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Introduction 
The Safe, Accountable, Flexible, Efficient Transportation Equity Act – A Legacy for Users 
(SAFETEA-LU) requires fiscally constrained transportation improvement programs (TIP), 
statewide transportation improvement programs (STIP), and long range plans.  This white paper 
explores one example of how agencies can implement the principles of transportation asset 
management to help meet these requirements.     

Generally speaking, as our national transportation system ages, many agencies are finding they 
need to devote a greater share of their funding to operating and maintaining the transportation 
system than they have in the past.  To the extent that funds are used for preserving the existing 
transportation network, rather than improving the network, it is important that system owners be 
able to estimate the resources required to operate and maintain the network.  

The emerging area of transportation asset management provides a set of tools and approaches for 
helping allocate scarce resources.  Much of the emphasis in asset management is on using quality 
data to implement a performance-based approach to managing transportation assets.  Using 
performance data to assess needs and inform resource allocation decisions provides greater 
insight than traditional approaches that rely on simple estimates of needs without supplemental 
information on the impact of funding levels on performance.  Approaching resource allocation 
decisions with performance-based needs assessments is an essential part of meeting the fiscally 
constrained requirements of SAFETEA-LU.   

Overview of Transportation Asset Management  
The needs assessment approach presented in this paper is based on the fundamentals of 
transportation asset management.  Asset management is a set of principles and best practices 
aimed at making better resource allocation decisions.  The America Association of State 
Highway and Transportation Officials (AASHTO) defines asset management as: 

“…a strategic and systematic process of operating, maintaining, 
upgrading, and expanding physical assets effectively throughout their 
lifecycle.  It focuses on business and engineering practices for resource 
allocation and utilization, with the objective of better decision making 
based upon quality information and well defined objectives.” 

As Mary Peters, the Secretary of Transportation, has frequently put it: 

“If I have one additional dollar to spend on the transportation system, 
what is the most effective way to spend it?” 

The essence of asset management is answering this question. 
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Asset Management Principles 

The core principles of asset management are: 

• Policy-Driven – Resource allocation decisions are based on a well-defined and explicitly 
stated set of policy goals and objectives.  These objectives reflect desired system condition, 
level of service, and safety provided to customers, and typically are tied to economic, 
community and environmental goals as well. 

• Performance-Based – Policy objectives are translated into system performance measures 
that are used for both day-to-day and strategic management. 

• Analysis of Options and Tradeoffs – Decisions on how to allocate resources within and 
across different types of investments (e.g., preventive maintenance, rehabilitation, 
pavements, bridges, capacity expansion, operations, different modal mixes, safety, etc.) are 
based on an analysis of how different allocations will impact performance.    

• Decisions Based on Quality Information – The merits of different options are evaluated 
using credible and current data.  Where appropriate, decision support tools are used to 
provide easy access to needed information, to assist with performance tracking and 
predictions, and to perform specialized analysis such as optimization, scenario analysis, and 
life-cycle cost analysis. 

• Monitoring to Provide Clear Accountability and Feedback – Performance results are 
monitored and reported.  Feedback on actual performance influences agency goals and 
objectives, as well as future resource allocation decisions. 

These principles are not unfamiliar, nor are they radical.  Most transportation practitioners would 
agree that investment decisions should be based on weighing costs against likely outcomes, that 
a variety of options should be considered and evaluated, and that quality information is needed 
for decision-making.  Most agencies recognize that the application of asset management 
principles is critical in times of constrained resources, when investment and budget decisions are 
subject to increased public scrutiny. 

Asset Management and the Transportation Planning Process 

A common reaction to the broad description of asset management is “how is this different from 
the overall planning and programming process in an agency?”  The response is that asset 
management is not a new kind of business process that replaces planning and programming.  
Rather, it should be viewed as an improved set of practices to be employed within the established 
planning and programming framework.  Existing regulations pertaining to the planning process 
provide the context within which asset management practice can occur.  Examining the planning 
process using the lens of asset management provides an opportunity to explore ways to continue 
to strengthen the mission of transportation planning.  The needs assessment approach presented 
below is just one example of the application of asset management to the planning process. 
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Defining the Scope of a Needs Assessment 
Which Types of Work should be Included? 

Transportation system needs can be defined broadly as encompassing preservation, operations 
and capacity expansion activities.   

• Preservation encompasses work to extend the life of existing facilities (and associated 
hardware and equipment), or to repair damage that impedes mobility or safety.  The purpose 
of system preservation is to retain the existing value of the network and its ability to perform 
as designed.  System preservation counters the wear and tear of physical infrastructure that 
occurs over time due to traffic loading, climate, crashes, and aging.  It is accomplished 
through both capital projects and maintenance actions. 

