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ABSTRACT

System preservation has not traditionally been the focus of regional planning agencies. However, system preservation and renewal consume a significant proportion of transportation resources. The Chicago Area Transportation Study (CATS) 2030 Regional Transportation Plan (RTP) allocates $47 billion of a total of $65 billion (72%) in projected revenue for capital investments to system maintenance and reconstruction. There is no doubt that the highways, particularly their maintenance and improvement, is a major proportion of the overall plan recommendations, but so far the corresponding analysis and research work has not been equivalent. In this context, a financial and economic analytical framework is needed that could be eventually integrated into the typical regional transportation planning process. As the 2030 RTP recognized, the gap between projections of our transportation needs and the financial resources available to meet them is widening. This paper documents this gap and looks for ways to fill the gap by introducing a benefit-cost analysis (BCA) procedure into RTPs using the Highway Economic Requirements Systems (HERS-ST) as a bridging tool. Based on a comparative study of alternative investment scenarios for the northeastern Illinois region, the 2030 RTP highway investment recommendations will result in significant underinvestment in the region’s highway system. This paper argues that substantial benefits could be gained by allocating funds more efficiently even without any additional funding. Overall, with the same total available funds, the minimum BCR oriented approaches will give better system conditions over each funding period, higher overall investment returns for the entire planning horizon, and significant maintenance-cost savings over time. However, due to the inherent limitations of the HERS model, the magnitude of advantages by applying minimum BCR scenarios might be exaggerated to a certain level.

INTRODUCTION
Based on federal requirements, every urbanized area with a population of 50,000 or more must have a Metropolitan Planning Organization (MPO) that is responsible for the region’s long-range transportation plan and short-range transportation improvement programs to guide the transportation investments within the region. In addition, many key planning factors were defined in the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA), the spirit of which guides the structure of most regions’ transportation plans. The northeastern Illinois region, for example, with its unique geographic features and highly populated urban centers, has sophisticated systematic and comprehensive transportation planning procedures. Chicago Area Transportation Study (CATS) as the region’s transportation planning MPO published the CATS 2030 Regional Transportation Plan (CATS, 2030). As one of the final plan recommendations, $47 billion out of a total of $65 billion capital investments is allocated into the system maintenance and reconstruction, which account for about 72% of the total projected revenue. There is no doubt that the highway section, particularly its maintenance and improvement, is a major proportion of the overall plan recommendations, but so far the corresponding analysis and research work regarding how to allocate these system maintenance and reconstruction revenue has not yet been equivalent.
Under this context, a financial and economic analytical framework is needed that can eventually be integrated into the typical regional transportation planning process. Ultimately, both quantitative and qualitative analyses for roads, bridges, pubic transit, and other transportation modes can be performed. Ideally, this financial and economic analytical framework can be further developed into a functioning procedure for RTPs, and it should have the ability to be generalized across geographical regions. As an initial efforts towards achieving these goals, this paper lays out a framework for benefit-cost analysis (BCA) for long-range regional highway system planning, where the Highway Economic Requirement System – State Version (HERS-ST) is used as an analytical tool. 

 This study is structured in five sections. The literature review, the basic concept of BCA and its application in transportation asset management are briefly introduced in the next section; the third section contains an introduction to HERS-ST; the forth section is a case study for the northeastern Illinois region; and conclusions can be found in the last section.

BCA AS AN ESSENTIAL ELEMENT IN ASSET MANAGEMENT 

Simply speaking, a typical BCA consists of three phases: alternative identification, impact estimation, and evaluation (Lee, 2000). Although the cost-benefit framework has come to dominate other methods of evaluation in the US, BCA is by no means supreme. Over the past decade, BCA is strongest at the federal level, but states and, to a lesser extent local agencies accept the appropriateness of the BCA format while not necessarily applying it (Lee, 2000). Under ISTEA, local agencies have more discretion to choose among different modes and thus have somewhat more motivation for applying BCA. However, barriers still exist. 
I.
Political Limitations

Politically, the process by which transportation projects are selected in the US is tied up in intergovernmental relations and financing mechanisms (Wiener, 1999). One drawback of this functioning system is to spawn demonstration projects that are earmarked by congressional jurisdiction on a pork-barrel basis. (Lee 2000). In addition, funding incentives are also generating gaps between the BCA and the maintenance implementation. For example, localities are encouraged to substitute capital for maintenance, and for highways this means that surface treatments are postponed until the improvement can be treated as capital. Full life-cycle costs can be readily assessed within a BCA, but such evaluations are less likely to contribute as much to decisions as they would without the funding incentives (Lee 2000). Infrastructure reporting requirements recently promulgated by the Government Accounting Standards Board (GASB) suggest how transportation agencies without bond covenants can demonstrate long-term stewardship of their highway infrastructure (GASB, 1999). Also from the political perspective, MPOs have difficulty in reaching consensus or addressing regional problems of congestion and air quality, and the context is not receptive to the discipline required for BCA (Lyons et al., 1993, van der Wilden et al., 1996).
II.
Technical Limitations

Technically, it is generally accepted that the typical analytic methodology on which MPOs have been concentrating – known as “four-step” models, for trip generation, trip distribution, traffic assignment, and mode choice – is not well suited to BCA (Lee, 2000). Although ISTEA made many major contributions in reallocating funds among different localities, there is no particular requirement to use BCA and the analytic methods are left open. Instead, more attention has been paid to the technical certification process, and major MPOs were reviewed with respect to their technical resources and organizational capabilities for carrying out the intentions of ISTEA (FHWA/FTA, 1994; Siwek 1995). 
III.
Inherent Limitations in Transportation Application 

In applying BCA to transportation asset management, there are also inherent limitations of BCA itself. They include: (1) interrelations between transportation investments and land use (regional economic impacts) are difficult to assess (Still, 1995); (2) the magnitude of induced traffic is usually uncertain (DeCorla-Souza & Cohen 1999); (3) user responses to road user charges are hard to predict and the benefits and costs distribution effects are hard to assess (Langmyhr, 1997); (4) BCA is inherently project-based (however, forms of multi-criteria policy assessments are used in several countries) (Jones, 1994) and the quantified transportation system interdependences are hard to assess; (5) the use of common assessment techniques may be hampered by institutional barriers, e.g., between planning agencies responsible for different modes, and different sources of funding for different modes (Langmyhr, 2001); (6) in applying BCA to transportation networks on the regional level, the region-wide economic impacts, which is important both politically and technically, are hard to accurately assess. 

Despite all the barriers, BCA is still a valuable decision framework for governmental agencies to use in considering the desirability of taking alternative actions, whether investment, operations, or regulations for regional transportation systems. In this study, the analytical results are compared for long-range regional transportation planning between using a BCA approach and using a non-BCA approach.

HERS-ST AS A BCA TOOL FOR REGIONAL HIGHWAY PLANNING

Congress requires the Department of Transportation (DOT) to report every two years on the nation’s need for investment to maintain and improve the nation’s highways and bridges (20-Year Condition and Performance Report, C&P Report). To help estimate these future investment requirements, the Federal Highway Administration (FHWA) began developing the Highway Economic Requirements System (HERS) computer model in early 1990s, and first used HERS results in its C&P report in 1995. The General Accounting Office (GAO) reviewed the model and concluded that despite limitations, the HERS model is generally reasonable for estimating highway needs. In 2001, FHWA modified the HERS model to the HERS-ST model, which is designed as an investment-analysis tool for highway planning at the state level. By 2002, 17 state DOTs have participated in the HERS-ST pilot program, and positive feedback indicated that the software would indeed provide useful information and insight regarding state-level investment decisions (FHWA, 2006). 
HERS is basically a simulation program that is used to simulate highway system deterioration and selectively choose investments for implementation to correct current and projected deficiencies. The simulations are based on analyst-specified constraints such as funding levels and deficiency criteria. HERS-ST is an enhanced state version of the national HERS model, which is a highway investment/performance model that considers engineering and economic concepts and principles in reviewing the impact of alternative highway investment levels and program structures. Specifically, the HERS-ST model simulates highway condition and performance levels and identifies deficiencies through the use of engineering principles. However, when it simulates the selection of improvements for implementation, it relies on economic criteria (FHWA, 2006). 

