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Executive Summary

Chapter 1

Introduction

This chapter introduces asset valuation concepts and describes
the organization of the guide.

What's Important

Determining the value of a transportation organization’s physical assets is important for both finan-
cial reporting and transportation asset management (TAM). In financial reporting, determining asset
value is a fundamental step in preparing a balance sheet for financial statements. This helps inform
regulators and investors. For TAM, presenting data on the value of physical assets, such as pavement,
bridges, and facilities, communicates what an organization owns and what it must maintain. This
helps inform government leaders and taxpayers. Furthermore, information about asset value and
how it is changing can help establish how the organization is maintaining its asset inventory and helps
support investment decisions.

How the Guide Can Help

The purpose of this guide is to detail how to calculate asset value and use it to support application in
TAM. This guide is designed for use by all U.S. public agencies managing transportation assets, includ-
ing state and local DOTs, transit agencies, port authorities, airport operators, and others.

Spotlight on Asset Valuation Requirements

Calculating asset value for TAM is not simply good practice; it is also required of state Departments of
Transportation (DOT) by Federal regulations. Title 23 of the Code of Federal Regulations (CFR) Part 515
details requirements for State DOTs to develop a risk-based Transportation Asset Management Plan
(TAMP).

These regulations, initiated by the legislation Moving Ahead for Progress in the 21st Century (MAP-21),
include a requirement for DOTs to calculate the asset value for National Highway System (NHS) pave-
ment in their state. DOTs must also determine the cost required to maintain the value of their NHS
assets.

To comply with the Government Accounting Standards Board (GASB) Statement 34, agencies also
record their assets’ book value in annual financial reports. GASB 34 allows for either a standard (i.e.,
historic cost with straight-line depreciation) or modified approach. Many agencies struggle to reconcile
financial asset valuation for GASB reporting with asset valuation for the purposes of asset manage-
ment and the TAMP.
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Chapter 2

Asset Valuation
Framework

This chapter defines asset value and provides a framework for
interpreting what value represents. It also relates asset value to
both TAM and relevant accounting standards, and presents the
basic steps in calculating asset value.

What's Important

Before practitioners can apply asset valuation to their TAM programs, they must first understand
asset value’s many applications and perspectives. An agency may use the cost perspective, the market
perspective, the economic perspective, or a combination of all three where it fits best. Regardless of
the method selected, a common set of steps is defined for calculating value.

How the Guide Can Help

There is no one right way to calculate asset value - the best approach to use depends on agency's
perspective on what value represents, how the results of the value calculation will be used, and what
data an agency has available. The guide presents a structured approach for considering these issues,
and presents a calculation process that supports different perspectives and approaches.

Spotlight on the Asset Value Calculation Steps

The process for calculating asset value includes six basic steps. The steps are the same regardless of
the specific application one has for calculating value, and regardless of whether value is based on a
cost, market or economic perspective. The steps explicitly acknowledge the different applications and
perspectives, and they walk the analyst through the key decisions for calculating asset value.

Calculate
Define the Establish Determine Calculate Communicate
. " . . Value and
Analysis Initial Treatment Depreciation . and Apply the
Supporting
Scope Value Effects Results
Measures
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Chapter 3

Asset Value Scope

This chapter describes how to establish the primary application
of the asset value calculation and establish an asset hierarchy to
use for the asset value calculation. It discusses issues related to
data availability and quality, as well as options for making value
calculations at an asset or component level.

What's Important

The first step in calculating asset value is to establish the scope of the calculation. To do this it is im-
portant to determine the primary use of the asset value calculation for supporting TAM. From there it
is necessary to review the data available to support calculating asset value, determine what assets and
systems to include, and establish whether it is necessary to perform the value calculation for asset
components.

How the Guide Can Help

Carefully considering the scope of the asset value calculation helps ensure that the calculation is
achievable, and that the results will best support an agency’s needs. The guide discusses major drivers
for calculating asset value to support TAM, and recommends approaches to consider for each step in
the value calculation process based on the asset value driver. Also, it describes common approaches
to structuring an asset hierarchy, and when an agency may want to perform the asset value calcula-
tion at a component level.

Spotlight on Asset Components

For some TAM applications one may wish
to perform a more detailed calculation
of asset value by determining value by
asset component. An asset that is com-

monly represented using components Bridge Deck

is a bridge. In many cases agencies have Supersiructire

calculated value separately for the bridge = ;
\j >

lives and may be rehabilitated at different

deck, superstructure and substructure, as \
these components have different service Lo el U ;
times. U
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Chapter 4

Initial Asset Value

After establishing the scope of the asset value calculation, the
next step is to determine the initial asset value. Four different
methods may be applied: replacement cost, historic cost, market
value, and economic value.

What's Important

Initial asset value, the value of an asset at the start of the analysis period, is a key component of the
asset value calculation. What this represents, exactly, depends on the approach being used to make
the calculation. In some cases, the initial value is the value of an asset when first constructed or ac-
quired, while in others, it may be the value at a particular point in time.

How the Guide Can Help

This guide describes four basic approaches to calculating initial value and provides guidance on select-

ing one of these approaches. The approaches include:

* Current Replacement Cost - the cost of replacing the asset with its modern equivalent in today’s
dollars.

* Historic Cost - the actual cost paid to first construct or acquire the asset, expressed in year of
expenditure dollars.

* Market Value - the price of an asset if offered for sale in a competitive market. This value can be
established only if such a market exists.

* Economic Value - the present value of the benefits of an asset to the asset’s owner, and asset
users.

Spotlight on Current Replacement Cost

For many TAM applications the recommended approach for calculating initial value is to use an asset'’s
current replacement cost. The guide describes six basic steps for calculating current replacement cost:

Step 1. Determine Units of Measure

Step 2. Collect Data on Replacement Costs
Step 3. Adjust Costs for Inflation

Step 4. Determine How to Group Assets
Step 5. Calculate Unit Costs for Each Group
Step 6. Apply Unit Costs
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Chapter 5

Treatment Effects

This chapter describes the evaluation of treatment effects. This
supports determining various parameters needed for the asset
value calculation.

What's Important

Treatments are the activities performed on an asset over its life. One must consider what treatments
may occur over the life of an asset, and whether any treatments besides the initial acquisition or con-
struction of an asset need to be explicitly considered in the asset value calculation. For each type of
treatment that is explicitly considered in the calculation one must establish the treatment’s cost and
effects.

How the Guide Can Help

The guide describes when it is necessary to explicitly account for different treatments in the asset
value calculation and when doing this is not necessary. Also, it describes how treatment assumptions
may impact the asset’s useful life and residual value, or value of the asset once it has reached its use-
ful life.

Spotlight on Treatment Assumptions

Considering treatment effects in some manner is particularly important for complex assets such as
pavement and bridges which are periodically renewed. The jagged line in the figure below shows
asset value if renewal treatments are explicitly modeled: these add value and add life to the asset. The
straight upper line shows how asset

value is calculated if the effect of

renewal treatments is approximated

through a revised estimate of asset
life. In this case, asset treatments / I~

are not explicitly modeled. The lower \/\ -/ \/

Value

line is demonstrably incorrect. In this
case, renewal treatments are not

modeled, but the asset life has not

been modified to account for these

treatments. This results in systematic
understatement of asset value.

Time

—— Intervening Treatments Modeled
Intervening Treatments Not Modeled But Consider in Setting Asset Life
—— Intervening Treatments Not Addressed
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Chapter 6

Depreciation

This chapter describes how to calculate depreciation of asset val-
ue. It describes the different approaches to making the calcula-
tion, provides guidance on selecting an approach, and presents
the steps for applying each approach.

What's Important

Depreciation, or loss of value over time, represents the consumption of an asset’s benefits over its
useful life. Three approaches are presented here for calculating depreciation. The most straightfor-
ward approach is to represent depreciation as a function of asset age using a simple linear relation-
ship. Where condition data are available, it may be preferable to supplement or replace asset age with
a calculation of effective age based on condition. A third approach is to analyze the pattern benefit
consumption to establish a non-linear calculation of depreciation.

How the Guide Can Help

This guide describes the different approaches to calculating depreciation and provides guidance on
selecting an approach. Also, it outlines cases where making the calculation is not necessary, such as
when the initial value of the asset has been established using a market value that accounts for past
depreciation.

Spotlight on Using Condition to Calculate Depreciation

Where condition data are available, it is generally preferable to use this data to calculate depreciation.
The most straightforward approach to using condition data is to map conditions to effective age using
the following steps:

Step 1. Map Asset Condition to Effective Age
Step 2. Compile Data

Step 3. Determine Effective Age

Step 4. Calculate Depreciation

An alternative approach is to perform a supplemental analysis to establish how the pattern of con-
sumption of asset benefits varies based on conditions. In this case depreciation may follow an acceler-
ate pattern, in which value depreciates more rapidly when an asset is first constructed, or a decelerate
pattern in which value declines more gradually initially, accelerating as the asset deteriorates.
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Chapter 7

Measure Calculation

This chapter describes how to combine the parameters estab-
lished in previous steps to calculate asset value for an asset or
group or assets. Also, it describes how to calculate additional
measures related to asset value, and discusses issues in compar-
ing the calculation of asset value prepared to support TAM with
that prepared for financial reporting.

What's Important

Once one has established all of the parameters for the asset value calculation, the task remains to
calculate value for individual assets or groups of assets. Where the calculation is made for groups of
assets, it is important to review the assumptions, and may be necessary to define subgroups of as-
sets. In addition to calculating overall value, one may calculate other supporting measures, such as the
cost to maintain value, asset sustainability ratio, asset consumption ratio, and others.

How the Guide Can Help

The guide details issues in making the asset calculation for groups of assets, and discusses the nuanc
es in comparing asset value calculations for TAM and financial reporting. The recommended guidance
for TAM is to utilize current replacement cost and condition data for most applications, while in the
U.S. financial reporting is often based on historic costs and age-based depreciation. Various measures
related to asset value can supplement the calculation and support decision-making. The guide pro-
vides definition and calculation guidance for a variety of measures.

Spotlight on Asset Sustainability Ratio

The Asset Sustainability Ratio (ASR) is the ratio of annual asset expenditures to the cost to maintain
current value. The measure has been in use in Australian financial reporting since the early 2000's.
ASR is a valuable measure for summarizing trends in asset spending. It can help identiy areas where
more spending is needed to maintain value. Also, given ASR is a somewhat standardized measure,
one can use it to compare asset maintenance methods and asset condition across different systems,
assets and agencies. In using ASR, it is important to be clear about which costs are included in the cal-
culation of current expenditures and the cost to maintain current value. For instance, while the cost to
maintain value may be approximated based on annual depreciation, use of an agency’s management
systems is recommended for obtaining a more accurate value.
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Chapter 8

Using Asset Value
to Support TAM
Decisions

This chapter details different applications of asset value for sup-
porting TAM. It describes the use of value-related measures, and
presents a set of practical examples of TAM applications.

What's Important

Once calculated, asset value and related measures can support a range of applications. These applica-
tions are summarized through a set of six key questions which asset value and related measures may
help answer.

How the Guide Can Help

The guide can help an asset manager use asset value and related measures to answer TAM-related
questions including:

1. What is the overall value of the asset inventory?

2. What is the cost to maintain current asset value?

3. How much should we spend on our existing assets?

4. How should funds be allocated between different assets or networks?
5. What's the best life cycle strategy for our assets?

6. What is the value generated by the asset?

Spotlight on Applications of Asset Value

The guide provides several examples in which measures related to asset value have been used to sup-
port TAM, including use of an asset funding ratio by the Vermont Agency of Transportation, a UK tool
for calculating bridge conditions and value, and examples of calculating value-related measures for
transit taken from research performed for the Transit Cooperative Research Program (TCRP).
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Chapter 9

Examples and Case
Studies

This chapter provides a set of worked examples of the asset val-
ue calculation. Also, it provides selected international examples
demonstrating application of similar concepts to those presented
in the guidance.

What's Important

This worked examples show how all of the different approaches described in the guidance can be
used. The examples include calculation of asset value for: a highway agency based on cost and market
perspectives; a transit agency based on a cost perspective; and a highway agency based on an eco-
nomic perspective. The examples are drawn from a set of four validation tests performed using the
guidance. The international examples help connect the guidance presented here to international best
practice in TAM.

How the Guide Can Help

Agencies can review the worked examples and case studies to better understand the nuances in the
asset value calculations, and better evaluate which approaches may be relevant for their applications.

Spotlight on Highways England

One of the two international cases studies describes how Highways England calculates asset value.
The company determines the fair value of its portion of the UK Strategic Road Network using Depre-
ciated Replacement Cost (DRC). The calculation is made separately for pavements, structures, tech-
nology assets and land. Depreciation is based on the observed condition of assets. For pavement,
condition is measured based on rutting. For structures, an Element Condition Score is obtained from
structure inspections performed for each element of a structure. Highways England makes improve-
ments to its valuation approach on a continuing basis. For example, in the future, Highways England
plans to improve this depreciation calculation by including other pavement distresses, such as fretting
and longitudinal cracking. Also, in the future the organization plans to perform a separate calculation
for special structures on a case-by-case basis rather than using unit rates.

10
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Chapter 1

Introduction

Welcome to the Guide to Computation and Use of System Level Val-

uation of Transportation Assets. This guide describes how to calcu-
late the value of transportation assets to support transportation
asset management.

Section 1.1
Background introduces the concepts and components of asset value for TAM
as well as some context for the guidance.

Section 1.2
Scope and Organization provides an outline for each of the eight remaining
chapters in the guidebook.

Section 1.3
Intended Audiences describes the anticipated users of the guide and the
guide’s U.S. focus.

Section 1.4

Ways to Use This Guide highlights some of the unique elements included in
this guide such as its overview of asset value, step-by-step guidance, practice
examples, and practice assessments.

1-1
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Chapter 1. Introduction

Section 1.1

Background

Determining the value of a transportation organization’s physical assets is
important for both financial reporting and transportation asset manage-
ment (TAM). In financial reporting, determining asset value is a fundamental
step in preparing a balance sheet for financial statements to inform regulators
and investors. For TAM, presenting data on the value of physical assets, such as
pavement, bridges, and facilities, communicates what an organization owns and
what it must maintain. Furthermore, information about asset value and how it is
changing can help establish how the organization is maintaining its asset inven-
tory and helps support investment decisions.

Reporting asset value is required in various documents, such as the financial
reports of U.S. public agencies, which are prepared to comply with General
Accounting Standards Board (GASB) Statement 34, and National Highway Sys-
tem (NHS) transportation asset management plans. However, there are many
nuances concerning how to perform the calculations, and a variety of different
approaches has been used in the past for different applications.

Asset Valuation
More than Good TAM Practice

Calculating asset value for TAM is not simply good practice; it is also required of state
Departments of Transportation (DOT) by Federal regulations. Title 23 of the Code of Feder-
al Regulations (CFR) Part 515 details requirements for State DOTSs to develop a risk-based
Transportation Asset Management Plan (TAMP).

These regulations, initiated by the legislation Moving Ahead for Progress in the 21st Cen-
tury (MAP-21), include a requirement for DOTSs to calculate the asset value for National
Highway System (NHS) bridges and pavement in their state. DOTs must also determine the
cost required to maintain the value of their NHS assets.

To comply with the Government Accounting Standards Board (GASB) Statement 34, agen-
cies also record their assets’ book value in annual financial reports. GASB 34 allows for
either a standard (i.e., historic cost with straight-line depreciation) or modified approach.
Many agencies struggle to reconcile financial asset valuation for GASB reporting with as-
set valuation for the purposes of asset management and the TAMP.

1-2
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Figure 1-1 depicts the value of an asset over time, and illustrates the different
facets of the value calculation. The left side of the figure shows the value of the
asset when it is first constructed or obtained. Over time the asset value tends

to decline. The amount of value the asset loses, also called depreciation, rep-
resents the consumption of the asset’s benefits. If treatments are performed
that extend asset life, such as rehabilitation, then the asset may regain some or
all of its value. When the asset reaches the end of its life, it is valued at its residu-
al value, also called salvage value.

At each step of the asset value
calculation illustrated in the Initial Value
figure, an analyst may choose K
how to perform the calculation.
Specifically, he or she may use S ‘9/(,
different approaches for cal-
culating the initial value of an
asset when first constructed or
obtained, for establishing how
value depreciates, for deter- N
mining what treatments should
be considered in the calculation
and what their effects are, and

P

Asset Value
/

| Asset

L

Y -
4

\
\
Treatment

\
S« Residual
S Value

N\
S

for calculating residual value. .
Time

In truth there is no single
correct way to calculate asset
value, and there are good rea-
sons why one may choose one
approach over another or how
much detail to incorporate into the calculation. The different approaches result
from the fundamental considerations an analyst faces. These include:

* Different applications of asset value. The best approach for calculating as-
set value depends on how the valuation will be used. A private company may
be interested in establishing fair market value of its assets to determine the
profit to be gained by selling them. For public agencies, the primary purpose
of financial reporting is to provide an accurate account of how the agency is
spending resources to ensure the agency is financially sound and following
regulations. In TAM, asset value supports decisions regarding investments
to maintain and extend the life of assets. Another application of asset value
is using it to understand the economic benefit or cost of the transportation
system to society.

* Tension between simplicity and complexity. Often, improving a given
approach to calculating asset value requires more data and/or more inten-
sive calculations. For instance, straight-line depreciation is frequently used to
determine asset value over time for the financial asset register. However, one
can arguably obtain a more meaningful and useful estimate of depreciation

Figure 1-1. Components of Asset Value
More than Good TAM Practice

|
End of Life
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for TAM applications by utilizing asset condition data to establish asset value
for the technical asset register. In these situations, it is important to balance
the desire for a more accurate calculation with the benefit of having a simple,

repeatable, and sustainable approach.

* Limits on what a single measure can provide. Once calculated, the value
of an asset provides a powerful and compelling measure. Yet no single num-
ber, however well-conceived, is sufficient for conveying all of the information
one may wish to communicate regarding an asset. Thus, a valuation ap-
proach should be adapted so that it provides the information of greatest use
in decision-making. For instance, an agency may wish to tailor the calculation
such that annual depreciation approximates the cost to maintain asset value.
However, this limits the ability to use the change in asset value in other ways,
such as for showing how a proactive preservation strategy could be more

cost-effective than a reactive strategy.

The objective of this guide is to provide
step-by-step guidance for calculating asset
value in support of asset management ap-
plications. It describes an approach to cal-
culating value that includes six basic steps,
offering alternative approaches for each
step to account for the considerations de-
scribed above, as well as for differences in
the scope of the calculation, available data,
and other factors.

It is important to note that while the
guidance presented here is intended to
be consistent with best practices in public
sector accounting, this document is not
intended as an accounting standard or as
guide for calculating asset value in sup-
port of agency financial reports. Several
accounting standards exist for valuing
assets to support financial reporting that
do address these topics. The predominant
standard for U.S. public agencies is the
aforementioned GASB Statement 34 (1),
and its international counterpart is the

“Value From"” versus
“Value Of"”

The recently-updated 1SO55002 standard
discusses the differences between value
generation, the benefits from use or owner-
ship of assets defined as “value from”, and
value determination, an asset’s valuation
for purposes of sale defined as “value of.”

Using a rental car company as an example,
rental vehicles lose sale value (“value of”)
immediately after purchase, but the com-
pany continues to generate value (“value
from”) by renting their cars to users. The
rental car company is then able to make a
profit from assets which are losing value.
In traditional business cases, asset owner
investment decisions are more often guid-
ed by “value from” than “value of.”

International Public Sector Accounting Standards (IPSAS). IPSAS standards are
based on standards of the International Accounting Standards Board (IASB),
particularly International Accounting Standard (IAS) 16: Property, Plant and
Equipment (2) and International Financial Reporting Standard (IFRS) 13: Fair
Value Measurement (3). International Standards Organization (ISO) 55002 asset
management standard (4) discusses additional important concepts for relating
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asset value to asset management, such as the distinction between value gen-

eration and value determination. While important to the industry and general
understanding, these standards are not the focus of this guidance.
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Section 1.2

Scope and Organization

This guidebook consists of nine chapters, a glossary and additional techni-
cal appendices. The first two chapters, including this one, introduce the content
and key concepts. Chapters 3 to 8 provide step-by-step guidance for calculating
asset value. Chapter 9 provides a set of worked examples of the calculations.

The contents of the remaining chapters are as follows:

* Chapter 2 - Asset Value Overview introduces the concept of asset valua-
tion. It defines asset value from the cost, market, and economic perspectives,
identifies applications of asset value for supporting TAM, and presents the
simplified steps for calculating asset value. The chapter concludes with a
summary of U.S. and international accounting standards and their underly-
ing assumptions.

* Chapter 3 - Asset Valuation Scope outlines the different factors one should
consider when establishing their asset valuation calculation approach. This
includes selecting which assets and systems to include in the calculation,
reviewing available data, and determining the level of detail at which the cal-
culation will be performed, and specifically whether to break complex assets
into components.

* Chapter 4 - Initial Asset Value describes how to calculate the initial value of
an asset when it is first constructed or obtained. The chapter describes four
basic approaches to performing the calculation reflecting different perspec
tives on asset value: historic cost, replacement cost, market value, and eco-
nomic value.

* Chapter 5 - Treatment Effects identifies and defines which treatment ef-
fects should be included in the asset value calculation. It discusses treatment
costs, treatment effects, and the concept of residual value.

* Chapter 6 - Depreciation describes how to calculate the loss in value of an
asset over time. The chapter describes three basic approaches to calculating
depreciation. Each approach focuses on a different basis for depreciation:
asset age, condition, or the pattern of benefit consumption for the asset.

* Chapter 7 - Measure Calculation brings together all of the steps from
Chapters 3 to 6 to calculate the overall asset value. Also, it describes how to
calculate additional supporting measures, such as the cost to maintain value,
asset sustainability ratio, net present value, asset renewal funding ratio, and
asset consumption ratio.

* Chapter 8 - Using Asset Value to Support TAM Decisions addresses the
interpretation, communication, and application of asset value. It explains
how to test different treatment scenarios using asset value, and it clarifies
when and how asset value can support prioritization. The chapter also ex-
plains when and how to use sensitivity analysis to understand the asset value
results.

1-6
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* Chapter 9 - Case Studies presents a set of case studies undertaken to
demonstrate the process outlined in this guide. The case studies illustrate
scenarios for calculating and applying asset value from a range of different
agencies and asset types.
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Chapter 1. Introduction

Section 1.3

Intended Audiences

This guide is intended for use by public agencies seeking to calculate asset

value in support of TAM and TAM decisions. This includes, but is not limited

to, applications such as:

* Using asset value to communicate the extent of assets an agency owns or
maintains;

* Reporting asset value in a TAMP;

* Determining how value is expected to change over time given an agency's
investment strategy;

* (Calculating the cost to maintain asset value; and

* Evaluating the impact of different treatment options on the value of a given
asset or asset class.

This guide is designed for use by all U.S. public agencies managing transporta-
tion assets, including state and local DOTs, transit agencies, port authorities, air-
port operators, and others. Key users of the guide include engineers, planners,
and analysts charged with managing transportation assets, calculating asset
value, and/or helping support investment decisions. The guidance may also be
useful for accountants and financial analysts responsible for agency accounting
and financial reporting for purposes such as comparing TAM asset value calcula-
tions to those developed for financial reports or other applications.

1-8
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Section 1.4

Ways to Use This Guide

The guide is designed to support a variety of different uses; it offers an
explanation of essential concepts, step-by-step guidance, examples, and
different levels of maturity in applying the guidance. These applications are
discussed below.

Basic Overview of Asset Value and Related
Concepts

Each chapter provides an overview of key concepts that help develop an under-
standing of the subject matter. Chapter 2 introduces concepts related to calcu-
lating asset value. Chapter 3 discusses key considerations involved in calculating
asset value. In Chapters 4 to 8 the first section of each chapter further details
concepts important for applying the guidance in the chapter. For additional
information on TAM concepts, the reader should refer to the American Associ-
ation of State Highway and Transportation Officials (AASHTO) TAM Guide (5) and
National Cooperative Highway Research Program (NCHRP) Report 898: A Guide to
Developing Financial Plans and Performance Measures for Transportation Asset
Management (6).

Step-by Step Guidance

Chapters 3 to 8 provide step-by-step guidance for calculating asset value. Each
chapter describes the options an agency has in determining how to calculate as-
set value at each key decision-point. These chapters include flowcharts to assist
the decision-making process, such as determining how to calculate the initial
value of an asset and how to calculate depreciation.

Practice Examples

There are numerous practice examples in each chapter of the Guide. Chapter 3
offers examples from other agencies illustrating the typical scope selections and
their impacts on the valuation. Chapters 4 to 8 include examples of how differ-
ent agencies have addressed issues discussed in the guidance. Chapter 9 de-
tails a set of worked example walking through the asset value calculation from
beginning to end.

Practice Assessment

Chapters 4 to 8 each include a section titled “Practice Assessment.” This section
provides examples of “emerging”, “strengthening”, and “advanced” practices
with respect to different aspects of the asset value calculation. All of the prac
tices described illustrate how the guidance can be applied, albeit with varying
levels of complexity. In this context, an emerging practice is one that supports
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the guidance with minimal complexity, an advanced practice illustrates a “state
of the art” example in which an agency has addressed some aspect of the asset
value calculation in a comprehensive manner, and strengthening practice lies
between these two extremes.

Note that the labels applied to the practice examples is designed to be con-
sistent with the maturity scale used in the AASHTO TAM Guide. This resource
describes additional tools and approaches for assessing TAM maturity.
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Chapter 2

Asset Valuation
Framework

Before practitioners can apply asset valuation to their TAM pro-
grams, they must first understand asset value's many applica-
tions and perspectives. An agency may use the cost perspective,
the market perspective, the economic perspective, or a combina-
tion of all three where it fits best. Regardless of the method se-
lected, this guide encourages the use of a simplified set of steps
and advises how to meet U.S. and international accounting stan-
dards.

Section 2.1

Asset Valuation and Asset Management provides examples of different ap-
plications of asset value within the three categories of communicating inven-
tory, demonstrating fiscal responsibility, and testing investment strategies.

Section 2.2

Defining Asset Value establishes a common definition of asset value and
introduces the three perspectives on what asset value represents: cost per-
spective, market perspective, and economic perspective.

Section 2.3

Steps in Calculating Asset Value presents the six steps for calculating and
applying asset value. Though the steps are primarily aligned to the cost per-
spective, they cover the other two perspectives as well.

Section 2.4

Relationship to Accounting Standards summarizes the U.S. and interna-
tional accounting standards, discussing their assumptions and describing
how they apply to TAM.
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Section 2.1

Asset Valuation and
Asset Management

Knowing what a physical asset is worth - its value - can be very useful
both for financial reporting and for supporting asset management. Even if
the notion of asset value is somewhat abstract, an asset owner generally prefers
that the value of their assets increases or at least remain constant over time.
Fundamentally, tracking and reporting asset value helps a transportation agen-
cy monitor the state of its assets and provides a sense of whether the inventory
is improving or in a state of decline. Transportation agencies use data on asset
value in a variety of ways to support asset management. Major applications of
asset value aiding an overall asset management program are described below.

Communicating the Asset Inventory

Asset value is used to communicate what assets an agency owns, their extent,
and the agency’s responsibility for maintaining the asset inventory. Each asset

STATE OF OUR ASSETS 2014

KEY CORPORATE BUILDINGS HERITAGE BUILDINGS COMMUNITY BUILDINGS —— STREET FURNITURE

I Value: $94,092k Value: $142,110k Value: $49,687k Value: $37,051k

: GHG Emissions: 7,810 GHG Emissions: 4,086 GHG Emissions: 7,231 GHG Emissions: 18,637
Condition: g Condition: 92% @ Condition: 89% ® Condition: 95% ® Condition: 95%
The actual physical and technical i @ Capacity: 98% ® Capacity: 100% ® Capacity: 95% ® Capacity: 95%
state of the asset. 8

® Functionality: 70% ® Functionality: 85% ® Functionality: 85% @ Functionality: 100%
Capacity:

The ability of the physical
infrastructure to meet demand.

BLUESTONE
DITCHER PAVEMENTS

Value: $28,150k
GHG Emissions: O

Condition: 94%
® Capacity: 100%
@ Functionality: 95%

Function: :
Tf;e atbmst/ of t:ve Dhyflca‘ ¢ PROMENADES & WHARVES
infrastructure to meet service .

Value: $60,506k
program delivery needs. GHG Emissions: 0

@ Condition: 100%
® Capacity: 100%

® 100%-95% (or up to 5% that i @ Functionality: 100%
may require Capital Intervention) &

PATHWAYS &
HARD SURFACES

Value: $53,400k
GHG Emissions: 0

Condition: 93%
® Capacity: 95%
® Functionality: 98%

94%-90% (or Up to 10% that i BRIDGES
may require Capital Intervention) ¢ Value: $93,100k
s GHG Emissions: 0

@ <00% (or greater than 10% that ~ : @ Condition: 100%
may require Capital Intervention) ¢ @ Capacity: 95%

@ Functionality: 100% PARK INFRASTRUCTURE

Value: $25,700k
GHG Emissions: 990
Condition: 90%
Capacity: 90%

Functionality: 90%

FOOTPATHS

Value: $177,247k
GHG Emissions: 0

Condition: 94%
@ Capacity: 99%

@ Functionality: 99% WATER STRUCTURES

Value: $19,300k
GHG Emissions: 0

@ Condition: 84%
Capacity: 90%
@ Functionality: 85%

KERB AND CHANNEL DRAINAGE ROADS - BASE ROADS - SURFACE HORTICULTURE IRRIGATION

Value: $176,247k Value: $108,395k Value: $424,796k Value: $42,288k Value: $42,400k Value: $27,000k
GHG Emissions: O GHG Emissions: 59 GHG Emissions: 0 GHG Emissions: 0 GHG Emissions: O GHG Emissions: 36
® Condition: 95% Condition: 93% @ Condition: 100% @ Condition: 98% Condition: 90% Condition: 92%
® Capacity: 100% @ Capacity: 70% ® Capacity: 100% ® Capacity: 100% Capacity: 90% @ Capacity: 85%

@ Functionality: 100% @ Functionality: 70% ® Functionality: 100% ® Functionality: 100% Functionality: 90% @ Functionality: 80%

Source: City of Melbourne (7)
Figure 2-1. City of Melbourne Assets
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has its own unit of
measure: pavements
may be summarized
in terms of lane miles,
bridges in terms of
deck area, and other
assets in terms of a
count. However, it can
be hard to relate these
different units and

to summarize their
asset portfolio as a
whole. For instance,
how does one lane
mile compare to 1,000
square feet of bridge
deck or 100 culverts?

Figure 2-1, repro-
duced from the Mel-
bourne Asset Manage-
ment Plan (7), depicts
the assets owned by
the agency, including
the roadway surface,
roadway base, bridg-
es, footpaths, drain-
age, buildings, and
various other assets.
Each type of asset is
illustrated and labeled
with its value and
annual greenhouse
gas (GHG) emissions.
The City of Melbourne
uses these two num-
bers to communicate

) Replacement
Inventory (unit)

Value ($M)

Current
Value($M)

Condition

nPavement 573.7 lane miles $573.7 $393.8
HBridges 63 bridges $95.0 $80.7
i‘ Culverts 844 culverts $26.9 $13.7
Signalized 2 . 20.8 0.0
Intersections 52 intersections $20. $10.
l Medians 843,591 (sf) median $6.0 $6.0
120,632 (If) curb '
FFGuardrall 31,633 linear ft $3.0 $1.7
Pedestrian 924 $2.7 $1.1
ramps . .
CA Ramps
""""""" iSignal/Sign i
| Sig g 4,970.SI9I"I supports $2.1 $1.1
Supports 120 signal supports
4,335,242 linear ft of markings
Pavement oo 963 sq ft of $1.8 $0.9
Markings 9. sq ft of transverse . .
markings
SPEED .
5"% Signs 7,811 signs $0.5 $0.3
m1]]] Stormwater 5,592 assets
e Lightin 116
p) 1 N g g assets
7\ Railroad ]
M Crossings 55 crossings

Figure 2-2. Carver County Transportation Assets and Asset Value

€]

the state of their assets to the public and other stakeholders.

Figure 2-2 shows an example from the TAMP prepared by Carver County, Min-
nesota (8). Here asset quantities and conditions are summarized for 13 trans-
portation asset classes. Asset replacement value and current asset value are
shown for the ten asset classes for which Carver County Public Works is respon-
sible. The two asset values help communicate the state of the county’s assets to
the public as well as providing a financial account of the publicly-owned assets.
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Demonstrating Fiscal Responsibility

Various measures have been formulated that use asset value and changes in
value to demonstrate that an agency is managing its assets responsibly. The ba-
sic premise is that as assets deteriorate or depreciate in value, an agency should
invest to maintain their value. Public agencies in Australia and New Zealand have
used asset value in this manner for over a decade. The Australian Infrastructure
Financial Management Manual (AIFMM) details recommended measures and
practices for monitoring and applying asset value (9). A key measure in Australia
is the Asset Sustainability Ratio (ASR), or ratio of spending on asset renewal and
replacement to annual depreciation.

In the U.S., sever-
al agencies have
calculated similar

. Agency Desired
measures. Flgu re PAVEMENT ANNUAL PERFORMANCE MEASURES'? 2017 2018 Target Target® Trend trend
- Percent of pavement in fair or better condition Lane
2 3’ reprOd uced Short Measured for asphalt and concrete pavement Miles 918% 91.4%
from the Wash- te:r: (chip seal data was collected but has not yet been 90.0% J + *
. processed). Condition is shown by lane miles and by VMT* 915% 91.2%
|ngton State vehicle miles traveled to reflect road use. . i
Asset Sustainability Ratio® Years of pavement 0.90
Depa rtment Of service life added to the pavement network through 0.90 0.61 to * *
i rehabilitation in a given year divided by the service life ' i
Transportatlon consumed in that same year. 110
(WSDOT) G ray Remaining Service Life> Average percentage of 45%
B k 10 . I d Long original total useful life remaining before rehabilitation 474% 469% t J * *
00 ( ) Incluaes term or replacement is needed; average years remaining 0
Several Iong—term before rehabilitation or replacement is needed. (7.7 yrs) (7.6yrs) 55%
Deferred Preservation Liability (backlog)
measures fOf' An estimate of the accumulated cost (in current $346 $420 $0 * *
dollars) to fund the backlog of past-due (deferred) illi illi
pavement assets pavement rehabilitation work. mifeon  mfson
related to asset Data source: WSDOT Pavement Office.

Notes: 1 Calculations for all measures, excluding percent of pavement in fair or better condition, include all pavement types (asphalt, chip seal
Value_ The Gray and concrete). 2 See p. 16 for additional discussion of long-term measures. 3 Check indicates target met, dash indicates target not met. 4 VMT =
vehicle miles traveled. 5 Measure is weighted by vehicle miles traveled to better capture the typical road user’s experience.

Book is a quarter-

ly performance Figure 2-3. WSDOT Pavement Performance Measures (70)

report which

covers a variety

of aspects related

to WSDOT's transportation system and assets. The Gray Book from the fourth
quarter of 2019 includes the following long-term measures for pavement: ASR,
Remaining Service Life (RSL), and Deferred Preservation Liability (backlog). In
this case, ASR is calculated as the years of pavement life added through differ-
ent treatments divided by life consumed.

Testing Investment Strategies

Asset value can be used to help illustrate the difference between alternative
investment strategies, such as when comparing a strategy of performing recom-
mend preservation treatments on an asset over its life to an alternative strategy
in which preservation treatments are deferred, resulting in worse relative condi-
tion and potentially a shorter asset life.