• Operations focuses on the real-time service and operational efficiency provided by the 
transportation system for both people and freight movement on a day-to-day basis.  Examples 
of operations actions include real-time traffic surveillance, monitoring, control, and response; 
intelligent transportation systems (ITS); signal phasing and real-time signal controllers at 
intersections; and traveler information systems.  Although operations focuses on managing a 
transportation system, the infrastructure needed to provide this capability may be substantial.  
Operation strategies require both capital and operating budgets. 

• Capacity expansion focuses on the actions needed to expand the service provided by the 
existing system for both people and freight.  Capacity expansion can be achieved either by 
adding physical capacity to an existing asset, or by constructing new assets. 

The needs assessment approach described in this paper initially focuses on preservation and 
operations, because the main objective is to estimate how much money is required for the 
existing network in order to set the financial limits for evaluating capacity expansion 
alternatives.  However, the same concepts also can be applied to the capacity expansion area. 

Which Assets Should Be Included?   

Transportation networks are large and complex and consist of a wide variety of asset types, 
ranging from pavement and bridges, to roadside features and operations equipment, to transit 
vehicles and facilities.  While the principals of asset management can be applied to any physical 
asset, the reality is that significant attention has been devoted to developing systems and 
approaches for two asset types – pavements and bridges.  The data, tools and approaches for 
other asset types are typically rudimentary by comparison.  This is not an accidental 
development: pavements and bridges necessarily consume the greatest portion of agencies’ 
preservation expenditures, and the data, tools and processes have evolved based on this reality.   

Most transportation agencies have the resources available to conduct a performance-based needs 
assessment for pavements and bridges.  At a minimum, federally-mandated data sets such as 
Highway Performance Monitoring System (HPMS) and National Bridge Inventory (NBI) data 
are available for the federally-funded network.  In addition, there are a number of tools available 
that take advantage of these data sets.  Examples include the Highway Economic Requirements 
System – State Version (HERS-ST), the National Bridge Investment Analysis System (NBIAS) 
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and AssetManager NT.  Numerous agencies have data that go beyond these minimum 
requirements and have the capability to analyze them as part of a performance-based needs 
assessment. 

While initially focusing on pavements and bridges, it is recommended that agencies work to 
expand their analytical capabilities to other high-priority assets.  For example, a number of 
agencies are working to implement maintenance quality assurance programs, which address 
needs on roadside features, and more sophisticated approaches for analyzing assets such as signs, 
overhead sign structures and culverts.  As capabilities in these areas evolve, they should be 
incorporated into the needs assessment process.  

A Shift in How “Needs” are Defined 
The basic question of a needs assessment is this - how much money do we need to maintain and 
operate the existing transportation network?  There are two ways of answering this question – a 
traditional needs study and a performance-based needs assessment. 

Traditional Needs Study 

The traditional way of answering the needs question involves the following steps: 

• Compile condition data; 

• Define condition thresholds below which an asset is deficient; 

• Apply the thresholds to the condition data in order to identify deficiencies; 

• Determine the work required to address the deficiencies and develop capital cost estimates; 
and 

• Estimate operating costs based on historic funding levels. 

The end result of this exercise is the cost of addressing all existing deficiencies.  For example, 
“our agency needs to spend $75 billion dollars over the next 25 years in order to maintain and 
operate the existing transportation system.”    

The FHW A introduced this approach in the mid-1960’s as a way of communicating to Congress 
the cost of maintaining the nation’s highway system.  Based on the success of this approach in 
supporting funding requests, it was adopted by numerous agencies and has been used extensively 
for the past 40 years as part of the long range planning process. 

One of the main disadvantages of this approach is that as the nation’s infrastructure has aged, the 
resulting needs values have risen to the point of no longer being in the realm of possibility giving 
the current funding environment.  In almost all cases, needs are greater then the available budget.  
Over time, this gap has widened and the disconnect has desensitized decision makers to the total 
cost of maintaining the transportation network.  There is a danger that eventually a feeling will 
take hold that the needs are so far beyond the available resources, that the transportation system 
is a lost cause and that attention and resources should be shifted to other areas where a difference 
can still be made. Another major disadvantage of this approach is that the final needs number 
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provide no context for developing evaluating capacity expansion projects or for developing 
fiscally constrained plans and programs. 