Basically, the engineering principles applied in analyzing relationships among traffic volumes, capacity, pavement deterioration, speeds, crashes, travel time, curves and grades, emissions, and other highway attributes. And from the economic perspective, the major benefits and costs considered in HERS-ST modeling process and the associated stakeholders are listed in Table 1. The simplified representation of the HERS/HERS-ST modeling process is shown in Figure 1, and HERS/HERS-ST internal modeling logic is presented in Figure 2.

     Specifically, the HERS-ST model has the following characteristics (FHWA, 2006):

· Only highways are considered explicitly;

· No interdependencies among highway sections are addressed in the model;

· New construction on new alignment is not explicitly included;

· Initial improvement costs include typical capital expenditures, and the cost of delay associated with implementing improvement options is not considered;

· The only user charges included are fuel taxes (tolls are excluded).

· The model is not designed to quantify the uncertainties.

· Three classes of roads are not analyzed in the model: rural minor collectors, rural local roads, and urban local roads.

Although the HERS-ST is not a total solution to the challenge of planning, it can play a primary role in the transportation decision-making. In addition, the HERS-ST would also be used as an efficient communication tool for responding to the general public, especially to the highway users. However, there is still much work needed in order to integrate HERS-ST with the states’ policy within regional planning organizations and to explore additional applications for the model. Therefore, seamlessly combining HERS-ST with the region-wide traffic four-step forecast model would make important contributions to the regional transportation planning practice. The region-wide traffic forecast model addresses transportation system dynamics from policy-driven changes in the network. However, HERS-ST is not sensitive to the land-use policies and laws, in which the region-wide traffic forecast model could be a supplement (FWHA, 2006). 
CASE STUDY FOR NORTHEASTERN ILLINOIS
To illustrate the concepts presented in the previous section, we implemented a cast study for Northeastern Illinois, the area under the jurisdiction of CATS.
I.
About the Region

The six-county (Cook, DuPage, McHenry, Kane, Will, and Lake) Chicago region had a total population of more than 8 million in 2000, and the population in the city of Chicago is a little less than 3 million. It is projected that by the year 2030 the region’s total population will be over 10 million (NIPC, 2006).  This large region has been noted for its political fragmentation and central city/suburban antagonism. With more than 940 local governments with taxing authority, it has the most local governments of any metropolitan area in the nation (Hamilton, 2002). 
From the 1960s to mid-1970s, Illinois invested aggressively to complete its interstate highway system, thereby enhancing the state’s ability to take advantage of its strategic geographic location. Although Illinois can still count upon its highway network to contribute to its competitive advantage, efforts to maintain and improve it must be intensified if this advantage is to be maintained. As many states across the nation, both the health and the future growth of the state’s economy require a quality highway system. Consistent with the legislative objective, the initial effort of the state will be built upon in the future years as better information about the performance of the highway system becomes available and more sophisticated analysis tools are developed. This system-wide planning process largely depends on a cooperative process with the state’s MPOs, the IDOT districts, and other sister state agencies that share responsibilities for the state’s continued economic growth. 
Developing the 2030 RTP was a two-year project was completed in autumn 2003. The plan is updated every three years thereafter, with a recent update occurring in 2006. The scope of plan is to include all surface transportation modes, but the recommended projects are limited to highway and passenger rail infrastructure. It was emphasized in the plan that RTP is not a financial plan, nor is the 2030 RTP a financial planning exercise. The plan is intended to highlight inadequate financial resources but not dwell on specific strategies for remedying financial shortfalls (2030 RTP, 2004). The CATS’s 2030 RTP provides detailed projects and broad funding allocation recommendations. 
The 2030 RTP is oriented around concept scenarios. As emphasized in its goals, the 2030 RTP places “the highest priority on maintaining transportation system integrity by giving careful consideration to reconstruction and replacement decisions as well as maximizing its efficiency through effective transportation management and operations.” (CATS, 2003, p.23) In addition, the 2030 RTP also has a “Maintenance Theme”.  This theme stands out from the plan’s goals and objectives because the Transportation Equity Act for the 21st Century (TEA-21) planning factors require that the planning process emphasize the efficient preservation of the existing transportation system. The 2020 RTP recognizes the maintenance, rehabilitation and preservation needs of our existing system as its overarching goal and consequently over 80 percent of the projected resources through 2020 have been allocated for the capital maintenance of the existing system (CATS, 2003). Thus in the 2030 plan, it is further emphasized in the “Maintenance Theme” that the capital maintenance projects protect the safety and efficiency of the system and extend the useful life of existing facilities. It is an important theme, especially for the northeastern Illinois region where the capital maintenance needs are extensive. The relative age of the region’s highway system is old, and it has high traffic volumes and high proportion of truck traffic. 
As mentioned above, the analytical models, procedures, and methodologies that have been historically employed by states and MPOs for decades create part of the difficulty in incorporating the BCA approach in their transportation planning routines. In the case of 2030 RTP, CATS has been using the typical four-step analytic methodology for trip generation, distribution, assignment, and mode choice, which is not well suited to BCA. On the other hand, the financial and economic analysis for CATS’s long-range transportation plan is considered inadequate or undesirable at this time. Here, compared with the 2030 RTP funding recommendations, a BCA analysis is performed using HERS-ST model for the region’s highway system. It attempts to provide more insights to the financial recommendations in 2030 RTP, and also to investigate the effectiveness and functionality of HERS-ST’s regional application.
II.
Data

The most recent 2004 Highway Performance Monitoring System (HPMS) data from the state of Illinois is used in this study. HPMS is intended to be a representative sample of highway segments by road class and volume group in a state. The universe data for the whole Illinois state contains 21662 highway sections (nine highway classes listed in Table 2), and the six county Chicago region has 4935 sections. Out of the total of 2380 state sample highway sections, 393 sample sections are within the region. Since the standard sample expansion factor calculated by HPMS software is based on the whole state, the regional expansion factor is re-calculated as follows:
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Considering the fact that more than 98 percent of the total highway sections in the six-county Chicago region are categorized into urbanized area volume groups, a total of 13 volume groups are identified in the above calculation. Overall, the expanded sample HPMS data has 18797 total lane miles, and the actual regional universe is 19668 lane miles. The expansion error is about 4.4%. Thus in terms of input data quality, the expansion factor adjusted sample HPMS data for the region should provide reliable results.
III. Methodology
This study is conducted based on seven assumptions and four scenarios, defined as follows.
Assumptions

1. According to 2030 RTP, about 72.4% of total $64 billion funding are allocated to system management, and about $31 billion of the $64 billion are related to highway sector. Based on these numbers, a total planned highway system maintenance and improvement funding of $23.5 billion is used in all CATS scenarios as input to the HERS modeling process.

2. The most updated 2030 RTP was released in 2006, and the planning horizon is set from 2004- 2030 which is a 26-year period. In this study, a 20-year planning horizon (2005 – 2025) is selected in order to generate the best modeling results from HERS. Assuming all the funds recommended in 2030 RTP are equally distributed across time, four-fifth of the fund values is considered for all 2030 RTP related scenarios, which is 18.8 billion. 