One way to compare different investment strategies for a given asset is to per-
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form a life cycle cost analysis (LCA). In such an analysis, the costs for an asset
are computed over time for a given scenario relative to a base case. A results of
a given investment strategy can be summarized by calculated the net present
value for the strategy, where NPV is the sum of the discounted benefits of the
asset less the sum of discounted costs.

Asset value is potentially relevant to such an analysis in two ways. If one adopts
an economic interpretation of asset value, as discussed further in the next sec-
tion, NPV can serve as the definition of asset value. However, even when asset
value is computed differently from NPV, it can be used to represent the residual
value of the asset at the end of the analysis periods. This provides a way to com-
pare investment scenarios that result in different condition and/or remaining
asset life.

Prioritizing Investments

Another potential application of asset value for supporting TAM is helping
compare and understand asset investment options. While asset value alone is
insufficient for prioritizing investments, when used in conjunction with life cycle
cost analyses it can provide a complete view of the asset’s worth. In particular,
asset value can help prioritize decisions such as:

¢ Resilience investments;

* Reconstruction; or

* Decommissioning

Asset value provides insights for assets identified for decommission or recon-
struction by pitting their intrinsic value (including the replacement cost and
socio-economic importance) against the costs necessary to maintain or replace
the asset. Asset value also supports investment decisions for resilience invest-
ments by placing an emphasis on the importance of asset renewal to mitigate
future risks and by directly accounting for the potential costs associated with a
risk.

In these applications, asset value is defined broadly, considering the cost of
constructing the asset and its value to road users and society. For example, in
determining which bridges to focus on for a set of resilience investments, one
might consider the cost of replacing or improving each bridge, the risk to the
bridge as a result of flooding or other events, the level of service the bridge pro-
vides, and the impacts to mobility in the event the bridge is closed. The inclusion
of asset value in the investment decision could lead to the renewal of the asset
to withstand the risks, or it could suggest an asset should be allowed to fall into
obsolescence. Either way, it provides context to the investment decision.
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Section 2.2

Defining Asset Value

Thus far, we have discussed how asset value can be used to support TAM
but not what it actually represents. This begs the question, what is asset
value? According to the definition established by Organisation for Economic
Co-Operation and Development (OECD), in its report Measuring Capital (11), a
physical asset has no intrinsic value. Instead, its value results from the benefits
it yields, be they to the asset owner, a set of transportation system users, soci-
ety as a whole, or some combination thereof. As an asset ages, it depreciates, or
loses value, when its benefits are consumed.

Speaking generically about capital and its value,
OECD discusses that capital has a dual nature; it
serves both as a means to store wealth and as a Asset Value
source of capital services. OECD further discusses Definition

the different perspectives on asset value as well as

the fact that the best perspective depends on one's
“analytical purpose.”

Asset Value: the discounted stream of
future benefits that the asset is expect-
ed to yield.

Figure 2-4 illustrates the different perspectives on
transportation asset value, adapting concepts from
the OECD discussion. The figure illustrates three per-
spectives: a market perspective, a cost perspective,
and an economic perspective. Each perspective is Source: OECD, Measuring Capital
discussed further below.

Depreciation: loss in the value of an
asset as it ages, equivalent to the con-
sumption of fixed capital.

Cost Perspective

The cost perspective focuses on capital costs incurred by the asset owner. When
establishing value from this perspective one asks: “How much does it cost us to
acquire this asset and operate it over time?”

In cases where a competitive market exists for an asset, the cost and market
perspectives yield the same result for the initial value of an asset; the cost is
notionally the price of the asset on the market. However, this perspective still
yields a value in cases where no market exists, or where the market is not com-
petitive. Even if there is no market for an asset, there is still a cost incurred in
purchasing, constructing, and operating the asset over time.

One important consideration in adopting the cost perspective is to establish
whether to use historic or current costs. The historic cost of an asset is the cost
that was actually paid for the asset. The current cost is the cost of replacing the
asset in today's dollars, regardless of what was actually paid in the past. GASB
Statement 34 specifically requires agencies to report the historic costs of asset
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purchase or construc

tion, as is consistent Acset
with U.S. Generally Cost 20 Market

0 ‘ ' .
Accepted Accounting AT ;ﬁ; m Perspective

What does it cost to Where a market exists,

Principles (GAAP). construct and maintain
U.S. GAAP emphasize
the use of conserva-
tism, or avoiding the
overstatement of net

assets and income. .
. Transportation People Market
Thus, U.S. agencies Agencies Participants

must report asset e .
values using historic m " e
.
costs or estimated
historic costs in their

for how much can the

the asset? asset be sold?

Travel Using ug

financial reports to be Economic
consistent with either Perspective
method in GASB 34, asset provide to
even |f they calculate travelers and society?
value in other ways to Figure 2-4. Perspectives on Asset Value
support TAM.

For supporting TAM,

and for financial reporting outside the U.S., asset owners tend to use the asset's
current replacement cost in today’s dollars rather than the asset’s purchase
price. The use of the current replacement cost is recommended for calculating
the fair value of an asset as defined in IFRS Number 13. This cost is used as a
proxy for the price that would be charged for the asset in the event that a mar-
ket existed. Also, it is the cost that is most relevant to an asset manager trying to
make investment decisions that involve spending money in today's dollars.

The basic issue with the cost perspective is that it leaves no daylight between
cost and value; these are one and the same. If one asks what value will be de-
rived from spending $1 million to reconstruct a road, from the cost perspective
the answer is “$1 million, of course.” Consequently, the cost perspective can
help answer questions about how best to manage assets, but it is ill-suited for
addressing questions concerning the underlying value of transportation assets
to society. For answering such questions, one must instead turn to the econom-
ic perspective.

Market Perspective

The market perspective focuses on the price of an asset on the open market.
When establishing value from this perspective one asks: “For how much can an
asset be sold on the market?” For example, when valuing an automobile one
might seek to determine the resale value should the car be sold through an
auction or to a reseller.
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The virtue of this perspective is that it leverages the behavior of free markets

to determine how much value an asset is expected to yield in the future. If the
market for an asset is competitive, then the asset’s market value should theo-
retically account for the future benefits provided to the buyer. After all, nobody
would want to purchase an asset at a cost greater than its expected benefit. The
competitive nature of the market should ensure that no asset is sold at less than
this value. Thus, this perspective is extremely valuable where a well-defined
market exists for an asset.

The challenge with adopting this perspective is that it can be hard to identify a
market, let alone a competitive one, for many types of transportation assets.
Markets typically exist for assets that are manufactured and can be readily
exchanged between different parties, including many

types of vehicles, equipment, facilities, and land. Fixed

assets, such as the roads and bridges necessary to

provide mobility to society, are not particularly mobile Fair Value
themselves, and they do not lend themselves to being o
resold once constructed because they do not generate Definition

revenue. Markets can exist for toll roads and bridges,
but it is important to note that the prices in these mar-
kets may not be wholly indicative of the asset’s condi-
tion, as they typically involve the leasing, not the sale, of
an asset for an allotted period of time. Also, the market
price does not account for externalities - costs and ben-

efits placed upon others and not perceived by the buyer. Source: IFRS, Standard Number 13: Fair
Value Measurement (3)

An example of a positive externality is the support

of emergency services such as ambulances; negative
externalities include items such as air pollution, conges-
tion, and noise. Depending on the application, it may be
necessary to adjust the market price for externalities.

One approach for calculating a market value for fixed assets is to examine cases
in which infrastructure has been privatized, such as where a private firm bids to
own, operate, and maintain a highway. The asset value considerations and appli-
cations for private infrastructure are explored further in Chapter 4. For now, to
use this as the basis for establishing value for other assets one must ask:

* To what extent can the price of a given privatization contract or other trans-
action be generalized to other transportation assets? For instance, it may not
be reasonable to apply the value of a specific toll road to other non-toll roads
and bridges. These assets’ risks, costs, and revenues depend on unique char-
acteristics, such as the length of the contract or local traffic flow, which are
not easily generalized or tracked.

* Does the market price account for the full range of benefits and externalities?
In the example of a toll road, one can use the transaction price to determine
the value of future tolls for a specific road. However, this does not account
for impacts of traffic diverted to or from other roads as a result of the toll

Fair Value: the price that would

be received to sell an asset or paid
to transfer a liability in an orderly
transaction between market partic-
ipants at the measurement date.
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road, changes in consumer surplus to road users being tolled, environmental
impacts, and a host of other issues.

* |s the market competitive? Certainly, a public agency awarding work always
seeks a competitive market, but in large, high-cost bids there may be a small
number of bidders, and it may be difficult to establish whether a competitive
market actually exists. If the market exists but it not competitive, then
it is possible to establish a market price, but it may be a different price
than that of a truly competitive market.

However it is established, the market value of an asset is viewed as the best rep-
resentation of asset value based on international accounting guidance. Based
on the IFRS 13 standard, the fair value is the price that would be set for an asset
in a market, in the event one existed, regardless of whether such a market actu-
ally exists. Where no such market exists, IFRS 13 describes using the cost of the
asset as a proxy, consistent with the cost perspective.

Economic Perspective

The economic perspective focuses on the benefits generated by an asset. When
establishing value from this perspective one asks: “What are the benefits of the
asset to travelers and society?” In general guidance for asset value (71, 12), this
perspective is also called the “income perspective”, as it involves calculating the
income generated by an asset.

The valuation of an asset is a fundamental area of economic analysis, especially
in the context of a benefit-cost analysis (BCA) conducted to determine whether
improvements to an asset are worthwhile. When conducting a BCA, one deter-
mines the cost of an investment as described above for the cost perspective
and calculates economic benefits by observing the choices people make to infer
the value they derive. Transportation facilities do not intrinsically generate value.
Instead, value is generated when a facility is used to transport people or goods.
Analysis of the different values incorporates forecasts of roadway uses, which
are typically obtained from travel demand models that frame transportation
choices through a nested set of decisions, including whether or not to take a
trip, and if the trip is taken, which destination, mode, and route is chosen. Since
operating a wide network of roadways expands transportation choices, and
thus the implicit value of exercising an option to travel, a fundamental purpose
of asset management is to maintain existing facilities so that their use generates
value.

The cost, market, and economic perspectives on asset value differ in subtle and
important ways. For example, a cost perspective generally starts from an implic-
it assumption that a facility is worth maintaining at the level of service for which
it was originally planned and constructed. The actual use of the facility does not
factor into the assessment except when it is used to indirectly estimate the rate
of deterioration and maintenance schedule. In comparison, the market ap-
proach directly considers the value of the facility to users in addition to the cost
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to maintain it. The market approach can be considered from the perspective of
a concessionaire who could evaluate the facility based on their opportunity to
recover their cost and earn a profit, through revenue collection. Accordingly, the
number of users and their willingness to pay for using the facility are key de-
terminants of value. Note also that this willingness to pay is typically associated
only with users’ potential for saving time or out-of-pocket costs.

In contrast, an economic measure of asset value stems from a more compre-
hensive value, based on the use of a facility. Economic asset valuation is an
analytical exercise that establishes a rationale on whether and when a facility
ought to be constructed or improved. Academic literature and practitioner-ori-
ented documents and guidelines discuss two ways in which a transportation
facility provides economic value (13, 714). A user-based measure of value draws
directly from separable and additive accounting of key benefit categories, such
as travel time, out-of-pocket expenditures, accident risk, pollutant externalities,
and pavement maintenance, and some potential site-specific impacts that arise
from facility use or location. Alternatively, where transportation facilities lower
the cost of mobility, they can induce more productive investments in capital and
labor, key measures of gross domestic product (GDP), and a macroeconomic in-
dicator of transportation value. There are various challenges in linking economic
benefits to specific changes in GDP. The approach presented here addresses the
economic benefits of transportation assets without making an explicit linkage
between these benefits and GDP.

There are several important dimensions in a user-based, economic valuation

of transportation assets that one must consider when valuing assets from an

economic perspective. These include the following:

* Relative value. Since a transportation facility has no intrinsic value (beyond
its use), economic valuation of an existing facility constructs a counterfactual
case (e.g., an alternative design, route or mode) for comparison with current
conditions. Depending on the asset management context, several different
types of alternatives could be established for comparison.

* Measures of value. Transportation investment has a number of different im-
pacts both positive and negative. A variety of different measures are needed
to quantify the value from an investment. These include, but are not limited
to, travel time savings, vehicle operating costs, crash costs, emissions costs,
costs from environmental impacts, changes in property value, and agency
costs.

* Consideration of the stream of costs and benefits. The time span over
which asset value is measured creates complexities since many roadways
are already or will become long-lasting corridors that communities develop
around. The present value of a facility’s future uses must be determined, and
this is directly determined by a discount rate intended to reflect the present
value decision-makers place on any future uses.
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* Changing contexts. It is not enough to manage assets assuming current
valuation conditions will remain in perpetuity. For example, the value of a
transportation asset may change if policy perspectives shift toward free-ac-
cess facilities versus revenue-generating ones or if climate conditions render
facilities more vulnerable to extreme events.

Reconciling Perspectives on Asset Value

Each asset value perspective emphasizes a specific aspect of how transporta-
tion assets are constructed and utilized. All three perspectives are valid, and can
provide insights that help communicate information about assets and support
decision-making.

While each of the perspectives supports some of the applications described

in Section 2.1, many public agencies rely on the cost perspective for their cal-
culation of asset value. The cost perspective helps an agency directly relate its
expenditures on assets to changes in their value, and it supports a large number
of TAM-related applications. Also, where a market exists, the cost of replacing
the asset, depreciated based on its age or use, tends to correlate closely to its
price. Where no market exists, the depreciated replacement cost serves as a
proxy for its market price.

Regarding the relationship between the cost and economic perspectives, the
cost of an asset does not provide direct insight into the economic benefits gen-
erated by an asset, and cannot support decisions that rely on this information.
However, if one assumes that an existing asset is worthy of maintenance, the
expectation is that its benefits over time must at least equal, and may greatly
exceed, its replacement cost. Further, whatever the benefits may be to trans-
portation users and society, those benefits will continue to accrue provided the
asset remains in service. Thus, for many TAM applications it is sufficient to focus
on the cost to the agency of keeping the asset in service through efficient main-
tenance and planning, with the assumption that doing so is inherently worth-
while.
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Section 2.3

Steps in Calculating Asset Value

This section outlines the basic steps in calculating asset value. Though

they are intended to support the different applications described in Section 2.1,
the steps are the same regardless of the specific application, and regardless of
which perspective described in Section 2.2 one assumes. The steps explicitly
acknowledge the different applications and perspectives, and they walk the ana-
lyst through the key decisions for calculating asset value. Figure 2-5 summarizes
the steps to calculate asset value, and the following subsections describe each

step further.
Define the Establish Determine Calculate
Analysis Initial Treatment ‘ Depreciation
Scope Value Effects

Figure 2-5. Calculation Steps

Calculate
Value and

Supporting
Measures

Communicate
and Apply the
Results

Description of the Steps

Define the Analysis Scope

The first step is to determine the scope of the analysis. Here, one must deter-
mine the assets for which they will calculate value, and the level of detail at
which the calculations will be performed. The selected approach depends upon
the intended application of the asset value calculation.

When deciding which assets to incorporate, one must consider both the specific
asset classes and the systems or networks included in the analysis. For exam-
ple, to comply with Federal requirements for TAMPs, State DOTs must calculate
asset value for two asset classes - pavements and bridges - under one system
- the NHS.

All asset classes identified in the requirements should be included in the cal-
culations, and no asset should be included in multiple classes. However, when
calculating the value for pavement, one must decide if this includes the value

of shoulders, guardrails, signs and traffic signals, and Intelligent Transportation
Systems (ITS). Ideally, the decision of what asset types to include is supported by
a review of a comprehensive asset register and a consideration of the available
data.
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The level of detail required for the analysis is a function of the intended appli-
cations of the asset value calculation and the availability of data. In concept, the
level of detail should be sufficient for specifying the impact of different treat-
ments considered in the calculation, though this topic is discussed further in
Step 3 - Determine Treatment Effects. Ideally, one should include treatments
that add life to an asset and analyze assets at a level of detail that accounts for
treatment effects. For instance, it may be necessary to consider major compo-
nents of a bridge (deck, superstructure, substructure) separately in the analysis,
given these components have different lifespans and some treatments may
extend the life one component but not another (e.g., deck replacement or sub-
structure repair).

Establish Initial Value

Once the analysis scope has been established, the next step is to decide how to
calculate the initial value of an asset. This step accounts for the different applica-
tions and perspectives of asset value.

For many TAM applications, the preferred approach is to establish the initial val-
ue based on the asset current replacement cost in today’s dollars. As discussed
in Section 2.2, this approach supports decisions regarding how an agency
should spend its available budget on its assets. This approach tends to be the
most straightforward to implement, and it is recommended as a default.

However, for certain applications it may be preferable to use an alternative ap-
proach to establish asset value. For U.S. agencies that seek to maintain consis-
tency with their approach to financial reporting, it may be necessary to establish
initial value based on purchase price, consistent with GASB 34. For applications
that involve considering which assets should be constructed or maintained, an
economic perspective may yield a more defensible result. Where market value
is available, this is usually preferable, particularly given the ease of calculation
relative to other approaches.

Determine Treatment Effects

Another important step in calculating asset value is determining treatment
effects. Here, one must establish what treatments will be explicitly considered
in the analysis, treatment costs, the assets that a treatment impacts, and the
effects of treatment. Depending on the depreciation approach, one may specify
treatment effects in terms of change in asset life or change in asset condition
(which can then be converted to a change in effective life).

The major question to answer in this step is what treatments to consider. At a
minimum one should consider asset replacement or reconstruction, and the
treatments identified in an asset’s life cycle analysis should be reviewed as well.
Frequently, it is necessary to consider other treatments short of replacement
or reconstruction to support TAM applications. For example, when trying to
demonstrate the value of performing preventive maintenance activities for
pavement, one approach is to show how asset value for a representative pave-
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ment section changes over time with and without preventive maintenance.

Once the treatments are established, one must specify treatment costs, what
assets or asset components are addressed by a given treatment, and the ef-
fects of treatment on asset or component life or condition. Treatments that are
assumed to occur but not explicitly considered should be reflected in estimates
of asset life; preventive maintenance activities often fall within this category. For
instance, an estimate of the life of a new pavement should assume preventive
maintenance treatments occur as scheduled.

Establish Depreciation Approach

Depreciation is necessary when calculating how asset value changes with time.
Any asset with a finite life loses value over time. As in the case of calculating
initial asset value, there are many different approaches to calculating depre-
ciation. The best approach to use depends on the intended application of the
calculation, one’s perspective on what value represents, and the data available
to support the calculation.

While depreciation tends to increase as an asset ages, the specific relationship
between age and depreciation is complex. The most straightforward assump-
tion - and often the best assumption, unless one has the data necessary to
define a nonlinear depreciation - is to assume a linear relationship. In a linear
relationship, asset value declines at a uniform rate across its lifetime until it
reaches a residual or salvage value at the end of its useful life.

Where an asset owner has information on the condition of their assets, they can
use this information to establish an effective asset age. An asset may last longer
than initially expected because it is deteriorating at a lower rate or because it
receives treatments to maintain it. In these cases, the asset may have an effec-
tive age much lower than its actual age. Conversely, the effective age of an asset
may be greater than its actual age, if it is in poor condition, such as that resulting
from accelerated deterioration.

One may need to calculate depreciation in a different manner for certain applica-
tions. In particular, a more fine-grained calculation of the pattern of consumption
of economic benefits may be needed in some cases, particularly if one is calcu-
lating initial value considering the stream of future benefits yielded by an asset
based on an economic perspective. Chapter 6 presents additional details on the
approaches to calculating depreciation, including guidance and examples.

Calculate Value and Supporting Measures

At this point in the process, all of the decisions about how to determine asset
value have been made, and only the calculation remains. Every asset valuation
requires calculating the initial value for all assets and components, and typically
includes some approach to depreciating that value to obtain a current value.
Depending on the specific application, this step may also include calculating:

* The cost to maintain asset value;

* Asset Sustainability Ratio (ASR);
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Asset Consumption Ratio (ACR);

Asset Funding Ratio (AFR);

NPV for an asset or group of assets; and/or
Other measures.

Communicate and Apply the Results

Once asset value has been calculated, the final step is to communicate and
apply the results. Various approaches have utilized asset value as a communica-
tion tool, with several such examples illustrated in Section 2.1. Also in this step,
one may need to interpret the results of an analysis to evaluate the significance
of any changes in asset value and the values of supporting performance mea-
sures.

It is important to document the approach used for calculating asset value, and
the key assumptions made in the calculation process. Depending on the specific
application, one may wish to perform a sensitivity analysis to establish the im-
pact of changes in key parameter values on the results of an analysis. A sensi-
tivity analysis is useful for describing the accuracy of the asset valuation calcula-
tion and highlighting any variables which have a significant impact on the asset
value. While sensitivity analyses are always applicable, they are most beneficial
in cases where there are numerous assumptions leading up to the final calcula-
tion. Many calculation parameters that are presumed to be invariant and known
with uncertainty are, in truth, uncertain and prone to vary in the future.
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Section 2.4

Relationship to Accounting

Standards

There are different accounting standards in the U.S. and internationally
for valuing assets for the purpose of financial reporting. These standards
describe best practices in accounting that agencies should carefully consid-

er when valuing assets to support TAM. However, particularly in the U.S., the
approach an agency uses to value assets for TAM often differs from that used
for financial reporting. The following subsections provide further detail on U.S.
standards and international standards, and the applications of these standards
to support TAM.

U.S. Standards

GASB Statement Number 34: Basic Financial Statements - and Management's
Discussion and Analysis - for State and Local Governments published in 1999 (1)
describes how U.S. public agencies should prepare their basic financial state-
ments, including the reporting of capital assets. GASB 34 requires agencies to
report capital assets by their historic cost, also known as purchase price. This
approach is recommended to maintain consistency with the U.S. GAAP.

GASB 34 allows for two different approaches for handling depreciation of capi-
tal assets. By default, an asset is depreciated over its estimated useful life. The
standard does not specify how depreciation is calculated, only that it should be
calculated “...in a systemic and rational manner.” In practice, agencies typically
assume an expected useful life by asset class and apply straight-line deprecia-
tion.

GASB 34's alternative approach to account for depreciation is the “modified ap-
proach.” In this approach, an asset’s historic cost is reported but no adjustment
is made for depreciation. Instead, a separate calculation determines the cost

to maintain and preserve the asset at a specific level of service, and this cost is
disclosed. The asset is treated as an “ongoing concern”, and the cost of main-
taining the asset is considered a part of the cost of operating the transportation
system, rather than as an adjustment to the asset value.

The modified approach may be used for infrastructure assets that are part of a

network or subsystem of a network. To use the approach an agency must:

* Have an up-to-date asset inventory;

* Perform periodic condition assessments at least every three years and sum-
marize the results;

* Maintain assets “approximately at (or above)” the established condition level
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based on the three most recent condition assessments; and
e Estimate each year the annual amount to maintain and preserve assets at a
specified condition level.

International Standards

Internationally, the IFRS are the predominant accounting standards. The IFRS
Foundation reports that globally 166 jurisdictions and 15 of the 20 G20 countries
use its standards (the exceptions are the U.S., Japan, China, India, and Indone-
sia). As noted in Chapter 1, IFRS standards are not specific to the public sector,
and IPSAS standards have been developed for public agency use. However, as

a practical matter IPSAS standards typically refer to relevant IFRS standards, so
the text here focuses on the relevant IFRS standards.

The IFRS standard IAS 16: Property, Plant and Equipment (2) describes how to
calculate costs and depreciation for fixed assets. This standard was developed
prior to IFRS Number 13, which is described further below, but it has since been
updated to reference it. IAS 16 describes that an organization should recognize
an asset at its cost when it is originally acquired. Following the original recogni-
tion of the asset, an organization can use one of two models for measuring its
value: the cost model or the revaluation model.

The cost model is similar to that described in GASB 34. With this model, the val-
ue of an asset is its cost adjusted for depreciation. To calculate depreciation, one
must first establish the useful life of the asset considering the expected usage
of the asset, expected wear and tear, technical or commercial obsolescence, and
legal or other limits on the use of the asset. One must also establish the residual
value of the asset once it reaches the end of its useful life and the depreciation
method for adjusting its value over time. The standard explains that different
depreciation methods may be used and that the selected method should be
that which “...most closely reflects the expected pattern of consumption of the
future economic benefits embodied in the asset.”

The revaluation model may be used as an alternative to the cost model. In this
model, the asset is periodically revalued to determine its fair value. Between
revaluations, the cost model is used to adjust the valuation. The standards note
that revaluation should be made with sufficient regularity to ensure there is no
material difference between the calculated cost and the asset'’s fair value.

IFRS Number 13: Fair Value Measurement (3) defines fair value. It recommends
using the price of an asset for financial reporting, where this can be determined,
and it provides guidance on estimating the price where it cannot. The standard
also describes a hierarchy used to categorize fair value estimates based on what
type of data are used. Ideally, the fair value is established using Level 1 inputs,
the asset’s (or an identical asset’s) quoted price in an active market. When Level
1 inputs are unavailable, Level 2 inputs should be used. These include market
prices of similar assets or prices from inactive markets and observable data,
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such as interest rates. Level 3 inputs, “unobservable inputs for the asset or liabil-
ity”, are relied on when there is no discernable market, and they are accorded to
the lowest priority.

IFRS Number 16: Leases (15) includes additional information relevant to fair
value calculations for certain situations. In this standard, fair value is defined

in the context of a lessor’s account requirements as “the amount for which an
asset could be exchanged, or a liability settled, between knowledgeable, willing
parties in an arm’s length transaction.”

It is important to note that while international standards allow for use of either
historic costs or fair value for valuing assets, the general trend of public agencies
in Europe and Australia has been to value assets based on their depreciated
replacement cost (DRC), consistent with the fair value approach. This trend is
exemplified by recent U.K. and Australian asset valuation guidance for public
agencies (12, 16).

Application to Asset Valuation for TAM

The standards described above are applicable to asset valuation for financial
reporting. U.S. agencies must follow GASB 34 for financial reporting, but they
are under no obligation to use the GASB 34 asset values for other purposes.
Furthermore, they are under no obligation to comply with international account-
ing standards for any purpose. Nonetheless, the U.S. and international stan-
dards are important for defining key concepts and establishing best practices.
The different accounting standards have been adapted for use in the context of
calculating asset value to support TAM with the following considerations:

* While it is not required, some agencies may prefer to maintain consistency
between estimates of asset value prepared for financial report based on
GASB 34 and for supporting TAM. The guidance describes an approach for
maintaining this consistency where desired.

* Agencies using the GASB 34 modified approach have already made a strong
linkage between financial reporting and TAM. This approach requires that an
agency uses its asset management systems to calculate the cost to maintain
its assets. Given that assets are treated as an “ongoing concern” in this ap-
proach, they are not depreciated. Ideally, agencies using this approach should
utilize the same cost to maintain assets for TAM and for financial report-
ing. This helps ensure consistency between the financial asset register and
technical asset register (e.g., asset values as captured in an Enterprise Asset
Management software system).

* While it is not binding for U.S. agencies, IFRS 13 describes best practices for
calculating fair value of an asset. The IFRS concepts, terms and guidance
are applicable to U.S. agencies calculating asset value using a cost or market
perspective.

Other IFRS and IPSAS standards, as well as the standards and guidance of inter-
national agencies based on these, help define concepts, terms, and best prac
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tices for aspects of the asset valuation calculation process, such as in establish-
ing useful life, calculating residual value, selecting a depreciation method, and
deciding how to componentize assets. These concepts are highly applicable to
U.S. agencies calculating asset value for TAM.
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Asset Value Scope

The first step in calculating asset value is to establish the scope
of the calculation. To do this it is important to determine the pri-
mary use of the asset value calculation for supporting TAM. From
there it is necessary to review the data available to support calcu-
lating asset value, determine what assets and systems to include,
and establish whether it is necessary to perform the value calcu-
lation for asset components.

Section 3.1

Identify the Asset Value Driver discusses how the different applications of
asset value discussed in Chapter 2 may impact the asset value calculation,
and provides guidance in establishing the basic motivation for the calculation
to support decisions concerning the details of the calculations in later steps.

Section 3.2

Review Data Availability and Quality discusses key factors to consider
regarding an agency'’s asset and cost data. Also, this section describes re-
sources for assessing and managing an agency's data resources.

Section 3.3

Establish the Asset Hierarchy provides guidance in determining the assets
to be included in the value calculation. It discusses common transportation
asset classes and key issues regarding calculation of asset value for each.

Section 3.4

Determine the Need for Componentization discusses that in some cases

it is necessary to decompose an asset into components to support a more
accurate calculation of asset value. It discusses considerations related to com-
ponentization and discusses how where componentization may be used for
common transportation assets.
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Identify the Asset Value Driver

Information on asset value and how it is changing may support a number
of different applications related to both TAM and financial reporting. When
establishing the approach to calculating asset value, it is important to consider
which applications the calculation is intended to support. This will then guide
subsequent decisions concerning how specifically to calculate asset value.

Section 2.1 discusses a range of different applications of asset value for support-
ing TAM, and provides examples of approaches for using and communicating
asset value. Many of the applications of asset value described in this section

are complementary to one another. However, some of the applications require

a greater level of detail in the calculation, while others may lead to selecting

specific options regarding the nuances of the calculation. For the purpose of this

step the different applications can be grouped into the following for the pur-
pose of establishing the primary motivation or driver for calculating asset value:

* Maintaining consistency with financial reporting. In this case, an agency
wishes to obtain a calculation of current asset value that is consistent with
the agency’s calculation of asset value prepared for its financial reports
based on GASB 34 and using historic costs.

* Reporting asset value for TAM. Here the primary motivation for calculating
asset value is to report value in a TAMP and/or other documents to be read
by the agency’s citizens and oversight groups. In addition to calculating cur-
rent value, one also typically calculates required maintenance costs, and may
calculate other measures. In this case, it is not necessary to maintain con-
sistency with the asset value reported in agency financial reports prepared
based on GASB 34, though some agencies may choose to do so.

* Evaluating treatment decisions. In this case the asset value calculation is
intended to help evaluate what treatments to perform for an asset, such as
when defining an agency’s life cycle policies. For this application, it may be
necessary to perform the asset value calculations at a greater level of detail,
but once performed the calculations can be used in a TAMP or in support of
other applications.

* Determining the benefits to transportation users and society. For certain
applications it is necessary to determine the benefits of an asset to users and/
or society as a whole - e.g., if determining what assets should have highest pri-
ority for resilience investments, or whether an asset merits public investment.

Table 3-1 summarizes these drivers and the implications of each for subsequent
decisions regarding how to calculate asset value. For each asset value driver the
table lists the value perspective that best supports it. Also, it summarizes the
implication of selecting the driver for calculation of asset value, calculation of
depreciation and treatment selection.
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As detailed in the table, it is important to maintain consistency with financial
reporting then it is important to adopt a cost perspective and base asset value
calculations on historic costs. On the other hand, if one seeks to quantify the
benefits of an asset to transportation users and society, then one should adopt
the economic perspective.

Table 3-1. Implications of Different Asset Value Drivers on the Calculation Process

Recommended Approach by Calculation Step

Asset Value Initial Asset Treatment Depreciation Measure
Driver Value Effects (Chapter 6) Calculation
(Chapter 4) (Chapter 5) (Chapter 7)
Maintaining Calculate value Establish cost, useful Depreciate value Asset Value
Financial based on historic life and treatment linearly based on ACR
Reporting cost. history for construc- asset age.
Consistency tion, reconstruction
and replacement.
Reporting Asset Calculate value Establish cost Depreciate value Asset Value
Value for TAM based on replace- and useful life based on effective Cost to Maintain
ment cost or market for construction, age determined Value
value. reconstruction and  using condition ACR
replacement. Avoid data. Use linear ASR
analysis of historic depreciation unless  AFR
treatments by a non-linear depre-
using condition data ciation pattern has
where available. been established.
Evaluating Calculate value Establish cost, Depreciate value Asset Value
Treatment based on useful life and based on effective Cost to Maintain
Decisions replacement cost. treatment effects for age determined Value
all treatments being using condition data. NPV
compared. Avoid Evaluate the benefit ACR
analysis of historic consumption pat-
treatments by tern in determining

using condition data how to depreciate.
where available.

Determining Calculate value Establish cost Calculate costsand NPV
Benefits to Users using an economic and useful life benefits expected Benefit/Cost Ratio
and Society perspective. for construction, over the life of

reconstruction and  the asset in lieu of

replacement. depreciation.

With the other drivers listed in the table one may adopt a cost or market per-
spective, and may use different approaches for different asset classes. These
two drivers differ from each other in the level of detail they imply. More detail is
needed to support making treatment decisions than to calculate an overall value
without comparing specific treatment decisions. Thus, in cases where treatment
decisions are being evaluated a greater level of detail may be required, specifi-
cally with regard to calculating depreciation and treatment effects.
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Review Data Availability
and Quality

Calculating asset value requires data on the asset inventory, on asset age
or condition, and on asset treatments. The availability of asset data, or lack
of it, may impact what approach an agency uses for calculating asset value.
Also, it may impact what assets are included in the calculation and the level of
detail at which calculations are performed.

TAM Data Assistant

NCHRP Report 956 is accompanied by a web tool, the TAM Data Assistant, to support the
assessment of TAM data needs. Together the guidebook and the tool offer an organized
process for evaluating and improving an agency'’s data systems. This web tool is hosted
by AASHTO and available for public agency use.

The screenshots below show the primary two steps in the tool’s process. First, users
assess their data system using benchmarks provided for each of the five areas outlined
in Figure 3-1. Then, in the screen on the right, they evaluate their selected improvements
to prepare an implementation plan.

In addition to guidance for the TAM Data Assistant, the report provides case studies
demonstrating the importance and impact of data improvements across state DOTs and
resources for those facilitating the assessment. For more information about the tool and
the NCHRP Report, visit www.tamdataguide.com.
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Collecting and maintaining quality asset data can be a significant investment in
and of itself. If needed data are unavailable, an agency may be able to expend
additional resources to collect additional data and/or improve data quality.
Thus, questions about data availability can become questions about resources:
are the resources available to collect the desired data? This section discusses
what data are needed for calculating asset value and approaches for assessing
asset data.

Data Needs

Table 3-2 summarizes data needs for calculating asset value. This information
may be available from a range of agency management systems and data repos-
itories. As indicated in the table, certain types of data are required regardless of
the approach one uses. Other data may be needed depending on the specific
approach. This point at this step is to determine what data are actually available
to help support decisions about the scope of the calculation. Key considerations
include:

* Inventory data are critical for the calculation, but the level of detail required
in the asset inventory depends upon the specific application. Having a com-
prehensive inventory of all assets is ideal, but often neither achievable nor
necessary for the purpose of calculating asset value. Often it is feasible to
use summary data on an asset inventory to calculate asset value - e.g., the
distribution of assets by age or condition for a given asset class or sub-group.
Also, assets are frequently included implicitly as part of another asset rather
than being inventoried explicitly.

* Some form of data is needed regarding the current condition of the asset
inventory using either asset age, condition, or a mix of the two. This is used
to depreciate asset value. Chapter 6 discusses issues regarding calculation of
depreciation. Often the availability of this data is a limiting factor in calculat-
ing value.

* The availability of treatment data is critical for establishing what treatments
are considered in the calculation. This topic is discussed further in Chapter
5. For any treatment that is included it is imperative to have a unit cost. If
historic costs are used as the basis for the calculation, then ideally one would
have historic costs as well, but historic costs can be approximated given unit
treatment costs and information on asset age.