A basic strategy for addressing the weaknesses of the traditional approach to needs assessment is 
to apply economic criteria to the needs estimates.  That is, rather than simply tallying the cost of 
repairing all assets exceeding some threshold, an economic analysis of needs considers whether 
the benefits of performing recommended work exceed the costs of the work, and modifies the 
unconstrained needs estimates accordingly.  FHW A ’s estimates of national highway investment 
needs are based on such an approach.  However, most state DOT and MPO needs estimates are 
based on unconstrained estimates of needs.  Further, even when needs estimates are subjected to 
economic criteria, the simply-stated, often staggeringly large, estimate of needs generated with 
this approach provide little or no insight concerning what will happen if the needs are not met, or  
how an agency with a constrained budget can best address its needs.  

Performance-Based Needs Assessment 

Another way of answering the needs question, is to start by asking another question – given our 
anticipated revenue levels, how well should each component of the network be maintained?  
Once this second question has been answered, needs can be estimated by calculating the cost of 
achieving the performance targets.  Performance-based needs assessment consists of the 
following steps: 

• Define performance measures; 

• Analyze the relationship between funding and performance;   

• Develop realistic funding scenarios, where each scenario represents a different funding level; 
and 

• Present the results of the analysis to decision makers in a format that enables them to 
establish performance and funding targets. 

The resulting funding targets represent relative needs that reflect an agency’s policy goals and 
objectives.  For example, “our agency needs to spend $40 billion over the next 25 years in order 
to achieve the following performance targets…” 

Comparing the Two Approaches 

Table 1 highlights the differences between the traditional, unconstrained and performance-based 
approaches to needs assessment. 
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Table 1.  Traditional versus Performance-Based 

Traditional Needs Assessment Performance-Based Needs Assessment 
All deficiencies are equal - There is no indication of 
relative importance.      

Policies are tied to actions – Results reflect the agencies 
priorities.  For example, the needs may reflect the cost 
of improving bridge conditions while letting pavement 
conditions decrease. 

Fiscally unconstrained – A need is a need regardless of 
if there are the resources to address it. 

Fiscally constrained – Realistic performance targets are 
set and the needs reflect the cost of achieving them. 

Absolute needs – Needs represents the cost of 
achieving an ideal state of repair. 

Relative needs – Needs represents the cost of achieving 
specific performance targets. 

Managing backlog – Work is identified based on 
existing backlog.  If the rate of work does not keep up 
with the rate of deterioration, the backlog will grow 
overtime and overall needs will continually increase. 

Managing the system – Work is identified based on  
existing backlog and the desire to stem deterioration in 
order to minimize new backlog. 

Backwards looking – Needs reflects the current 
condition of the network.   

Forward looking – Needs reflects the existing and future 
conditions of the network. 

Example Application 
This section illustrates the implementation of a performance-based needs assessment approach.  
For illustrative purposes, it focuses on pavement preservation.  Similar types of analysis can be 
done for other assets types and work types.  However, agencies should expect that transitioning 
from traditional needs studies to performance-based needs assessments can take time.  The goal 
should be to implement a process that leverages existing data and tools, and is flexible enough to 
account for future analytic capabilities as they are become available.  Initially, a hybrid approach 
will likely be necessary.  For example, agencies could conduct the following types of analysis on 
pavements and bridges, and use a combination of historic funding trend analysis and traditional 
needs study approaches for other program areas.  However, this should be seen as an interim 
solution and agencies should strive to bring all needs assessment into the performance-based 
framework.  

Define Performance Measures  

The first step in the process is to identify the program areas that will be included in the needs 
assessment and to define at least one performance measure for each.  The most important 
criterion for selecting measures in this context is that they can be estimated over time for 
different funding levels.   

A common pavement performance measures is “percent of the network in good condition.”  This 
type of measure combines both technical and policy considerations.  The technical dimension is 
the definition of “good.”  This should reflect both sound engineering principles and a 
consideration of the service provided to the traveling public.  The policy dimension is the actual 
percent that should meet this standard.  This will be determined in later steps. 
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Analyze the Relationship Between Funding and Future Performance for each Measure 

Analyzing future performance as a function of funding level is an essential part of a 
performance-based needs assessment.  Table 2 illustrates the minimum data set required for this 
type of analysis.   

Table 2.  Minimum Data Requirements 

Measure Annual Funding Level Year Measure Value 
0 1 62 Percent pavement in 

good condition  2 50 
  3 41 
  etc.  
 $5 million 1 62 
  2 58 
  3 60 
  etc.  