3. A 4% discount rate is used in the analysis, and all calculations are presented in 2004 dollars. A sensitivity analysis was also done for discount rate of 7%, the total improvement investment needed for the minimum BCR=1 scenario with a 7% discount rate is about $300 million less than the same scenario with 4% discount rate. Overall, the differences resulted from the sensitivity analysis are considered not significant.  
4. Due to the model limitations mentioned earlier, each highway section is evaluated independently from other sections. In other words, the model analyzes each highway segment individually and does not look at the highway system as a functionally integrated network.

5. HERS evaluates the system conditions for each of the four 5-year funding period before making any improvement selections. Also due to the model limitations above, the option of implementing an improvement in a future funding period as an alternative to implementation in the current funding period is not considered in this study. 

6. When selecting all the candidate improvements, the less aggressive improvement options are always considered to be more favorable comparing aggressive improvement (reconstruction and resurface) options with the same Benefit-Cost Ratio (BCR). Regardless of any constraint, unacceptable conditions are first identified and corrected before selecting any BCR-ranked potential improvement under constraints. 

7. Instead of examining the specific investment strategies during any short-term period, this study is focused on the investment strategies for the whole planning horizon, 

Scenarios

1. “Do Nothing” Scenario: HERS-ST calculates the benefits of a candidate relative to a “do nothing” base case, where the highway section being considered remains unimproved for the duration of the BCA period. 

2. Constrained by Funds Scenarios: Four such scenarios are developed, whose total funding constraints are the 2030 RTP recommended $18.8 billion, $22.6 billion (120%), $28.2 billion (150%), and $37.6 billion (200%). Since the northeastern Illinois region is highly urbanized, only total funding constraints are taken into account without differencing urban to rural funding constraints or funding constraints among highway classes. Under these scenarios, HERS maximizes net present value subject to the funding constraint.   

3. Minimum BCR Scenarios: Accordingly, four such scenarios are developed with matching total funds with each of the Constrained by Funds Scenarios above. The minimum BCRs selected are 1, 2, and 3, whose modeled total funding ended up with $25.5 billion, $21.0 billion, and $17.2 billion. Under these scenarios, HERS implements all improvements that are greater than or equal to the user specified BCR, without a limit on available funding or section performance. 

4. Full Engineering Needs Scenario: Without funding or minimum BCR constraints, this scenario calculates the minimum funding required for each funding period in order to maintain the pavement condition rates “fair” and above. This scenario is only presented in this study for comparison purpose without a practical meaning. 


Comparative analyses are performed among all scenarios, and conclusions are drawn from the perspectives of system improvement costs, system conditions, and investment returns. 
IV. Findings

The outputs from HERS-ST are analyzed in terms of the system improvement costs, the system conditions and the investment returns. 
System Improvements Costs
 The overall improvement investments for all scenarios are shown in Table 3, which indicates that when more funding become available, the urban highways should be gaining more share of the total funds in maximizing total benefits.  

Figure 3 shows the results of comparing funding constraint scenarios (100% and 150% of 2030 RTP proposed revenue) with minimum BCR scenarios, where the total funding for the entire 20-year planning horizon is about the same for each pair. As the figure indicates that the all minimum BCR scenarios implement all improvement projects that meet the user defined minimum BCR in the first funding period, which leads the improvement costs for that period is significantly higher than the following funding period. On the other hand, based on the assumption that the total funds are equally distributed across time, the funding constraint scenarios have flat distributions of improvement costs. 
System Conditions

If no investment were made over the next 20 years, Figure 4 tells us that at the end of the year 2025, about 25% of the highway sections will need reconstruction. Technically, a reconstruction is needed when (1) PSR at the beginning of the funding period is less than the threshold PSR for reconstruction (below 1.5-2.3 for different highway classes); (2) surface type is low and deficient, and a widening option is identified; or (3) surface type is unpaved and surface type is deficient or a widening option is identified (FHWA, 2006). Currently, the initial system condition for the northeastern Illinois region is that 7.76% of the total highway sections need reconstruction. 
Then what are the system conditions and HERS projects for the 2030 RTP funding plan? Figure 5 shows the deficiencies as a percentage of mileage for the $18.8 billion 2030 RTP scenario. Two evaluation standards are being compared here. According to the FHWA’s C&P Report, the threshold for “acceptable” ride quality used in the 2004 C&P report is an International Roughness Index (IRI) value of 170 (FHWA, 2004).  Figure 5 also shows that if the 2030 RTP investment recommendations are followed during the planning horizon, by the end of year 2025, about 33% of pavements will have unacceptable ride quality and about 7% will need reconstruction.

If a constant funding allocation is used for each funding period under constrained funding, the system conditions will be moderately decreasing in deterioration for the first 10 years and then the system conditions will get improved quickly as shown in Figure 6. It should be noted that the minimum BCR equal to 1 scenario has less total funds spent as the total funds constrained to $28.2 billion scenario, while we can clearly see from the chart that the former scenario maintains significantly better system conditions over the entire planning horizon. We can conclude that constrained funding can also be modeled by adjusting the minimum BCR threshold until the HERS-recommended spending meets the budget constraint; this method then reveals the level at which worthwhile projects are not implemented. Even without any increase in total highway investment, substantial benefits could have been gained by allocating highway funds more efficiently. 
Investment Returns

Figure 7 though Figure 9 show investment returns on maintenance cost savings, user benefits, and pollution damage cost savings for all scenarios by pair comparison. As we can see that the “Minimum BCR” scenarios get better overall investment returns on both maintenance cost savings and user benefits. However, the “Constrained by Funds” scenarios obtain better overall investment performances on the pollution damage cost savings. 

Investment Structure by Improvement Type
Since the HPMS data we currently have access to are not a 100% sample data, we are not able to extract improvement statistics on the project level and compare the recommendations through network BCA approach with the CATS 2030 RTP recommended project list. However, Table 5 and 6 show the improvement structure by improvement type for all scenarios, from where we can see that for each comparison pair, the minimum BCR scenarios allocate more funding to resurface related projects instead of reconstruction related projects in order to achieve better overall investment returns. In addition, Table 5 also could be used as a guide in dividing total investments by project type when different amount of revenues that are projected to be available over the planning horizon.

CONCLUSIONS

Based on the 2030 RTP highway investment recommendations, the region’s highway system is  underinvested in the long-run in terms of percentage of pavements that are under unacceptable ride quality (will increase from 15% to 33%). However, the current investment recommendations are able to maintain the current reconstruction level around 7% in the next 20 years, if the available revenues for each 5-year period are supposed to be constant. Using a BCA approach to redistribute the available revenues overtime, an optimal investment level which implement all the projects with a minimum BCR=1 suggests the 20-year highway maintenance and improvement budget should be around $25.5 billion (135%).