* Various other parameters may be required for the asset value calculation,
particularly if calculating market or economic value. These approaches are
discussed further in Chapter 4.
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Table 3-2. Data Needs for Asset Value Calculation
Inventory Data

Always Needed May Be Needed
Asset quantity by: » Asset quantity for each individual asset or compo-
* Asset class nent

e Asset sub-group (e.g., asphalt vs. concrete pavement)
» System (e.g., Interstate, NHS)

Challenges

» Asset sub-groups are typically defined to capture differences in asset life or treatment strategies

* Some asset classes may be implicitly included with another asset class - e.g., pavement markings and shoul-
ders may be captured as part of pavement

Condition Data

Always Needed May Be Needed

* Distribution of asset life or condition by asset class * Asset life or condition for each individual asset or
or sub-group component

Treatment Data

Always Needed May Be Needed

» Treatment cost Historic data on treatments performed by:

* The impact of treatment on the life or condition of an ¢ Asset class
asset or component * Sub-group,

» Specific asset,
* Asset component

Challenges
» Treatment costs may be specified either as a unit cost or based on historic data depending on the application

Other Data and Parameters

Always Needed May Be Needed

* Expected asset life by asset class and sub-group » Market value of existing assets
» Asset utilization data - e.g., traffic or ridership
* Discount rate
* Inflation rate

Challenges
* A number of parameters are required if calculating economic value - See Chapter 4 for further discussion.

Data Quality and Completeness

In assessing what data are available, one should also consider the quality and
completeness of the data, noting any significant concerns. Common issues in
this regard include, but are not limited to:

* Data may be available for a given subset of the inventory (e.g., for a given
asset class and/or district), but may not be available consistently across the
agency. For many asset classes data on a statistical sample of the assets are
acceptable.

* Inventory and/or condition data may be available for a given point in time,
but may not be consistently maintained.

* There may be limited data on what treatments have been performed on a
given asset since it was first constructed. This can be an issue if one is relying
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on asset age rather than condition to establish depreciation, particularly if

one also seeks to include other treatments besides asset construction/recon-

struction in the approach.
* There may be other changes over time that changes in data over time that
may difficult to track and that further complicate use of historic data. This

may include changes in the network (e.g., which highways are included in the

NHS), changes in asset ownership, and/or changes in data collection ap-

proaches.

* Information on current and predicted future asset use needed for calculating

economic value may be unavailable or difficult to obtain.

Data Assessment

The process of assessing the data available for calculating asset value may be
performed as part of a broader assessment of an agency’s asset data resourc
es and needs. NCHRP Report 956: Guidebook for Data and Information Systems
for Transportation Asset Management presents an approach for assessing an
organization’s current data and information management practices in support
of TAM, as well as strategies for improving these practices (17). An agency can
apply the guidebook comprehensively to all of the organization’s TAM activities
or use it to focus on particular components, such as components related to
calculating asset value.

A. Specify and Standardize

B. Collect
B.1Inventory, [B.La Inventory, Condition, &

C.1 Databases

A.1 Inventory, |A.1a Asset Inventory Data Model C.la Efficient Storage D.1 Data D.La Analysis Environment
[Condition and Condition, and Performance Coverage Exploration,
Performance |A.1b Asset Condition and/or Performance [B.1.b Inventory, Condition, & C.1.b Database Linkages Reporting, and [D.1.b  Analysis Practices
[Standards Performance Data Model Collection Performance Automation Visualization
A.lc Design Model Standards B.1c Inventory, Condition, & C.lc Document Linkages D.Lc Analysis Tools
Performance Quality
A.Ld Location Referencing 8.2 Project B.2.a  Project Information Coverage C.1.d Data Storage Capacity D.2 Modeling [D.2.a  Asset Performance Prediction
Information
A.2 A.2.a Treatmentand Work Data Collection B.2.b Project Information C.2 Asset Life- |[C.2.a  Asset Management Data to D.2.b Optimization / Prioritization
Treatments Model Automation Cycle Data Project or Work Order
land Work A.2.b  Treatment and Work Location B.2.c  Project Information Quality Integration C.2.b  Project Planning to Project
[Standards Referencing Workflows Development
A2.c  Process Documentation and | 2] B.2.a Maintenance Information C.2.c  Project Development to
Management Maintenance Coverage Project Delivery
JA.3 Resource  |A.3.a  Prioritization Factors Information B.3.b Maintenance Information C.2.d  Project Delivery to Asset E. Act
Allocation and Collection Automation Management Data
Prioritization |A.3.b  Analysis Parameters B.3.c  Maintenance Information E.1Resource |[E.1.a Performance Targeting
Quality Allocation and
A.4 Metadata |A.4.a Data Dictionary Standards and | |B.4 Priority B.4.a Public Perception C.3 Other Data |C.3.a  Revenue, Budget, and Prioritization [E.Lb  Project Prioritization
Guidelines Criteria and Integration Expenditure Data
A.4.b Dataset Metadata Standards Values B.Ab  Decision Maker Values Workflows C3.b  Demand andfor Utilization E.2 Project E.2.a  Data-Driven Project Planning
and Guidelines Collection Data Planning, and Scoping
A5 A.5.a Data Stewardship C3.c  Environmental Data |Scoping,and |[E2.b  Data-Driven Project Design
[Governance Design
A.5.b  Data Standards & Guidelines C.4 Data C4.a  Field Access to Data E3 E3.a  Infrastructure Maintenance
Development / Adoption Access Mai e
Processes C.4.b  Public Access to Data E3.b Equipment Maintenance
A.5.c Data Collection Approval / Cd.c  Access Security
Coordination Practices
A.5.d Change Control {Systems and
Data) Processes

Source: NCHRP Report 956 (17)
Figure 3-1. TAM Data Life-Cycle Framework
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Figure 3-1 reproduces the “Data Life-Cycle Framework” from NCHRP Report
956. This shows the different elements of an organization’s asset data included
as part of an assessment. The framework organizes the assessment items into
five categories. Of these, two are most relevant for assessment of data for asset
valuation: A. Specify and Standardize; and B. Collect.
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Section 3.3

Establish the Asset Hierarchy

After establishing the motivation for calculating asset value and review-

ing available data, the next step is to identify which assets will be includ-

ed in the valuation calculation through establishing an asset hierarchy.

An asset hierarchy is a framework for organizing a set of assets. It specifies as-

set classes and sub-classes, as well as any parent-child relationships between

different types of assets.

Note that an organization may already have
established an asset hierarchy that can be
used to support this step. Alternatively, one
may establish a hierarchy specifically for the
purpose of calculating asset value. In any
case, it is important to note that the set of
assets included in the asset value calculation
may be different from that defined for other
purposes. Thus, if one is referencing an exist-
ing hierarchy, it will be necessary to further
note which assets are included explicitly in
the asset value calculation, which are includ-
ed implicitly as part of some other asset, and
which are excluded.

Assets exist within a network, and they

rely upon the collective maintenance of the
network to function properly. If some assets
in these networks are not explicitly valued,
their impact should be accounted for implic-
itly within the valuation. Also, at this point
practitioners should establish whether the
asset value calculation is focused on specific
systems or subsets of assets. Asset subsets
comprise its inclusion within a system (e.g.,
on the NHS or Interstate), ownership of the
asset (federal, state, or local), and the asset’s

geography.

Afinal consideration for the asset hierarchy
is ensuring that assets excluded from the
analysis are not neglected in maintenance or
other investments. By analyzing assets within
a network or along a corridor, one can weigh
all aspects of maintenance for all levels of

Minnesota DOT
Asset Hierarchy

Minnesota DOT (MnDOT) includes calculates
value for pavement and bridge assets in its

2019 TAMP, as well as for culverts, tunnels,

signs, light towers, noise walls, signals &
lighting, pedestrian infrastructure, build-
ings and ITS. The table displays MnDOT's full

asset hierarchy.

STATE HIGHWAY

SYSTEMASSETS | COUNT

Pavements (Roadway
Miles)

Bridges

Highway Culverts

Deep Stormwater
Tunnels

Overhead Sign
Structures

High-Mast Light Towers
Noise Walls

Signals and Lighting
(Signal systems and
pole mounted lighting)
Pedestrian Infrastructure
(Curb ramps, sidewalk
and pedestrian bridges)
Buildings

Intelligent Transportation
Systems

Total

Source: Minnesota DOT (29)

14,331

4,801
40,687

1,858
478
434

28,442

Various
Units

876
14,310

N/A

REPLACEMENT

VALUE

$29.4 billion

$14.6 billion
$1.6 billion

$372 million

$175 million

$19 million
$374 million

$541 million

$279 million

$1.2 billion
$151 million

$48.7 billion

CURRENT
ASSET
VALUE

$22.3 billion

$8.5 billion
$1.2 billion

Not calculated

Not calculated

Not calculated
Not calculated

Not calculated

Not calculated

$945 million
Not calculated

N/A
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assets, from geotechnical structures to the pavement markings.

The following subsections describes common classes of transportation assets
and considerations in calculating asset value for each.

Pavement

This asset includes the wearing surface of roads, runways, sidewalks and other
paved surfaces, as well as the other layers supporting the wearing surface. For
highway agencies pavement is typically the asset with the greatest overall value;
it is the asset a highway department has the most
of. State DOTs are required to estimate the value of
their NHS pavement in their TAMPs.

State DOTs are required to maintain an inventory of
their roadway pavement through the Highway Per-
formance Monitoring System (HPMS), and to collect
condition data for different pavement distresses
for pavement on the NHS. A challenge in managing
pavement data is that pavement is a linear asset,
and can be sectioned in different ways. For in-
stance, condition data may be collected and report-
ed for 1/10-mile sections, while longer management
sections are used for predicting future conditions
and developing projects.

Frequently, asset value calculations include a num-

ber of additional assets as part of the valuation of

pavement, to the extent these additional assets

may be replaced or reconstructed as part of a

project to replace or rehabilitate the pavement. This

may include shoulders, curbs, pavement markers/markings, signs, and drainage
assets. Also, sidewalks and bike paths, though paved, are often treated as sepa-
rate assets from roadway pavement.

Pavement life varies by material type (e.g., asphalt, concrete, hybrid, etc.), op-
erating environment, how the pavement is maintained, how the end-of-life is
defined, and what specific assets are included as part of the pavement asset.
Typically, the wearing surface of a road is assumed to last approximately 20
years, while the “full-depth life” which includes multiple rehabilitation treat-
ments of the wearing surface, is assumed to be approximately 50 years (18).

Structures

This asset class includes constructed works that allow a road to span a physical
obstacle, such as a river or other road. For a highway agency structures are typi-
cally the asset class with the second greatest value following pavements.
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Here this asset class is defined to include bridges and
tunnels, and culverts. In practice the terms “struc
tures” and “bridges” are often used interchangeably.
In the U.S. bridges, tunnels and larger culverts are

all included in the National Bridge Inventory (NBI)
and State DOTs are required to estimate the value of
their NHS structures in their TAMPs.

State DOTs are required to maintain an inventory of
all bridges on public roads in their state. Also, State
DOTs are to report condition data for the bridges in
the state, collected through periodic visual inspec-
tions.

Structures are long-lived assets. As a practical mat-
ter, a structure can remain functional for 100 years
or more if it is appropriately maintained. However,
structures are often replaced when replacement is
the most cost-effective alternative for addressing
deterioration, or if the structure has functional is-
sues that render it obsolete (e.g., designed for smaller loads or traffic levels than
current standards). Based on review of the 2019 State DOT TAMPs, DOTs typical-
ly assume a design life of 75 years for their struc-

tures for the purpose of calculating asset value.

Traffic and Safety Assets

This class includes a number of different assets that

either enhance mobility and/or improve safety. This

includes, but is not limited to:

* Signs and their supporting structures

* Traffic signals

* Lighting

e Guardrail, median barriers, cable barriers and
other impact attenuators

* Pavement markings and markers

* Intelligent Transportation Systems (ITS) devices
such as cameras, other sensors and detectors,
and variable message signs

* Tolling systems

* Grade crossings

Practices regarding management of traffic and safety assets vary widely be-
tween specific asset types and agencies. NCHRP Synthesis 371 provides a sum-
mary of current practices and typical asset lives for several common types of
assets (19). Service lives for traffic and safety assets range from one to two years
for certain types of pavement markings to 20 years or more for guardrails and
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median barriers.

Generally, agencies lack data on asset condition for many traffic and safety as-
sets, as collecting condition data can be impractical and condition is often a poor
predictor of when the asset needs to be replaced. Furthermore, many agencies
have limited or incomplete inventory data on these assets, which is the starting
block for collecting condition data. In many cases, traffic and safety assets are
replaced due to functional obsolescence rather than as a result of their physical
deterioration. As noted above, these assets are frequently replaced as part of a
larger effort to rehabilitate a section of pavement or

a corridor, and thus, they are often valued as part of

the pavement asset class.

Vehicles

Vehicle assets include revenue and maintenance
vehicles, such as buses, paratransit vehicles, ferries,
train cars, tow trucks, plows, and various other
types of service vehicles. For State DOTs vehicles
are often a small portion of an agency’s inventory.
On the other hand, for transit agencies revenue
vehicles typically represent the largest single asset
class an agency owns based on asset value.

The Federal Transit Administration (FTA) has pub-
lished assumed useful lives, termed “useful life
benchmarks,” for a range of vehicle types (20). De-
fault values are 8 years for four-tired vehicles such
as automobiles and vans, 14 years for buses, 31 years for light and heavy rail
vehicles, and 39 years for commuter rail coaches and locomotives.

Agencies track inventory data on their vehicles, but
approaches vary regarding tracking condition data.
Often age or vehicle mileage is used as a proxy for
asset condition. Transit agencies report data by
vehicle subfleet for revenue and service vehicles to
the National Transit Database (NTD).

A notable feature of vehicles is that relative to fixed
assets they are more easily transferred from one
owner to another. Thus, it is often feasible to estab-
lish a market value for vehicles using information on
the sale or auction of used vehicles.

Fixed Guideway

For transit systems that operate light rail, heavy
rail or commuter rail, fixed guideway is a significant
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asset class. This includes track, communications and signals, and electrification
systems. For the purpose of reporting to the NTD, transit agencies group other
fixed assets besides facilities into the category of “Infrastructure.” In the NTD
this category also includes structures and guideway for bus rapid transit sys-
tems that are addressed above in structures and pavement.

It is difficult to generalize management approaches and asset lives as these vary
significantly between different asset sub-groups and agencies. Generally fixed
guideway assets tend to be long-lived. Track requires periodic rehabilitation but
can be maintained indefinitely. Communications, signals, and electrification
assets have varying lives which are often dictated by consideration of functional
obsolescence rather than physical condition. Transit agencies report data on
their inventory and its age to the NTD. FTA describes different guideway assets
and management approaches in its Transit Asset Management Guide (21).

Facilities

Transportation agencies own and operate a number of facilities. Typical facilities
for highway agencies are discussed in (22) and include:

* Administrative facilities

* Maintenance depots;

e Rest areas;

* Toll plazas;

* Weight stations; and

¢ Communications facilities.

Transit facilities are classified in the NTD as either: administrative/maintenance
facilities such as office buildings, bus garages or rail yards; or passenger facilities
such as stations and parking garages. Airport facilities include many of these
same types, as well as aircraft hangars, terminals, fueling facilities and baggage
handling facilities. Many facilities include major pieces of equipment (e.g., vehicle
lifts) that may be inventoried separately or considered as part of the facility.

Like structures, facilities are typically complex, with many different components,
and have a seemingly indefinite lifespan. Overall facilities lives are estimated as
50 to 100 years in models such as FTA's Transit Economic Requirements Model
(TERM) Lite (23). Similar to vehicles, in some cases facilities may be transferable
to other owners, simplifying the calculation of a market value for a facility.

Other Assets

Transportation agencies manage various other assets not addressed in the
classes discussed above, including:

* Drainage: this encompasses pipes, gutters, drains, retention/detention
ponds, and others. Management of drainage assets is complicated by the fact
that many are underground and difficult to inventory. Also, in many cases it
may be difficult to establish maintenance responsibility for drainage assets.

* Geotechnical: NCHRP identifies four basic sub-groups of constructed geo-
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technical assets (24). These are slopes, embankments, subgrade, and re-
taining walls. Agencies may also identify geohazard locations (e.g., potential
rockfall locations) in an asset inventory. As in the case of drainage assets, it

can be a challenge to establish an inventory of geotechnical assets. Typically,

these assets are long-lived, with asset lives similar to structures.
* Bicycle and Pedestrian Assets: bike lanes, sidewalks, curb ramps, and

other related features. These assets promote multimodal accessibility, and in

some cases (e.g., curb ramps) may be needed to comply with the legal re-

quirements such as the Americans with Disabilities Act (ADA). Typically these

assets have lives similar to traffic and safety assets described above.

* Land: this includes right-of-way, land used for facilities, and other land
owned by a transportation agency. Land is different from other transporta-
tion assets regarding calculation of asset value in that it is not assumed to

depreciate. Also, methods established for calculating the market value of real

estate are directly applicable for valuing land, with the additional complica-
tion that in many cases there is additional value associated with maintaining
a corridor (e.g., for construction of a future transportation link or fiber optic
cable). Transportation agencies typically do not calculate a value for their
land for TAM applications given it does not vary as a function of TAM-related

decisions. However, land value can be highly relevant for decisions where the
privatization of assets is evaluated, or where the overall benefit of an asset to

society is considered.
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Section 3.4

Determine the Need for
Componentization

In the context of this document, componentization is defined as the process of
delineating parts of an asset - components - for which the asset value calcula-
tion is performed separately. Defining asset components may be necessary to
obtain an accurate calculation of asset value, depending on the nature of the
assets being valued and the intended application of the asset value calculation.
The following subsections discuss the reasons for defining asset components
when calculating asset value, specific criteria for when to componentize, and
asset classes where componentization may be considered.

Why Define Asset Components

The basic reason one may wish to break an asset into components is that it may be
a complex asset with different elements that have different asset lives. If the only
treatment one performs on an asset is to replace it then this detail is immaterial. In
this case the remaining life of an asset is dictated by the minimum remaining life of
the different components of the asset. However, if it is feasible to treat individual
components of an asset, extending their life while leaving the life of other portions
of the asset unchanged, then the situation is more complex. In this case, consider-
ing the different asset components yields a different and arguably more accurate
calculation of value than performing the calculation only for the asset as a whole.

An asset that is commonly decomposed into components is a bridge, as discussed
further below. Figure 3-2 shows how a bridge may be valued over time with and
without calculations at the component level. The upper panel shows the asset
value of the bridge by year, subdivided by components (deck, superstructure and
substructure). The components have different asset lives and thus depreciate at
different rates. At three points in time the value is increased as a result of a treat-
ment performed on a component (the deck and/or superstructure).

The lower panel shows the value if calculated at the bridge level. In this case the
value declines more gradually over time, and the treatments applied at a com-
ponent level do not impact the overall value. Asset value at the beginning and
end of the analysis is the same in both cases. However, the component-level
representation more accurately reflects the effects of different treatments.

Note that in this case various complicating factors have been omitted. Most
notably, in this case depreciation is based on component age. In reality for asset
management applications, it is common to base depreciation on condition
where condition are available..
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Figure 3-2. Calculation of Asset Value with and without Components

Criteria for Componentizing

Based on the above discussion, the following criteria are recommended for es-

tablishing when to perform the asset value calculation at the component level.

Specifically, componentization is recommended in cases where:

* The asset represents a significant portion of the value being calculated;

* The asset is complex, with different identifiable components aging at differ-
ent rates;

* Multiple treatments are performed to the asset over its life extending the life
of different components;
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* Data are available
on the inventory of
asset components
and on either their
condition or age to
support calculation
of depreciation; and

e The driver for
calculating asset
value is to evaluate
different treatment
options, or there is
significant interest
in doing so.

Agencies may establish
additional criteria for
when to value assets
at a component level.
The example below
describes guidance

for valuing assets at a
component level. For
example, Austroads
describes that an asset
over $5 million should
be componentized
when the asset struc-
ture can be separately
identified, the differ-
ent parts can each be
measured, and the
components have dif-
ferent service lives (24).
The example below
illustrates the compo-
nentization approach
recommended by
CIPFA for local agencies
in the U.K.

Defining Asset Components

The Chartered Institute of Public Finance and Accountancy (CIPFA)
has established an asset hierarchy and componentization approach
for the purpose of calculating asset value to be used by local agen-
cies in the U.K. (16). In its guidance CIPFA defines three levels in the

hierarchy:

 Level 1: Component Type - broad categories based on the general
function of the components. They divide the Highways Network As-
set into categories of components and provide an appropriate basis
for high-level management information.

* Level 2: Component groups - used to distinguish between compo-
nent types that have a similar function and form.

e Level 3: Elements - distinguishes between components that, at least
when systems become well developed, may require individual depre-
ciation and impairment models, such as different service lives and/or
rates of deterioration.

The table depicts how these levels are defined for pavement
(carriageways).

Level 1

Component type

Carriageway

Level 2

Component group

B Area (square metre) based
elements

Flexible pavements
Flexible composite pavements

Rigid concrete pavements

Rigid composite pavements

B Linear elements
(see paragraph 6.6.2.2)

Source: CIPFA (16)

Level 3

Elements that level 2 implicitly covers

Pavement layers
Other surface types, eg paved

Central reservation, roundabout, lay-
by, traffic island, etc

Earthworks (embankments and
cuttings, retaining walls height
<1.35m)

Traffic calming

Fords and causeways
Kerbs

Line markings

Road studs

Road drainage elements (gullies,
drains, ete, but not large structures)

Boundary fences and hedges

B Hard strip/shoulder verges/vegetation
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Asset-Specific Considerations

The transportation asset classes that are most commonly divided into compo-
nents are pavement and structures. Other asset classes that may be componen-
tized are facilities and fixed guideway. Below are specific considerations regard-
ing these asset classes.

Pavement

Pavement may be split into components, but doing so is the exception rather
than the rule in U.S. practice. Where pavement is componentized, typical com-
ponents include the pavement surface, base, subbase, and subsurface, as illus-
trated in Figure 3-3. This approach is used by agencies such as New Hampshire
DOT TAMP (25), and recommended in by Austroads (26).

The challenge in valuing individual pavement
components is that most condition data collected
for pavement, such as roughness, rutting, cracking
and faulting, are measures of surface distresses.
Limited data are available regarding the underly-
ing condition of the pavement structure and base,
though increased surface distress may result from
deterioration of the pavement structure. A further
consideration is that while it is possible to treat the
pavement surface without treating the pavement
structure, the converse is not true: any treatment
that impacts the structure or base of the pavement
also effect the surface.

The basic approach that one can use to address the
complexity of pavement without breaking it into
components is to calculate an effective age for a
pavement section that adjusts the actual age of the
pavement (which captures the age of the base and Figure 3-3. Cross-Section of Typical
structure) using condition data (which best rep- Pavement Components.

resents the surface of the pavement). Also, agencies

typically introduce business rules in developing

their lifecycle strategies to limit the number of times

that an overlay or other surface treatment can be performed without more

extensive rehabilitation of the pavement structure.
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Structures

Structures - particularly bridges and
tunnels - are complex assets that
typically meet the criteria provided
above for componentization. Where

bridges are componentized, the SR R
typical components are the bridge Superstructure
deck, superstructure and substruc ; ;

components, simplifying the task

of componentizing for U.S. highway

bridges. To support a componentized

approach, one must determine what

portion of the asset value is com-

prised by each component, and then Figure 3-4. Cross-Section of a Bridge
value each component separately. Showing Its Major Components
Chapter 8 provides an example of a

component-level calculation of asset

value for structures.

ture as depicted in Figure 3-4. The
NBI includes visual ratings of these Substructure U j d

For all NHS bridges and many other
state-owned bridges, state DOTs
also collect more detailed condition
data for structural elements based Approach Concrete Painted Steel Painted Steel Strip Seal
L . . Slab Deck Girders Guardrail Joint
on AASHTO specifications. This data
provides the basis for componentiz-
ing at an even greater level of detail if
desired. Figure 3-5 shows an exam-
ple of the structural elements of a

bridge. [ 4
. Abutment Bgal);ﬁ]dgs
Tunnels are extremely complicated
structures and should be valued
using a componentized approach
where feasible. Components of
highway tunnels are defined by Figure 3-5. Example Structural Elements of a Bridge
FHWA in the Specifications for the
National Tunnel Inventory (27). These
include: structural elements (similar
to bridges); civil elements (e.g., barriers and railings), mechanical systems (e.g.,
ventilation and drainage); electrical and lighting systems; and fire and life safety
systems.

Assembly
Joints
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Other Assets

Facilities and fixed guideways are examples of asset classes that may be com-
ponentized, depending on data availability and the specific application of the
asset value calculation. There are no widely accepted standards for assessing or
componentizing highway facilities in the U.S. Regarding transit facilities, FTA has
developed guidance for inspection of facility systems, subsystems, and compo-
nents such as the substructure, shell, interiors, plumbing and electrical systems
(28). Transit agencies assess conditions of their facilities and report their overall
condition to the NTD. Fixed guideway is a complex asset and ideally should be
componentized (e.g., into track, communication, and electrification sub-groups).
However, there are no specific standards in the U.S. for how to componentize
and assess different guideway assets.
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Initial Asset Value

After establishing the scope of the asset value calculation, the
next step is to determine the initial asset value. Four different
methods may be applied: replacement cost, historic cost, market
value, and economic value.

Section 4.1

General Guidance introduces the four approaches to calculating initial value
and describes their strengths and weaknesses. It provides a flowchart for
selecting an appropriate initial value approach.

Section 4.2

Alternative Approaches provides additional detail on the challenges and
motivations of each approach and lists calculation steps for the four ap-
proaches.

Section 4.3

Examples includes four illustrative examples demonstrating the calculation
of initial value for replacement cost, historical cost, market value, and eco-
nomic value.

Section 4.4
Practice Assessment gives examples of emerging, strengthening, and ad-
vanced practices with respect to the calculation of initial value.
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General Guidance

Approaches for Calculating Initial Value

Initial asset value is the value of an asset at the start of the analysis period.
What this represents, exactly, depends on the approach being used to make

the calculation. In some cases, the initial value is the value of an asset when first
constructed or acquired, while in others, it may be the value at a particular point
in time.

This guide describes four basic approaches to calculating initial value. These are
as follows:

* Current Replacement Cost - the cost of replacing the asset with its mod-
ern equivalent in today’s dollars. This is also referred to as the “gross re-
placement cost. When this approach is used, the initial value is the cost of
constructing or acquiring a new asset. The cost is then adjusted for depre-
ciation to obtain a “depreciated replacement cost” as described further in
subsequent chapters. This approach is consistent with the cost perspective
described in Section 2.

* Historic Cost - the actual cost paid to first construct or acquire the asset, ex-
pressed in year of expenditure dollars. When this approach is used, the initial
value is the historic cost constructing or acquiring the asset. This approach is
consistent with the cost perspective described in Section 2.

* Market Value - the price of an asset if offered for sale in a competitive
market. This value can be established only if such a market exists. In this
approach, the initial value is the price of an asset at a specific point in time.
Further adjustment to this price may be required to account for recent appre-
ciation or depreciation. This approach is consistent with the market perspec-
tive described in Section 2.

* Economic Value - the present value of the benefits of an asset to the as-
set’s owner, and asset users. When this approach is used, the initial value is
the sum of future benefits of the asset at a specific point in time. Costs and
benefits over time are discounted to a present value when they are com-
bined. This approach is consistent with the economic perspective described
in Section 2.

Table 4-1 summarizes the strengths and weaknesses of each approach.

Replacement Cost

The replacement cost of an asset in today’s dollars represents the value of an
asset from the perspective of the asset manager charged with deciding which
assets to repair, rehabilitate, or replace using today's dollars. Not surprisingly,
many U.S. agencies base their estimate of asset value on asset replacement cost
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in their initial TAMP, and much of the U.S. and international guidance on calculat-
ing asset value to support TAM describes this approach.

Table 4-1. Approaches for Establishing Initial Value

Approach Description Strengths Weaknesses
Current Replacement Cost of replacing or * Aligned with the * Requires additional
Cost reconstructing the asset perspective of an asset judgement (unit costs)
in today’s dollars owner who is charged to calculate relative to
with maintaining the historic cost
asset * Value not related to the
e Consistent with inter- expected benefits the
national standards and asset will yield to users

best practices

Historic Cost Cost originally paid to * Minimizes uses of » Historic cost data may
construct or purchase the subjective data not be available for
asset e Consistent with GASB 34 asset components

and U.S. GAAP * May be significantly

less than the current
replacement cost

* Limited support for TAM
decisions

* Value not related to the
expected benefits the
asset will yield to users

Market Value Price of the assetin a * Applies best to cases * No competitive market
competitive market where a market exists, exists for many trans-
such as for vehicles and portation assets
equipment * May require adjustment
» Can be used to establish for externalities not
current value without factored into the price
further adjustment for  * Different price calcu-
depreciation lated depending on
* Where available, it whether the asset is
can serve to integrate assumed to be sold as
different perspectives a single unit, a set of
on value components (liquidation

value), or scrapped
(salvage value)

* Must periodically
revalue assets

Economic Value Present worth of future e Supports evaluation of ¢ Can be time consuming
benefits to asset users (or what assets are worth to calculate
a comparable proxy value) constructing, retaining, ¢ Requires quantifying
or improving several different param-
¢ Consistent with best eters - e.g., discount
practices for bene- rate and value of time
fit-cost analysis e Limited value for

supporting decisions
concerning how to
maintain existing assets
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Historic Cost

This approach differs from the replacement cost approach in its treatment

of inflation. When using historic cost, one obtains the actual cost incurred to
purchase or construct the asset in the year-of-expenditure dollars. This value is
almost always less than the current replacement cost, or the cost of replacing
the asset in today’s dollars, because the current replacement cost reflects the
inflation that has occurred since the asset’s construction.

The historic cost is consistent with the U.S. GAAP and U.S. agencies’ calculations
of asset value for financial reporting. However, historic costs have limited use for
supporting decisions about how to spend today’s dollars. Further, it is frequently
difficult to obtain historic cost data for individual assets or asset components,
especially for older assets.

Market Value

Where a market exists for an asset, using the market value can simplify the pro-
cess of calculating both initial value and depreciation, because both aspects are
reflected in the market price. A market price also encapsulates the cost of the
asset from the owner's perspective and the economic benefits of the asset from
the user’s perspective, helping to integrate the different perspectives concern-
ing what asset value represents. Using the market price to establish fair value is
consistent with the international accounting standard IFRS 13.

Economic Value

The economic value can be calculated explicitly as the net present value (NPV)
of future benefits or approximated via a utility function that represents these
benefits. Calculating the economic value of an asset is consistent with the con-
cepts of benefit-cost analysis and offers the best support for certain types of
decisions, like determining which assets to prioritize for resilience investment,
retention, or new construction. However, this is the most time-consuming and
data-intensive approach of the four listed here. For supporting day-to-day deci-
sions regarding how to maintain existing assets, the additional information the
economic value yields may be of limited use.

Selecting an Approach

Figure 4-1 is a flowchart to assist in the selection of an approach for calculat-

ing initial asset value. The chart recommends current replacement cost as the

default approach for establishing initial asset value, while presenting the cases

where one of the other approaches may be preferred. The basic factors and
assumptions reflected in the flowchart are as follows:

* Historic cost is not recommended for establishing initial value but should be
used in cases where an agency seeks to maintain consistency with its calcula-
tion of asset value performed for financial reporting using GASB 34.

* Economic value is recommended for certain, specific applications, such as
when the asset manager seeks to calculate the overall value of the asset to
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society in order to establish if an asset is worth constructing or decommis-
sioning. For these cases, simply knowing the cost of an asset is insufficient for
determining whether it is worthy of investment.

In the situations where the market value of the asset is available, it should be
used over the current replacement cost. When market value is not available,
current replacement cost should be used.

Is it necessary
to maintain
consistency with
the agency’s
GASB34 calc. of
asset value?

Is the calculation
being made to
determine
prioritize which
assets to
construct?

Is the calculation
being made to
demonstrate the
value of assets to
society and/or
transportation
users?

Does a market
exist for resale
of the asset?

Is it feasible to

obtain a market

value adjusted
for externalities?

Is historic cost
data available?

N d ‘
L al

Figure 4-1. Flowchart for selecting the appropriate approach to calculate initial asset
value.
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Alternative Approaches

This section describes how to calculate initial asset value using each of the four
methods described previously: current replacement cost; historic cost; market
value; and economic value. The following subsections discuss issues specific

to each approach and provide step-by-step guidance. This guidance should be
applied for calculating value for each asset class and component identified pre-
viously as described in Chapter 3. Since economic value differs significantly from
the other three approaches and is recommended only for specific applications,
details of this approach are provided in Appendix 4.A.

Current Replacement Cost

Overview

Calculating the current replacement cost of an asset may seem to be a straight-
forward exercise, and generally speaking it is. One must establish a unit cost for
construction of a new asset, determine the quantity of the asset, and multiply
the cost by the quantity. However, at each step of the way there are possible
complications that one must consider. These include:

* Determining the units of measure for an asset. This requires considering
what factors drive the cost. For instance, for pavements and bridges costs
are generally proportional to area (lane miles of pavement or square feet
of deck). For other assets costs may be expected to vary based on system
length or other variables.

* Establishing the number of different asset groups. That is, how many dif-
ferent unit costs need to be determined? At a minimum, there should be at
least one unit cost per asset component established as described in Chapter
3. In many cases, there may be different costs established by material (steel
versus concrete bridges) or functional system (Interstates versus minor arte-
rials).

* Adjusting historic data for inflation. Often an analysis is performed of ac-
tual, historic costs to determine the current replacement cost. Where such an
analysis is performed historic costs must be inflated to today’s dollars.

* Deciding when an asset would need to be replaced by its modern equiv-
alent. In some cases, it may not be practical or desirable to replace an asset
in kind, such as in cases where an asset is based on obsolete technology. It is
important to consider where this might be the case, and in these cases estab-
lish the cost of replacing an asset with its modern equivalent.

While it is possible to calculate a specific cost for each individual asset in an
inventory, as a practical matter, agencies’ asset inventories are often too large
to justify the expense of preparing detailed cost estimates for each individual
asset. To support TAM applications, agencies need to establish unit costs to use
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for estimating the cost of asset replacement.

Calculation Steps

The basic steps involved in calculating current replacement cost using unit costs
are shown in the following table. These steps should be followed for each asset
class and component being included in the calculations.

Calculating Initial Value
Current Replacement Cost

Determine Units of Measure

Analyze the data to determine the correct units of measure to use for each
asset class and component for the purpose of estimating replacement costs.
Typically, costs are estimated based on area (e.g., for pavement and bridges),
length (e.g., for guideway) or asset count (e.g., for vehicles).

Collect Data on Replacement Costs

Collect data on the cost of replacing each asset class and component defined
as described in Chapter 3. The data may include historic asset construction
costs and/or cost estimates for planned projects, as well as data on units of
measure established in Step 1. Where data are unavailable, it may be possible
to obtain data from an agency'’s peers.

Adjust Costs for Inflation

Adjust the costs obtained in Step 1 to represent costs in today’s dollars. This
will typically require inflating historic costs and may require deflating any
predicted future costs. Appendix 4.B discusses the treatment of inflation.

Determine How to Group Assets

As necessary, create different groups for asset classes or components to re-
flect differences in replacement costs. Asset characteristics such as roadway
classification, rural or urban setting, regional factors, and asset materials
may impact replacement costs.