Unfortunately, this requirement can be a significant initial hurdle for many agencies.  However, 
most agencies have implemented or have access to state-of-the-art pavement and bridge 
management systems.  These systems are designed to predict future asset conditions for various 
funding levels and operating policies.  The available systems include a mixture of homegrown 
applications, commercially-available systems, and systems developed and supported by FHW A 
and AASHTO.  Each of these systems uses a combination of decision trees, deterioration curves 
and cost models to estimate current condition levels, recommended specific actions, and model 
the impact of the actions.  Many of these systems also are capable of supporting project-level 
decisions.  For example, many are designed to recommend actions over the next five years for a 
specific segment of highway.  Although this type of asset-by-asset analysis may be going on 
behind the scenes, the focus for performance-based needs assessment is on the end result - 
network-level conditions. 

Compared to pavements and bridges, the capability to tie funding to performance for other assets 
is much less advanced.  Although a number of agencies have made significant progress in this 
area.  Examples include maintenance management tools that focus on maintenance levels of 
service, age-based spreadsheets for assets such as signs and transit vehicles, and buffer-analysis 
done with geographic information systems to determine the population served by building new 
nonmotorized facilities.      

Develop Funding Scenarios 

Once the relationship between funding and performance has been developed, the next step is to 
define realistic funding scenarios and determine the resulting performance for each.  An example 
of this type of analysis is presented in Figure 1.  It illustrates pavement condition over time for 
three different funding scenarios - $25 million per year, $5 million per year, and $0 per year.   
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Figure 1.  Performance versus Funding   
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To ensure meaningful results, the scenarios should be based on realistic funding allocations.  For 
example, it may not be politically or economically feasible to double an agency’s current 
pavement budget.  Realistic scenarios will help ensure that the final result of the analysis can be 
implemented as part of a fiscally constrained plan or program.     

Select Targets 

The final step is to establish a target for each measure and the associated funding level required 
to achieve it.  This gets to the relative nature of performance-based needs assessment.  There is 
no single answer to the question of “what are our needs?”  The answer depends on the 
performance targets trying to be achieved.   

One of the challenges of establishing meaningful targets is to present analytical results in a way 
that makes it possible for decision makers to fully understand the implications of their decisions.  
An example is illustrated in Figure 2.  It shows the end result in year 10 of different funding 
levels.  It was created by plotting the end points of the lines in Figure 1.  The thin dashed lines 
indicate that there is a point of diminishing returns around a budget level of $20 million per year.  
At this level, 100 percent of the network will be in good condition in ten years.  From a 
performance perspective, there is no added benefit of spending more money on pavements.  If 
there were adequate money available, an agency could decide to try to achieve this target.  If so, 
the amount of money needed to maintain the existing pavements would be $20 million per year.   



White Paper: Performance-Based Needs Assessment 
By Joseph A. Guerre 

  

Page 9 of 14  

Figure 2.  Setting Targets   
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The thicker dashed lines illustrate the cost of achieving a target of 80 percent.  If the agency sets 
this target, the amount of money needed to maintain the existing pavements would be around $10 
million per year.  

After going through a similar type of analysis for all other program areas, an agency would have 
a good understanding of what is needed to maintain and operate the existing system.  After 
comparing this value to the anticipated revenue estimates, it would know how much money is 
available for its capacity expansion program. 

Putting the Approach to Work 
The section above describes a simplified example of analysis within a single program area – 
pavement preservation.  In reality, the choices and tradeoffs are much more complicated than 
this.  For example, the following three dimensions could be added to the analysis: 

• Accounting for different work strategies;    

• Comparing multiple assets simultaneously; and    

• Incorporating capacity expansion into the analysis.    

This section describes how the Southeast Michigan Council of Governments (SEMCOG) 
addressed these issues as part of its performance-based needs assessment.  SEMCOG is the 
Metropolitan Planning Organization for the Detroit region.  The agency conducted the following 
analysis to support the development of its regional transportation plan.  
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Analyzing Different Work Strategies 

Within any given program area, there are different types of work that can be done.  For example, 
in the area of pavement preservation agencies can perform any combination of preventive 
maintenance, rehabilitation and reconstruction activities.  The amount of money required to 
achieve a specified target will vary depending on the strategy implemented. 
Figure 3 presents the results of an analysis of SEMCOG’s pavement preservation program.  The 
figure shows pavement condition (percent pavement in good or fair condition) over time for 
different combinations of funding levels and work strategies.  Each quadrant of the figure 
represents a funding split between three main types of pavement work – capital preventive 
maintenance (CPM), rehabilitation and reconstruction.  The figure illustrates the implications of 
the following four strategies: 

• State default (panel 1 in the figure) – 52 percent CPM, 24 percent rehabilitation, and 24 
percent reconstruction;  

• All reconstruction (panel 2 in the figure) – 0 percent CPM, 0 percent rehabilitation, and 100 
percent reconstruction; 

• Rehabilitation/reconstruction (panel 4 in the figure) – 0 percent CPM, 50 percent 
rehabilitation, and 50 percent reconstruction; and  

• Compromise (panel 6 in the figure) – 33 percent CPM, 33 percent rehabilitation, and 33 
percent reconstruction. 