The comparisons presented in this paper argue that substantial benefits could be gained by allocating funds more efficiently even without any additional funding available. For example, instead of setting aside similar amount of funds (discounted) for each 5-year funding period, investigations on BCR of each possible improvement type (if 100% HPMS data is available, the investigations could be done on the project level) are demonstrated to be significantly beneficial. Similarly, although there might be political constraints on the amount of highway related funds available for each funding period, deferred investment options could be another alternative to investing heavily in early funding periods as shown in this study. In short, with the same total available funds, the BCR oriented approaches give better system conditions over each funding period, higher overall investment returns on user benefits and system maintenance costs savings.
However, the inherent limitations of HERS model determined the major limitations of this study. Because HERS model doesn’t consider the highway system as a network, the advantages of minimum BCR scenarios might be exaggerated. Under the minimum BCR scenario, all candidate projects with a BCR value equal to or higher than the user defined value will be implemented during that funding period. This results in investing majority of the total projected funds to the first funding period (more than 75% for all minimum BCR scenarios developed in this study). However, in reality, it is almost impossible to have 75% of total 20-year funding available in the first couple of years. In addition, the transportation system won’t function properly if a large number of improvement projects are implemented simultaneously. For example, for the minimum BCR equal to 1 scenario (total funding $35.2 billion), about 1/3 of the total lane miles are improved during the first funding period, which is unrealistic. One way to get rid of this limitation is to predefine the funds limit in HERS-ST for the funding periods during which time large amount of projects are recommended. On the other hand, if the effects of investing in certain improvement projects now versus during later funding periods are considered in HERS, reallocation of the total funds in minimum BCR scenarios might gain even larger benefits by deferring some improvements for better returns. 
One of the major constraints identified in 2030 RTP is the financial constraint. Although the 2030 RTP claims itself not a financial plan or a financial planning exercise, the plan calls for preparation of a long-range financial plan for the northeastern Illinois region. Similarly, many other metropolitan regions are also in need of such long-range financial plans as essential supplements to their 20-year RTPs. Most current long-range planning efforts employed a generalized approach to projecting revenues for transportation investment. Balancing these projections against estimated cost of implementing the plan’s recommendations has functioned as the principal constraint on including a very long list of desired capital improvements in the plan. However, fully functioning benefit-cost analysis (BCA) procedure has not been developed specifically for RTPs on the regional system level (versus on the project level which most MPOs are currently doing investigations for), and its advantage in lending credibility and responsibility to the transportation investment decisions has not been taken in most RTP processes. Therefore, as also addressed in 2030 RTP, there is a recognized value in illustrating the gap between projections of our transportation needs and the financial resources available to meet them. 

	
	User Benefits
	Agency Costs
	General Public *

	BENEFITS

	Vehicle operating cost savings
	X
	
	

	Safety cost savings
	X
	
	

	Travel time cost savings
	X
	
	

	Incremental consumer surplus
	X
	
	

	Highway maintenance cost savings
	
	X
	

	Residual value
	
	X
	

	Emissions reduction
	
	
	X

	COSTS

	Initial improvement cost
	
	X
	


* Externalities also include social costs of noise, air and water pollution; loss of wetlands, and disturbance of      historical sites.
	Urban Areas
	Rural Areas

	1
	Interstate
	6
	Interstate

	2
	Other Freeway/Expressway
	7
	Other Principal Arterials

	3
	Other Principal Arterials
	8
	Minor Arterials

	4
	Minor Arterials
	9
	Major Collectors

	5
	Collectors
	
	


	Scenarios
	Rural Overall Initial Cost
	Urban Overall Initial Cost
	Overall Initial Cost

	
	
	
	

	Full Engineering Needs
	$1,003
	$41,477
	$42,480

	
	2%
	98%
	 

	Minimum BCR=1
	$687
	$24,855
	$25,542

	
	3%
	97%
	 

	Constrained by Funds $18.8 B (100%)
	$700
	$17,770
	$18,470

	
	4%
	96%
	 

	Constrained by Funds $22.6 B (120%)
	$729
	$21,820
	$22,549

	
	3%
	97%
	 

	Constrained by Funds $28.2 B (150%)
	$727
	$27,319
	$28,046

	
	3%
	97%
	 

	Constrained by Funds $37.6 B (200%)
	$734
	$36,468
	$37,202

	
	2%
	98%
	 


	Scenarios
	FP 1
	FP 2
	FP 3
	FP 4
	Overall

	Minimum BCR = 3 ($17.2 B)
	$8,664
	$2,988
	$2,727
	$2,855
	$17,234

	Constrained by Funds $18.8 B (100%)
	$4,665
	$4,461
	$4,922
	$4,422
	$18,470

	 
	
	
	
	
	 

	Minimum BCR = 2 ($21.0 B)
	$12,000
	$2,932
	$2,870
	$3,185
	$20,987

	Constrained by Funds $22.6 B (120%)
	$5,604
	$5,609
	$5,566
	$5,770
	$22,549

	 
	
	
	
	
	 

	Minimum BCR = 1 ($25.5 B)
	$15,060
	$3,893
	$2,171
	$4,418
	$25,542

	Constrained by Funds $28.2 B (150%)
	$7,014
	$6,975
	$7,122
	$6,935
	$28,046


	
	Overall Improvement Costs ($million)

	Improvement Type
	$18.8 billion
	Minimum BCR=3
	$22.6 billion
	Minimum BCR=2
	$28.2 billion
	Minimum BCR=1

	Reconstruction - High-Cost Lanes
	0
	0
	0
	0
	0
	0

	Reconstruction - Normal-Cost Lanes
	545
	410
	2,134
	1,483
	2,339
	2,016

	Reconstruction - Widen Lanes
	0
	0
	0
	0
	171
	16

	Reconstruction
	1,358
	890
	2,312
	1,408
	2,322
	2,479

	Resurface - High-Cost Lanes
	1,292
	1,075
	1,292
	1,292
	3,609
	1,963

	Resurface - Normal-Cost Lanes
	12,165
	11,974
	13,273
	13,027
	15,019
	14,001

	Resurface - Widen Lanes
	0
	0
	47
	0
	596
	596

	Resurface - Shoulder Improvements
	204
	9
	255
	247
	289
	300

	Resurface
	2,907
	2,873
	3,236
	3,527
	3,703
	4,171

	Special
	0
	0
	0
	0
	0
	0

	Total Improvement Investment
	18,473
	17,235
	22,552
	20,988
	28,050
	25,545


	
	Improvement Investment Structure 

	Improvement Type
	$18.8 billion
	Minimum BCR=3
	$22.6 billion
	Minimum BCR=2
	$28.2 billion
	Minimum BCR=1

	Reconstruction - High-Cost Lanes
	0%
	0%
	0%
	0%
	0%
	0%

	Reconstruction - Normal-Cost Lanes
	3%
	2%
	9%
	7%
	8%
	8%

	Reconstruction - Widen Lanes
	0%
	0%
	0%
	0%
	1%
	0%

	Reconstruction
	7%
	5%
	10%
	7%
	8%
	10%

	Resurface - High-Cost Lanes
	7%
	6%
	6%
	6%
	13%
	8%

	Resurface - Normal-Cost Lanes
	66%
	69%
	59%
	62%
	54%
	55%

	Resurface - Widen Lanes
	0%
	0%
	0%
	0%
	2%
	2%

	Resurface - Shoulder Improvements
	1%
	0%
	1%
	1%
	1%
	1%

	Resurface
	16%
	17%
	14%
	17%
	13%
	16%

	Special
	0%
	0%
	0%
	0%
	0%
	0%

	Total Improvement Investment
	100%
	100%
	100%
	100%
	100%
	100%
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Notes: The dashed line reflects the influence of user costs on travel forecasts due to demand elasticity. The Capacity Calculation is entered only after implementing an improvement.
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Note: The deficiencies are measured as reconstruction levels, where PSR ranges 
from 1.5 to 2.3 across nine different highway classes.
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Figure 2: HERS/HERS-ST Modeling Logics
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Figure 3: Funding Constraints vs. Minimum BCR – Improvement Costs

Figure 4: Do nothing vs. Full Engineering Needs – System Condition

Figure 5: System Deficiencies as % of Mileage for 2030 RTP Scenario

Figure 7: System Deficiencies as % of Mileage – All Scenarios

Figure 8: Investment Returns on Maintenance Cost Savings – All Scenarios

Figure 9: Investment Returns on User Benefits – All Scenarios
Figure 10: Investment Returns on Pollution Damage Cost Savings – All Scenarios
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Sheet1