Calculate Unit Costs for Each Group
Using the data for each asset group, take the sum of the construction costs
and divide by the total area, length, or count (depending on the asset type).

Apply Unit Costs
The last step is to multiply the unit costs established in Step 5 by the quantity
of each asset or asset component to determine the current replacement cost.
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Historic Cost

Overview

The primary motivation for establishing initial value based on historic cost is to
maintain consistency with an agency’s financial reporting. Requirements for U.S.
agencies to use for preparing financial reports are described in GASB Statement
34 (1). This document describes that:

Capital assets should be reported at historical cost. The cost of a capital asset
should include capitalized interest and ancillary charges necessary to place
the asset into its intended location and condition for use. Ancillary charges in-
clude costs that are directly attributable to asset acquisition—such as freight
and transportation charges, site preparation costs, and professional fees...

In principle, determining the historic cost of an asset should require nothing
more or less than reviewing an agency's financial records to determine the cost
paid to first construct or acquire the asset. Where sufficient data are available to
support this approach, one should determine the cost of construction or acqui-
sition, as well of capitalized interest and ancillary charges as described above.

The fundamental challenge with this approach is that records on historic costs
may not be readily available, and where they are available may not provide a
sufficient level of detail for establishing the cost by asset class or component.
For instance, one might have a single cost from the time a highway corridor was
first constructed - but without details on the amount paid per section of pave-
ment or per bridge, let alone for assets such as signs, signals, culverts, guard-
rails and other assets - some of which may have been completely replaced since
the corridor was constructed. The challenge is compounded by the fact that
many transportation assets are long-lived, so one may need to review extensive
historic data to establish the costs for a given asset.

Many agencies have faced this challenge in calculating historic costs since GASB
Statement 34 was first published in 1999. A basic strategy for overcoming it is

to capitalize assets as a group based on capital outlays made each year. This
approach is termed the “Wooster Method” as its use was first documented in a
financial report for the town of Wooster, Ohio. Another strategy is to estimate
replacement costs by asset class using unit costs expressed in today’s dollars,
then deflate the estimated costs back to year-of-expenditure dollars using
information on asset age. This approach was used by Colorado DOT for its asset
value calculations. Both of these approaches are described in NCHRP Report
898 (6).

Calculation Steps
The following are the basic steps involved calculating initial asset value using
historic costs with this approach:
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Calculating Initial Value
Historic Cost

Collect Data on Asset Age

Collect data on asset age for the assets and asset components established

as described in Chapter 3. If the age of specific assets is unavailable, then the

age distribution of the inventory may be used as an alternative.

Calculate Current Replacement Cost

Follow the steps in the previous section to calculate current replacement cost

for each asset class and component.

Deflate the Current Replacement Cost

Deflate the current replacement cost based on the asset age data collected in

Step 1 to obtain estimated historic costs. Appendix 4.B discusses the treat-

ment of inflation.

Market Value

Overview

Where a competitive market exists for an asset, it may be feasible to establish
the asset’s market value. This market value represents the current value of the
asset. Unlike the current replacement cost and historic cost approaches, this
value incorporates accumulated depreciation since the asset was first construct-
ed or acquired.

Because many transportation assets are fixed in place, it is the exception rath-
er than the rule that a market value may be determined. In most cases it is not
terribly practical to transfer a transportation asset from one owner to another.
There are two primary exceptions to this rule. One is the case of vehicles and
equipment that can be easily transferred, and the second is the case where a
market value is established for the purpose of privatizing infrastructure, such
as to issue a concession to a private entity to operate and maintain a toll road.
These two cases are described below.

Vehicles and Equipment

In many cases it is possible to perform an independent fair market value as-
sessment for vehicles and equipment, as these assets are readily transferrable
from one owner to another. Where a market value can be established, this value
indicates what the market is willing and able to pay for a specific vehicle or piece
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of equipment, taking into consideration prior use, current condition, remaining
useful life, and other factors. In some cases, a vehicle or piece of equipment
may have significant remaining value even once it is replaced by an agency.
However, older or damaged assets may have a remaining value equal to their
scrap or disposal value.

Used vehicle fleets are often valued and sold via a broker, auction houses, or
other third-party tools. In some cases, fleets are sold to other agencies. Where
such an approach is used, a market value is determined for the fleet, which can
be equated to a value per vehicle.

For non-revenue vehicles and pieces of equipment, it is more common for any
transactions to occur through private party transactions or auctions. In these
cases, an independent fair market value assessment of the asset is often per-
formed, such as through referencing guides such as the Kelley Blue Book for
used vehicles (30), and other industry guides.

Privatized Infrastructure

When evaluating opportunities for privatizing transportation infrastructure,
investors typically classify the different opportunities as either “green field” or
“brown field” investments. In this context, a “green field” investment is one in
which a new facility is constructed where none previously existed - e.g., a new
toll road or transit system. By contrast, a “brown field” investment is one where
an asset that is already operational is transferred to private control in exchange
for some price. Such “brown field” investments, where they occur or are evalu-
ated, provide an opportunity for establishing the market value of transportation
assets.

Investors evaluating a brown field investment consider a variety of different
risks and factors, also termed “key value drivers.” Once they have identified
these drivers, investors will perform forecasts and financial analyses on the key
value drivers to determine the market value of a given investment.

Below is an example of the key value drivers for a toll road concession.

* Asset Type: different toll road asset types present a different set of risks
to an investor that is valuing a brown field toll road. For instance, a highway
system or large network of toll roads that connects major population cen-
ters may have more diversified traffic types, routes, and asset maturity. As
a result, they are often resilient to fluctuations in economic conditions. By
contrast, a standalone road in a rural area may be more speculative in terms
of revenue generation. Brown field asset valuations benefit from a demon-
strated history of traffic that allow an investor to compare the actual level of
traffic vs. original forecasts.

* Remaining Concession Term: in a toll road concession structure, investors
will consider the remaining term of the concession with a public sponsor,
as the term length is a significant driver of the length of time that an inves-
tor can generate cash flow. Term of the concession refers to the length of a
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contract between a developer and a public sponsor to design, build, finance,
operate, and maintain a toll asset (usually anywhere from 30 to 99 years). In a
brown field valuation, the asset has already been designed, built, and origi-
nally financed. When an original concessionaire sells its stake in a toll road,
the concession term typically remains static. Thus, the ability to generate
cash over the remaining concession term will directly impact the price that
an investor is willing to pay for an asset. In general, the longer the concession
term, the higher the price that an investor would be willing to pay for the as-
set, as the investor has a longer period of time available to generate a return
on investment. Further, longer concession terms may provide opportunities
for investors to issue additional debt to further leverage the asset, which

will ultimately increase the asset’s value. The economic life of properly main-
tained toll roads should outlast the concession term.

* Counterparty Risks: in certain toll road structures, investors will have to
consider the ability for a counterparty to make timely and ongoing pay-
ments throughout the term of the project. An availability payment structure
requires the public sponsor to make a long-term commitment to provide
annual payments for the operation and maintenance of a project, subject to
certain “availability” performance standards. By contrast, a revenue risk toll
concession requires the concessionaire to assume the risks of revenue gen-
eration. Investors purchasing a toll road asset under an availability payment
structure will consider the public sponsor’s ability to make payments to the
concessionaire, as well as the performance payment regime.

* Revenue Considerations: assessing revenue considerations is one of the
most important factors of valuing a toll road. Investors will primarily consider
two overarching aspects with respect to the ability to generate revenue for a
toll road: (1) the volume of traffic, and the (2) ability to raise toll rates. Uncer-
tainty surrounding the ability to generate certain traffic levels and/or raise toll
rates over time contributes to investor’s view of risk when valuing a toll road
asset. Investors valuing a brown field toll road asset will consider both as-
pects with the benefit of a demonstrated history of traffic, which will reduce
risk surrounding the forecasting of future revenue compared to a green field
valuation with no operating history.

* Operating Cost Considerations: when valuing operating costs for a toll
road, investors may consider the age of the road and associated equipment,
its geographic location and typical weather conditions, terrain, and toll col-
lection approach. Deferring ongoing maintenance may shorten the asset'’s
life and investors will consider the level of future funding that is needed to
ensure proper road preservation. Also important is the concessionaire’s con-
tractual structure for handling operations and routine maintenance. Under
a concession structure, the concessionaire may outsource the operations
and maintenance of the toll road to a third-party who specializes in provid-
ing these services. Investors will consider both the actual level of operation
and maintenance costs from the history of operating the asset as well as the
operating and maintenance regime.
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* Renewal Costs Considerations: investors will seek to understand the
expected economic life of the toll road asset, and the level, if any, of addi-
tional capital improvement funding that is needed to be made to ensure the
asset is maintained to proper standard. These capital improvements would
ideally be paid with revenue generated from the asset. If additional funds
are needed for capital improvement requirements, investors will consider
these additional needs when determining the price paid for the asset and the
overall funding mix compared to the remaining term of the concession. Asset
conditions will impact the level of future capital improvement needs, oper-
ating and maintenance (O&M) costs, ability to generate revenue, and future
funding needs.

* Handback Requirements: investors will also consider the handback require-
ments to the public sponsor at the end of the concession term. Handback
requirements typically surround the asset’s return to the public sector in a
certain condition (i.e., properly maintained throughout the term of the con-
tract). Asset handback requirements that are not met include financial penal-
ties to the investor.

Investors entering into a concession agreement will consider primary key value
drivers, such as those described above, as well as other structuring, legal, and
financial considerations to develop projections for the amount of cash flow that
the asset will potentially generate over the remaining term of the concession.
The price that an investor would be willing to pay is determined based on the
expected future level of cash generation. In many cases, there is no terminal
value calculated on a concession, as once the concession term has expired, the
asset is handed back to the public sector.

To determine cash flow available for equity distributions, investors will devel-
op a forecast of revenue generation from tolling or availability payments and
deduct expected future O&M expenses, renewal and rehabilitation costs, taxes,
principal and interest on debt, and any other ongoing obligations as part of the
cash flow waterfall on an annual basis. Historical results will be highly beneficial
to investors for forecasting future needs. The bottom-line amount on an annual
basis represents distributions to the equity investors for purchasing the asset,
and the expected amount of future distributions will inform investors of the
current price they are willing to pay.

The key value driver considerations as discussed above as well as other risks

to a project as determined by an investor will determine the discount rate that
an investor utilizes to discount future cash flows to a present value to assist in
informing the investor of the price that should be paid for the equity ownership
in the asset. All else equal, a higher discount rate to future cash flows will result
in a lower present value of future cash flows and vice versa. The present value
of future cash flows is the basis for an investor’s price for the equity in a project.
Investors will determine their optimal capital structure to purchase the equity in
a concessionaire.
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The capital structure for a concessionaire or investor purchasing a toll road con-
cession will be much different from a public owner and operator of a toll road,
given the private sector goal of profit maximization. Investors of toll road asset
will maximize earnings by leveraging the asset as much as lenders and struc-
tural project features will allow, as additional debt in lieu of equity maximizes
financial return on the asset. For instance, investors purchasing a toll concession
may purchase the original equity in the concessionaire in the transaction, and

in many cases refinance outstanding debt to leverage the asset to the optimal
capital funding mix. The example below illustrates the refinancing arrangement

for the Chicago Skyway as detailed by FHWA (31).

Implications for Establishing
Asset Value

The above discussion has several important
implications for the use of the market per-
spective for valuing transportation assets.
These include:

Where market value can be determined,
it incorporates consideration of the cost
of an asset, its current condition, and a
range of other factors.

It is often feasible to establish market
value for assets that can be readily trans-
ferred, such as vehicles and equipment.
For fixed assets it may be possible to
establish a market value for a facility en-
compassing multiple assets by observing
the price established for a proposed or
actual privatization concession.

Where a market value has been estab-
lished it is specific to a given asset or facil-
ity and cannot be readily applied to other
assets without accounting for the key
value drivers. Examples of these drivers
are discussed above for the case of a toll
road concession.

The financing of a transaction is extreme-
ly important in the case of large-scale
transactions such as toll road conces-
sions. This complicates the process of
using the price of such a transaction for
asset management applications where
details concerning how work is financed
are largely immaterial.

Chicago
Skyway

The Chicago Skyway was purchased by
Calumet Concession Partners LLC in 2016.
This example demonstrates Canadian
pension funds’ appetite for mature U.S.
infrastructure assets that have complet-
ed construction and have a demonstrated
operating history - thus reducing risk to a
level commensurate with a pension funds’
appetite. The original capital structure
included a combination of equity and debt
as shown below. In 2005, the structure
was refinanced to include additional debt
to leverage the asset. The 2016 sale to
Calumet Concession Partners LLC to-
taled $2.8 hillion including the sources of
funding provided below. The term of the
concession did not change when Calumet
purchased the original equity stake in the
concessionaire.

Original capital structure: $882 million equi-
ty; $948 million bank loan

2005 refinancing: $510 million equity; $961
million capital appreciation bonds; $439 million
current interest bonds; $150 million subordi-
nate bank debt

2016 sale: $1.5 billion equity; $1.26 billion bank
debt
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Calculation Steps
The process for applying the market perspective to asset valuation is summa-
rized below.

Calculating Initial Value
Market Value

Establish Whether a Competitive Market Exists

Evaluate whether a market exists for a given asset or group of assets. A
market is likely to exist in cases where the asset can be readily transferred
between owners, such as for vehicles and equipment. A market may exist if
a private concession has been proposed or implemented. The market can be
competitive if there are multiple potential buyers and/or multiple sellers in
the market.

Identify Applicable Assets

Specify the specific assets for which a market price can be established. In the
case where value is established through the price of a private concession, the
price may be specific to a small group of assets - e.g., the pavement and bridg-
es that are part of a toll facility.

Adjust the Market Price for Inflation

If the market price is not current, it should be adjusted for inflation. See
Appendix 4.B for a discussion of the treatment of inflation. Once the mar-
ket price has been adjusted, it represents the current value for the selected
assets.

Value Other Assets Using the Replacement Cost Method

Where market price can be calculated for only a subset of the assets being in-
cluded in a calculation, the initial value for other assets should be calculated
using the current replacement cost approach.
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Economic Value

Overview

The economic perspective differs significantly from the cost and market per-
spectives due to the way it compares the value of an improvement to a baseline.
With the other perspectives baseline values are established, but with the eco-
nomic perspective the baseline is not a starting point for future valuation via
treatments or depreciation. Instead, the baseline is compared to the improve-
ment value, or the total net incremental value to the public brought about by
building a given asset or facility relative to not doing so. Depreciation and the
impact of treatments are inherently included within the user and externality val-
ues. Furthermore, unlike the case of the other perspectives, the economic per-
spective incorporates both user and non-user impacts, positive and negative.

With the economic perspective, historic data on the use and economic value of
an asset mark trends for the current economic value. With this perspective, the
current asset is presented as the baseline, and any changes to the asset - such
as maintenance, realignment, or decommission - are given value relative to the
benefits and costs they provide to the public. In the cases of roadway construc
tion or decommission, an asset’s value is assessed by comparing the total future
opportunities an asset generates with the opportunities created by alternative
land uses.

Establishing Value

Although the methods for obtaining the benefits and costs can be complicated,
the outcome is simple. If the public experiences a net gain in value due to the
roadway investments, then these investments are worthwhile. While economic
theory provides a reasonable methodology for assessing the net value of these
investments, the challenge is determining how the public values changes to
roadways or other transportation assets.

Members of the public do not value a transportation asset equally, nor do they
prioritize the same value categories. The size and geographical range of the
impacted community is unique for each asset. As the significance of the trans-
portation system increases the impacted range also increases. For example, the
people and businesses who gain from changes to an interstate freeway - both
current and potential future users - could live in the same city or they could live
a thousand miles away from each other. Meanwhile, only the residences located
close to the freeway will experience firsthand the negative impacts of noise and
emissions, especially if those externalities lower property values.

Establishing the value for improvements to a transportation asset begins with
recognizing its role in people’s lives and business activities. Transportation
assets allow people and goods to travel faster, safer, and more conveniently.
They enhance route options via improved network connectivity and create new
links to destinations previously inaccessible or at least for which access was
cost prohibitive. Bridges, especially major ones, are special cases because they



A Guide to Computation and Use of System Level Valuation of Transportation Assets

Chapter 4. Initial Asset Value / Section 4.2 Alternative Approaches

significantly enhance connectivity and overcome physical transportation barri-
ers. Highways also create a secondary benefit by establishing public right-of-way
that allows utilities (e.g., energy, water, and communications), to expand connec
tivity and capacity for communities.

An asset’s total economic value accounts for all uses and location characteristics
that could positively or negatively impact people and businesses. The scale of
benefits is determined by the volume of vehicular travel in the case of highways
and person travel for transit. This volume is relatively easy to estimate from
traffic counts. Building upon the traffic counts, sophisticated models, such as
travel demand models, predict how physical changes to a facility or network
impact travel characteristics such as volume, frequency, vehicle occupancy, and
trip scheduling.

Principles of Economic Valuation

Several important principles are applied in all economic valuations. First, it is
important to identify the potential effects of a project attributable to its costs. A
clear definition of the impacts from the project is crucial for correctly estimating
the benefits. This serves to avoid double counting the project’s benefits and
disbenefits. Another principle of economic valuations is to compute the present
value of future costs and benefits, enabling comparisons with a common basis
of understanding. The discount rate, which brings future values into present
value, can have a non-trivial influence on the analysis of different projects,
depending on the timing and magnitudes of the project impacts. As a result, the
selection of the discount rate becomes an important policy decision and consid-
eration for sensitivity analyses. These and other issues are discussed more fully
in Appendix 4.A.

Comparative Contexts for Asset Management

Asset management assessments differ from capital projects involving new con-

struction, but still require a comparison to reveal their value. Asset value may

need to be calculated in several different contexts including:

* Maintenance activities for one or more assets

* Physical changes to a particular asset that could impact its future uses

» System-wide assessments for an entire class of transportation assets (e.g.,
Interstate).

Maintenance Activities. An economic measure of value can assess the differ-
ence in value obtained by users at different levels of service for roadway surfac-
es or safety features. The user value is measured by comparing an enhanced
level of maintenance against the current conditions. Principal measures of user
value are travel speeds along with vehicle operating and maintenance costs,
which increase with poor road quality. There is an extensive collection of litera-
ture studying the impacts of road quality on users (32). However, in practice, the
incremental economic value of improved maintenance is relatively low com-
pared to the value measured via the cost approach.
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Physical Changes. This second case is the most common form of economic
analysis since it involves an evaluation of physical changes to an asset that affect
its use. Changes include user-oriented improvements such as capacity (e.g., wid-
ening, overpasses, and truck lanes), operational improvements (e.g., interchange
improvements, shoulders, and auxiliary lanes), and access (e.g., decommission-
ing, one-way streets, ramps) that aim to alleviate congestion, improve safety, or
serve other agency goals. Economic valuations of such physical changes rely on
forecasted changes in traffic patterns compared to a baseline that accounts for
future uses under the current design. The value of these physical changes is es-
timated by differences in benefit categories (e.g., time savings, operating costs)
over the life of the projects.

System-Wide Assessments. The value of an asset can be evaluated from a
system-wide perspective by examining the next best alternative road class.
However, this is usually a contrived exercise, and offers limited benefit outside
of the theoretical. Consider the value of a state’s major arterial facilities. From an
aggregated asset perspective, the next best option would be the minor arterials.
Each type of roadway has a common set of characteristics, including average
travel speeds per mile, intersection crossings and signals, and potential levels of
normal traffic congestion. In this hypothetical case, the value of the major arte-
rial is derived from the differences in value categories between the major and
minor arterials. Since major arterials permit faster speeds, their value is expect-
ed to be higher, provided that the value of this reduced travel is not overcome
by potentially increased travel cost or crash risk. This same approach could be
applied for other roadway classes too. The use of local neighborhood roads in

a car can be compared with an option to ride a bike or walk to a destination.
These with- or without- asset evaluations require data on the use of a facility as
well as data on opportunities created by eliminated vehicle use.

Calculation Steps
The process for applying the economic perspective to asset valuation is summa-
rized in the following section.
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Calculating Initial Value
Economic Value

Define the Assessment Scope

Establish the set of assets to be analyzed. Define the with- and without-proj-
ect contexts. Demarcate the breadth of the analysis geographically and
temporally.

Identify Potential Impacts

Select the variables, or categories of impact, which will have an impact on the
user and non-user benefits and disbenefits. Consider the characteristics of
the asset, its users, and the community surrounding it. Options include travel
time, vehicle operating costs, safety, pollution, asset maintenance, and wider
community impacts, among others.

Evaluate and Collect the Data

Assess the data necessary to measure the potential impacts. Understand the
trade-offs between stronger data collection and collection costs. For the cho-
sen datasets, convert the impact categories into impact factors and impact
value per unit.

Project System Use

Use current and historic traffic or passenger counts to understand the trends
in the volume of vehicles and passengers. Predict the use of the system with
and without investment, such as through use of a travel demand model.

Calculate the Economic Value

Using the output of the demand models and the impact data, weigh the ben-
efits and costs of the with- and without-project contexts. Monetize impacts
and apply a discount rate to bring benefits and costs into present value, and,
if assessing a large transportation asset, account for the residual value at the
end of the time period. Compare the two project scenarios to understand the
value of the proposed changes.
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Section 4.3

Examples

The following are hypothetical examples illustrating application of the steps
described in Section 4.2.

Example 4-1. Replacement Cost

For pavement an agency decides to based its calculation of initial asset value on
reconstruction cost using pavement lane miles as the unit of measure. Table 4-2
shows the data obtained to compute a unit cost for pavement in millions of dol-
lars per lane mile for a given subtype and network. The table lists data for a set
of pavement reconstruction projects. For each it shows the project year, quanti-
ty of pavement reconstructed in lane miles, project cost in year of expenditure
dollars, and project cost in 2020 dollars. Project costs were inflated to 2020 costs
using the Engineering News Record (ENR) Construction Cost Index.

Table 4-2. Example Data for Past Pavement Reconstruction Projects

Project Year Description Cost (SM) Lane Miles Unit Cost
(LM) (2020 SM/LM)

Year of

Expenditure
1 2010 Route 80 MP 1.9 52.6 68.5 24.0 2.9
2 2016 Route 84 MP 0.6 13.5 15.0 3.6 4.2
3 2007 Route 92 MP 2.6 27.0 38.9 10.2 3.8
4 2011 Route 101 MP 4.7 35.6 45.0 6.3 71
5 2005 Route 101 MP 7.1 180.0 277.2 32.0 8.7
6 2014 Route 104 MP 18.6 25.7 30.1 4.2 7.2
7 2009 Route 104 MP 19.9 12.0 16.1 1.8 8.9
8 2017 Route 680 MP 5 421 45.0 19.6 2.3
9 2013 Route 680 MP 12 28.3 34.0 8.0 4.3
10 2018 Route 780 MP 15.5 28.0 29.0 9.2 3.2
Total 598.8 118.9 5.0

The result is a unit cost of $5.0 million per lane mile. However, in reality there is a
significant difference in costs between the different projects, with most projects
in the range of $2 to $4 million and a small number of more expensive projects.
This may suggest a need to group pavements by system or surface type to bet-
ter account for this variability.
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Example 4-2. Historic Cost

i o Table 4-3. Estimation of Historic Costs of Pavement
An agency decides that to maintain con-

. T ; ) Reconstruction
sistency with its flnar'1C|aI.report|ng, the Route Lane Year Cost (SM)
agency should use historic costs rather Miles Const.

than current replacement cost. However, (LM) 2020 Historic
historic cost data are not consistently

available. Thus, the agency decides to use " % 2001 480.0 2653
the Wooster Method to estimate historic 1 128 2004 640.0 3971
costs. Table 4-3 shows the application of 22 72 1989 360.0 144.9
this method for a selected set of assets — 22 IR0 oD (S
using unit cost of $5 million per lane mile 33 32 2000 160.0 86.8
(as obtained in Example 4-1). The unit cost 44 44 2003 220.0 128.4
developed as described in Example 4-1 is 44 8 1997 40.0 20.3
applied and deflated to estimate historic 55 128 1990 640.0 264.1
costs. In this hypothetical example the 66 28 2001 140.0 77.4
total replacement cost is $3.9 billion in 77 52 1999 260.0 137.4
constant 2020 dollars and $2.0 billion in Total 3,900.0 1,992.7

year of expenditure (historic) dollars.

Example 4-3. Market Value

Atransit agency has a fleet of over-the road transit buses purchased at different
times from the same manufacturer. The agency seeks to establish the value of
these buses using market value. Table 4-4 is a list of used coach buses from a
selected manufacturer available for sale from an online bus reseller. It shows
the age, mileage and price of each bus offered for sale.

The agency uses the data in the table

to construct a simp|e linear model for Table 4-4. Over-the-Road Coach Buses Available for a
predicting the price of a used bus. In this Selected Manufacturer and Reseller
case, price is predicted as a function of Bus Age Mileage Price ($)
age using the following relationship: (years)
1 7 650,000 239,900
Price = 377,035 - 16,391 * Age 2 ° 181,990 234,990
¢ ’ 3 12 288,000 149,900
4 14 305,000 204,900
Figure 4-3 shows the resulting model. 5 7 399,899 239,900
Note that alternative models were tested 6 15 350,000 220.0
including both mileage and age, and sub- 7 18 550,567 40.0
stituting mileage for age. In this case the 8 22 not listed 640.0

age-based model provides the best fit. In
practice price may depend on a number
of age, mileage, and other variables.
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300,000

250,000

200,000

y =-16391x + 377035
R?=0.6859

150,000 ®

Price

100,000

50,000

Age

Figure 4-3. Price and Age of Used Over-the-Road Coach Buses

Example 4-4. Economic Value

An agency is interested in using asset value to help prioritize reconstruction

of a set of bridges to improve resilience. After discussing the cost, market and
economic perspectives on asset value, agency leadership determines that the
economic perspective is needed for this application. This perspective can help
compare the benefits to society of reconstructing different bridges. Agency
staff adapt the bridge screening approach established in FHWA's National Bridge
Investment Analysis System (NBIAS) to estimate asset value (32).

The approach used by NBIAS is to calculate the benefit of a bridge as the sav-
ings in travel and operating costs relative to that which would be incurred if all
vehicles were detoured around the bridge. The calculation is made for autos and
trucks and summed over time, applying a discount rate. The approach utilizes
data available for U.S. highway bridges in the National Bridge Inventory (NBI)
along with a small number of additional parameters.
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The following equations detail the calculation:

t( . L Y(oo-t\( L
B, =365.25+T|—|LC!+ —C} |+ —— ||LC+—C;
100 v, 100 v,
u |
= (-
B=B,y 5
=l

where:
B, = Annual user cost of detouring around the bridge, representing the disben-

efit of removing the bridge from service;
T = ADT on the bridge;
t = Truck percent, expressed as a number between 0 and 100;
L = Detour length (NBI Item 19);
C', = Distance-based detour cost for trucks;
C', = Time-based detour cost for trucks (dollars per hour),
C¢, = Distance-based unit detour cost for autos;
C¢, = Time-based detour cost for autos (dollars per hour);
V, = Detour speed,
B = Total user cost of detour;
N = Number of years in the user cost accrual period; and
& = Discount factor. This factor is equal to 1/(1+r) where r is the discount rate.
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Section 4.4

Practice Assessment

This section provides examples of “emerging,” “strengthening,” and “ad-
vanced” practices with respect to calculation of initial asset value. Maturity
levels are defined for each of the four approaches defined in the guidance. In
the table an emerging practice is one that supports the guidance with minimal
complexity, an advanced practice illustrates a “state of the art” example in which
an agency has addressed some aspect of the asset value calculation in a com-
prehensive manner, and strengthening practice lies between these two levels.

Practice
Area

Maturity
Level

Replacement Emerging

Cost
Calculation

Historic
Cost
Calculation

Market
Value
Calculation

Economic
Value
Calculation

Strengthening

Advanced

Emerging

Strengthening

Advanced
Emerging

Strengthening

Advanced

Emerging

Strengthening

Advanced

Description

Unit replacement costs are established by asset class/component using
expert judgement and/or industry defaults.

Unit replacement costs are established through a one-time analysis of
project data and updated in subsequent years based on inflation.

Unit replacement costs are established through a well-documented process
that includes: analysis of project data; assessment of how assets should be
grouped for analysis (e.g., by system, material and/or surface type); and a
defined update cycle (e.g., once every 1 to 2 years).

Neither historic costs nor asset age can be reliably obtained at an asset level.
Overall expenditures by work type and system are used as the basis for
calculating asset value without relating expenditures to specific assets.

An asset inventory is available detailing asset age. Historic costs are not
reliably tracked by asset but can be estimated using unit replacement costs
and asset age

Actual costs of construction/asset purchases are tracked by asset.

Market value is estimated based on expert judgement and/or industry
defaults.

Market value is established through a one-time analysis of asset resale or
other data and updated in subsequent years based on inflation.

Market value is established through a well-documented process that
includes: analysis of asset resale or other data; assessment of how assets
should be grouped for analysis (e.g., by system, material and/or surface type);
and a defined update cycle (e.g., once every 1 to 2 years).

Calculations of economic value rely on estimates of detour distance and
speed to estimate changes in user costs from addition or removal of an asset,
but do not attempt to quantify the impact of changes in travel demand.

Calculations of economic value rely on estimates of detour distance and
speed to calculate changes in user costs from addition or removal of an asset.
The elasticity of travel demand is used to estimate changes in traffic volumes.

Calculations of economic value utilize travel demand models to quantify
impacts of potential changes to the network from addition or removal of an
asset.
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Treatments are the activities performed on an asset over its life.
One must consider what treatments may occur over the life on an
asset, and whether any treatments besides the initial acquisition
or construction of an asset need to be explicitly considered in the
asset value calculation. For each type of treatment that is explic-
itly considered in the calculation one must establish the treat-
ment’s cost and effects. Assumptions regarding asset treatments
are used to establish the asset’s useful life and residual value.

Section 5.1

General Guidance explains why treatments should be considered and their
impact on asset value calculations and calculation components including
expected asset life and residual value.

Section 5.2

Recommended Steps lists the suggested procedures for identifying treat-
ments, determining their costs and effects, establishing the asset’s useful life,
and determining residual value.

Section 5.3
Examples includes four examples applying each of the steps described in
Section 5.2.

Section 5.4

Practice Assessment gives examples of emerging, strengthening, and ad-
vanced practices with respect to the assumptions and calculations for treat-
ment effects.
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Section 5.1

General Guidance

An important part of performing the asset value calculation is accounting for

asset treatments and their effects. Treatments are important in two basic ways:

1. Itis important to consider what treatments are typically performed on an
asset to determine an asset’s useful life and “residual value,” or value when
an asset reaches the end of its useful life.

2. In some cases, one may wish to specifically include additional treatments in
the asset value calculation besides asset acquisition/construction and recon-
struction. This is particularly important if one is predicting future asset value.

Asset Treatments

To calculate asset value, one should establish what treatments are performed
on an asset. An asset lifecycle strategy describes the different treatments that
are typically performed on an asset following its initial construction or acquisi-
tion. Defining a lifecycle strategy is consistent with best practice in TAM. Also,
State DOTs are required to define lifecycle strategies for pavements and bridges
in their NHS TAMP.

At a minimum, basic information on what asset treatments are typically per-
formed on an asset is useful in establishing asset life and residual value as de-
scribed further in subsequent subsections of this chapter. For instance, for the
purpose of valuing service vehicles, one would set the life of the asset assuming
that various treatments are conducted based on the asset's lifecycle strategy,
such as routine maintenance and replacement of brakes, tires and other vehicle
components.

For certain applications it may be necessary to go a step further, and include the
costs and effects of various asset treatments explicitly in the asset value calcula-
tion. This is particularly important if the intended application of the asset value
calculation is to predict future asset value. In this case one may wish to account
for what treatments are expected to be performed, and may wish to compare
treatment strategies. In this case there are two reasons may wish to include a
given treatment in the calculations:

* Specifying the Impact of Treatments on Remaining Asset Life. For some
complex assets, such as pavement and bridges, treatments may be per-
formed - short of outright replacement of the asset - that have a significant
impact on the remaining asset life. For instance, if a pavement is overlayed
or a bridge is rehabilitated, its useful life is expected to be much longer than
if these treatments are not performed. In these cases, incorporating past
treatments may yield a more accurate calculation of current asset value - if
sufficient data are available to support the calculation.
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* Demonstrating Effects of Treatments on Future Value. If the asset value
calculation is being performed to demonstrate the effects of a given treat-
ment, then the treatment needs to be accounted for in some manner to
show how the value changes if the treatment is performed. For instance, one
might calculate future asset value with and without performing the treat-

ment.

Figure 5-1, adapted from the Edgerton’s discussion of this topic (12), illustrates

the importance of consider-
ing renewal treatments for
certain assets, referred to by
Edgerton as “cyclical main-
tenance assets.” This figure
shows three lines illustrating
the value of an asset over
time. The jagged line in the
figure below shows asset
value if renewal treatments
are explicitly modeled: these
add value and add life to the
asset. The straight upper line
shows how asset value is cal-
culated if the effect of renew-
al treatments is approximat-
ed through a revised estimate
of asset life. In this case, asset
treatments are not explicitly
modeled. The lower line is

\/\

\

\/ \/\

Value

\

\

\

—— Intervening Treatments Modeled

Time

Intervening Treatments Not Modeled But Consider in Setting Asset Life

—— Intervening Treatments Not Addressed

Figure 5-1. Examples of How Treatment

Assumptions Impact Asset Value

demonstrably incorrect. In this case, renewal treatments are not modeled, but
the asset life has not been modified to account for these treatments. This
results in systematic understatement of asset value.

To determine what treatments to model it can be helpful to review multiple
sources, such as guidance on what treatments are recommended for an asset,
models in an agency’s management systems, and the data an agency actually
tracks on its treatments. This is complicated since the same treatment may be
represented in different ways between different organizations and/or systems.

For other applications where the goal is to calculate current asset value, it is
generally not necessary to explicitly account for all of the different treatments
that have been performed on an asset in the past. It is recommended that
defining additional treatments be avoided in this case if possible. However, one
may wish to consider additional treatments if value is based on historic costs,
or if the depreciation approach is based on the actual time since the last treat-
ment. Depreciation is discussed further in Chapter 6.
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Treatment Costs and Effects

For each treatment that is modeled one must establish how much the treat-
ment costs and what effect the treatment has on an asset. The approaches
described in Chapter 4 for calculating replacement costs are equally applicable
to calculating the cost of other treatments. Generally speaking, the calculation of
treatment costs should be made in today’s dollars (constant dollars), removing
the effects of inflation from the analysis. This approach allows for directly com-
paring costs incurred at different times. If calcuations are made in current rather
than constant dollars, one must be careful to state the year of the expenditure
and avoid comparing costs in different years without inflation adjustments.
However, in the case that one is basing asset value on historic costs all costs
should be expressed in year of expenditure dollars.

Concerning treatment effects, the most straightforward case to consider is that
the treatment has the effect of restoring the asset to “like new” condition, reset-
ting its age to 0. Alternatively, a treatment might extend the life of the asset and/
or improve its conditions. Both of these effects can be translated into a change
in the effective age of the asset. If the impact of the treatment cannot be trans-
lated into a change in condition or effective age then it should not be explicitly
considered.