Each colored line in the figure represents a different annual funding level.  The funding levels 
have been held constant between the four strategies so that a one-to-one comparison can be 
made.   
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Figure 3.  Comparison of Four Pavement Preservation Strategies 
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Figure 3 shows that the two strategies that include capital preventive maintenance (panel 1 and 
panel 5) result in significantly better pavement condition than the two that consider only 
reconstruction and rehabilitation (panel 2 and panel 4).  It also shows that a reconstruction-only 
strategy (panel 5) is by far the worst of the four alternatives in terms of expected performance.  
These results help illustrate that an agency’s needs depend not only on the performance target it 
is trying to achieve but also on the strategy it uses to achieve it.     

This analysis enabled SEMCOG to identify a preferred pavement strategy that was then used as 
the basis for its more comprehensive target setting process.  It also lead to a more in-depth 
discussion of potential pavement preservation alternatives during the programming process. 

Comparing Multiple Assets 

The selection of pavement performance and funding targets should not be done in isolation.  
Rather, it should be done with an understanding of the implications for other program areas.  At 
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the heart of the performance-based approach is an understanding that the process is a zero-sum 
game.  The total amount of money available to an agency is fixed.  Therefore if it wants to spend 
more in one area, it will have to spend less in another.  These decisions should be made with an 
understanding of the expected impacted in the condition of the network.  

Addressing multiple assets simultaneously requires integrating the analysis from various 
program areas and comparing them side by side.  For example, taking the pavement graphs 
illustrated above and evaluating them in the context of similar bridge graphs.  For this purpose, 
SEMCOG implemented AssetManagerNT.  AssetManagerNT is tool originally developed 
through National Cooperative Highway Research Program (NCHRP) Project 20-57 and recently 
adopted by AAASHTO.  It is designed to support this type of integrated analysis.  The system 
enables agencies to integrate results from various management systems in a manner that 
facilitates program-level tradeoffs.  For example, “how much should we spend on pavements 
versus bridges?”  SEMCOG used AssetManagerNT to explore the relationship between funding 
and performance in five program areas – pavement preservation, bridge preservation, capacity 
expansion, safety and nonmotozized. 

Incorporating Capacity Expansion into the Analysis  

The next logical extension of the performance-based framework is to account for the impact of 
preservation targets on congestion.  Although the stated objective of the needs assessment is to 
determine the cost of operating and maintaining the existing network so that the amount of funds 
available for capacity expansion can be determined, these two alternatives can be evaluated 
simultaneously.  In essence, this type of analysis expands the scope of the program-tradeoff 
decisions, again, with the recognition that this is a zero sum game.  The question of “how much 
should we spend on pavements versus bridges” becomes “how much should we spend on 
pavements and bridges given that we are also facing increasing congestion?”    

Figure 4 illustrates how SEMCOG framed the results of its needs assessment.  It presents four 
scenarios that represent different ways to allocate the region’s entire transportation budget.  For 
each of the following scenarios, the figure shows the percent of available funding allocated to 
each program area and the resulting performance in 2030.   

1.  Current allocation.  This scenario represents the funding split from SEMCOG’s existing 
regional transportation plan. 

2.  Public opinion.  The funding splits in this scenario are based on the results of a recent public 
opinion survey in which respondents were asked how they would allocate $100 among the 
program areas. 

3.  Preservation first.  In this scenario a target of 85 percent in good or fair condition is set for 
pavements and bridges.  The remaining funds are then spread among the other program areas. 

4.   Transit first – In this scenario the entire transit vision is funded.  The remaining funds are 
then spread among the other program areas. 

As part its long range planning process, SEMCOG developed these scenarios, presented them to 
its Transportation Advisory Council and Executive Committee, and facilitated a discussion on 
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which scenario was preferred.  The overall objective of this exercise is to reach a consensus on a 
set of performance targets for the region and document them amount of money needed to achieve 
them.  The final performance and funding targets will be incorporated into the regional 
transportation plan and serve as guidance for the programming process. 
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Figure 4.  Comprehensive Funding Scenarios with Targets 
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