								Improvement Statistics ($m)										Discount Rate		0.04		4-FP 100%		FP 120%		4 FP 150%		4 FP 200%

								Scenarios		Rural Overall Initial Cost		Urban Overall Initial Cost		Overall Initial Cost				$ Billion		$23.5		$18.8		$22.6		$28.2		$37.6								$28.20

		Rural/overall- funding constrained		0.061776403														Year				Rural				Urban				Overall				Year				Rural				Urban				Overall

		rural/overall- BCR=1		0.0167529262				Full Engineering Needs		$1,003		$41,477		$42,480				3.5		FP1		142				4523				4,665				3.5		FP1		373				6641				7,014

										2%		98%						8.5		FP2		79				4382				4,461				8.5		FP2		71				6904				6,975

								Minumum BCR=1		$687		$24,855		$25,542				13.5		FP3		299				4623				4,922				13.5		FP3		93				7029				7,122

										3%		97%						18.5		FP4		180				4242				4,422				18.5		FP4		190				6745				6,935

																						700				17770				$18,470								727				27319				$28,046

																				$22.56																$37.60

								Constrained by Funds $18.8 B (100%)		$700		$17,770		$18,470				Year				Rural				Urban				Overall				Year				Rural				Urban				Overall

										4%		96%						3.5		FP1		142				5462				5,604				3.5		FP1		373				9006				9,379

								Constrained by Funds $22.6 B (120%)		$729		$21,820		$22,549				8.5		FP2		79				5530				5,609				8.5		FP2		100				9171				9,271

										3%		97%						13.5		FP3		299				5267				5,566				13.5		FP3		71				9142				9,213

								Constrained by Funds $28.2 B (150%)		$727		$27,319		$28,046				18.5		FP4		209				5561				5,770				18.5		FP4		190				9149				9,339

										3%		97%										729				21820				$22,549								734				36468				$37,202

								Constrained by Funds $37.6 B (200%)		$734		$36,468		$37,202

										2%		98%										$4.70		$5.64		$7.05		$9.40

																																				BCR=1

																								$0.38										Year				Rural				Urban				Overall

		Reconstruction Level		RL				System Conditions - Deficiencies as a Percentage of Mileage (PSR Reconstruction)																										3.5		FP1		411				14649				15,060

		Urban		PSR				Scenarios		Initial		FP 1		FP 2		FP3		FP 4																8.5		FP2		48				3845				3,893

		Interstate		2.3				Full Engineering Needs		7.76%		0.00%		0.00%		0.00%		0.00%																13.5		FP3		71				2100				2,171

		Expressways		2.3				Minumum BCR=1		7.76%		0.42%		0.63%		1.15%		1.19%																18.5		FP4		157				4261				4,418

		Principle Arterial		2.3				Constrained by Funds $18.8 B (100%)		7.76%		7.60%		7.86%		7.00%		6.42%																				687				24855				25,542

		Minor Arterial		2				Constrained by Funds $22.6 B (120%)		7.76%		7.53%		6.97%		5.02%		2.94%

		Collectors		1.5				Constrained by Funds $28.2 B (150%)		7.76%		7.05%		4.30%		1.50%		1.19%																		Full Engineering Needs

								Constrained by Funds $37.6 B (200%)		7.76%		5.93%		0.63%		1.15%		1.19%																Year				Rural				Urban				Overall

																																		3.5		FP1		754				19876				20,630

																																		8.5		FP2		25				4872				4,897

																																		13.5		FP3		51				7367				7,418

																																		18.5		FP4		173				9362				9,535

																																						1003				41477				$42,480

								Minimum BCR vs. Funding Constraints ($m) - Improvement Costs

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall

								Minimum BCR = 3 ($17.2 B)		$8,664		$2,988		$2,727		$2,855		$17,234

								Constrained by Funds $18.8 B (100%)		$4,665		$4,461		$4,922		$4,422		$18,470

								Minimum BCR = 2 ($21.0 B)		$12,000		$2,932		$2,870		$3,185		$20,987

								Constrained by Funds $22.6 B (120%)		$5,604		$5,609		$5,566		$5,770		$22,549

								Minimum BCR = 1 ($25.5 B)		$15,060		$3,893		$2,171		$4,418		$25,542

								Constrained by Funds $28.2 B (150%)		$7,014		$6,975		$7,122		$6,935		$28,046

								Maintain Current Conditions 17.9 B		$4,658		$3,867		$4,279		$5,094		$17,898

								Full Engineering Needs 42.5 B		$20,630		$4,897		$7,418		$9,535		$42,480

								Minimum BCR vs. Funding Constraints - System Conditions (PSR Reconstruction)

								Scenarios		Initial		FP 1		FP 2		FP 3		FP 4

								Minimum BCR = 3 ($17.2 B)		7.76%		6.10%		6.22%		6.24%		6.80%

								Constrained by Funds $18.8 B (100%)		7.76%		7.60%		7.86%		7.00%		6.42%

								Scenarios		Initial		FP 1		FP 2		FP 3		FP 4

								Minimum BCR = 2 ($21.0 B)		7.76%		3.84%		3.67%		4.00%		4.83%

								Constrained by Funds $22.6 B (120%)		7.76%		7.53%		6.97%		5.02%		2.94%

								Scenarios		Initial		FP 1		FP 2		FP 3		FP 4

								Minimum BCR = 1 ($25.5 B)		7.76%		0.42%		0.63%		1.15%		1.19%

								Constrained by Funds $28.2 B (150%)		7.76%		7.05%		4.30%		1.50%		1.19%

								Scenarios		Initial		FP 1		FP 2		FP 3		FP 4

								Full Engineering Needs $47 B		7.76%		0%		0%		0%		0%

								Maintain Current Conditions $17.9 B

								Do Nothing		7.76%		12.02%		15.79%		19.32%		25.69%

		1.3783783784

								Minimum BCR vs. Funding Constraints ($m) - Benefit to Cost Ratio

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall						Scenarios		Average BCR

								Minimum BCR = 3 ($17.2 B)		7.86		5.04		5.31		5.42		6.56						Minimum BCR = 3 ($17.2 B)		6.56

								Constrained by Funds $18.8 B (100%)		11.20		5.56		4.60		4.48		6.47						Constrained by Funds $18.8 B (100%)		6.47

								Minimum BCR = 2 ($21.0 B)		6.33		4.72		4.53		4.73		5.62						Minimum BCR = 2 ($21.0 B)		5.62

								Constrained by Funds $22.6 B (120%)		10.21		4.55		3.95		3.48		5.53						Constrained by Funds $22.6 B (120%)		5.53

								Minimum BCR = 1 ($25.5 B)		5.36		5.75		4.58		3.89		4.80						Minimum BCR = 1 ($25.5 B)		4.80

								Constrained by Funds $28.2 B (150%)		9.00		3.83		2.90		4.15		5.07						Constrained by Funds $28.2 B (150%)		5.07

																								Maintenance Cost Savings/Total Costs _Total

																								Scenarios		Scenarios

																								Minimum BCR = 3 ($17.2 B)		0.53

																								Constrained by Funds $18.8 B (100%)		0.49

																								Minimum BCR = 2 ($21.0 B)		0.44

																								Constrained by Funds $22.6 B (120%)		0.42

																								Minimum BCR = 1 ($25.5 B)		0.39

																								Constrained by Funds $28.2 B (150%)		0.35

								Minimum BCR vs. Funding Constraints ($m) - Maintenance-Cost Savings

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall

								Minimum BCR = 3 ($17.2 B)		$5,100		$1,220		$820		$1,990		$9,130

								Constrained by Funds $18.8 B (100%)		$4,360		$1,980		$1,010		$1,690		$9,040

								Minimum BCR = 2 ($21.0 B)		$5,050		$1,180		$980		$2,060		$9,270

								Constrained by Funds $22.6 B (120%)		$4,730		$1,760		$830		$2,100		$9,420

								Minimum BCR = 1 ($25.5 B)		$5,070		$1,590		$900		$2,430		$9,990

								Constrained by Funds $28.2 B (150%)		$4,980		$1,380		$970		$2,410		$9,740

																								Return on Investment for Different Funding Levels (BCR)