When considering treatments and their effects, a key issue is how assets have
been componentized. If a complex asset is represented using components, then
this may simplify the specification of treatment effects, and allow for the consid-
eration of additional treatments. For example, a common treatment for a bridge
is to rehabilitate or replace the bridge deck, which resets the age of the bridge
deck but may not impact the age of the bridge superstructure or substructure. If
a bridge is represented in components consisting of a deck, superstructure and
substructure, then the effect of a deck replacement can be easily modeled: it
resets the age of the deck to 0 and improves its condition to a “like new” condi-
tion. If one is modeling the overall bridge, then the effect of a deck replacement
is more difficult to ascertain. One can approximate the effect in this case, or
simply assume that deck replacement occurs on a regular cycle and not attempt
to model this treatment.

Asset Life

Once the analyst makes a decision about what treatments to explicitly model
and what treatments are assumed to occur over the life of an asset, they can
then establish the asset’s expected useful life. Asset life is an important parame-
ter for the depreciation calculation described in Chapter 6.

The goal here is to determine how long the asset would be expected to remain

in service provided:

* An asset is removed from service either when it is more cost effective to
replace the asset or when it is obsolete;
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* The treatments that are assumed to occur in the analysis actually do oc
cur, including planned maintenance, cyclical treatments that are needed to
achieve the asset’s useful life, and any other treatments that may impact the
life of the assets if they are omitted; and

* The life-restoring treatments distinguished from general maintenance are
not assumed to occur, as their contributions to asset value and life will be
accounted for separately.

The above criteria have some important implications. One is that we are not
concerned with how long an asset would remain in service in the abstract case
that no treatments are ever performed on an asset. Instead, we would like to
know what the useful life is given treatments such as routine maintenance are
performed. But this means that estimates of useful life are contingent on the
assumed set of treatments performed on an asset, also called the agency’s life-
cycle strategy for the asset.

Another implication of the above criteria is that it is completely feasible for an
asset to remain in service past its useful life. This may occur because it is still
cost effective to maintain a specific asset, or because it has simply not been fea-
sible to replace the asset and it continues to be maintained despite the fact that
a replacement may be more cost effective.

Assets of historical significance are unique in this manner, for they are main-
tained beyond the useful life that would otherwise be defined for them. These
assets require special treatment. Specific estimates may be required of the time
until major rehabilitation action is required to retain such assets in service - or
such assets can be componentized.

Various references are available which summarize typical useful lives of trans-
portation assets and provide techniques for calculating agency-specific values.
Two references are of particular note. Volume 1 of NCHRP Report 713 (18) is

a guidebook for measuring the life expectancy of transportation assets. This
report details how to define asset end-of-life, describes quantitative approaches
for establishing asset life, and presents typical values for selected asset classes.

The OECD manual Measuring Capital (11) summarizes approaches for estimat-
ing useful lives for the purpose of calculating asset value, including techniques,
such as development of Winfrey Mortality Functions and Weibull distributions.
It also presents typical values for different asset classes based on a review of
the literature. One application described in this manual uses an assumed distri-
bution to approximate the age distribution of an asset inventory where detailed
data are unavailable. For TAM applications it is assumed that sufficient data are
available to determine the age distribution of an asset inventory, but the reader
should consult the discussion in Chapter 12 of Measuring Capital where this is
not the case.

Table 5-1 below summarizes typical useful lives for transportation assets based
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on NCHRP Report 713, Measuring Capital, NCHRP Synthesis 371 (19), and FTA
guidance for vehicles (33). As noted above, all of the assumptions regarding
asset life are assumed to incorporate a given treatment strategy. One should
review the assumptions and their own data carefully when performing an anal-

ysis.

Asset Class

Pavement

Bridges

Culverts

Traffic Signals

Lighting

Signs

Sidewalks and
Curbs

Vehicles

Component

Overlay - Asphalt

Overlay - Concrete

Full Depth - Asphalt or Concrete

Deck
Superstructure
Substructure
Pipes

Box Culverts

Signal Head

Structural Components (steel)
Traffic Detector

Traffic Controller

Traffic Controller Cabinet

Structural Components
(steel or aluminium)

Ballast

Control Panels

Sheeting

Sign Posts (steel or wood)
Overhead Sign Structure
Asphalt

Concrete, Block or Brick
Automobile

Cutaway Bus

Bus

Light or Heavy Rail Vehicle

Commuter Rail Coach or Loco-
motive

Ferryboat

Table 5-1. Typical Useful Life Values for Transportation Assets

Typical
Useful Life

(years)
11-20

20-34

50
58-79
64-83
59-78

50

55-85

15
20
10
15
20
25-30

10
20
15
10-15
30
10
20

10
14
31
39

42

Notes

NCHRP Report 713 Vol. 1
(summary of the literature)

NCHRP Report 713 Vol. 2 (time to reach a
rating of 3 or 4 based on model fit to NBI
data)

NCHRP Synthesis 371 (mode of survey
results)

NCHRP Report 713 Vol. 2 (time to reach a
rating of 3 or 4 based on model fit to NBI
data)

NCHRP Synthesis 371 (mode of survey
results)

NCHRP Synthesis 371 (mode of survey
results)

NCHRP Synthesis 371 (mode of survey
results)

NCHRP Synthesis 371 (mode of survey
results)

FTA Useful Life Benchmark (ULB) Defaults
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Residual Value

The final topic addressed in this portion of the asset value calculation is the
determination of the residual value of the asset, or the value of the asset once it
has reached the end of its useful life. Note this topic is addressed separately for
the case where one calculates economic value, as discussed in Chapter 4. When
one calculates value using a cost or market perspective, two basic approaches
may be considered for determining this parameter: calculating the salvage value
of the asset or calculating the
cost to restore the asset to

“like new condition.” End of Asset
Useful Life

For assets that are completely <

replaced at the end of their \ /\

useful life, the residual val-

ue should be based on the \ B: Cost to / \

salvage value of the asset and 3 Rostore feset

may be 0. For instance, the p ' aie Yﬂd“ion / \

salvage value for a vehicle Construction Cost

might be set based on the \J \

price expected at auction.

Assets that are discarded at

the end of their life and not Residual Value = A-8 ‘[

repurposed in some way —

have a salvage value of 0. Ul

Figure 5-2. Residual Value for an Asset That is
A different approach is rec- Periodically Rehabilitated or Renewed
ommended in cases where
an asset is periodically reha-
bilitated and restored to a “like new” condition at a cost less than the initial con-
struction or acquisition cost. In these cases, it is recommended that the residual
value is equal to the difference between the cost of replacing the asset and the
cost to restore the asset to “like new” condition at the end of its useful life. This
approach is illustrated below in Figure 5-2. As demonstrated in the figure, this
approach has the effect of restoring the value of the asset to that of a new asset
when a complete rehabilitation treatment is applied. This method includes the
aspects of an asset that do not depreciate or which depreciate very slowly in the
residual value, such as foundations and earthworks, design, and land. Note that
in this example it is assumed that the asset is restored to “Like New” condition.
However, depending on the asset and treatment it may or may not be feasible
to restore the asset to this condition.
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Recommended Steps

This section describes the specific steps involved in the four basic activities
addressed in this chapter: identifying treatments; determining treatment costs
and effects; determining asset useful life; and determining residual value.

Identify Treatments

Identifying
Treatments

Review Treatment Data

For each asset class and type of component being valued, review the asset
lifecycle strategy and/or other available agency data to determine what treat-
ments are typically performed on an asset class or component, and what
treatment data are consistently tracked.

Identify Mandatory Treatments

Identify treatments that will be considered independently in the valuation
calculation, in addition to the initial construction or acquisition of an asset.
These include treatments that reset the asset age or restore an asset to “like
new"” condition.

Select Potential Additional Treatments

Determine whether additional treatments should be considered in the anal-
ysis. Consideration of additional treatments is typically unnecessary for
calculating current asset value, but can be important for predicting future
value. Treatments may be added to the analysis if they have some impact on
asset remaining life or condition and if adding them to the analysis will help
support TAM decisions. Any treatments not explicitly modeled are assumed
to occur based on the agency’s lifecycle policy.
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Determine Treatment Costs and Effects

Determining
Treatment Costs and Effects

Collect Data on Past Treatments

Collect data on cost and treatment timing for each treatment being consid-
ered for each asset class and subcomponent. Data are not required for treat-
ments that are assumed to occur and incorporated in the estimate of asset
useful life.

Assess Available Data

Decide whether historic data are sufficiently detailed to support use of actual
costs, or if unit costs will be used to estimate changes in value from past
treatments. For most applications it is more practical to use unit costs. An
exception to this is where value is being calculated for a specific asset (e.g., a
toll road) based on historic costs.

Develop Treatment Unit Costs
Develop unit costs as described in Chapter 4, resulting in unit costs for each
treatment.

Determine Treatment Effects

For each treatment determine the effect the treatment has on an asset. The
effect can be specified in terms of the change in asset life or the change in
condition. Condition changes are equated to asset life in calculating deprecia-
tion, as described in Chapter 6.
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Establish Asset Useful Life

Establishing
Asset Useful Life

Review Available Agency Data

Collect and review records on when assets have been replaced. Ideally data
on past replacements should be accompanied by information on what moti-
vated the replacement.

Review Defaults and Past Assumptions

Review other sources of data for asset life assumptions, including informa-
tion on treatments compiled as described in Section 5.2.1, past calculations
performed by the agency (e.g., for previous TAMPs or financial reports), as-
set-specific analyses, the defaults listed in Table 5.2, and the TAM literature.

Specify the Useful Life by Asset Class/Component

Determine a useful life for each asset class and component being valued
using either the agency’s data or the defaults. The useful life should be de-
veloped assuming treatments occur according to the agency’s lifecycle strate-
gies.

Refer to NCHRP Report 713 and Chapter 13 of OECD Measuring Capital for
more discussion of advanced approaches for establishing asset useful life.
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Determine Residual Value

Determining
Residual Value

Classify Assets and Components

For each asset class and component being valued, establish whether or not
the asset is periodically rehabilitated or renewed using treatments that differ
in cost from the initial purchase or construction of an asset. This determina-
tion depends on the nature of the treatments performed on the assets and
the determination of which treatments are being modeled.

Complex assets such as pavements and bridges are periodically rehabilitated
or renewed. However, the analyst has the choice concerning whether to con-
sider rehabilitation/renewal treatments or assume these occur according to
the agency’s lifecycle strategy.

Calculate Salvage Value

For assets not subject to periodic rehabilitation or renewal calculate the
residual value as the salvage value of the asset, or the value obtained for an
asset that has reached the end of its useful life and is being replaced. Refer to
the OECD document Measuring Capital for discussion of how to establish this
value for complex cases when the distribution of asset useful life cannot be
easily approximated.

Calculate the Cost Difference

For assets that are subject to periodic rehabilitation or renewal, calculate the
residual value as the difference between the cost of initial purchase or con-
struction and the cost of asset rehabilitation or renewal.
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Section 5.3

Examples

The following are hypothetical examples illustrating application of the steps
described in Section 5.2.

Example 5-1. Identification of Treatments

A highway agency needs to calculate asset value for pavements and bridges
to support development of its TAMP. The agency is interested in exploring two
different approaches to asset valuation, both of which utilize replacement cost

Table 5-2. Example Mapping of FHWA Work Categories, FMIS Work Types and Agency Treatments

FHWA Work FMIS Work Types TAM Treatments
Category
Pavement
Initial Construction 01-New Construction Roadway * New Roadway Construction
Maintenance N/A e Seal Joints and Cracks

* Polymer Surface Treatment
Preservation 05-4R Maintenance Resurfacing * Microsurfacing

* Thin Overlay

* Medium Overlay

* In Place Stabilization
Rehabilitation 06-4R Maintenance Restoration/Rehabili-  « Structural Overlay

tation * Minor Rehab

* Major Rehab

Reconstruction 03-4R Reconstruction - Added Capacity e Reconstruction

04-4R Reconstruction - No Added Capacity ¢ Unbonded Concrete Overlay
07-4R Relocation

Bridge
Initial Construction

Maintenance

Preservation

Rehabilitation

Reconstruction

08-Bridge New Construction
N/A

40-Special Bridge

47-Bridge Preventive Maintenance
48-Bridge Protection

59-Bridge Deck Resurfacing

13-Bridge Rehabilitation - Added Capacity
14-Bridge Rehabilitation - No Added
Capacity

10-Bridge Replacement - Added Capacity
11-Bridge Replacement - No Added
Capacity

* Bridge New Construction
N/A

* Painting

* Deck

e Scour Mitigation

» Cleaning, Refurbishing or Replacing
Service Elements

* Re-Decking

* Widening

* Paint with Major Structural Steel Repairs

» Scour Mitigation with Major Substruc-
ture or Other Major Bridge Work

* Remove Existing Structure
* Replace Existing Structure
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for the calculation of initial value: a simplified approach in which only asset
construction/reconstruction is considered in the calculation, and a more com-
prehensive approach that more accurately reflects the impacts of rehabilitation
and preservation treatments on asset value.

The agency starts by reviewing different pavement and bridge treatments
performed by the agency. This process is complicated by the fact that different
terms are used for describing asset treatments in different systems. The agen-
cy reviews existing TAMPs to determine how different treatments have been
represented by other agencies. Table 5-2 provides an example of the mapping
of different treatments between pavements and bridges based on data pre-
sented in the Louisiana Department of Transportation Development (LADOTD)
TAMP (34). The table shows, for pavements and bridges, the five work categories
described by FHWA in its TAMP requirements, corresponding work types used
when reporting data for federally-funded projects in the FHWA Financial Man-
agement Information System (FMIS), and the treatments actually considered by
the agency’s asset managers. As shown in the table, for any one of the FHWA
work categories there may be between zero and four corresponding different
work types in FMIS. The work types in FMIS may map to a number of different
specific treatments.

Table 5-3. Treatments Included Using Simplified and Comprehensive Approaches
Include in Value Calculation

Treatment Simplified Comprehensive Notes

Pavement

Construction Yes Yes

Overlay No Yes Includes thin and medium overlays

Other Maintenance and No No Includes crack sealing, surface treat-

Preservation ment, and microsurfacing

Rehabilitation No Yes Includes structural overlay, minor rehab
and major rehab

Reconstruction Yes Yes

Bridge

Construction Yes Yes

Deck Repair No Yes

Other Maintenance and No No Includes cleaning, element repairs, spot

Preservation painting, and deck protection

Deck Replacement No Yes

Superstructure No Yes Includes paint replacement and major

Rehabilitation steel repairs

Substructure No Yes

Rehabilitation

Rehabilitation No Yes

Reconstruction Yes Yes
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All of the specific agency treatments listed in the table could conceivably be
included in the asset valuation calculation. Adding treatments supports a more
detailed and potentially more accurate calculation of how asset value varies
over time, but entails quantifying more data.

Table 5-3 shows the results of the agency’s assessment, indicating which treat-
ments the agency will include in the asset value calculation using each ap-
proach. For the comprehensive approach the agency elects to include a number
of additional treatments, given these improve asset condition and result in
shortening asset life if needed treatments are not performed.

Example 5-2. Treatment Effects

The agency described in Example 5-1 next quantifies the cost and effects of the
different treatments. The agency uses treatment costs from its management
system, together with a separate assessment of the cost of initial construction
of a pavement or bridge performed as described in Chapter 4.

Treatment effects are established based on a combination of expert judgement
and parameters from the agency’s management systems. Table 5-4 shows the
resulting assumptions concerning treatment effects. For pavement, treatment
effects are expressed in terms of a treatment’s impact on Pavement Condition
Index (PCI). This is an agency-specific measure of pavement condition expressed

Table 5-4. Example Treatment Effects
Treatment Effect

Treatment Simplified Comprehensive
Pavement
Construction Age =0, PCI =100 Age =0, PCI =100
Overlay None PCl increases by 10
Rehabilitation None PCl set to 90
Reconstruction Age =0, PCI =100 Age =0, PCI =100
Bridge
Construction Age =0, Age =0,

Deck/Super/Sub Ratings =9 Deck/Super/Sub Ratings =9
Deck Repair None Deck Rating = 6
Deck Replacement None Deck Rating = 7
Superstructure None Superstructure Rating =7
Rehabilitation
Substructure None Substructure Rating =7
Rehabilitation
Rehabilitation None Deck/Super/Sub Ratings =7
Replacement Age =0, Age =0,

Deck/Super/Sub Ratings =9 Deck/Super/Sub Ratings =9

5-14



A Guide to Computation and Use of System Level Valuation of Transportation Assets

Chapter 5. Treatment Effects / Section 5.3 Examples

on a scale from 0 to 100. Pavement treatments have the effect of resetting pave-
ment age and returning PCl to 100, setting PCl to a specific value, or increasing
PCl by a specified amount.

For bridges treatment effectives are expressed in terms of a treatment’s impact
on the deck, superstructure, and/or substructure ratings defined in the NBI.
These are expressed on a 0 to 9 scale, with 9 representing the best condition ob-
tained for a new bridge. Bridge treatments have the effect of resetting age and
returning all ratings to 9, or setting one or more ratings to a specific value.

Based on the assessment of treatment effects, the agency establishes that with
the more comprehensive approach it would be necessary to represent bridges
at a component level, modeling the deck, superstructure and substructure of a
bridge separately, given that several of the treatments have an impact on only
one component.

Example 5-3. Useful Life

The agency described in the previous example seeks to establish useful lives
for bridges for the simplified and comprehensive cases outlined in the previous
examples. The agency uses NCHRP Report 713 (18) for guidance. Following the
approach described in this report, the agency first defines end-of-life criteria for
its bridge components. The agency’s bridge managers recommend that when a
deck, superstructure or substructure deteriorates to a rating of 5 on the 9-point
NBI scale (classified as fair condition) the component has reached the end of its
useful life, given the agency typically schedules rehabilitation work at this point
to prevent the bridge from deteriorating into poor condition. Note that if the
end of life was defined as the point when replacement of the bridge is required,
then a lower rating value would be used as the definition for end-of-life. The
agency uses the national defaults in Appendix B of Report 713 to estimate the
time required for bridge components to deteriorate to a value of 5. These were
developed using NBI data and implicitly include effects from routine mainte-
nance. The national estimates in the report are:

* Deck -42 years
* Superstructure - 48 years
* Substructure - 45 years

These values are used for the comprehensive case described in the above ex-
amples, in which bridges are represented at a component level, and rehabilita-
tion treatments are included in the analysis.

For the simplified analysis the agency performs a separate analysis to deter-
mine a useful life for bridges assuming that maintenance, repair and rehabilita-
tion work is performed consistent with the agency’s lifecycle policy. The agency
reviews data on recent projects to establish a typical life, omitting projects
where replacement was triggered by an external factor (e.g., the bridge crossed
a roadway that was being widened to increase capacity). The agency compares
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this to the NCHRP Report 713 values for the time for component ratings to
reach a value of 3, a point at which the agency would schedule replacement of a
bridge. These are as follows:

* Deck - 79 years
e Superstructure - 83 years
e Substructure - 78 years

Based on review of agency data and other sources the agency establishes a
useful life of 75 years for a bridge for the simplified case in which maintenance,
repair and rehabilitation treatments are assumed to occur in a timely fashion
over a bridge’s life.

Example 5-4. Residual Value

A transit agency seeks to calculate residual value for its vehicles, facilities, track
and equipment. Based on the guidance in Section 5-2, the agency calculates
residual value for selected assets as shown in Table 5-5.

Table 5-5. Example Approaches for Calculating Residual Value for Transit Assets

Asset Class Subclass Calculation Approach Notes
Vehicles Buses Resale or auction value Feasible when vehicles are auctioned
or sold at the end of their useful life
Rail Vehicles Scrap value Assumes asset is used until it is
scrapped
Facilities Administrative/ Difference between con- Complex assets that are rarely com-
Maintenance Facility struction and rehabilitation pletely reconstructed
Passenger Facility ~ €Ost
Infrastructure Track 0 Typically obsolete when replaced -
S minimal resale or scrap value
Power
Signals
Equipment Service Vehicles Resale or auction value Feasible when vehicles are auctioned
or sold at the end of their useful life
Other Equipment Scrap value Assumes asset is used until it is

scrapped
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Practice Assessment

"

This section provides examples of “emerging,” “strengthening,” and “advanced”
practices for defining treatments and treatment effects. Maturity levels are
defined for each of the four areas defined in the guidance. In the table an
emerging practice is one that supports the guidance with minimal complexity,
an advanced practice illustrates a “state of the art” example in which an agency
has addressed some aspect of the asset value calculation in a comprehensive
manner, and strengthening practice lies between these two levels.

Practice Area Maturity Description

Level
Identifying Asset Emerging Asset purchase or construction and reconstruction are included in the
Treatments asset value calculations. Supplemental analysis is not performed to

consider inclusion of other treatments.

Strengthening An analysis is performed to determine what treatments to include in
the analysis, and what treatments are assumed to occur based on the
agency'’s life cycle strategy. The analysis is conducted separately from
establishing asset life cycle strategies.

Advanced An analysis is performed to determine what treatments to include in
the analysis, and what treatments are assumed to occur based on the
agency's life cycle strategy. The analysis is conducted as part of the
development of asset life cycle strategies and/or strategies are updat-
ed as appropriate following the analysis.

Determining Emerging The analysis is limited to asset purchase or construction and recon-
Treatment Costs struction. Asset reconstruction is assumed to have the same cost and
and Effects effect as initial construction.

Strengthening Treatment costs are established through a one-time analysis of project

data and updated in subsequent years based on inflation. Treatment
effects are based on expert judgement or a one-time analysis.

Advanced Treatment cost and effects are established through a well-documented
process that includes: analysis of treatment data; assessment of how
assets should be grouped for analysis (e.g., by system, material, and/or
surface type); and a defined update cycle (e.g., once every 1 to 2 years).

Calculating Emerging Asset useful life is estimated based on expert judgement and/or
Asset Useful Life industry defaults.
Strengthening A one-time analysis is performed to establish asset useful life based on

analysis of historic data and/or asset models.

Advanced Asset useful life assumptions are based on models used in an agency’s
management systems. The assumptions are periodically validated and
updated through a well-documented process.
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Practice Area Maturity

Level

Description

Determining Emerging
Residual Value

Strengthening

Advanced

The analysis is limited to asset purchase or construction and recon-
struction. Asset reconstruction is assumed to have the same cost and
effect as initial construction (resulting in a residual value of 0).

A determination is made for each asset class and component concern-
ing whether to calculate residual value based on salvage value or the
difference between asset construction and reconstruction. Salvage
values are established based on expert judgement.

A determination is made for each asset class and component concern-
ing whether to calculate residual value based on salvage value or the
difference between asset construction and reconstruction. Salvage
values are established based on analysis of historic data.

5-18



A Guide to Computation and Use of System Level Valuation of Transportation Assets

Chapter 6

Depreciation

Depreciation, or loss of value over time, represents the con-
sumption of an asset’s benefits over its useful life. Three ap-
proaches are presented here for calculating depreciation. The
most straightforward approach is to represent depreciation as

a function of asset age using a simple linear relationship. Where
condition data are available, it may be preferable to supplement
or replace asset age with a calculation of effective age based on
condition. A third approach is to analyze the pattern benefit con-
sumption to establish a non-linear calculation of depreciation.

Section 6.1

General Guidance explains the key concepts of asset depreciation and then
describes the three approaches with examples of when and why each may
be used. It also provides a flowchart for selecting an appropriate depreciation
approach.

Section 6.2

Recommended Steps outlines the suggested steps to calculate depreciation
using each of the three approaches. It includes pertinent equations for age-
and condition-based depreciation.

Section 6.3
Examples includes four examples applying the methods described in Section
6.2 for highway and transit assets.

Section 6.4
Practice Assessment provides examples of emerging, strengthening, and
advanced practices for calculating depreciation using age or condition data.
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Section 6.1

General Guidance

Key Concepts

Depreciation is defined as “the loss of value of an asset or class of assets, as
they age.” (1). Depreciation represents the consumption of capital, or the con-
sumption of the benefits of an asset. From an accounting perspective, the
depreciation calculated over some period measures how much value of an asset
has been “used up.” From the perspective of an asset manager, depreciation is

a measure of how much closer an asset has moved toward the end of its useful
life.

Depreciation is calculated when it is necessary to adjust an asset's value over
time. If an asset’s value is based on the initial cost of constructing or purchas-
ing the asset, the value at a later point should be depreciated. If one is using a
market or economic perspective to establish value, then it may not be necessary
to calculate depreciation. In such cases, depreciation may need to be calculated
if adjusting a prior calculation of asset value. However, it is preferable to simply
revalue the asset by repeating the calculation of value performed as described
in Chapter 4.

Depreciation is closely related to deterioration, or decline in the physical condi-
tion of an asset. Generally speaking, as an asset ages, its benefits are consumed
and it deteriorates. However, the consumption of benefits (as measured by
depreciation) and the decline in condition (as measured by deterioration) often
occur at different rates. For example, in accounting it is common to assume ac
celerated depreciation, in which asset value is assumed to decline more rapidly
for a new asset than an older one.

Figure 6-1 is an example illustrating how a deterioration curve can be used to
calculate depreciation. Here value and condition are both depicted as a per-
centage of the value for a new asset. In this case, depreciation is assumed to

be linear. Thus, the value of the asset decreases linearly from its initial value to
its residual value. Condition of the asset follows an s-shaped curve (a logistic
curve), in which the condition declines gradually near the beginning and end

of an asset’s life, and more rapidly in the middle of its life. In this example it is
further assumed that the asset is operated in the same manner over its entire
life. Thus, the fact that physical conditions are declining more rapidly or slowly at
different points in its life is immaterial: the key question is that of the remaining
life of asset, which may need to be revised based on the asset'’s condition. This
example is representative of assets such as pieces of equipment that remain in
service until the end of their life, and are used in the same manner generating
the same benefits as long as they are safe to operate.
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When the benefits derived from an asset depend upon its physical condition,
the situation is different. In these cases, depreciation may be directly tied to
deterioration, and therefore age is no longer an appropriate approximation.
For example, for rail cars one might consider that as a vehicle ages riders suffer
greater discomfort from riding on the vehicle and are more prone to experi-
encing delays in service. For pavement, user costs increase as pavement condi-
tion worsens. In such cases, the pattern of depreciation may better match the
pattern of deterioration and a

condition-based depreciation

approach is best suited. 100%

90%%

Depreciation may incorpo- 80%
rate other factors beyond 70%
deterioration, as well. One 60%
key issue is technical obso- —
lescence. Estimates of asset o
useful life typically incorpo- 30% “\

rate assumptions concerning
obsolescence, but this is not
a factor incorporated into de-

20%

10%

terioration estimates. Assets . 0 10 20 a0
can become obsolete due to Heat
technological or functional —value —Conditien
factors. For instance, a traffic

controller may be in excellent Figure 6-1. Difference Between Depreciation

physical condition, but would e SRR TR

be considered to be obsolete

if it no longer met industry

technical standards and/or if it was no longer feasible to obtain replacement
parts for the asset. Likewise, a bridge may be considered obsolete if designed to
outdated functional standards for clearances and load carrying capacity. Typi-
cally once an asset is obsolete it assumed to be fully depreciated.

Another complicating factor that may be considered in calculating depreciation
is the level of use of an asset, which may change either as a function of time,
asset condition, or other factors. For example, a transit agency may use an older
vehicle in poor condition less, utilizing newer, more reliable vehicles instead
where feasible. On the other hand, for highway assets, traffic may continue to
increase over time regardless of the condition of the asset, suggesting accelerat-
ing rather than decelerating depreciation.

Determining the various benefits an asset yields and how these vary over time
can be an involved process. However, for most applications various simplifying
assumptions are made to reduce the complexity. The different approaches can
be grouped into three basic types, representing different levels of complexity in
the calculations and data requirements. Table 6-1 lists the basic types of dep-
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recation approaches and summarizes the strengths and weaknesses of each
approach.

Table 6-1. Approaches for Calculating Depreciation

Approach Description Strengths Weaknesses
Actual Age Depreciation increases * Straightforward to * Historic data may not be
linearly as a function of calculate for new assets available, particularly
actual age * Requires few additional for asset components
assumptions  Data on last treatment
may be needed estab-
lish age
Condition-Based Depreciation increases * Accommodates consid- ¢ Requires collecting con-
linearly as a function of eration of a wide range dition data, frequently
age adjusted for condition of treatments at a component level

e Can be calculated e Can be a challenge to
without historic data relate condition to re-

» Supports evaluation of maining life, particularly
treatment selection and for assets in very good
timing for TAM or very poor condition

Non-Linear Benefit Pattern of depreciation * Flexible approach * Involves supplemental
Consumption is determined based ona ¢ Consistent with U.S. and analysis
tailored analysis of how international accounting < Results may be depen-
benefits are consumed standards dent on parameters

* Best approach for such as traffic growth
matching actual pattern and discount rate which
of use of an asset are outside the control

of an asset manager

Depreciation Based on Actual Age

The simplest approach to calculating depreciation is to assume “straight-line de-
preciation” based on asset age. In this approach, one establishes the age of an
asset or asset component, and then assumes depreciation increases in a linear
fashion over the asset’s useful life. Thus, the value of the asset is presumed to
decline by a constant value each year, dropping from the initial value to the end-
of-life residual value. The virtue of this approach is its simplicity. When given an
initial value, residual value, useful life, and asset age one can quickly determine
asset value without any additional assumptions.

For any asset where very limited data exist, this relatively simple approach pro-
vides the asset manager with a functional method to determine a depreciation
value. This approach can be applied to assets for which limited inventory data
are available, assuming a distribution of asset age based on a model or sample
data. Such approaches can be used to estimate value for assets such as signs
and drainage structures which are numerous, but for which agencies may not
have comprehensive data. Also, depreciating based on age can help address
cases where an older asset becomes technically obsolete regardless of its physi-
cal condition.
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In many cases, simply basing depreciation on an asset’s age can be too simple
for supporting TAM applications. Often the age of an asset is a poor predictor of
its remaining life, particularly if treatments have been performed to extend its
life. Including effects of treatments further complicates the calculation. Replac
ing an asset resets its age, but what is the impact of a preservation action or

a rehabilitation action? Further, many treatments impact one component of a
complex asset but not others (e.g., the deck of a bridge but not the substructure;
or the propulsion system of a rail car but not the carriage). Thus, when consider-
ing treatments short of replacement, one may need to track age and treatment
effects at a component level.

A further complication is that it is frequently difficult to determine the age of an
asset, particularly at a component level. We may know that a given section of a
highway was constructed 40 years ago, but that does not necessarily imply that
the pavement surface of the highway is 40 years old, let alone accompanying
signs, guardrails, and other supporting assets.

Asset managers routinely contend with these challenges when modeling assets
in their asset management systems. For some asset classes, such as guardrails
and ITS, the asset's age remains the best predictor of how the asset will perform
and what treatments may be needed. Technical obsolescence can be a major
factor for assets such as ITS devices. In some cases, there may be changes in
standards or technical requirements that render assets obsolete sooner than
would have been expected based upon their age. For complex assets, such as
roads, bridges and facilities, information on asset age is supplemented with
measurements of condition to better support TAM.

Depreciation Based on Condition

Where age data are unavailable or do not provide a reliable estimate of the
remaining life of an asset, it may be preferable to base depreciation on an
asset’s physical condition. If available, information on an asset’s condition can
be used to obtain an improved estimate of the remaining life of an asset, and
by extension, its effective age. There are many different approaches for utilizing
condition data, but the approach that is recommended here can be generalized
as follows: one obtains a revised, effective age for an asset using the available
condition data, and then can proceed with asset valuation using this new effec
tive age rather than actual asset age.

Note that the conversion of condition to age may involve a simple conversion
and/or additional business rules. For instance, one may define a mapping of
condition to percentage of life remaining, but decide to base the effective age on
the actual age if the age or condition reach some threshold value. The key points
are that condition is used in some manner to refine the estimate of an asset

or asset component’'s remaining life, and depreciation is assumed to proceed
linearly once an age is established.
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An alternative approach utilizing condition is to base depreciation strictly on
condition without translating condition into an effective age. With this alterna-
tive approach it is implicitly assumed that benefits are consumed in proportion
to the decline in condition, (which is typically a non-linear function). This ap-
proach is not recommended unless supported by additional analysis to verify
the assumption that benefit consumption and condition change in direct pro-
portion to one another. Where this alternative approach is used, it falls in the
domain of a non-linear benefit consumption pattern as described further in the
next section.

The basic advantage of calculating an effective age is that it leverages available
condition data to provide a better estimate of how much of an asset’s value
actually remains. Also, with this approach one can incorporate effects of treat-
ments in the calculation of current value without specific knowledge of the
treatment history of an asset. On the other hand, calculating effective age is
practical only if condition data are actually available. Frequently, asset managers
face limits to the available data, so in many cases, they rely on results of visual
inspections and/or measurements of surface distresses. Needless to say, there
are many challenges in relating the available data to the remaining service life of
an asset.

Non-Linear Benefit Consumption
Depreciation Approach

With both of the general approaches described above, benefit consumption

is assumed to be linear with respect to asset age (either actual or effective). A
linear model should be assumed for depreciation unless there is evidence to
suggest otherwise. This approach follows the maxim often attributed to Albert
Einstein: “Everything should be made as simple as possible, but not simpler.”

However, in some cases an asset manager may have reason to believe that an
asset will depreciate in some other manner. The final group of depreciation ap-
proaches encompasses the set for which benefits are consumed in a non-linear
manner. When using a non-linear approach, one must carefully consider what
benefits are being modeledling and how these are actually consumed. Once a
pattern is established, it can be mapped to actual or effective asset age to calcu-
late depreciation.

Figure 6-2 provides an example illustrating the impact of different non-linear
benefit consumption patterns. In both cases depreciation is shown as a percent-
age of an asset's initial value with an assumed residual value of 0. Here the asset
is assumed to have a useful life of 50 years.

In the case of the lower, concave curve depreciation is accelerated: the asset los-
es more of its value initially and less towards the end of its useful life. This curve
was developed using an exponential function of the following form:
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D(t)=(V(t) - RVN(1-(1-n*)
where
V(t,) = value attime t, (when the asset was constructed or purchased, or the last
treatment was performed)
RV =residual value
r  =depreciation rate

This pattern of depreciation is applicable if the use of an asset decreases as it
ages, such as in the example of a revenue vehicle described above. It can be
used to support certain traditional accounting approaches, including “declining
balance depreciation” and “double declining balance depreciation” as described
in by Dojutrek, et. al. (35). To use declining balance depreciation, one would set r
to be equal to 1/N where N is the useful life of the asset. To use double declining
depreciation, one would set r to be 2/N.

For the upper curve depreciation is decelerated: the asset loses less of its value
initially, but then depreciation accelerates towards the end of the asset’s useful
life. This curve was developed using a logistic function of the following form:

where ¢, and ¢, are constants.

This functional form may be applicable in cases where use of an asset is increas-
ing over time, and/or where an asset’s benefits are proportional to asset condi-
tion. For instance, for pave-

mentin the case of pavement

condition, asset value may be 100% -
represented using a condition a0
index that is inversely propor- e

tional to road user costs. o

60%

The approach of defining
a customized, non-linear
depreciation curve to match

50%
40%

Value (% of Initial)

the pattern of consumption 0
of an asset’s benefits is flexi- 20%
ble, and consistent with U.S. 10%
and international accounting 0%
standards. Also, it is highly ¢ 0 o W 0 >0
compatible with the eco-
——~Accelerated ——Decelerated Linear

nomic perspective of asset

yglge. If one has calculated Figure 6-2. Examples of Non-Linear
initial asset value based on Benefit Consumption Patterns
economic value, then estab-
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lishing a specific pattern of depreciation can be performed using the same data
compiled to calculate initial value.

