and supported by DOT modal administrations.


� For the foreseeable future, the UTCs will be a focus for Department-wide efforts, especially as they evolve with a more intermodal focus.  In most instances, individual centers stress applied, as opposed to basic, research.  Most university/college settings do not have the financial resources and commitment to conduct research that has no clear payback within a given framework.
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