																								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall

																								Constrained by Funds $18.8 B (100%)		11.2		5.56		4.6		4.48		6.47

																								Constrained by Funds $22.6 B (120%)		10.21		4.55		3.95		3.48		5.53

																								Constrained by Funds $28.2 B (150%)		9		3.83		2.9		4.15		5.07

																								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall

																								Minimum BCR = 3 ($17.2 B)		7.86		5.04		5.31		5.42		6.56

																								Minimum BCR = 2 ($21.0 B)		6.33		4.72		4.53		4.73		5.62

																								Minimum BCR = 1 ($25.5 B)		5.36		5.75		4.58		3.89		4.8

																								Under Current Funding Constraints IRI<=170

																								Funding Period		Unacceptable Condition (IRI<=170)

																								Initial		14.52%

																								FP1		17.13%

																								FP2		20.64%		Reconstruction Condition (PSR = 1.5-2.3)

																								FP3		32.70%		7.76%

																								FP4		33.06%		8%

																												7.86%

																												7.00%

																												6.42%

								Minimum BCR vs. Funding Constraints ($m) - Total Benefits

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall

								Minimum BCR = 3 ($17.2 B)		$68,099		$15,060		$14,480		$15,474		$113,055		$112,980

								Constrained by Funds $18.8 B (100%)		$52,248		$24,803		$22,641		$19,811		$119,501		$117,720

								Minimum BCR = 2 ($21.0 B)		$75,960		$13,839		$13,001		$15,065		$117,947		$117,000

								Constrained by Funds $22.6 B (120%)		$57,217		$25,521		$21,986		$20,080		$124,696		$124,280

								Minimum BCR = 1 ($25.5 B)		$80,722		$22,385		$9,943		$17,186		$122,602		$123,110

								Constrained by Funds $28.2 B (150%)		$63,126		$26,714		$20,654		$28,780		$142,193		$125,210

								Minimum BCR vs. Funding Constraints ($m) - User Benefits																User Benefits/Total Costs

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall						Scenarios		Scenarios

								Minimum BCR = 3 ($17.2 B)		$63,680		$14,760		$14,220		$13,220		$105,880						Minimum BCR = 3 ($17.2 B)		6.14

								Constrained by Funds $18.8 B (100%)		$50,510		$23,550		$19,010		$17,410		$110,480						Constrained by Funds $18.8 B (100%)		5.98

								Minimum BCR = 2 ($21.0 B)		$69,780		$14,490		$12,150		$13,530		$109,950						Minimum BCR = 2 ($21.0 B)		5.24

								Constrained by Funds $22.6 B (120%)		$55,010		$23,590		$18,730		$19,470		$116,800						Constrained by Funds $22.6 B (120%)		5.18

								Minimum BCR = 1 ($25.5 B)		$73,920		$15,150		$9,980		$16,390		$115,440						Minimum BCR = 1 ($25.5 B)		4.52

								Constrained by Funds $28.2 B (150%)		$60,340		$24,030		$18,750		$14,470		$117,590						Constrained by Funds $28.2 B (150%)		4.19

								Minimum BCR vs. Funding Constraints ($m) - Pollution Damage Costs																Pollution Damage Costs/Total Costs

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall						Scenarios		Scenarios

								Minimum BCR = 3 ($17.2 B)		$410		$490		$540		$590		$2,030						Minimum BCR = 3 ($17.2 B)		-0.12

								Constrained by Funds $18.8 B (100%)		$310		$440		$500		$550		$1,800						Constrained by Funds $18.8 B (100%)		-0.10

								Minimum BCR = 2 ($21.0 B)		$460		$540		$590		$630		$2,220						Minimum BCR = 2 ($21.0 B)		-0.11

								Constrained by Funds $22.6 B (120%)		$350		$460		$530		$600		$1,940						Constrained by Funds $22.6 B (120%)		-0.09

								Minimum BCR = 1 ($25.5 B)		$480		$580		$600		$660		$2,320						Minimum BCR = 1 ($25.5 B)		-0.09

								Constrained by Funds $28.2 B (150%)		$400		$510		$580		$630		$2,120						Constrained by Funds $28.2 B (150%)		-0.08

								System Benefits for All Scenarios

								Scenarios		Maintenance Cost Savings		User Benefits		Pollution Damage Savings		Overall

								Minimum BCR = 3 ($17.2 B)		$9,130		$105,880		-$2,030		$112,980

								Constrained by Funds $18.8 B (100%)		$9,040		$110,480		-$1,800		$117,720

								Minimum BCR = 2 ($21.0 B)		$9,270		$109,950		-$2,220		$117,000

								Constrained by Funds $22.6 B (120%)		$9,420		$116,800		-$1,940		$124,280

								Minimum BCR = 1 ($25.5 B)		$9,990		$115,440		-$2,320		$123,110

								Constrained by Funds $28.2 B (150%)		$9,740		$117,590		-$2,120		$125,210
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Deficiencies as % of Mileage



		



Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Deficiencies as % of Mileage



		0		0

		0		0

		0		0

		0		0



CEE:

CEE:

CEE:

CEE:

CEE:

Full Engineering Needs

Minumum BCR=1

Constrained by Funds $18.8 B (100%)

Constrained by Funds $22.6 B (120%)

Constrained by Funds $28.2 B (150%)

Constrained by Funds $37.6 B (200%)

Funding Period

Reconstruction Level as % of Mileage

CEE:

CEE:

CEE:

CEE:

CEE:

CEE:

#REF!

Full Engineering Needs $47 B

Do Nothing

Funding Period

Deficiencies (RL) as %  of Mileage

1

Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Funding Period

Average BCR



		0		0

		0		0

		0		0

		0		0



Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Funding Period

Average BCR



		0		0

		0		0

		0		0

		0		0



Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Funding Period

Average BCR



		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Scenarios

Overall Average BCR



		0		0		0

		0		0		0

		0		0		0

		0		0		0



CEE:

CEE:

CEE:

CEE:

CEE:

CEE:

CEE:

CEE:

Constrained by Funds $18.8 B (100%)

Constrained by Funds $22.6 B (120%)

Constrained by Funds $28.2 B (150%)

Funding Period

Average BCR

0

0

0

0

0

0

0

0

0

0

0

0

Minimum BCR = 3 ($17.2 B)

Minimum BCR = 2 ($21.0 B)

Minimum BCR = 1 ($25.5 B)

Funding Period

Average BCR



		0		0

		0		0

		0		0

		0		0

		0		0



Unacceptable Condition (IRI<=170)

Reconstruction Condition (PSR = 1.5-2.3)

Funding Period

Deficiencies as % of Mileage



		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Investment  Return on Maintenance Cost Savings



		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Investment  Return on User Benefits



		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Investment  Return on Pollution Damage Cost  Savings



		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Funding Period

User Benefits ($m)



		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Funding Period

Pollution Damage Costs ($m)



		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Funding Period

Maintenance Cost Savings ($m)
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Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Funding Period

Improvement Costs ($ B)



Sheet1

								Improvement Statistics ($m)										Discount Rate		0.04		4-FP 100%		FP 120%		4 FP 150%		4 FP 200%

								Scenarios		Rural Overall Initial Cost		Urban Overall Initial Cost		Overall Initial Cost				$ Billion		$23.5		$18.8		$22.6		$28.2		$37.6								$28.20