The challenge with this approach is that it can be time consuming to perform
the analysis required to establish an alternative benefit consumption pattern.
Also, the results may hinge on assumptions outside the control of the asset
manager, such as traffic growth. An asset manager may ask whether “the juice is
worth the squeeze” before undertaking the additional analysis required for this
approach.

Choosing an Approach

While all of the approaches for calculating depreciation are valid, various ap-
proaches are preferable for certain TAM applications and depending on what
data one has available. Figure 6-3 is a flowchart recommending an approach
for calculating depreciation. Following the chart, results in a recommendation
to either avoid the depreciation calculation entirely, depreciate linearly based
on actual age, depreciate linearly using a condition-based approach, or perform
supplemental analysis to establish the depreciation pattern if there is reason to

. Can the calculation
Is it necessary

to maintain
consistency with

the agency’s
GASB34 calc. of

asset value?

Does the
GASB34
calculation
include depreci-
ation based on
actual age?

Depreciate linearly
based on age

of depreciation be
avoided through
using an economic
value, market value
or the GASB34
Modified Approach?

Is the consup-

tion of benefits

expected to be
non-linear?

Depreciate based on
supplemental analysis of

benefit consumption patterns

Are condition
data available?

Is it feasible to
obtain a market
value adjusted
for externalities?

Depreciate linearly
based on condition

Figure 6-3. Approach for Calculating Depreciation
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believe it is non-linear. The basic logic reflected in the flowchart is:

In certain cases, it is not necessary to calculate depreciation. If one is using
the GASB 34 modified approach a cost to maintain is calculated using an
organization’s management systems, but depreciation is not specifically
calculated. In cases where one requires the current value of the asset and
obtains this from the calculation of initial value - e.g., in the case of economic
or market value - then additional calculation of depreciation is not needed. In
all other cases, depreciation should be calculated.

Linear depreciation based on actual age should be used as the basis for
depreciation if this approach was used for financial reporting based on GASB
34 and the agency seeks to maintain consistency with its financial reporting.
GASB 34 does not require that agencies assume linear depreciation based

on asset age, but this is the approach that is almost invariably used except in
cases where an agency uses the GASB 34 modified approach.

Depreciation is important when using the replacement cost method because
it indicates asset condition. Replacement cost alone only provides the “worst-
case” estimate of asset cost. By accounting for depreciation, agencies demon-
strate a commitment to maintaining the asset and avoiding the single, large
replacement cost at the end of the asset’s life.

In cases where depreciation is calculated and consistency with the approach
used for financial reporting is not strictly required, then one must next ask
whether there is reason to believe the pattern of benefit consumption may
be non-linear. If this is the case, then further analysis will be required to es-
tablish the specific depreciation approach.

Otherwise, one should use condition data to establish effective age if condi-
tion data are available and provide a meaningful estimate of the remaining
life of an asset. Actual age should be used if condition data are unavailable,
or if asset condition does not help predict remaining life (e.g., for assets that
tend to be replaced due to obsolescence).

Note that based on the flow chart does there may arise a case where it is pref-
erable to base depreciation on condition, but condition data are unavailable. In
the flow chart one is directed to use an age-based approach in this case. How-

ever, this raises a broader question of what data an agency collects on its assets

and how to assess data needs. NCHRP Report 956 (717), Chapter 7 of the AASH-
TO TAM Guide, Second Edition (5), and Chapter 8.5 of the AASHTO TAM Guide,
First Edition (36) all are valuable references for further discussion of this topic.
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Section 6.2

Recommended Steps

This section describes the specific steps involved using the three different de-
preciation approaches addressed in this chapter: linear depreciation based on
actual age (“age-based”); a linear-based depreciation using a condition-based
approach (“condition-based”); and non-linear depreciation established through
analysis of the pattern of benefit consumption (“non-linear”).

Note that the steps presented here describe the case in which depreciation is
calculated for an individual asset or component since the point at which the
initial value was calculated as described in Chapter 4, or since the last treatment,
if a treatment was performed more recently than the time of the initial value
calculation. However, depreciation can be calculated for other contexts using
the same basic steps. For instance, one can use the steps described here to
calculate the cumulative depreciation of an asset looking back in time prior to a
recent valuation, predict future depreciation when testing different scenarios or
treatment assumptions, or calculate depreciation for an inventory rather than
an individual asset.

Age-Based

The steps for calculating depreciation using an age-based approach are de-
scribed below. The steps describe the case where depreciation is calculated rel-
ative to the last treatment, or relative to the calculation of initial value described
in Chapter 4 - whichever is later. If the only treatment being considered in the
analysis is the construction or reconstruction of an asset, then depreciation is
calculated since the asset was first purchased, constructed or reconstructed.

If additional treatments are included, then depreciation is calculated from the
time of asset purchase or construction until a treatment occurs. Overall asset
value is a function of the initial asset value, value added through treatments,
and value lost from depreciation. The overall calculation process is discussed
further in Chapter 7.

Note that depreciation can never be greater than asset value, or an asset’s value
would be deemed to be negative, and thus the asset would become a liability.
Any calculation of depreciation should be capped at the asset'’s value to avoid a
negative result.
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Calculating
Age-Based Depreciation

Compile Data

For each asset class and type of component being valued, compile the avail-
able data on the asset inventory and its age. Also compile the key parameters
established through prior steps, such as useful life and residual value. If treat-
ments other than asset purchase, construction/reconstruction are included,
compile the available data on asset treatment history. The assumptions de-
veloped previously regarding the level of detail in the analysis and treatments
to include may need to be revisited based on what data are available.

Determine Asset Age

Specify age at the level of detail established for the calculation - e.g., by indi-
vidual asset or as a distribution of ages for the inventory. Refer to Chapter 13
of Measuring Capital (77) for guidance on estimating age distributions based
on useful life if age data are unavailable.

Calculate Depreciation
Use the following equation to calculate depreciation D at time t:

_ (V(g) - RV) (A(1) - A (2,))
(UL-A(t)

D(t)

where

V(t,) = value at time t, (typically initial value)
RV =residual value

UL =useful life

A(t) = effective asset age at time t

A(t,) = effective asset age at time ¢,

Note that when the initial value is based on current replacement cost and
residual value is 0 this simplifies to the following:

Replacement Cost * A(t)

D (t) = o

Condition-Based

Generally the steps followed using a condition-based approach are similar to
those described above for an age-based approach, with two important differ-
ences. That is, the determination of asset age is more involved in this case. The
condition may be used as the sole determinant of effective age, or as a factor
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Calculating
Condition-Based Depreciation

Map Asset Condition to Effective Age

For each asset class and type of component being valued, determine how as-
set condition relates to age. If condition is the best predictor of remaining life,
then a simple function or lookup table can be defined to predict effective age
for each feasible condition value. Alternatively, one may predict effective age
based on condition, actual age and/or other variables. Refer to NCHRP Report
713 (18) for detailed guidance on modeling asset life.

Note that once condition has been mapped to age one can then determine
the percent of value remaining as a function of condition, simplifying the
depreciation calculation.

Compile Data

For each asset class and type of component being valued, compile the avail-
able data on the asset inventory and its condition. If the calculation of ef-
fective age requires knowledge of actual age, also compile data on asset

age and prior treatments that impact age. Also compile the key parameters
established through prior steps, such as useful life and residual value. The
assumptions developed previously regarding the level of detail in the analysis
and treatments to include may need to be revisited based on what data are
available.

Determine Asset Age
Specify effective age at the level of detail established for the calculation using
the approach established in Step 1.

Calculate Depreciation
Use the following equation to calculate depreciation D at time t:

_ (V(t,) - RV) (E(t) - E(t,))
(UL-E(t))

D (t)

where

V(t,) = value at time ¢, (typically initial value)
RV =residual value

UL =useful life

E(t) = effective asset age at time t

E(t,) = effective asset age at time ¢,

Note that when the initial value is based on current replacement cost and
residual value is 0 this simplifies to the following:
Replacement Cost * E(t)

= UL
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that modifies the effective age. Further, in the event that effective age is based
strictly upon an asset’s condition then historic asset data is technically not
needed in this case (though presumably would be used to established technical
parameters such as unit costs and useful lives).

Non-Linear Patterns of Benefit Consumption

The final option for calculating depreciation is the most complicated of the
three. With this approach, one must understand how the benefits of an asset
are actually being consumed over time, and structure the depreciation function
accordingly.

For this approach it is necessary to define what the benefits of an asset are,
and then establish a function for predicting how these benefits are consumed.
Factors to consider in establishing asset benefits are:

* Level of use - traffic volume or ridership patterns over time. As described
above, for highway assets often traffic is assumed to increase over time,
which tends to result in accelerating depreciation. On the other hand, if an
asset is utilized less as it ages then depreciation may decelerate over time.

* Travel time, operating and social costs - generally the benefit of a trans-
portation asset is that it supports mobility. Thus, in many cases the basic
benefit an asset provides can be measured in terms of the savings in travel
time, operating and social costs experienced if the asset is in service in good
condition relative to the case where the asset is allowed to deteriorate. For
instance, as a road deteriorates its surface roughness increases, potentially
increasing traffic congestion - and thus user travel time and social costs of
transportation - and increasing vehicle operating costs.

* Asset failure - as an asset deteriorates it is more likely that the asset will
fail in some manner, requiring emergency repairs, as well as temporary or
complete closure. Where the likelihood of asset failure can be related to asset
condition these costs tend to increase over time.

Once the benefits of an asset are established, it is necessary to define a func-
tion for representing how benefits are consumed over time. There is no single
functional form that can be used for this step, though exponential and logistic
curves provide flexibility for capturing a range of different depreciation pat-
terns. Acommon approach is to use “declining balance depreciation,” in which
an asset loses a specified percentage each year. Various other approaches have
been defined in the accounting literature, most of which result in accelerated
depreciation early in an asset'’s life, such as double declining balance and sum
of year's digit’s appreciation. The following steps describe a basic approach to
establishing the depreciation relationship considering a non-linear depreciation
pattern.
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Calculating Depreciation
Using a Non-Linear Benefit Consumption Pattern

Quantify Asset Benefits

For each asset class and type of component being valued, establish what ben-
efits the asset yields, and how these vary over the life of an asset. Consider
agency, user and social costs and benefits, and how these vary over time, as
well as based on an asset’s condition.

Establish the Depreciation Curve

Determine the functional form of the depreciation curve based on the results
of Step 1. If the pattern of benefit consumption can be approximated using a
linear relationship, then revert to using a linear model. Otherwise, determine
whether the depreciation pattern is accelerated or decelerated relative to
linear depreciation.

If the depreciation pattern is accelerated, evaluate whether a fixed deprecia-
tion rate can be used, resulting in use of an exponential curve as described in
Section 6.1. If the depreciation pattern is decelerated related to linear depre-
ciation, evaluate whether a logistic (s-shaped) curve can be used as described
in Section 6.1. Otherwise develop a customized depreciation function.

Compile Data

For each asset class and type of component being valued, compile the avail-
able data on the asset inventory and other data required to support the
depreciation calculation approach defined in Step 2. The assumptions devel-
oped previously regarding the level of detail in the analysis and treatments to
include may need to be revisited based on what data are available.

Calculate Depreciation

Calculate depreciation using the relationship determined in Step 2 with the
data compiled in Step 3.
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Section 6.3

Examples

The following are hypothetical examples illustrating the different depreciation
approaches described in Section 6.2.

Example 6-1. Age-Based Highway Asset

An agency has a bridge, initially constructed in 1960 with an expected lifespan
of 70 years. In 2010, the asset was reconstructed and brought back to “like new”
condition, resetting the its age to zero in 2010. The replacement cost of the
bridge, in today's dollars, is $5 million with a residual value of $1 million. The
depreciation in year 2021 is calculated using the following formula from section
6.2.1:

_ (V(2)) - RV) (A(D) - A (5,))
(UL-A(t)

D(¢t)

where

Wt,) = value at time tO (when the last treatment was performed)
RV =residual value

UL = useful life

At) = effective asset age attime t

A(t,) = effective asset age at time t0

_ ($5,000,000 - $1,000,000) (11 - 0)

b{) (70-0)

D (t) = $628,570
The new value of the asset is $4.37 million.

This example illustrates that how an age-based approach can be utilized in cas-
es where a treatment has the effect of resetting the age. It is more challenging
to apply this approach to a case where a rehabilitation is performed that im-
proves the condition of the asset but does not restore it to “like new” condition.

Example 6-2. Age-Based Transit Asset

An agency has installed a set of 100 fareboxes on its buses. Each farebox cost
approximately $5,000 in current dollars to install. The agency maintains main-
tenance records on its fareboxes documenting their condition. However, the
agency decides to calculate depreciation based on age given fareboxes typically
are replaced on a 15-year cycle as a result of technical obsolescence rather than
deteriorated condition.



A Guide to Computation and Use of System Level Valuation of Transportation Assets

Chapter 6. Depreciation / Section 6.3 Examples

Based on these assumptions the agency determines that a farebox depreciates
by $5,000/15 = $333.33 per year until it reaches 15 years. The table below shows

Table 6-2. Example Calculation of Asset Value for an Inventory of Fareboxes

Age (years) Initial Value (S) Depreciation ($) Current Value ()
(] 5 25,000.00 0.00 25,000.00
1 6 30,000.00 2,000.00 28,000.00
2 5 25,000.00 3,333.33 21,666.67
3 4 20,000.00 4,000.00 16,000.00
4 3 15,000.00 4,000.00 11,000.00
5 0 0.00 0.00 0.00
6 1 55,000.00 22,000.00 33,000.00
7 10 50,000.00 23,333.33 26,666.67
8 13 65,000.00 34,666.67 30,333.33
9 9 45,000.00 27,000.00 18,000.00
10 5 25,000.00 16,666.67 8,333.33
11 4 20,000.00 14,666.67 5,333.33
12 7 35,000.00 28,000.00 7,000.00
13 4 20,000.00 17,333.33 2,666.67
14 6 30,000.00 28,000.00 2,000.00
>15 8 40,000.00 40,000.00 0.00
Total 100 500,000.00 265,000.00 235,000.00

a set of example calculations assuming fareboxes of varying age. Based on the

table, the initial value of the

100 fareboxes is $500,000.

Depreciation totals $265,000, Depreciated Value vs. Rating
resulting in a current value of By
$235,000. s

Example 6-3. Con-
dition Based

The Kentucky Transportation
Cabinet (KYTC) uses a con-

dition-based depreciation
approach for valuing assets 9 8

Depreciated Value

6 5 4 3 2 1
in its TAMP (37). For bridges NBI Rating
KYTC bases depreciation on

the NBI condition ratings for
the deck, superstructure, and Figure 6-4. Predicted Depreciation Versus
Condition Rating

~J

Source: KYTC (37)

substructure of each bridge.
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For each value in the NBI scale KYTC has established an equivalent percent of

depreciated value, as shown in Figure 6-4.

In Table 6-2 this depreciated value is mapped to an effective remaining service

Table 6-3. Effective Remaining Life and Depreciation Calculations by Condition Rating

Condition Depreciated Effective Depreciation Current Value
Rating Value Remaining Given Initial Given Initial
(see Figure 6-4) Useful Life Value of Value of

(years) S$10M (S) $10M (SM)

9 100% 75.00 0.0 10.0

8 90% 67.50 1.0 9.0

7 75% 56.25 2.5 7.5

6 50% 37.50 5.0 5.0

5 25% 18.75 7.5 2.5

4 10% 7.50 9.0 1.0

3 5% 3.75 9.5 0.5

2 0% 0.00 10.0 0.0

1 0% 0.00 10.0 0.0

life using KYTC's assumed useful life of 75 years for a new bridge. The remaining
asset life can be substituted into the equation shown in Example 6-1 to calculate
depreciation in dollars as a

function of condition. The ta-

ble shows an example of the 80,000
calculations for a component
with an initial value of $10 o
million.

60,000

Example 6-4. De-
preciation Based
on the Pattern of g Ao
Benefit Consump-
tion

A highway agency is interest-
ed in analyzing the pattern 10,000
of consumption of benefits

for pavement. Pavement D ) ) )
management staff model the ; i = 1:? n B g

benefit of a pavement section

as providing mobility for road Figure 6-5. Example Excess User Costs
as a Function of IRI

w
=
8
(=}

xeelss User Cost (S /fyr)

30,000

y = 0.6636x% + 24.849x + 1016.4
20,000
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users, reducing travel time and operating costs relative to an alternative of using
other roads in the event the pavement section was out of service. Over time the
use of the pavement increases, in theory yielding greater benefits. However, as
the pavement ages roughness increases, reducing benefits obtained from the
pavement.

To model these effects the agency staff utilize the model of pavement user
costs detailed in NCHRP Report 866 (38). Using the model provided with this
report they predict the excess user costs for different representative pavement
sections. Figure 6-5 shows the excess user cost as a function of IRl for a 1-mile
urban principal arterial with daily traffic of 1,000 vehicles calculated using this
model.

The staff use relationships
obtained using the NCHRP
report to estimate the bene-
fits realized from a pavement o
section over time. This is then 80%
used to estimate the depre-
ciation curve for pavement.
Figure 6-6 shows an example
curve for a one-mile section
with 1,000 daily vehicles,
assuming 5% annual growth
in traffic. e

0%

100%

T0%

B0%

S0%

% Depreciation

40%

10%
0%

0 5 10 15 20 25 0
Age

Figure 6-6. Example Custom Deterioration Function
Representing the Consumption of Asset Benefits
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Section 6.4

Practice Assessment

"

This section provides examples of “emerging,” “strengthening,” and “advanced”
practices with respect to calculation of depreciation. Maturity levels are defined
for each of the for two basic cases described in the guidance, that one has age
data, or that one has condition data. In both cases there is an additional option
to assume a linear pattern of depreciation with respect to age/effective age, or
to perform a supplemental analysis to analyze the pattern of benefit consump-
tion for the asset. In the table an emerging practice is one that supports the
guidance with minimal complexity, an advanced practice illustrates a “state of
the art” example in which an agency has addressed some aspect of the asset
value calculation in a comprehensive manner, and strengthening practice lies
between these two levels.

Practice Area Maturity Level Description

Calculating Emerging Asset age is not well established. Costs by asset class are
Depreciation for calculated by year and depreciated without associating costs to
Assets with specific assets.

Age Data Only Strengthening Asset or component age is known or can be estimated based on

inventory and treatment data, supporting calculation of depreci-
ation at an asset class, asset and/or component level.

Advanced Asset age or component age is known or can be estimated based
on inventory and treatment data. An analysis is performed of
the consumption of asset benefits. A custom pattern of benefit
consumption is used if supported by the analysis. Depreciation is
calculated based on the selected approach by asset class, asset
and/or component.

Calculating Emerging Condition data are sufficient for estimating the condition distri-
Depreciation for bution at a network level. Condition is mapped to effective age
Assets with and depreciation is calculated by asset class based on current
Condition Data condition.

Strengthening An assessment is performed to determine how best to calculate

effective age, potentially using actual age and/or condition.
Depreciation is calculated based on effective age by asset class,
asset and/or component.

Advanced An analysis is performed of the consumption of asset benefits. A
custom pattern of benefit consumption is used if supported by
the analysis. Otherwise, an assessment is performed to deter-
mine how best to calculate effective age, potentially using actual
age and/or condition. Depreciation is calculated based on the
selected approach by asset class, asset and/or component.
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Once one has established all of the parameters for the asset val-
ue calculation, the task remains to calculate value for individual
assets or groups of assets. One should compare the asset value
calculated to that used for financial reporting. In addition to cal-
culating overall value, one may calculate other supporting mea-
sures, such as the cost to maintain value, asset sustainability
ratio, asset consumption ratio, and others.

Section 7.1

Calculating Value for Groups of Assets describes how the asset value cal-
culation may be applied to groups of assets. It includes a discussion on the

potential errors and challenges of aggregation and the treatment of uncer-

tainty. The section also provides steps for completing the calculation.

Section 7.2

Preparing Financial Statements addresses the application of asset value in
financial statements and explains how to resolve discrepancies between the
approaches used in financial reporting and TAM.

Section 7.3
Asset Value-Related Measures introduces a set of additional supporting
measures that are related to asset value.

Section 7.4

Practice Assessment provides examples of emerging, strengthening, and
advanced practices for the calculation of current value, the preparation of
balance sheets, and the determination of other asset value-related measures.
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Section 7.1

Calculating Value for Groups of

Assets

The discussion of how to calculate asset value has thus far focused on how to
perform the calculation for a single asset or asset component. This section ad-
dresses the question of how to perform the calculation for groups of assets. The
following subsections provide an overview of the calculation process and key
issues, and recommended calculation steps.

Overview

The steps detailed in Chapter 3 to 6 detail all of the building blocks of the asset
value calculation. The only remaining step to calculate the value of a given asset
or component at time t is to subtract depreciation from the initial asset value :

v(t) = V(t,)) - D(t)

In practice, however, the calculation does not stop there. For most applications
one seeks to calculate the value for multiple assets and asset classes, requiring
some form of aggregation. Also, one should ideally account for the fact that
there is inherent uncertainty in the calculations of asset value, particularly if
they are prospective (predictions of future value) rather than retrospective. Ad-
ditional analysis may be required to address these and other issues.

Note that depreciation should never exceed the initial value of the asset or
component. This and other calculation issues may arise depending on the level
of detail at which calculations are performed, determination of how different
treatments are incorporated in the calculations, and approach used for compo-
nentization (discussed in Chapter 3).

Asset Aggregation

Aggregating asset value calculations can be accomplished in two basic ways:
either the asset value calculation is performed for individual assets or compo-
nents and then the results are aggregated, or assets are grouped together for
analysis first and the calculation of value is performed at an aggregate level.

Performing calculations on aggregated data is preferable, as doing so saves
effort. However, it is important not to introduce errors in the calculation process
by over-aggregating. When data are aggregated one relies on averaging to ob-
tain an aggregate result. Provided the groups of assets are homogenous in their
characteristics and all of the underlying relationships being modeled are linear,
then one can aggregate prior to calculating value. However, if there is a lack of
homogeneity or non-linear effects then aggregating can introduce errors. Exam-
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ples of situations where aggregation may not be appropriate include:

* Initial costs are calculated using a more complex method than a simple unit
cost;

* Initial costs are calculated using a simple unit cost, but this unit costs varies
for different assets in the group;

* Useful lives vary for different assets in the group;

* Depreciation is non-linear;

* An asset consists of multiple components with different ages and useful lives,
but is being valued at the asset level rather than component level;, and/or

* One or more assets or components are fully depreciated.

Table 7-1 illustrates the issue. Here value is calculated using age-based depre-
ciation for assets A and B. The calculation is performed separately for both,

and then at an aggregate level combining the two assets. The table shows the
initial value of each asset, and the accumulated depreciation. It also shows the
current value, which is the initial value less depreciation. When the calculation is
performed separately for each asset the total current value is calculated as $8.2
million. However, when A and B are treated as a single asset, the value calculat-
ed is $4.2 million - substantially less!

The culprit responsible for the error in this case is the treatment of depreciation.
Asset B is older than the useful life of 50 years, and thus fully depreciated. Once
an asset is fully depreciated its value is assumed to be equal to its residual value
and not allowed to become negative. This effect is correctly accounted for when
the calculations are performed by asset, but ignored in the aggregate calcula-
tion in which the average age is used.

Table 7-1. Approaches for Calculating Depreciation

Measure A B Total if Calculated Total if Assets are

by Asset Aggregated
Initial Value ($ million) 11.0 22.0 33.0 33.0
Residual Value ($ million) 1.0 2.0 3.0 3.0
Age (years) 24 60 N/A 48
Useful Life (years) 50 50 N/A 50
Depreciation ($ million) 4.8 20.0 24.8 28.8
Current Value ($ million) 6.2 2.0 8.2 4.2

Ultimately, establishing the correct level of aggregation requires careful consid-
eration of the approach and experienced judgement to determine the appropri-
ate level of detail based on the approach and the asset characteristics.
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Treatment of Uncertainty

The quantitative approaches described in this guide are deterministic - they
assume that calculation parameters are known with certainty. In reality key
parameters are subject to uncertainty and error, particularly when an analysis is
performed at an aggregate level. For example:

* Treatment costs and effects can be highly variable and depending on a large
number of factors.

* Future asset deterioration is uncertain, and subject to changes as a result of
changing technology, the changing climate, and myriad other factors.

* Future traffic/level of use will drive the benefits obtained from an asset and
also depend on economic and demographic factors well outside of the con-
trol of an asset manager.

* Economic parameters such as inflation, the discount rate, and the value of
time are subject to uncertainty and may be computed differently depending
on one’s assumptions.

In certain respects, calculating asset value at an aggregate level can help ad-
dress some of the inherent uncertainties underlying the calculations given
parameters such as treatment costs and treatment effects are often derived at
this level. Asset level calculations may be more precise - but no more accurate -
if they rely on highly variable parameters derived through observations of large
populations of assets.

A number of approaches have been developed for handling uncertainty in
numeric calculations. Uncertainty is inevitable in calculations of asset value; the
question for the analyst is whether the level of uncertainty is tolerable given the
manner in which the results of the calculation will be used. The approach rec
ommended here is to acknowledge where uncertainty exists, and - if sufficient
time and resources are available - perform sensitivity analyses to show the de-
gree to which changes in key parameters would impact the results of the anal-
ysis. For calculations of current value, the analysis may, at a minimum, include
testing the impact of changes in asset useful life. For predictions of future value
an accompanying sensitivity analysis should also address changes in treatment
costs and any economic parameters used in the calculation approach (e.g., the
discount rate, if applicable).

Calculation Steps

The following steps are recommended for calculating current asset value for
one or more asset classes and components. These build on the results of prior
steps for establishing the scope of the analysis, selecting the initial value calcula-
tion approach, identifying treatments, and selecting the depreciation approach.
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Calculating Value
for Groups of Assets

Review the Level of Detail in the Calculations

Review the decisions made on the level of detail in the asset value calcula-
tion made in Step 1. Combine assets to perform a more aggregated analysis if
feasible without significantly impacting the results. Disaggregate the analy-
sis further if key parameters such as costs and useful lives are found to vary
within subgroups of assets.

Calculate Initial Value

Apply the approach selected previously to calculate initial value for each as-
set group, asset or component. Note that in cases where treatments besides
initial purchase/construction are included in the analysis and depreciation is
based in part or entirely on age, the initial value should be calculated as of the
time of the most recent treatment. (but may not be the same as that of a “like
new” asset unless the most recent treatment was replacement or reconstruc-
tion).

Calculate Depreciation
Apply the selected approach to calculate depreciation for each asset group,
asset or component.

Calculate Asset Value

Calculate value as the difference between initial value and accumulated de-
preciation. Sum the results across components, assets and/or asset classes to
obtain total asset value.

Conduct Sensitivity Analysis

Document the impact of changes to key parameters on the calculations of
asset value.
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Section 7.2

Preparing Financial Statements

Asset value is an important component in an organization'’s financial reports.
Much of the prior guidance for calculating asset value has focused on this appli-
cation. While this guide concentrates on the calculation of asset value to support
TAM rather than financial reporting, an asset manager should remain mindful

of how an agency develops its financial reports, how asset value is calculated

in these reports, and any differences between TAM and financial reporting
approaches. The following subsections summarize U.S. public agency financial
reporting requirements, and discuss discrepancies between approaches used
for asset valuation in financial reporting and TAM.

Financial Reporting Requirements

Financial reporting requirements for U.S. public agencies are detailed in GASB

Statement 34 (7). This document requires public agencies to prepare basic finan-

cial statements. These should include:

* Assets, distinguishing between capital and other assets

* Liabilities, distinguishing between long-term liabilities and other liabilities

* Net assets, distinguishing among amounts invested in capital assets, net of
related debt; restricted amounts; and unrestricted amounts

* Revenues by major source

* Expenses

. . Beginning Ending
* Excess or deficiency before
) . Balance Increases Decreases Balance
contributions Buildings $282,559,529 $5,825,276 $(1,011,511) $ 287,373,294
* Contributions Construction in progress - infrastructure 523,786,457 350,031,308  (253,454,458) 620,363,307
° Special and extraordinary Construction in progress - other 26,461,827 17,021,568 (18,255,339) 25,228,056
items Data processing software 106,812,614 24,478,495 (1,059,400) 130,231,709
e Transfers Land 1,710,428,334 12,918,983 (1,570,400) 1,721,776,917
. Land improvements 192.994.657 2,577,734 (286,774) 195,285,617
o Change INn net assets .
. Land use rights (amortized) 781,932 781,932
* Ending net assets _
Leasehold improvements 3,999,333 13,500 4,012,833
. . . Machinery and equipment 444,479,092 18,807,518 (25,186,989) 438,099,621
Capital assets are included in yandeadp
. State highway and bridge system 14,465,090,764 379,248,721 (69,746,542)  14,774,592,943
the calculation of net assets, .y
. Works of art and historical treasures 101,151 101,151
but are often presented Ina Total capital assets $17,757,495,690 $810,923,103 $(370,571,413) $18,197,847,380

separate table in the financial
report. These are defined to
include “land, improvements
to land, easements, build-
ings, building improvements, vehicles, machinery, equipment, works of art and
historical treasures, infrastructure, and all other tangible or intangible assets
that are used in operations and that have initial useful lives extending beyond
a single reporting period.” Infrastructure assets are further defined as “long-

Source: Oregon DOT (39)

Figure 7-1. Example Statement of Capital Asset Activity - Oregon DOT
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lived capital assets that normally are stationary in nature and normally can be
preserved for a significantly greater number of years than most capital assets.”
GASB 34 cites as examples of infrastructure assets roads, bridges, tunnels,
drainage systems, water and sewer systems, dams and lighting systems.

GASB 34 requires that cap-
ital assets are valued using
historic costs. Capital assets
should be depreciated, but
if an agency elects to use
the “modified approach”
described in Chapter 2 for
its infrastructure assets, it is
not required that these are
depreciated. Instead, the cost
to maintain these assets at
a specified level of service is
established and expensed
within the year the cost is
incurred.

Figures 7-1 and 7-2 provide
examples showing how
capital assets are presented
in public agency financial
reports. Figure 7-1 is an
excerpt from the Oregon
DOT financial statement (39).
It shows the beginning bal-
ance, increase, decrease and
ending balance for each type
of capital asset. The value of
the state highway and bridge
system is reported as a single
item in the table with a begin-
ning balance of approximate-

Capital assets, not depreciated it:
Roads

Land

Bridges

Construction in progress

Computer software projects in progress

Land rights

Capital assets, depreciated:
Equipment

Buildings

Blue water Bridge infrastructure
Railroads

Rest areas & welcome centers
Land improvements

Airports

Computer software project

Less accumulated depreciation for:

Equipment

Buildings

Blue water bridge infrastructure
Railroad

Rest area and welcome center
Land improvements

Airports

Computer software project

Total capital assets

Beginning Ending
Balance Additions Deletions Balance
$12,860.9 $123.1 $(922.4) $12,061.6

3,146.5 7.8 - 3,154.3
2,693.9 266.1 (34.4) 2,925.6
1,744.4 1,002.5 (472.3) 2,274.7
6.8 2.4 (6.8) 2.4

0.4 0.2 - 0.6
241.2 2.6 (3.4) 247.4
168.9 5.4 (0.1) 174.1
32.1 3.5 - 35.6
173.7 s - 173.7
120.9 - - 120.9
54,5 2.0 (0.6) 55.9
1.8 - - 1.8

6.8 - 6.8

(106.9) (11.5) 2.7 (115.6)
(88.0) (7.1) 0.1 (95.1)
(14.2) (1.4) - (15.6)
(54.6) (4.1 - (58.7)
(51.9) 2.7) - (54.6)
(14.1) 2.7) 0.3 (16.4)
(1.0) (0.1) - (.1
(1.1) - (1.1

$20,915.3 $1,398.7 $(1,436.7) $20,877.2

Source: Michigan DOT (40)

Figure 7-2. Example Statement of Capital Asset Activity - Michigan DOT

ly $14.5 billion and an ending balance of approximately $14.8 billion. In this case,
the agency depreciates the value of the system, showing a decrease of $69.7

million from annual depreciation.

Figure 7-2 is an excerpt from Michigan DOT showing how this agency reports

changes in capital assets (40). Here roads and bridges are reported separately.
They are included in the category of “Capital assets, not depreciated” as Michi-
gan DOT uses the GASB 34 modified approach.

The Oregon and Michigan examples are typical of other public agency financial
reports. These examples are prepared in a manner that complies with GASB
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requirements. Asset value is consistently reported for transportation assets us-
ing historic costs. Annual depreciation is presented where the agency does not
use the modified approach, and agency expenses on infrastructure assets are
reported in lieu of depreciation where the modified approach is used. However,
the presentation is relatively compact and omits many details that may be of
value for asset management purposes, such as details on value by system (e.g.,
Interstates, NHS) or asset subclass.

Resolving Discrepancies in Approaches

As discussed in Chapter 2, the use of historic costs, while consistent with best
practices in accounting, limits the use of the financial report values for other
purposes. However, the GASB 34 modified approach yields an estimate of the
cost to maintain the transportation system which is valuable for supporting
TAM. Thus, in the event an agency uses the GASB 34 modified approach for
financial reporting, an option for supporting TAM is to utilize a consistent ap-
proach for reporting asset value in TAM documents, emphasizing the use of the
cost to maintain rather than attempting to derive a separate calculation of de-
preciation. The NHS portion of the overall cost to maintain, calculated using the
modified approach, is equivalent to the cost to maintain current value required
for NHS TAMPs prepared by State DOTs.

Where the GASB 34 modified approach is not used, it may be preferable to
calculate asset value based on replacement cost or market value rather than
historic cost. In this case the asset value calculated for TAM inevitably differs
from that reported in an agency'’s financial report. The following approach is rec-
ommended to resolve the discrepancy between asset value reported in financial
report and TAM documents:

* When calculating asset value for TAM applications, asset managers should
carefully review the calculation of asset value in the agency's financial report
and obtain further detail on the value by system or asset subclass where
possible. It is important to establish “line of
sight” between the inventory data used for TAM
and that used for financial reporting data (see

sidebar). Establishing Line of
Sight Between Asset

* To the extent feasible, different calculations of
asset value should use common assumptions

regarding key parameters, such as replacement Registe rs
costs and asset lives.

 Where it is not feasible to use common assump- Often there are discrepancies be-
tions, the differences between approaches tween the asset register used for
should be well documented. Over time it may financial reporting and the asset
be feasible to resolve the differences in ap- hierarchy and inventory data used
proaches either by revising the asset valuation for TAM. Ideally an agency should
approach or presenting additional information resolve these discrepancies, so there
in the agency’s documents to clarify the differ- is a clear “line of sight”.

ent calculations of asset value.
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Chapter 7. Measure Calculation

Section 7.3

Asset Value-Related Measures

This section discusses how to calculate a set of performance measures re-
lated to asset value: the cost to maintain current value, asset consumption
ratio, asset sustainability ratio, asset renewal funding ratio, and net pres-
ent value. For each a definition of the measure is provided, along with guidance
for calculating the measure and a discussion of the measure's strengths and
limitations.

Note the definitions presented in this guide are similar to those presented in
other related guidance, most notably the Institute of Public Works Engineering
Australasia (IPWEA) Australian Infrastructure Financial Management Manual
(AIFMM) (9). However, these have been adapted and revised for U.S. agency use
and to reflect the range of different valuation approaches presented here.

Cost to Maintain Current Value

The cost to maintain current asset value helps
answer an important question any asset owner is

inclined to ask: “how much money do we need to Cost to Maintain
spend?” FHWA requires that State DOTs quantify
this value for their NHS roads and bridges in their Current Value

NHS TAMP. The definition of this measure is shown

_ Average annual asset preservation,
in the call-out box.

rehabilitation and replacement fund-

One can approximate the cost to maintain current ing which, if spent over a specified
value by determining annual depreciation for a period, is predicted to result in an
system. If an agency spent this amount on its sys- ending asset value equal to the value
tem in a given year, then all things being equal, the at the start of the period.

new spending would offset the annual deprecia-
tion, with the result that current value maintained.

However, while this approach to calculating the measure is quite tidy, it suffers
from being potentially inaccurate. For complex assets the treatment require-
ments and costs required for an asset - and to maintain service while the asset
is being treated - may bear little resemblance to the cost of constructing a new
asset used in the asset value calculation. Also, in many cases the asset value
calculation excludes the cost of treatments that impact asset condition. Further,
when one bases the estimate on annual depreciation, this provides little basis
for further detailing how the cost, if spent, would actually need to be distributed
between different assets or treatments.

To address these issues, an agency should ideally calculate the cost to maintain
asset value by utilizing its asset management systems. With this approach, asset
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managers define different potential investment scenarios and identify the least
expensive scenario that will maintain or improve average asset conditions and
asset value. The reported cost should include all of the costs modeled in the
agency’'s management system used to determine the cost to maintain, which
may include other treatments not modeled in the agency’s calculation of asset
value.

One challenge in using this measure is that the cost to maintain assets’ current
conditions may be very different from that which an agency needs to spend to
maintain its assets in their desired state of good repair. For very new assets, it
is inevitable that the asset inventory will initially decline in condition somewhat.
For a deteriorated system, it may be necessary to maintain and improve condi-
tions and value.

Asset Sustainability Ratio

The Asset Sustainability Ratio (ASR) is the ratio of annual asset expenditures to
the cost to maintain current value. If the ratio is 1, then annual expenditures are
sufficient for maintaining value. If the ratio is less than 1 the system is likely to
lose value, and if it is greater than 1 the system is

likely to gain value.

The measure has been in use in Australian finan-

cial reporting since the early 2000's as described Asset Sustaina bility
by the Local Government Association of South Ratio

Australia (LGASA) (41). Also, it is included as one of

the key measures in the AIFMM (9). The ratio of annual asset expendi-

tures, omitting improvements, to
the cost to maintain current value.
All types of expenditures included in
the cost to maintain current value
should be included in the calculation
of asset expenditures.

ASR is a valuable measure for summarizing trends
in asset spending. Like the cost to maintain current
value, it helps identify areas where more spending
is needed. Also, given it is a somewhat standard-
ized measure, one can use it to compare asset
maintenance methods and asset condition across
different systems, assets and agencies.

In using ASR it is important to be clear about which

costs are included in the calculation of current expenditures and the cost to
maintain current value. The Australian definition relies on data available in a
financial report: it is the renewal cost divided by annual depreciation. Here it is
recommended that all expenditures included in the cost to maintain current val-
ue be included in the calculation, though some applications narrow the defini-
tion to include only asset renewals, or widen it to include all asset-related work.
Further, here it is recommended that the cost to maintain current value be used
in the denominator. This may or may not be equal to annual depreciation, de-
pending on the approach used.

The basic challenge in interpreting ASR is the same as that described for the
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cost to maintain current value. That is, while it is generally desirable to main-
tain value, there may be cases where some loss of value is acceptable (implying
ASR should be less than 1) or where value needs to be increased (implying ASR
should be greater than 1). For example a new asset would be expected to lose
value initially even if well maintained. Conversely, if a system is in a poor state of
repair, then simply maintaining current conditions may not be desirable.

Asset Consumption Ratio

The Asset Consumption Ratio (ACR) quantifies the
portion of the asset that remains after accounting
for depreciation. That is, it indicates what per-
centage of an asset remains to be consumed. This
measure ranges from 0 for an asset that is fully de-
preciated (completely consumed) to 1 (100%) for a
new asset. Like ASR, ACR has been used in Austra-
lian financial reporting since the early 2000’s (47).

Asset Consumption
Ratio

The ratio of current asset value to
the initial value of an asset when
purchased or constructed.

Note this measure is meaningful only in cases
where current replacement cost is used as the
basis for measuring value, and where some form
of depreciation is calculated.

ACR is valuable as a means for summarizing the relative condition of the asset
inventory. It can be a valuable measure for helping summarize trends over time
and/or for comparing different asset classes that are otherwise measured using
different quantities and scales. However, some asset managers may find it su-
perfluous if they already have well-established approaches for quantifying asset
condition.

A challenge in interpreting ACR is in determining what is meant if the ACR is O for
an asset. Does this mean the asset has failed or still operating but in need of re-
placement given it has reached its economic useful life and/or is now obsolete?
Presentations of ACR should be supplemented with supporting details concern-
ing the assumed useful lives and how these were

derived.

Asset Funding Ratio

The Asset Funding Ratio (AFR) is measure of
whether an agency’s planned investments are suf-
ficient for achieving and maintaining the agency'’s
desired state of good repair over a 10-year period.
If this measure is 1 then planned expenditures are
equal to the expenditures needed to achieve and
maintain the desired state of good repair. If AFR is
less than 1, then planned expenditures are insuffi-
cient, and it is likely that the desired state of good

Asset Funding
Ratio

The ratio of asset preservation, reha-
bilitation and replacement funding
planned over a 10-year period to the
total funding required over the same
period to achieve and maintain the
agency's desired state of good repair.
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repair will not be maintained. A 10-year horizon is recommended to provide a
comprehensive view of how an agency’s assets are performing over time.

AFR differs from ASR in what value is used for the denominator of the calcula-
tion: funding needed to achieve and maintain the desired state of good repair
rather than the cost to maintain current value. In the case that the desired state
of good repair is to maintain current conditions, AFR and ASR measure the same
thing. However, in other cases AFR better accounts for situations described
above that ASR does not address, where the desired condition of the asset in-
ventory is different from current conditions. Note that AFR, as defined, is simi-
lar to the Asset Renewal Funding Ratio defined in the AIFMM (9) and the Asset
Sustainability Index as defined by FHWA (42).

The challenge in using AFR is that it requires an organization to define its “de-
sired state of good repair.” FHWA requires that State DOTs quantify this state for
their NHS roads and bridges in their NHS TAMP. Also, agencies using the GASB
34 modified approach must define a similar concept, the target level of service
for their infrastructure assets. However, it can be difficult to define this desired
state or target level of service. Even if it is well defined, it may be difficult to
make comparisons between different agencies using the measure, as they are
likely to define their desired state differently. Thus, AFR is a valuable measure
for showing whether a given agency is achieving its goals, but of more limited
value for making comparisons over time or between agencies.

Net Present Value

The final measure of interest related to asset value
is Net Present Value (NPV). This measure is defined

in Chapter 4 as the difference between total dis- Net Present
counted benefits of an asset and total discounted
costs. When economic value is used as the basis Va I ue

for calculating asset value then the resulting value
of an asset is its NPV. If the NPV is positive then the
asset or investment is considered worthy of invest-
ment. If the NPV is negative then the converse is
true, and the cost of the asset is greater than the
benefits it is expected to yield to society.

The difference between total dis-
counted benefits and total discount-
ed costs of an asset or investment.

Where some other basis is used for calculating value, the resulting asset value

is analogous to NPV, but cannot be considered to be the same. However, one

can still use asset value to support the calculation of NPV when comparing two

potential life cycle alternatives. Asset value can support the NPV calculation in
two basic ways:

* First, the change in asset value at the end of an analysis period - with dis-
counting applied - can be used to represent the benefits of one investment
strategy compared to another.

* Second, the depreciation of an asset each year can be used as a proxy for the
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benefits consumed by the asset. This can be significant if one has established
a non-linear pattern of benefit consumption as described in Chapter 6, or

if an asset is fully depreciated in one of the alternatives being evaluated (in
which case it yields no benefits compared to an asset with remaining value).

Table 7-2 Illustrates the use of asset value in an NPV calculation. The table
shows the NPV of an improved asset management strategy, Strategy B, com-
pared to a base case, Strategy A. In Strategy B treatments are performed over
the life of an asset, resulting in an increase in cost. With discounting applied, this
increased cost total $82 million over 20 years. While Strategy B costs more, it re-
sults in greater value at the end of the analysis period: $320 million for Strategy
B versus $0 for Strategy A. Applying discounting, the increased value of Strategy
B is $146 million. The NPV of Strategy B compared to Strategy A is $64 million,
the difference between the increase in value of $146 million and increase in
costs of $82 million.

Table 7-2. Example NPV Calculation (values in $ millions)
B: Improved Asset

~ HR:BaseCase =~ Management = piscount Factor Discounted
Treatment Treatment (4% Annual Change in
Year Cost Asset Cost Asset Discount Rate) Costs (B-A)
0 400 400 400 400 1.00 0
7 0 260 20 320 0.76 15
14 0 120 100 380 0.58 58
20 0 0 20 320 0.46 9
Discounted Change in Treatment Cost (B-A) 82
Discounted Change in Asset Value (B-A as of the end of the analyis) 146
NPV of Improved Asset Management (Increase in Asset Value - Change in Cost) 64

In this example depreciation is assumed to be linear, and thus the same in each
alternative. The example excludes consideration of additional factor which may
further support an improved asset management approach, such as the in-

creased maintenance cost or potential for asset failure in the case of Strategy A.

Integrating the Measures

For some applications it can be useful to present a set of multiple measures
from the set described above, along with additional context concerning how the
measures are defined and should be interpreted. Table 7-3 provides an exam-
ple set of calculations.

In this example, an asset inventory has an initial value of $120 million. Accumu-
lated depreciation is $30 million, resulting in a current value of $90 (the initial
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value less depreciation). Based on these figures the ACR is 0.75, or $90 million
divided by $120 million.

Table 7-3. Calculation of Value-Related Measures

Row Measure Value Notes

1 Initial Asset Value ($M) 120

2 Depreciation ($M) 30

3 Current Asset Value ($M) 90 Row 1 minus Row 2

4 Cost to Maintain Value ($M) 5 Can be calculated based on annual depreciation
or using management systems

5 Cost to Achieve the Desired State of Good 60 Should be calculated using the agency’s manage-

Repair Over 10 Years ($M) ment systems

6 Projected Annual Expenditures 5 Can be calculated based on annual depreciation
or using management systems

7 Projected Expenditures Over 10 Years ($M) 50 Should be based on the agency’s financial plan

8 Asset Sustainability Ratio (ASR) 1.00 Row 6 divided by Row 4

9 Asset Consumption Ratio (ACR) 0.75 Row 3 divided by Row 1

10  Asset Funding Ratio (AFR) 0.83 Row 7 divided by Row 5

Itis further assumed the $5 million is required annually to maintain value, while
$60 million would be required over a 10-year period to achieve the desired state
of good repair for the agency. The cost to achieve the desired state of good re-
pair averages $6 million per year. This is higher than the cost to maintain value,
which would be expected if current conditions were somewhat less than the
desired state of good repair. If projected expenditures are $5 million per year,
then the ASR is 1.00 and the AFR is 0.83. ASR is calculated by dividing the annual
expenditures by the cost to maintain, while ASR is calculated by dividing 10-year
expenditures ($50 million) by the 10-year cost to achieve the desired state of
good repair.
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Section 7.4

Practice Assessment

"

This section provides examples of “emerging,” “strengthening,” and “advanced”
practices for the calculation of value and related measures. In the table an
emerging practice is one that supports the guidance with minimal complexity,
an advanced practice illustrates a “state of the art” example in which an agency
has addressed some aspect of the asset value calculation in a comprehensive
manner, and a strengthening practice lies between these two levels.

Practice Area Maturity Level Description

Current Value Emerging Asset value is calculated for major assets at an aggregate level as

Calculation required to support financial reporting and TAMP requirements.
Strengthening Asset value is calculated for major assets. Either the calculations

are performed at an asset/component level or supplemental
analysis is performed to confirm use of the approach for aggre-
gating asset value calculations.

Advanced Asset value is calculated for major assets. Either the calculations
are performed at an asset/component level or supplemental
analysis is performed to confirm use of the approach for aggre-
gating asset value calculations. Sensitivity analyses are period-
ically conducted to show the effect of changes in key analysis

parameters.
Balance Sheet Emerging The agency prepares a balance sheet as part of its financial
Preparation reporting, but does not attempt to reconcile asset value in the

financial report with TAM estimates.

Strengthening Differences in approaches between financial reporting TAM asset
valuation are documented as a one-time exercise performed
when preparing the TAM asset valuation.

Advanced Consistent approaches are used where possible to prepare the
balance sheet in the agency’s financial report and value assets
for TAM. Differences in approaches are resolved where possible,
and regularly reviewed and documented in financial and TAM
reports where they remain.

Asset Value-Related Emerging Cost to maintain current value, ASR and asset ACR are or can be
Measures calculated using annual depreciation and expenditures.
Strengthening Cost to maintain current value, ASR and asset ACR are or can

be calculated using annual depreciation and expenditures. In
addition, supplemental analysis is performed using the agency’s
management systems to establish the cost to maintain current
value.

Advanced Cost to maintain current value, ASR, ACR and AFR are calculated
and used to support investment decisions. Supplemental
analysis is performed using the agency’s management systems
to establish the cost to maintain current value and the cost to
achieve the desired state of good repair.
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Using Asset Value to
Support TAM Decisions

Once calculated, asset value and related measures can support a
range of applications in transportation asset management. These
applications are summarized through a set of six key questions
which asset value and related measures may help answer.

Section 8.1

Applications of Asset Value describes the potential applications of asset val-
ue, organized by a set of six central questions. It links each of the questions
to the asset value-related measures that support them.

Section 8.2

Guidance for Applying Asset Value to Support TAM provides greater detail
for the six asset value applications summarized in Section 8.1. It highlights
specific considerations and provides agency examples for each.

Section 8.3

Practice Assessment provides examples of emerging, strengthening, and
advanced practices for using asset value and related measures to support
TAM.
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Section 8.1

Applications of Asset Value

This section summarizes the potential applications of asset value to support
TAM. Section 8.1.1 organizes these applications into a set of key questions. Sec-
tion 8.1.2 details which of the measures presented previously support answer-
ing the different questions.

Questions Asset Value Can Help Answer

As discussed in Section 2.1, asset value and measures related to asset value can
be used to support a variety of TAM-related decisions. This section expands the
discussion of potential applications of asset value in Section 2.1 through defining
a set of six key questions that an asset owner may wish to use asset value to
help address. These are as follows:

1. What is the overall value of the asset inventory? This is the most funda-
mental question one might ask about asset value. That is, given an inventory
of assets, what exactly is their value? Typically, one seeks to answer this
question at a high level, such as for all pavements on the NHS, rather than
for specific assets. However, even at a high level it helps put all of an agency’s
TAM decisions into perspective, establishing the importance of focusing
on inventory maintenance. Further, answering this question supports
compliance with Federal regulations requiring State DOT TAMPs to detail
the value of NHS pavement and bridges. While the Federal requirement is to
calculate current value, one may seek to calculate further historic value and/
or predicted future value given a set of assumptions about asset funding,
use, deterioration and other parameters to provide further context for TAM
decisions.

2. What is the cost to maintain current asset value? Establishing overall
asset value for each asset classification is a prelude to this follow up question.
Here, one seeks to determine how much value is lost each year as assets
age, and what investments are needed to offset depreciation and optimize
the assets' lifespans. Value is preserved or restored as a function of the
treatments performed on existing assets, or as new assets are constructed.
As in the case of the first question, asking and answering this question
helps put TAM decisions into context. It helps justify whether a given set of
TAM investments are defensible. Information on the cost to maintain asset
value can guide an agency to establish the necessary level of investment
for preserving its existing assets. Also, answering this question supports
compliance with the Federal TAMP regulation, which requires that State DOT
NHS TAMPs document the cost needed on an annual basis to maintain value
of NHS pavements and bridges. One can compare this cost to an agency’s
planned expenditures to establish whether asset value, and by extension
asset condition, is expected to increase, decline or remain the same.
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3. How much should we spend on our existing assets? This question is
closely related to the second question, but the two questions may have
different answers. If the measure of value is meaningful, then an agency
should ideally spend enough money to maintain or increase asset value
over time. However, it is inevitable that the value of a given asset will decline
following construction or renewal of the asset: it is simply not realistic
to expect assets to remain in a “like new” condition indefinitely. On the
other hand, if the value of the asset inventory has declined to the point
that is demonstrably suboptimal (e.g., a case in which assets are in such
poor condition that users experience increased costs from delay and the
agency incurs increased costs from emergency maintenance) then merely
maintaining such a suboptimal condition is undesirable. Thus, answering this
question requires additional analysis to determine the asset value associated
with achieving an agency's “desired state of good repair,” and the cost to
achieve this value. Once obtained, the answer supports decisions about how
much to invest in the asset inventory.

4. How should funds be allocated between different assets or networks?
To the extent that funds are insufficient for addressing all of an agency’s
investment needs, it may be necessary to prioritize between different asset
classes or networks (e.g., the Interstate System, Non-Interstate NHS, and
Non-NHS). Information on asset value helps communicate the size of the
inventory expressed in a single unit of measure - dollars. It also illustrates the
impacts of different budget allocations. If the measure of value is constructed
such that it is proportional to the economic value of the asset inventory, then
one can demonstrate that an investment approach which maximizes value
across asset classes and networks also maximizes societal benefits.

5. What's the best life cycle strategy for our assets? Information on asset
value, together with supporting management systems, can be used to test
different asset lifecycle strategies and illustrate the effectiveness of different
strategies for maximizing value. Doing this requires predicting asset value
assuming different strategies and comparing their results. For instance, one
can compare a proactive strategy, in which interventions are performed over
time to achieve or extend the expected asset life, to a more reactive strategy,
in which few or any interventions are performed, shortening asset life. To
perform such an analysis, one must adjust asset life assumptions for each
scenario and/or base depreciation on changes in condition rather than asset
age. Note that while asset value can help support decisions about asset life
cycle strategies, a management system is needed to develop potential life-
cycle strategies and determine what specific interventions are needed for a
given asset.

6. What is the value generated by the asset? Much of the discussion thus
far has revolved around the value of the asset, as it relates to construction
and maintenance costs. However, two assets of the same type, length, and
roadway characteristics, may generate strikingly different value for the
communities that use them. Variations in the volume of traffic, the availability
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of alternative routes, and the accessibility offered by these roads are only
some of the factors affecting how road users perceive their value. For exam-
ple, a road user whose next best alternative adds an additional hour to their
commute will value the presence (and maintenance) of that road much more
highly than the user with several equidistant alternative routes. When con-
sidering investment decisions, it is important to account for the road user’s
perspective. The ISO asset management standard (7) includes further discus-
sion of this topic.

Mapping Measures to Questions

The different measures presented in Chapter 7 may be applied to answer the
key questions posed above. Table 8-1 is a matrix showing which measures can

Table 8-1. Asset Value-Related Measures and Mapping to Key Questions

Measure Q1: Q2: Q3: Q4: Qs: Qé:
Overall Cost to Needed Allocating Life Cycle Value
Value/ Maintain Spending Funds Strategy Generated

Asset value X

Cost to maintain X X

current value

Asset Sustainability X X

Ratio (ASR)

Asset Consumption X X X

Ratio (ACR)

Asset Funding Ratio X X

(AFR)

Net Present Value X X X X

(NPV)

help answer each of the six questions listed above. With the exception of the
first question, all others require one or more supporting measures that are
derived from asset value.
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Section 8.2

Guidance for Applying Asset

Value to Support TAM

This section provides guidance for using asset value to support the applications
summarized in Section 8.1. For each application it discusses pertinent consid-
erations in the asset value calculation, notes relevant issues in interpreting the
results, and provides one or more examples of agency practices.

Communicating Overall Value

The fundamental use of asset value is to communicate what assets an agency
owns using currency as the common units across asset classes and compo-
nents. All of the approaches for calculating value support this application.

Two examples of agency practice for communicating value in a TAMP are provid-
ed in Chapter 2: the City of Melbourne’s approach integrating asset value with
other measures in a graphical view (7), and the approach used by Carver Coun-
ty, Minnesota to summarize asset replacement cost and current value in a table
listing the different asset classes addressed in the TAMP (8).

Considerations for using asset value to summarize an agency's inventory and

current condition are as follows:

* Given there are different approaches for calculating value, it is important to
summarize the basis for the value calculation - e.g., based on current replace-
ment cost or historic costs.

* While all of the value approaches can be used for this application, as a prac-
tical matter, approaches based on the cost or market perspectives are pre-
ferred given they are easiest to calculate, communicate and explain. Regard-
ing the cost perspective, current replacement cost is preferred over historic
costs as the use of historic costs unadjusted for inflation may understate
value from the perspective of an asset manager.

* The calculation of overall asset value lends itself to parsimonious approach-
es, such as performing the value calculation at a network level and avoiding
calculations for any asset classes or components that would ultimately be
aggregated when presenting the results. More granular details in the calcu-
lations should be introduced only if they are necessary to obtain an accurate
overall value, or if they will help support other asset value applications.

* Where feasible, both the initial or “like new” value and current asset value
should be communicated to distinguish between the potential value of the
agency'’s assets and the value given their remaining life. Any of the approach-
es discussed in Chapter 6 can be used to calculate depreciation in this case if
a calculation is needed.
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* When summarizing value across multiple asset classes, care should be taken
to avoid double-counting asset value. Often the calculation of value for a
complex asset includes multiple classes of assets. For instance, the value
calculation for pavement may include costs for traffic and safety features
such as signs, traffic signals and guardrails, and land. The calculation for track
may include signals, electrification, small structures, and land. Before adding
another asset class to the calculation, it is important to verify that its value
has not already been included as part of another class.

Determining the Cost to Maintain Current
Asset Value

The cost to maintain current asset value can be calculated using any of the asset
valuation approaches. However, this measure is best supported when the initial
asset value is calculated using current replacement cost or market value, and
when depreciation is calculated using a condition-based approach. Also, to sup-
port an accurate calculation, assets should be represented at a sufficient level
of detail for quantifying the costs and effects of major capital expenditures. In
many cases this may suggest a need for defining asset components for bridges,
facilities and/or other complex assets where a capital investment may focus on
one portion of an asset.

As discussed in Chapter 7, the preferred approach for calculating the cost to
maintain asset value uses an agency’s asset management systems to define a
funding scenario in which conditions are maintained, and then use this scenario
as the basis for stating the cost to maintain value. However, where this approach
is impractical, the alternative is to calculate annual depreciation, and use this as
an estimate of the cost to maintain.

If the asset valuation approach is overly simplified, then annual depreciation
may prove to be a particularly poor proxy for the cost to maintain. For instance,
if asset value is measured strictly based on historic costs and asset life is as-
sumed to have a constant rate of decrease without regard to level of mainte-
nance, then this limited approach would lead to a cost for maintaining value that
is simply an equal amount each year, adjusted for annual inflation. Finding the
appropriate level of detail in the valuation process has a great impact on how
the valuation may be used.

Regardless of the specific approach for obtaining the cost to maintain, it is rec-
ommended that this measure be accompanied by ASR, defined here as planned
expenditures divided by the cost to maintain current value. ASR is not a cost at
all, but a ratio. Nonetheless, it is a useful measure for evaluating whether or not
an asset owner is investing the necessary amount to maintain value, regardless
of what that cost actually is.

Chapter 2 includes a description of the approach for reporting pavement ASR
used by Washington State DOT (WSDOT) (70). This agency uses an approach
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described by FHWA (43) to estimate the additional life added to the system
through pavement treatments and divides this by the life through deterioration
to calculate ASR. This approach to calculating ASR does not involve an explicit
calculation of ASR, but is consistent with the definition of the measure present-
ed in Chapter 7.

Issues to consider when reporting the cost to maintain current asset value

include:

* The approach used to calculate the measure should be noted because it im-
pacts the potential applications of the cost and/or ASR.

* |tisimportant to clearly communicate what types of costs are included in the
cost to maintain current value, and what types are excluded. For instance,
it is common to exclude preventive maintenance costs from management
system models and depreciation calculations, while assuming these activities
will nonetheless continue to be performed. If annual depreciation is used,
then the costs that are included will depend upon the specific set of treat-
ments one has defined, as described in Chapter 5.

* Ifan agency has determined that following its life cycle strategies and achiev-
ing its desired state of good repair requires maintaining current conditions,
then the cost to maintain current value may be the same as the amount of
spending needed. Otherwise, the two may be different, such as when greater
levels of spending are needed to maintain current value or when additional
investment is needed to increase asset value. However even when the values
are different it can be instructive to show both the cost to maintain and total
need.

Establishing Needed Spending

Determining the amount of money an agency needs to spend on its assets is
inherently subjective. The calculation depends on the answer to the question
“what constitutes a need?” and this question has many potential answers.

The Federal definition of asset management provides an approach for address-
ing what asset investments are defined as needs. The TAMP regulation (23 CFR
515.5) defines asset management as a process for identifying “...a structured
sequence of maintenance, preservation, repair, rehabilitation, and replacement
actions that will achieve and sustain a desired state of good repair over the life
cycle of the assets at minimum practicable cost.” The regulations further require
that agencies define a set of asset management objectives aligned with this defi-
nition, and perform a gap assessment relating actual conditions to agency two
and four-year performance targets and the desired state of good repair. Once
this desired state of good repair is established, the asset owner must establish
which treatments are required to achieve and maintain the desired state at
minimum cost.

The GASB 34 modified approach (1) provides similar flexibility. Agencies using
the modified approach do not calculate depreciation for their infrastructure
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assets. Instead, they define a target level of service, and determine the cost to
maintaining the target level. Provided the agency continues to maintain their
assets at the target level of service, they can state the cost of maintaining the
target level of service as an operating cost in their financial reports in lieu of
depreciation.

The approach recommended here for establishing the level of investment
needed for a set of assets is meant to be consistent with U.S. Federal TAMP reg-
ulations and the GASB 34 modified approach. That is, the asset owner should
clearly define their desired state of good repair, and then base their calculation
of needed funding on the funding required to achieve and maintain this state.
This information can then be used to calculate and report AFR, planned funding
divided by needed funding over a 10-year period.

However, how does required spending relate to asset value? In many cases, the
needed level of spending will be similar to, if not the same as, the cost to main-
tain asset value. As discussed above, the two measures are not the same, but
for a mature asset inventory that has reached a steady state and is being main-
tained in its desired state of good repair, the two may be very similar. Annual
depreciation provides a rough approximation of the cost to maintain value, and
thus may provide an approximation (albeit an even rougher one) of needed
spending. Even when needed spending, the cost to maintain, and annual depre-
ciation are all different, it can be helpful to communicate the three values and
the differences between them to make the case for any necessary investments.

In the case where economic perspective is used as the basis for calculating asset
value, an alternative approach may be appropriate for defining an assets’ needs
and the cost to meet them. Any asset investment with a positive NPV provides

a benefit to users and therefore may be considered needed by the agency. The
cost of meeting needs is then the cost of performing all investments with a pos-
itive NPV over a defined period. This requires that the NPV calculations include
other treatments for complex assets, such as rehabilitation of pavement, bridg-
es and facilities.

The example below shows how one agency has addressed the challenge of de-
fining asset need. The Vermont Agency of Transportation (VTrans) summarizes
needed funding in its TAMP using ASI (similar to AFR) and ACR (44). In its TAMP,
VTrans uses the results for these measures to illustrate the impact of planned
funding levels and show that available funding is less than what is needed to
meet the agency’s needs.

Issues to consider when determining needed funding include those identified
previously for calculating the cost to maintain asset value. An additional con-
sideration is the timeframe of the projection. An analysis period of 10 years or
more is recommended when determining needed spending and AFR given there
may be large variations in year-to-year spending which can obscure trends.
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VTrans TAMP
Indices to Define Need

VTrans defines asset sustainability index (ASl) as “the ratio of anticipated needs to antic-
ipated revenues”. ASI demonstrates the percent of maintenance needs met by projected
funds. ACR is used to weigh the impact of investment decisions on overall asset value.

VTrans develops graphs and tables to illustrate the transformation of the ASI under differ-
ent scenarios. In the graph below, the blue bars reflect a 0% revenue growth scenario, the
yellow bars indicate a 2% growth scenario, and the green bars represent a 4.5% growth
scenario. The ASI clearly demonstrates how the agency will face growing funding deficits
unless the budget is increased.

VTrans’ Asset Sustainability Index (ASI)

Assumes 2.5% inflation
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The VTrans TAMP includes tables displaying the ACR for bridge and pavement assets, see
the 6th column in the table. By comparing the size of the investment with the resulting
change in ACR, VTrans contextualizes the impact of each investment. The ACR is also used
to identify which assets are in need of future investment. When a small percent of the as-
set’s life remains, more funds should be committed to renewing the asset or asset class.

Asset Valuation of VTrans Bridges
CSL Designation I';u-r:ber Deck Area Replacement Value (rv) Current Value (cv) % Remaining
ridges
$ (in millions) $ (in millions)
csL1 372 3,295,041 S 1,064 S 620 58.2%
csL2 132 1,116,946 S 361 S 215 59.6%
CsL3 247 1,102,132 § 325 S 182 56.1%
CsL4 330 1,062,173 § 313 S 174 55.6%
CsLS 1700 2,747,876 S 811 S 399 49.2%
Totals 2781 9,324,168 S 2,874 §$ 1,590 55.3%

Source: VTrans TAMP, 2019

Source: Vermont Agency of Transportation (44)
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Allocating Funds between Assets and
Networks

Information on asset value does not provide a direct indication of how an
agency should invest in its assets. Ideally, an agency should use its management
systems to define and select scenarios reflecting their preferred allocation of
funding. However, asset value and related measures can clarify conditions and
trends between different asset classes and groups of assets to support resource
allocation decisions. For instance, an agency might show that increased invest-
ment is needed for a given asset class or system based on the asset’s overall val-
ue, the gap between current spending and spending needed to maintain asset
value, and/or other value-related measures.

All of the different approaches for calculating asset value can support decisions

about how to allocate funding. However, asset value is most likely to relate to

asset funding and conditions when:

* Complex assets are valued at a component level;

* Initial asset value is based on current replacement cost or market value;

* Effects of major treatments that improve asset condition are included in the
calculation; and

* Depreciation is condition-based and condition data are collected and used
for supporting allocation decisions.

The callout box shows an example of how asset value can support resource
allocation tools. It describes the Structures Asset Valuation and Investment
(SAVI) Tool developed by the UK Department for Transport (45). The SAVI Tool is
a spreadsheet tool that stores data on an inventory of bridges at the component
level, calculates asset value using depreciated replacement cost, helps define a
lifecycle strategy for bridges, and predicts future costs and conditions based on
the selected lifecycle strategy. The tool includes a summary of asset value for
different groups of bridges to support financial reporting and provide insights
into recommended funding.

Comparing Life Cycle Strategies

Asset value can provide useful supporting information when developing the
strategy for maintaining an asset over its life cycle, as illustrated in the case of
the SAVI Tool described here. Further, asset value can be used explicitly to com-
pare life cycle strategies in two ways:

First, if an economic perspective is used as the basis for value, then calculations
of asset value yield the NPV of an asset over its life cycle. NPV provides a quanti-
tative measure that can be used to compare different scenarios to establish the
preferred life cycle strategy for an asset. To compare different life cycle strate-
gies, the asset valuation must meet the additional requirement of distinguish-
ing between the different treatments being considered, such as rehabilitation
treatments for pavements, bridges, facilities and other complex assets.
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SAVI
Tool

The SAVI tool is used by transportation practitioners in the UK to complete structural
valuations, calculating replacement cost, depreciated replacement cost, accumulated
depreciation, and annual depreciation values. The tool provides a consistent, national ap-
proach to managing and valuing asset structures based on the condition of the structures’
component elements. The tool's beta testing finished in October 2019, and it was formally
released at the Bridges 2020 conference in Coventry.

The SAVI tool uses the methods of valuation defined in Chartered Institute of Public Fi-
nance and Accountancy (CIPFA) guidance. Replacement cost is calculated using a unit cost
per square meter, and depreciation is dictated by deterioration curves which provide an
effective element age. Using these valuations, SAVI can develop long-term asset manage-
ment plans (AMPs) up to 120 years, short-term plans up to five years, and intervention
strategies. It can also model different budget scenarios.

The tool was designed in response to local agencies recognizing their need for a database
to manage their asset inventory data which can return useful outputs and analysis. The
SAVI tool supports several types of structures including bridges, culverts, tunnels, under-
passes, lighting, retaining walls, road signs, signals, and reinforced earthworks. For each of
these asset types, it requires detailed inventory and condition data as well as anticipated
expenditures on routine and special maintenance. The tool can analyze up to 5,000 struc-
tures at once.

Three dashboards one for Expenditure by Type of Element Life

the valuation, one for the 8.0

short-term AMP, and one

for the long-term AMP sup- L

ply summaries of the asset o

analysis and document the g 50 .

projected condition-based E .

maintenance expenditures. E =

A sample graph from the e

LAMP dashboard is included 2,0

below. Additionally, a fourth 0

page reports the element

condition score for every el- i 012345678 9101112131415161718192021222324252627282930
ement in the model for each Year

year of analysis; it highlights = Planned Maintenance - Finite L fe Elements Planned Maintenance - Indefinite L Elements
when assets fall into disre- = Condition Triggered - Finte L ife Elements m Condifion Triggered - Indefinite Life Elements

pair and which assets are
maintained in good condition.

Source: UK Road Liaison Group (45)
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Alternatively, if a cost
or market perspective
is used as the basis for
value, asset value can
be used as the residual
value of an asset for
calculations of asset life
cycle cost, as illustrated
in the example in Chap-
ter 2. This provides an
approach for quanti-
fying the differences
between two strategies
where one strategy
results in a different
remaining life or con-
dition at the end of the
analysis period.

The Transit Asset
Prioritization Tool
(TAPT) included with
TCRP Report 172 (46)
illustrates use of asset
value - or more spe-
cifically, the NPV of an
asset - to establish a
life cycle strategy. The
tool is described in

the callout box. The
tool recommends a
simplified life cycle
strategy for each asset
class (that is, when

to replace the asset)
based on the NPV of
the asset. The strategy
with the lowest NPV is
selected for each asset
class. In addition, the
tool reports total NPV
for all assets when
generating scenarios of
future asset conditions.

Use of NPV to Compare Life Cycle
Strategies Transit Asset Prioritization
Tool (TAPT)

The Transit Asset Prioritization Tool (TAPT) is an analytical tool
for analyzing and prioritizing investment needs for maintaining
transit assets in a state of good repair. The tool includes three
types of asset models: a mileage-based model intended for use
with revenue vehicles; a condition-based model for use where
an asset’s remaining life can be approximated based on con-
dition; and an age-based based model for other asset classes.
The tool user creates a set of asset class models using the three
model types.

Each asset model predicts the agency and user costs associated
with an asset over its life cycle. Also, the models predict when
to replace an asset. The benefit of replacement is calculated as
the increase in NPV that results from from replacing the asset
at a given age relative to deferring replacement for one year.
TAPT uses the asset class models to predict asset investment
needs, and simulate conditions over time given a specified bud-
get. One of the measures predicted for an analysis is the NPV of
asset investments simulated as occurring in each period of the
analysis.