		Rural/overall- funding constrained		0.061776403														Year				Rural				Urban				Overall				Year				Rural				Urban				Overall

		rural/overall- BCR=1		0.0167529262				Full Engineering Needs		$1,003		$41,477		$42,480				3.5		FP1		142				4523				4,665				3.5		FP1		373				6641				7,014

										2%		98%						8.5		FP2		79				4382				4,461				8.5		FP2		71				6904				6,975

								Minumum BCR=1		$687		$24,855		$25,542				13.5		FP3		299				4623				4,922				13.5		FP3		93				7029				7,122

										3%		97%						18.5		FP4		180				4242				4,422				18.5		FP4		190				6745				6,935

																						700				17770				$18,470								727				27319				$28,046

																				$22.56																$37.60

								Constrained by Funds $18.8 B (100%)		$700		$17,770		$18,470				Year				Rural				Urban				Overall				Year				Rural				Urban				Overall

										4%		96%						3.5		FP1		142				5462				5,604				3.5		FP1		373				9006				9,379

								Constrained by Funds $22.6 B (120%)		$729		$21,820		$22,549				8.5		FP2		79				5530				5,609				8.5		FP2		100				9171				9,271

										3%		97%						13.5		FP3		299				5267				5,566				13.5		FP3		71				9142				9,213

								Constrained by Funds $28.2 B (150%)		$727		$27,319		$28,046				18.5		FP4		209				5561				5,770				18.5		FP4		190				9149				9,339

										3%		97%										729				21820				$22,549								734				36468				$37,202

								Constrained by Funds $37.6 B (200%)		$734		$36,468		$37,202

										2%		98%										$4.70		$5.64		$7.05		$9.40

																																				BCR=1

																								$0.38										Year				Rural				Urban				Overall

		Reconstruction Level		RL				System Conditions - Deficiencies as a Percentage of Mileage (PSR Reconstruction)																										3.5		FP1		411				14649				15,060

		Urban		PSR				Scenarios		Initial		FP 1		FP 2		FP3		FP 4																8.5		FP2		48				3845				3,893

		Interstate		2.3				Full Engineering Needs		7.76%		0.00%		0.00%		0.00%		0.00%																13.5		FP3		71				2100				2,171

		Expressways		2.3				Minumum BCR=1		7.76%		0.42%		0.63%		1.15%		1.19%																18.5		FP4		157				4261				4,418

		Principle Arterial		2.3				Constrained by Funds $18.8 B (100%)		7.76%		7.60%		7.86%		7.00%		6.42%																				687				24855				25,542

		Minor Arterial		2				Constrained by Funds $22.6 B (120%)		7.76%		7.53%		6.97%		5.02%		2.94%

		Collectors		1.5				Constrained by Funds $28.2 B (150%)		7.76%		7.05%		4.30%		1.50%		1.19%																		Full Engineering Needs

								Constrained by Funds $37.6 B (200%)		7.76%		5.93%		0.63%		1.15%		1.19%																Year				Rural				Urban				Overall

																																		3.5		FP1		754				19876				20,630

																																		8.5		FP2		25				4872				4,897

																																		13.5		FP3		51				7367				7,418

																																		18.5		FP4		173				9362				9,535

																																						1003				41477				$42,480

								Minimum BCR vs. Funding Constraints ($m) - Improvement Costs

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall

								Minimum BCR = 3 ($17.2 B)		$8,664		$2,988		$2,727		$2,855		$17,234

								Constrained by Funds $18.8 B (100%)		$4,665		$4,461		$4,922		$4,422		$18,470

								Minimum BCR = 2 ($21.0 B)		$12,000		$2,932		$2,870		$3,185		$20,987

								Constrained by Funds $22.6 B (120%)		$5,604		$5,609		$5,566		$5,770		$22,549

								Minimum BCR = 1 ($25.5 B)		$15,060		$3,893		$2,171		$4,418		$25,542

								Constrained by Funds $28.2 B (150%)		$7,014		$6,975		$7,122		$6,935		$28,046

								Maintain Current Conditions 17.9 B		$4,658		$3,867		$4,279		$5,094		$17,898

								Full Engineering Needs 42.5 B		$20,630		$4,897		$7,418		$9,535		$42,480

								Minimum BCR vs. Funding Constraints - System Conditions (PSR Reconstruction)

								Scenarios		Initial		FP 1		FP 2		FP 3		FP 4

								Minimum BCR = 3 ($17.2 B)		7.76%		6.10%		6.22%		6.24%		6.80%

								Constrained by Funds $18.8 B (100%)		7.76%		7.60%		7.86%		7.00%		6.42%

								Scenarios		Initial		FP 1		FP 2		FP 3		FP 4

								Minimum BCR = 2 ($21.0 B)		7.76%		3.84%		3.67%		4.00%		4.83%

								Constrained by Funds $22.6 B (120%)		7.76%		7.53%		6.97%		5.02%		2.94%

								Scenarios		Initial		FP 1		FP 2		FP 3		FP 4

								Minimum BCR = 1 ($25.5 B)		7.76%		0.42%		0.63%		1.15%		1.19%

								Constrained by Funds $28.2 B (150%)		7.76%		7.05%		4.30%		1.50%		1.19%

								Scenarios		Initial		FP 1		FP 2		FP 3		FP 4

								Full Engineering Needs $47 B		7.76%		0%		0%		0%		0%

								Maintain Current Conditions $17.9 B

								Do Nothing		7.76%		12.02%		15.79%		19.32%		25.69%

		1.3783783784

								Minimum BCR vs. Funding Constraints ($m) - Benefit to Cost Ratio

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall						Scenarios		Average BCR

								Minimum BCR = 3 ($17.2 B)		7.86		5.04		5.31		5.42		6.56						Minimum BCR = 3 ($17.2 B)		6.56

								Constrained by Funds $18.8 B (100%)		11.20		5.56		4.60		4.48		6.47						Constrained by Funds $18.8 B (100%)		6.47

								Minimum BCR = 2 ($21.0 B)		6.33		4.72		4.53		4.73		5.62						Minimum BCR = 2 ($21.0 B)		5.62

								Constrained by Funds $22.6 B (120%)		10.21		4.55		3.95		3.48		5.53						Constrained by Funds $22.6 B (120%)		5.53

								Minimum BCR = 1 ($25.5 B)		5.36		5.75		4.58		3.89		4.80						Minimum BCR = 1 ($25.5 B)		4.80

								Constrained by Funds $28.2 B (150%)		9.00		3.83		2.90		4.15		5.07						Constrained by Funds $28.2 B (150%)		5.07

																								Maintenance Cost Savings/Total Costs _Total

																								Scenarios		Scenarios

																								Minimum BCR = 3 ($17.2 B)		0.53

																								Constrained by Funds $18.8 B (100%)		0.49

																								Minimum BCR = 2 ($21.0 B)		0.44

																								Constrained by Funds $22.6 B (120%)		0.42

																								Minimum BCR = 1 ($25.5 B)		0.39

																								Constrained by Funds $28.2 B (150%)		0.35

								Minimum BCR vs. Funding Constraints ($m) - Maintenance-Cost Savings

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall

								Minimum BCR = 3 ($17.2 B)		$5,100		$1,220		$820		$1,990		$9,130

								Constrained by Funds $18.8 B (100%)		$4,360		$1,980		$1,010		$1,690		$9,040

								Minimum BCR = 2 ($21.0 B)		$5,050		$1,180		$980		$2,060		$9,270

								Constrained by Funds $22.6 B (120%)		$4,730		$1,760		$830		$2,100		$9,420

								Minimum BCR = 1 ($25.5 B)		$5,070		$1,590		$900		$2,430		$9,990

								Constrained by Funds $28.2 B (150%)		$4,980		$1,380		$970		$2,410		$9,740

																								Return on Investment for Different Funding Levels (BCR)

																								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall

																								Constrained by Funds $18.8 B (100%)		11.2		5.56		4.6		4.48		6.47

																								Constrained by Funds $22.6 B (120%)		10.21		4.55		3.95		3.48		5.53

																								Constrained by Funds $28.2 B (150%)		9		3.83		2.9		4.15		5.07

																								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall

																								Minimum BCR = 3 ($17.2 B)		7.86		5.04		5.31		5.42		6.56

																								Minimum BCR = 2 ($21.0 B)		6.33		4.72		4.53		4.73		5.62

																								Minimum BCR = 1 ($25.5 B)		5.36		5.75		4.58		3.89		4.8

																								Under Current Funding Constraints IRI<=170

																								Funding Period		Unacceptable Condition (IRI<=170)

																								Initial		14.52%

																								FP1		17.13%

																								FP2		20.64%		Reconstruction Condition (PSR = 1.5-2.3)

																								FP3		32.70%		7.76%

																								FP4		33.06%		8%

																												7.86%

																												7.00%

																												6.42%

								Minimum BCR vs. Funding Constraints ($m) - Total Benefits

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall

								Minimum BCR = 3 ($17.2 B)		$68,099		$15,060		$14,480		$15,474		$113,055		$112,980

								Constrained by Funds $18.8 B (100%)		$52,248		$24,803		$22,641		$19,811		$119,501		$117,720

								Minimum BCR = 2 ($21.0 B)		$75,960		$13,839		$13,001		$15,065		$117,947		$117,000

								Constrained by Funds $22.6 B (120%)		$57,217		$25,521		$21,986		$20,080		$124,696		$124,280

								Minimum BCR = 1 ($25.5 B)		$80,722		$22,385		$9,943		$17,186		$122,602		$123,110

								Constrained by Funds $28.2 B (150%)		$63,126		$26,714		$20,654		$28,780		$142,193		$125,210

								Minimum BCR vs. Funding Constraints ($m) - User Benefits																User Benefits/Total Costs

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall						Scenarios		Scenarios

								Minimum BCR = 3 ($17.2 B)		$63,680		$14,760		$14,220		$13,220		$105,880						Minimum BCR = 3 ($17.2 B)		6.14

								Constrained by Funds $18.8 B (100%)		$50,510		$23,550		$19,010		$17,410		$110,480						Constrained by Funds $18.8 B (100%)		5.98

								Minimum BCR = 2 ($21.0 B)		$69,780		$14,490		$12,150		$13,530		$109,950						Minimum BCR = 2 ($21.0 B)		5.24

								Constrained by Funds $22.6 B (120%)		$55,010		$23,590		$18,730		$19,470		$116,800						Constrained by Funds $22.6 B (120%)		5.18

								Minimum BCR = 1 ($25.5 B)		$73,920		$15,150		$9,980		$16,390		$115,440						Minimum BCR = 1 ($25.5 B)		4.52

								Constrained by Funds $28.2 B (150%)		$60,340		$24,030		$18,750		$14,470		$117,590						Constrained by Funds $28.2 B (150%)		4.19

								Minimum BCR vs. Funding Constraints ($m) - Pollution Damage Costs																Pollution Damage Costs/Total Costs

								Scenarios		FP 1		FP 2		FP 3		FP 4		Overall						Scenarios		Scenarios

								Minimum BCR = 3 ($17.2 B)		$410		$490		$540		$590		$2,030						Minimum BCR = 3 ($17.2 B)		-0.12

								Constrained by Funds $18.8 B (100%)		$310		$440		$500		$550		$1,800						Constrained by Funds $18.8 B (100%)		-0.10

								Minimum BCR = 2 ($21.0 B)		$460		$540		$590		$630		$2,220						Minimum BCR = 2 ($21.0 B)		-0.11

								Constrained by Funds $22.6 B (120%)		$350		$460		$530		$600		$1,940						Constrained by Funds $22.6 B (120%)		-0.09

								Minimum BCR = 1 ($25.5 B)		$480		$580		$600		$660		$2,320						Minimum BCR = 1 ($25.5 B)		-0.09

								Constrained by Funds $28.2 B (150%)		$400		$510		$580		$630		$2,120						Constrained by Funds $28.2 B (150%)		-0.08

								System Benefits for All Scenarios

								Scenarios		Maintenance Cost Savings		User Benefits		Pollution Damage Savings		Overall

								Minimum BCR = 3 ($17.2 B)		$9,130		$105,880		-$2,030		$112,980

								Constrained by Funds $18.8 B (100%)		$9,040		$110,480		-$1,800		$117,720

								Minimum BCR = 2 ($21.0 B)		$9,270		$109,950		-$2,220		$117,000

								Constrained by Funds $22.6 B (120%)		$9,420		$116,800		-$1,940		$124,280

								Minimum BCR = 1 ($25.5 B)		$9,990		$115,440		-$2,320		$123,110

								Constrained by Funds $28.2 B (150%)		$9,740		$117,590		-$2,120		$125,210
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Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Funding Period

Improvement Costs ($ B)
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Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Funding Period

Improvement Costs ($ B)
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Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Funding Period

Improvement Costs ($ B)



		



Maintain Current Conditions 17.9 B

Full Engineering Needs 42.5 B

Funding Period

Improvement Costs ($ B)



		



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Deficiencies as % of Mileage



		



Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Deficiencies as % of Mileage



		



Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Deficiencies as % of Mileage
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		0		0
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CEE:

Full Engineering Needs

Minumum BCR=1

Constrained by Funds $18.8 B (100%)

Constrained by Funds $22.6 B (120%)

Constrained by Funds $28.2 B (150%)

Constrained by Funds $37.6 B (200%)

Funding Period

Reconstruction Level as % of Mileage

CEE:

CEE:

CEE:

CEE:

CEE:

CEE:

#REF!

Full Engineering Needs $47 B

Do Nothing

Funding Period

Deficiencies (RL) as %  of Mileage

1

Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Funding Period

Average BCR



		0		0

		0		0

		0		0
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Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Funding Period

Average BCR
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Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Funding Period

Average BCR
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Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Scenarios

Overall Average BCR
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		0		0		0



CEE:

CEE:

CEE:

CEE:

CEE:

CEE:

CEE:

CEE:

Constrained by Funds $18.8 B (100%)

Constrained by Funds $22.6 B (120%)

Constrained by Funds $28.2 B (150%)

Funding Period

Average BCR

0

0

0

0

0

0

0

0

0

0

0

0

Minimum BCR = 3 ($17.2 B)

Minimum BCR = 2 ($21.0 B)

Minimum BCR = 1 ($25.5 B)

Funding Period

Average BCR



		0		0

		0		0

		0		0

		0		0

		0		0



Unacceptable Condition (IRI<=170)

Reconstruction Condition (PSR = 1.5-2.3)

Funding Period

Deficiencies as % of Mileage



		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Investment  Return on Maintenance Cost Savings



		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Investment  Return on User Benefits



		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Investment  Return on Pollution Damage Cost  Savings



		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Funding Period

User Benefits ($m)



		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Funding Period

Pollution Damage Costs ($m)



		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



Minimum BCR = 3 ($17.2 B)

Constrained by Funds $18.8 B (100%)

Minimum BCR = 2 ($21.0 B)

Constrained by Funds $22.6 B (120%)

Minimum BCR = 1 ($25.5 B)

Constrained by Funds $28.2 B (150%)

Funding Period

Maintenance Cost Savings ($m)
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