Transit Cooperative Research Program - Transit Asset Prioritization Tool Version 1.00
Start Screen

ASSET GROUP ADMINISTRATION ASSET GROUPS
Opens worksheet to enter or edit information for a Vehicle 2
new asset group. You will be asked for an Asset Create Asset Group Non-Vehicle 10
Group ID Code and model type (vehicle, age- L Total 12
based, or condition-based).
Edit Asset Group INITIAL CONDITIONS
Replacement Value ($ 000) 1,796,260
Initial Needs ($ 000) 45,023
Delete Asset Group Avg. Age (years) 15

Mean Distance Between Failures (miles) 32,553
BUDGETS AND PARAMETERS INPUT Avg. Condition (non-vehicle) 4.7
Opens worksheet to input budget amounts for each CO2 Emissions (tons) 139,353
year and review (and, if desired, override) default Budgets & Parameters
economic analysis parameters. L Replacement Value Initial Needs

Vehicle
Vehick
e o
MODEL
Runs the prioritization model using current
budgets, parameters, and asset groups. Youwillbe | Run Prioritization Model
asked to specify a Run ID Code. L o Jon.
70% 100%
Delete Previous Run

PRIORITIZATION MODEL RESULTS ONE AND TWO RUN CHARTS

Displays a chart showing prioritization model
resuits by year for one model run or two. You will ‘ Display Chart - One Run
be asked to select a Run ID Code(s) and the

output variable to be charted.

Displays a summary table showing prioritization
model results by year for a selected run. You will
be asked to selecta  Run ID Code.

Display Summary Table

ASSET REPLACEMENT PROGRAM ‘ Display Chart - Two Runs

Displays a listing of the asset replacement program
from a prioritization model run. You will be asked to | Display Program List
select the Run ID Code. L

Source: TCRP Report 172 (46).

8-12



A Guide to Computation and Use of System Level Valuation of Transportation Assets

Chapter 8. Using Asset Value to Support TAM Decisions / Section 8.2 Guidance for Applying Asset Value to Support TAM

Calculating
Value
Generated
by an Asset

The final application

of asset value for
supporting TAM is the
calculation of the value
derived from an asset.
Often times an asset
manager is not specif-
ically concerned with
this question, because
in many instances

it may be taken as a
given that the assets
one manages are,
indeed, necessary and
important, and the
asset manager cares
primarily about how
best to manage a set
of assets given this
assumption. Howev-
er, in some cases the
asset manager may be
specifically interested
in the value derived
from one asset versus
another and/or wheth-
er a given asset merits
further investment. For
example, when consid-
ering how to prioritize
assets for resilience
investments, one may
wish to consider the
degree to which differ-
ent potential assets will

Calculating the Value from Investing
In Transit State of Good Repair

TCRP Report 206 presents a framework and approach for calcu-
lating the return on investment (ROI) of investments in transit
assets to achieve and maintain a state of good repair. The re-
port describes how to calculate the value of transit asset invest-
ments to a transit agency, transit system users, and society.

It includes an ROI calculation tool one can use to calculate and
compare different investment scenarios, such as to compare a
scenario in which assets are maintained in good repair to one
in which asset investments are deferred. Measures calculated
using the tool include NPV, Benefit/Cost Ratio, Internal Rate of
Return and Payback Period.

TCRP Return on Investment Calculator

Summary Results Vit mdifled: 12/14710
Swmmary Mow vy Summary Rawults
Derappen —rigeeied PV §90, 20000 e
Eotal Bana s 5] B a1y $10,844,008 $25,147,078
] §14,008, 750 EIERTERIT]
540,000 S0
el ety $E78.028 Fa40,804
ol Fa6840, 700 EELXTTN TR
Botal i 18] Caprial By §140,000,000 59,007,802 smmeem
i A o o ®
tois 10,000,000 #9007 492 i $.20,000, 040
Walen
Wt Prwiant Vabus 5] San048,070 ! $30, 000,000
B ra I La N Rt 104
nin sl Rate. o Rt BLATR 40
Feybah Pesod froan| 1 ) .
Agrry Bt i) $ 00,000 000
iV
Bomduesnd ey Covin #2004 800 $2,004,008 §:20, 000,000
Sadwtnd Ot OAM Comn $11,050,714 49,347,007
(ri e N #4,000,000 0,442,004 Benedits of investment
00, 003 04000
Woer Bemefi 03]
0 —
Bt o Frmni Tapyl Timag $9,924,054 0,701 880 §35, 000 04
Rotuind Automotess Tappet Timg §2,744 889 $1,487,178
Eoduind Weboile (hpmatog o fiAlL A EIRFIRIL]
irstonatad Costiumar Sepbat $194,648 $452,508 §20,000,000
g
Sorie) B 0 .l
Pemiand Valws #5000 000
Ry (mappsam, - Frgmit #147,259 #115,510
Mntrnd [mevtisnt At $ U4, 404 U8, 108
T S S § 104,041 $0, 040 $10,00,000
Wl (o e val L ovy $0 30
£8,000 000
Koy Alrumpben
gty pased 1018 - 3037 (10 yeen]
Eown ite: 4%
B0 i e b i gL diian s
Doty eviimate wind

Source: TCRP Report 206 (47).

reduce the likelihood of risk and the consequences of a possible asset failure,
with consequences quantified based on the value of the asset to society.

The callout box provides an example of how the value from a set of assets can
support TAM. The Return on Investment (ROI) Calculator described in TCRP
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Report 206 (47) calculates the overall ROI of planned investments to achieve a
state of good repair for transit assets. The tool allows one to compare different
investment scenarios, producing measures of investment including NPV, Benefit
Cost Ratio (BCR), and Internal Rate of Return (IRR).

Determining the “value from” is the central issue that the economic perspective
of asset value is intended to address. Thus, for further discussion of this appli-
cation the reader should refer to the discussion in Chapter 4 and the supporting
appendices.
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Practice Assessment

This section provides examples of “emerging,” “strengthening,” and “ad-
vanced” practices for using asset value and measures related to asset val-
ue to help support TAM. In the table, an emerging practice is one that supports
the guidance with minimal complexity, an advanced practice illustrates a “state
of the art” example in which an agency has addressed some aspect of the asset
value calculation in a comprehensive manner, and a strengthening practice lies

between these two levels.

Practice Area Maturity Level
Using Overall Value Emerging
for TAM

Strengthening

Advanced
Using Cost to Emerging
Maintain Value
for TAM Strengthening
Advanced
Using Needed Emerging

Funding for TAM
Strengthening

Advanced

Description

Asset value is reported in agency documents, including financial
reports and the agency’s TAMP, but approaches used in different
documents may be inconsistent.

Asset value is reported in agency documents, including financial
reports and the agency’s TAMP. Discrepancies between different
estimates are documented.

Asset value is reported in a consistent manner in different agency
documents, including financial reports and the agency’s TAMP.
Multiple approaches for reporting value are used as needed to
maintain consistency between documents while satisfying report-
ing requirements.

The cost to maintain current asset value is calculated using annual
depreciation and reported in the agency’s TAMP.

The cost to maintain current asset value is calculated using the
agency’'s management systems. The cost to maintain and ASR are
reported in the agency’s TAMP.

The cost to maintain current asset value is calculated using the
agency’s management systems. The cost to maintain and ASR are
reported in the agency’s TAMP. The cost to maintain and ASR are
reviewed when establishing asset investment levels.

Needed funding is reported in the agency’s TAMP. Needed funding
is assumed to be equal to the cost to maintain current value.

A separate analysis is performed using the agency’s management
systems to support the calculation of the funding needed to
achieve and maintain the agency’s desired state of good repair.

A separate analysis is performed using the agency’s management
systems to support the calculation of the funding needed to
achieve and maintain the agency’s desired state of good repair.
Needed funding is considered in establishing asset investment
levels.
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Practice Area Maturity Level

Using Asset Emerging
Value to Support

Allocation Between Strengthening
Assets and Systems

Advanced

Using Asset Value Emerging
to Compare Life

Cycle Strategies Strengthening

Advanced

Calculating Value Emerging
Generated by an

Asset Strengthening

Advanced

Description

Asset value is reported by asset class and system in the agency’s
TAMP or supporting documents.

Asset value and supporting measures such as the cost to maintain
current condition, ASR, AFR and ACR are reported by asset class
and system in the agency’s TAMP or supporting documents.

Asset value and supporting measures such as the cost to maintain
current condition, ASR, AFR and ACR are reported by asset class
and system in the agency’s TAMP or supporting documents. Infor-
mation on asset value and related measures is used to support
decisions concerning the allocation of funding between asset class
and system.

The NPV of different potential life cycle strategies is explicitly
calculated when selecting asset life cycle strategies.

The NPV of different potential life cycle strategies is explicitly
calculated when selecting asset life cycle strategies. Asset value is
used as a component of life cycle cost, such as for quantifying the
residual value at the end of the analysis period.

The NPV of different potential asset life cycle strategies is explicitly
calculated when selecting strategies. The calculation includes
relative impacts to travelers and society for different life cycle
strategies, such as changes in travel time or operating costs.

The overall value from an agency'’s assets is calculated to help
establish the overall value of the assets to travelers and society.

The overall value from an agency'’s assets is calculated. The calcula-
tion considers changes value related to asset age or condition.

The overall value from an agency’s assets is calculated. The calcu-
lation considers changes value related to asset age or condition.
Further, the calculation is used to support decisions about agency
investments in relevant applications such as selecting resilience
investments.
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Chapter 9

Examples and Case
Studies

A set of examples and cases studies has been developed to illus-
trate the uses of the asset valuation guidance. The worked exam-
ples are adapted from a set of validation tests performed during
the development of the guidance. They illustrate the application
of different approaches described in the asset valuation steps
and demonstrate the calculations one may obtain using the guid-
ance. The case studies describe asset valuation approaches used
by two international agencies based on similar concepts to those
presented in the guidance.

Section 9.1

Worked Examples presents the three worked examples which include a
highway agency using the cost and market perspectives, a transit agency
using the cost perspective, and a highway agency using the economic per-
spective.

Section 9.2

International Case Studies describes two case studies from highway agen-
cies in Australia and the UK. The cases highlight how each agency calculated
and applies asset value.
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Section 9.1

Worked Examples

This section details a set of worked examples illustrating application of the
asset valuation guidance presented in Chapters 3 to 8. The examples include
calculation of asset value for: 1.) a highway agency based on cost and market
perspectives; 2.) a transit agency based on a cost perspective; and 3.) a highway
agency based on an economic perspective. The examples are drawn from a set
of four validation tests performed using a draft version of the guidance. Togeth-
er, the examples illustrate the application of many of the different concepts and
options described in the previous chapters, including different perspectives on
what value represents, different approaches for calculating initial value, and
different approaches for calculating depreciation.

Note that the data from the agencies participating in the testing has been adapt-
ed for the purpose of providing examples. In some instances, data from differ-
ent validation tests have been combined or simplified to best illustrate the asset
value calculation process.

Valuing Highway Assets Based on Cost and Market
Perspectives

In this example, a highway agency in the Northern U.S., labeled “The Northern
Agency,” is interested in calculating asset value and related measures to report
for highway-related assets in its TAMP. Note, this example is adapted from tests
with two different agencies, and is not intended to be representative of any
actual agency.

Following the process outlined in Section 2, the agency first establishes that

its goal is to establish overall value and related measures for three asset class-
es: pavement; structures (including bridges and bridge-length culverts); and
buildings. The agency has data at the asset-level for each asset class. For pave-
ment and structures, the agency has detailed condition data. For buildings, the
agency has only summary inventory data, but its facility division has separately
established insurance values representing the amount each building is insured
for in the event of a catastrophic event, independent of the value of land or the
equipment in each building.

For their structures, the agency decides that asset value should be computed
at a component level, given that different structure components have different
useful lives and condition data are available to support the calculation. Bridges
are represented using three components: the bridge deck, superstructure and
substructure. Bridge-length culverts are represented as a single component.
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Figure 9-1 summarizes the
different types of assets
included in the asset value
calculation.

The following subsections
describe the approach used
for Steps 2 to 4 of the asset
value calculation by asset
class, followed by a summary
of the results.

10,000 2,500 800

Pavement Road Miles Bridges Buildings
Using the flow chart in Chap- 22 ooo 48M

' ’
Fe_r ,3 the agency decides that Lane Miles Square Feet Deck Area
initial value for pavement
should be based on replace-

ment cost, given there is no
need to maintain consistency 1 1500

Brid
with the approach used for rieees
financial reporting (based 2 M
on historic costs), no specific Square Feet Deck Area

need to calculate value of the
asset class to society (which
would suggest a need for cal-
culating economic value), nor
is there a market value that
may be readily determined as an alternative.

Figure 9-1. Asset Summary - Northern
Agency Example

Next, the agency reviews its treatment strategy for pavements. Initial construc-
tion of pavement is estimated to cost $1.4 million per lane mile. When a pave-
ment section reaches the end of its useful life it is reconstructed at a cost of ap-
proximately $1 million per lane mile, restoring it to “like new” condition. Various
treatments are performed over a pavement’s life, and their effects are reflected
in the Pavement Condition Index (PCl) at any given time. PCl is an agency-specif-
ic measure of pavement condition. It combines different pavement distresses
into a scale from 0% (worst condition) to 100% (best condition).

Given their use of the replacement cost approach to calculate initial value and
PCl to capture condition, the agency determines it is not necessary to incorpo-
rate other treatments in the calculation of asset value besides pavement con-
struction and reconstruction. Based on the agency’s life cycle strategy, the pave-
ment is deemed to reach the end of its useful life when its PCl is reaches a value
of 25%, which typically occurs at an age of approximately 25 years, as depicted
in the deterioration curve shown in Figure 9-2. The pavement assets’ residual
value is estimated to be $0.4 million per lane mile, equal to the difference in cost
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between initial construction
and reconstruction.

Then, the agency considers
how to calculate depreciation.
Reviewing the flow chart in
Chapter 6, the agency decides
to use a condition-based ap-
proach for calculating depre-
ciation. The PCl of a pave-
ment section estimates the
effective life remaining where
condition data are available.
Where data are unavailable,
the asset’s actual age is used.
Figure 9-3 summarizes the
distribution of pavement con-
dition, depicting the percent-
age of pavement lane miles
for each effective age from
zero to over 24. Most of the
assets have an effective age
of under five years.

The agency uses the above
information to calculate the
value of its pavement. Initial
value is approximately $30.8
billion (22,000 lane miles x
$1.4 million per lane mile). For
each section, depreciation

is calculated based on the
effective age using the depre-
ciation formula for the condi-
tion-based approach, provid-
ed in Chapter 6. The result is
that current pavement value
is calculated as $26.0 billion
with annual depreciation
equal to $876 million. Annu-
al depreciation is calculated
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Figure 9-2. Northern Agency Pavement

Deterioration Curve
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Figure 9-3. Northern Agency Distribution of
Pavement Conditions

by aging each pavement section by an additional year and noting the resulting

change in value.
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Structures

After completing the pavement valuation, the agency walks through the same
process outlined above for structures, considering each of the bridge compo-
nents defined. As in the case of pavement, the agency decides that initial value
should be based on replacement cost.

The agency next reviews its treatment strategy for bridges and bridge length
culverts. The construction of a bridge or culvert costs approximately $280 per
square foot of deck area. Replacing a structure has a similar cost. The approx-
imate costs for replacing bridge decks, superstructures and substructures are
established based on a pro-rated share of the total bridge replacement cost,
considering the relative costs of replacing the component parts. Based on these
historic costs, the bridge deck replacement is estimated to be 25% of the val-
ue of the bridge, the superstructure is estimated to be 40% of the value, and
the substructure is estimated to be 35% of the value. Various treatments are
performed over the life of a component, and their effects are reflected in the
component conditions ratings. These are measured on the 0 to 9 scale defined
for the NBI. When a component has reached the end of its useful life either the
component is replaced or the entire structure may be replaced.

Given the incorporation of
the component condition rat-

ings into the NBI, the agency ° \ sk Suparsubi G
determines it is not necessary .

to include any treatments in \

the calculation of asset value 7 N

besides initial construction N

and component or bridge - ° \

replacement. Based on the " AN

agency's life cycle strategy, \

a bridge deck is deemed to 4 AN

be at the end of its useful life \

when it has a rating of 4 or o " - 20 0 50 50 70 %0 %
less on the NBI scale. For the SRR B

superstructure, substructure Figure 9-4. Northern Agency Structure

and culverts, the component Component Deterioration Curves

is deemed to be at the end

of its useful life when it has

a rating of 3 or less. Figure 9-4 illustrates the agency’s deterioration curves
depicting the effective age of a component as a function of its condition rating.
The agency developed these curves for use in their management systems based
on an analysis of historic bridge inspection data. Three curves are shown in the
figure: one for decks; a second used for both superstructure and substructure;
and a third curve for culverts.

The agency further establishes that a portion of its bridges are built to outdat-
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ed functional standards for
load capacity and clearances.
These bridges are deemed to
be at the end of their useful 0%
life regardless of their phys-

ical condition. Thus, these i
bridges are treated as fully
depreciated when calculating
their asset value.

The agency then considers 1
how to calculate depreciation. o
As in the case of pavement
assets, the agency decides to _ II
B 9 8 7 6 5 __4

use a condition-based ap-
proach. The NBI component Rating

50%

20%

% of Area

mDeck mSuper

Sub

Culvert

rating is used to establish Figure 9-5. Northern Agency Distribution of Bridge Conditions

effective age. Figure 9-5

summarizes the distribution

of conditions, depicting the

percentage of each component in each condition rating (exempting functionally
obsolete structures).

Lastly, the agency uses the approach described above to calculate value. Initial
value is approximately $14.0 billion (50 million square feet x $280 per square
foot). The calculations of current value are made by component, grouping all of
the components of a given rating together (and exempting the obsolete bridg-
es). For each rating group, effective age is estimated using the agency’s deterio-
ration curves, and then depreciation is calculated based using the depreciation
formula provided for the condition-based approach in Chapter 6. The result is a
current structure value of $8.8 billion. With annual depreciation equal to $193
million; this can be calculated by aging each group by an additional year and
noting the resulting change in value.

Buildings

For its buildings, the agency has more limited condition data than it has for
pavement and structures. However, as noted above, in addition to its data on
the building inventory, the agency has data on the insured value of each of its
buildings. The agency decides to use this insured value as a proxy for market
value. The agency thereby establishes that the insured values of its buildings
totals $0.9 billion.

The agency establishes the cost to replace all of its buildings would be approx-
imately $1.2 billion, and that buildings are estimated to have a useful life of 60
years. The agency determines that an age-based approach should be used for
depreciation if it is necessary to further depreciate the market value. Annual de-
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preciation is estimated at approximately $20 million (equal to the replacement
cost of $1.2 billion divided by the useful life of 60 years).

Results Summary

Table 9-1 summarizes the results of the asset value calculation. For each asset
class, it shows the replacement cost, current value, ACR, and annual deprecia-
tion. The total replacement cost for all of the Northern Agency’s highway assets
totals $46 billion. Considering the effects of depreciation, the current value of
the inventory is $35.7 billion, resulting in an ACR of 0.78. Note there is no specific
target value for ACR, but ideally this measure is maintained or increased over
time. Absent investment to increase asset value, the inventory is expected to de-
preciate approximately $1.1 billion per year. This estimate of annual depreciation
can be used as an estimate of the Cost to Maintain Value, though as described in
Chapter 7 this cost should ideally be calculated using an agency’s asset manage-
ment systems.

Table 9-1. Summary Results for the Northern Agency

Asset Subclass Replacement Current Annual
Class Cost Value Depreciation
($ billion) ($ hillion) ($ million)
Pavement 30.8 26.0 0.84 876
Structures Bridges 13.4 8.5 0.63 187
Culverts 0.6 0.3 0.61 6
Subtotal 14.0 8.8 0.63 193
Buildings 1.2 0.9 0.75 20
Total 46.0 35.7 0.78 1,089

Valuing Transit Assets Using a Cost
Perspective

This example presents a transit agency, located in the Western U.S., termed
“The Western Agency.” The agency operates three different transit modes:
buses; paratransit vehicles (also called “cutaways”); and a Light Rail Transit (LRT)
system. The agency’s asset hierarchy is summarized in Figure 9-6. Major asset
classes include revenue vehicles, equipment (service vehicles), facilities and
infrastructure. Each of these asset classes consists multiple subclasses. The
infrastructure asset class includes the largest number of subclasses. In addition
to LRT track, which may be either tangent (straight) or curved, this class includes
bridges, special trackwork (grade crossings and switches), and power assets
(catenary wire segments, relay cases, and substations).

Previously the Western Agency reported asset value in its TAMP based on the
historic cost of asset acquisition or construction. This approach was used to
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maintain consistency with the agency’s reporting of asset value in its financial

statements. As part of the previous effort, the agency collected data on the his-
toric cost and year of purchase or construction for each of the asset classes and
subclasses in the TAMP. For revenue vehicles, equipment and facilities costs are

tracked at the asset level.
For infrastructure assets,
costs are tracked by asset
subclass, grouping all
assets of a given subclass
built at a similar time.

For its next TAMP, the
agency seeks to report
value based on current
replacement cost rath-

er than historic cost, as
current replacement cost
is more closely tied to the
cost of rehabilitating and
replacing assets. However,
for now the agency in-
tends to include both the
historic cost of its assets
and the current depre-
ciated replacement cost
to facilitate comparison
with the values in its prior
TAMP.

The following subsections
describe the approach the
agency used for the asset
value calculation, followed
by a summary of the

1,052

Buses

191

Light Rail Vehicles

406

Paratransit Vehicles

Figure 9-6. Asset Summary - Western

Agency Example

44

Automobiles

4

Steel Wheeled Vehicles
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Trucks
Other Rubber - Tired Vehicles

5 100.5

Administrative Miles LRT Track
Tangent

8 28.7

Maintenance Miles LRT Track
Curved

104 70

Public Facilities LRT Bridges

40

Grade Crossings

247

Switches

75

Catenary Wire Segments

247

Relay Cases

64

Substations

results. The asset classes are combined into two groups in the discussion: vehi-
cles, which includes revenue vehicle and equipment; and fixed assets, including

facilities and infrastructure.

Revenue Vehicles and Equipment (Service Vehicles)

As described above, the agency seeks to establish initial value based on current
replacement cost. The agency estimates this initial value by adjusting the histor-
ic cost paid for each vehicle for inflation. The agency estimates the annual infla-
tion rate for revenue and service vehicles has historically been approximately

1.6 percent.

The agency next reviews its treatment strategy for vehicles. The agency has
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established the useful life for its

vehicles by vehicle type assum- Table 9-2. Useful Life for Vehicles
ing that planned maintenance Asset Class Subclass Useful Life (years)
and rehabilitation activities are Revenue Vehicles Buses 14
performed ona vehlclg over its Light Rail Vehicles 40
gseful life. The usgful life shown Paratransit Vehicles =
in Table 9-2 is estimated based . .
on historical asset performance fgu'p-me\r,‘th- les) Automobiles 8
. ervice venicies .

. . Steel Wheeled Vehicl 25

At the end of a vehicle's useful life ee eeled vehicles
Trucks and Other 14

the vehicle is replaced with a new Rubber-Tired Vehicles

vehicle. Since vehicle treatments
are included within the useful life
estimates, the agency establishes
that the only treatment explicit-
ly modeled in the asset value calculation should be the initial purchase of the
vehicle. While the agency auctions used assets at the end of their useful life, the
value received is negligible, so for the sake of this analysis, they assume a re-
sidual value of $0. To depreciate vehicle asset value the agency elects to use an
age-based approach. The depreciation calculation is made separately for each
vehicle.

Facilities and Infrastructure
As in the case of vehicles, the
agency seeks to establish initial

value based on current replace- Table 9-3. Useful Life for Fixed Assets
ment cost. The agency estimates Asset Class Subclass Useful Life (years)
this initial value by adjusting the Facilities Administrative 60

historic construction costs of
each asset for inflation. The agen-
cy estimates the annual inflation

Maintenance
Public Facilities

. Infrastructure LRT Track - Tangent 35
rate for construction has been
. LRT Track - Curved 30
approximately 3.0 percent over y 0
the facilities’ lifespan. LRT Bridges 7
Grade Crossings 15
Next, the agency reviews its Switches 25
treatment strategies for fixed Catenary Wire Seg- 25
assets. For these assets, the ments
agency periodically measures Relay Cases 50
asset conditions using the five- Substations 25

point condition scale established
by FTA. Using this scale, condition
ranges from 1 (worst condition) to
5 (best condition). If an asset has a condition of 2 or less it is deemed to be not
in good repair and beyond its useful life. Useful lives are established by asset
class, as shown in Table 9-3. When an asset has reached the end of its useful life
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itis replaced. The agency performs different treatments on an individual asset
over its life, but these are reflected in its condition score. Given the availability of
condition data, the agency establishes that the only treatment explicitly mod-
eled in the asset value calculation is the asset construction. The agency further
assumes that the residual value of an asset at the end of its life is $0.

To depreciate asset value the agency elects to use condition-based approach
assuming that the change in condition is proportional to age. The effective age
of an asset as a function of condition is modeled as follows:

where E(c) is the useful life for a given condition c and UL is the useful life. The
denominator is represented by the condition rating at the end of the asset’s
useful life subtracted from the highest possible condition rating. With this
approach, the effective life of an asset is 0 if its condition is rated as a 5 and is
equal to its total useful life if the rating is 2 and it is fully depreciated.

Results Summary

Table 9-4 summarizes the results of the asset value calculation. For each asset
class and subclass, it displays the historic cost, replacement cost, current value,
ACR and annual depreciation. The table shows that the historic cost of the agen-
cy’s assets is $3.1 billion. Adjusting the historic costs for inflation, the current
replacement cost of the asset inventory is estimated to be approximately $4.5
billion. The current value, which incorporates depreciation, is approximately $2.7
billion. The ACR for the agency’s asset inventory is 0.60, equal to the current val-
ue divided by the replacement cost. Absent investment in the assets, the inven-
tory is expected to depreciate approximately $123 million per year.
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Table 9-4. Summary Results for the Western Agency

Costin $SM
Historic Replacement Current LULUE]]
Asset Subclass (of 154 Cost Value Depreciation
Revenue Bus 456 498 298 34 0.64
Vehicles . . .
Light Rail Vehicle 506 603 433 15 0.72
Paratransit 25 26 17 3 0.65
Subtotal 987 1,127 748 51 0.66
Equipment Automobiles 3 3 1 0 0.27
Steel Wheeled Vehicles 2 2 2 0 0.88
Trucks and Other Rubber - 35 39 23 3 0.60
Tire Vehicles
Subtotal 40 44 26 3 0.59
Facilities Administrative 19 39 23 1 0.58
Maintenance 170 400 195 7 0.49
Public facilities 925 1,485 789 25 0.53
Subtotal 1,114 1,924 1,007 32 0.52
Infra- LRT track - Tangent 503 710 473 20 0.67
structure | RT Track - Curved 144 203 135 7 0.67
LRT Bridges 190 268 161 3 0.60
Grate Crossings 4 6 3 0 0.57
Switches 4 5 3 0 0.50
Catenary Wire Segments 35 50 26 2 0.53
Relay Cases 65 87 70 2 0.60
Substations 34 46 28 2 0.60
Subtotal 980 1374 899 37 0.65
Total 3,121 4,469 2,680 123 0.60

Valuing Highway Assets Based on an
Economic Perspective

In this example, a state department of transportation in the Midwest, labeled
the “Midwest DOT,” applies the economic value approach to quantify benefits
realized by users of the state’s primary roadway network. For this example,
the state’s primary roadway network is defined as all state-owned Interstates,
primary arterials, minor arterials, and major collectors. This example follows
the economic approach described in Chapter 4 to estimate the benefits of the
primary roadway system. The example provides a better understanding of the
value generated by the roadways for direct users and society as a whole. This
example shows how state DOTs can estimate the value assets provide to users

9-11



A Guide to Computation and Use of System Level Valuation of Transportation Assets

Chapter 9. Examples and Case Studies / Section 9.1 Worked Examples

as compared to the replacement value method, which focuses on what those
assets cost.

Application of Economic Value Approach
This case study includes the following basic steps:

* First, traffic data were collected on the Midwest DOT's primary roadway
network. This included all Interstates, principal arterials, minor arterials, and
major collectors.

* Second, fatality and serious injury crash rates were collected. These data are
maintained by the Midwest DOT and available at the state level.

* Third, emissions rates for the state were collected from the Environmental
Protection Agency (EPA) MOVES model. A representative county was selected
to generate emissions rates specific to the state.

¢ Fourth, these data were used to calculate user benefits for the value of travel
time, vehicle operating costs, safety, and emissions.

* Fifth, the research team examined the model to interpret the results and
found that users of the roadway network experience a much higher mon-
etary value of benefits than the Midwest DOT reports in its TAMP as the
replacement costs of the system.

These steps are detailed in the following subsections. A theoretical discussion of
the approach is presented at the end of the case study.

Data Collection

The Midwest DOT reports traffic data annually to the Federal Highway Admin-
istration (FHWA) as part of its Highway Performance Monitoring System (HPMS)
reporting requirements. This data provides a convenient summary of traffic
data that can be collected for any state DOT. While 2020 HPMS data was avail-
able, this example referenced 2019 HPMS data to avoid any distortions due to
restrictions and changed habits during the COVID-19 pandemic. This is consis-
tent with 2021 USDOT guidance for federal discretionary grants, which noted
that 2019 traffic data should be used rather than non-representative 2020 data
(54).

The analysis utilized the following HPMS variables that were provided by the

Midwest DOT:

* Route_ID - This variable is assigned to each individual roadway segment.
This identification number is alpha-numeric and contains information on
roadway direction, type, and location.

* Section_Length - This variable refers to the length, in miles, of each iden-
tified roadway segment. This variable was used, in part, to calculate vehi-
cle-miles traveled (VMT) and vehicle-hours traveled (VHT). These two vari-
ables were the basis for estimating all benefits categories included in the
analysis.

* F_System - This variable indicates the classification of the system and is
broken into seven different types. Segments classified as 1, 3, 4, and 5 were
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isolated as those correspond with Interstates, principal arterials (other),
minor arterials, and major collectors, respectively. Roadways classified as 2,

6 and 7—principal arterials (other freeways and expressways), minor collec
tors, and local roads, respectively—were not included in the analysis because
they are not part of the principal roadway system and did not have a signifi-
cant number of observations in the dataset.

* Facility_Type - This variable refers to the operational characteristic of the
roadway. This variable is important to account for the correct mileage and
average annual daily traffic (AADT). Most Interstate segments and many prin-
ciple arterial segments are separated directionally. The codes used for this
variable are as follow:

1. One-way roadway

Two-way roadway

Couplet

Ramp

Non-mainline

Non-inventory direction

7. Planned/unbuilt
In the HPMS database, many separated Interstates and principal arterials are
reported as bidirectional AADT for each separated direction of roadway, so
the same bidirectional AADT is reported as Facility_Type 1 in the eastbound
direction of a roadway and as Facility_Type 6 in the westbound direction.
In order to avoid double-counting of AADT, roadway segments classified as
“Non-inventory direction,” or Facility_Type 6, were excluded from this analy-
Sis.

* Ownership - This variable indicates the entity that has legal ownership of a
roadway and is typically used for apportionment, administrative, legislative,
analytical, and national highway database purposes and in cost allocation
studies. This example only considers segments with Ownership code 1, which
refers to roadways owned by the State DOT.

¢ Urban_Codes - This variable refers to the U.S. Census Urban Area Code and
is used for the querying and analyzing data by the unique identification of a
state’s urbanized areas and generically by small urban or rural areas. For this
example, the values of urban and rural travel are separated. All segments
coded as 99998 or 99999 were considered rural and all others were consid-
ered urban.

* AADT - This variable provides the bi-directional annual average daily traf-
fic counts of all vehicles and trucks traveling on the roadway. This variable
was used, in part, to calculate VMT and VHT. As discussed above, the “Facil-
ity_Type” variable was used in combination with AADT to ensure that bi-di-
rectional AADT is not “double counted” in the case of divided or separated
roadways.

* AADT_Combination - This variable provides the bi-directional annual aver-
age daily traffic counts for combination trucks. Trucks have different oper-
ating costs, emission rates, and values of time, so these vehicles are treated
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separately from passenger vehicles in the analysis. This variable was used, in
part, to calculate VMT and VHT as discussed further below.

* AADT Single_Unit - This variable provides the bi-directional annual average
daily traffic counts for single-unit trucks. Trucks have different operating
costs and emission rates, and their value of time is calculated differently, so
these vehicles are treated separately from passenger vehicles in this analysis.
This variable was used, in part, to calculate VMT and VHT.

* Speed Limit - This variable reports the posted speed limit for every roadway
segment. The Midwest DOT advised that due to negligible congestion state-
wide, the research team should use this as the measure for speed of travel.
This variable was used, in part, to calculate the VHT of vehicles.

To summarize, roadway segments were sorted to include only those that are
Midwest DOT-owned and classified as F_System type Interstate, principal arterial,
minor arterial, or major collector. This calculation did not include minor collectors
and local roads. Further, segments identified as non-inventory direction under
the Facility_Type variable were excluded to prevent any double counting of AADT.

For each F_System type, VMT was calculated separately for urban and rural
areas as identified by their Urban Codes. VMT was also calculated separately for
passenger vehicles and trucks and aggregated along the criteria stated. The ba-
sic calculations for VMT are found below. Note that these calculations represent
the VMT calculation for each individual segment. Total VMT is the sum of VMT
for all roadway segments, calculated for Interstates, principal arterials, minor
arterials, and major collectors and separately for urban and rural areas.

* Passenger Vehicle VMT = [Total Vehicles (AADT) - Total Trucks (AADT_Combi-
nation + AADT_Single_Unit)] * Section Length

* Truck VMT = [Total Trucks (AADT_Combination + AADT_Single_Unit)] * Section
Length

VMT and speed limits were used to calculate VHT for the same roadway seg-
ment criteria. Total passenger vehicle and truck VHT were calculated by sum-
ming the VHT from each roadway segment. To calculate VHT, passenger vehicle
and truck VMT for each segment was divided by the posted speed limit (in
miles-per-hour), which was used as a proxy for average travel speed for this ex-
ercise. Typically, observed average travel speeds or VHT collected by the state or
calculated using traffic modeling software would be preferable as a measure of
vehicle speed, but in this instance the relevant roadways had sufficiently low to
nonexistent congestion levels, so speed limit was used as an acceptable mea-
sure. The general calculation for passenger vehicle and truck VHT can be found
below. Note that this is the VHT calculation for each individual segment. Total
VHT would be the summed total of all the roadway segments.

* Passenger Vehicle VHT = Segment Passenger Vehicle VMT / Segment Speed
Limit
e Truck VHT = Segment Truck VMT / Segment Speed Limit
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User Cost Calculation

In the next step, monetary values were applied to the VMT and VHT aggrega-
tions to calculate the user benefits (or in this case, user costs) associated with
willingness-to-pay for travel time, vehicle operating costs, safety, and emissions.
This analysis utilized monetization parameters recommended per the United
States Department of Transportation (USDOT) Benefit-Cost Analysis Guidance
for Discretionary Grant Programs as of February 2021 (48).

Travel Time

USDOT guidance recommends a value of time for passengers and truck drivers

of $17.90 and $30.80 per hour, respectively. Passenger vehicles are assumed to

have 1.67 occupants and trucks are assumed to have one occupant. The basic

calculations for the value of travel time for passenger vehicles and trucks used

in this analysis can be found below:

* Total Value of Travel Time for Passenger Vehicles = $17.90 * 1.67 occupants *
Total Passenger Vehicle VHT

* Total Value of Travel Time for Trucks = $30.80 * 1 occupant * Total Truck VHT

Vehicle Operating Cost

USDOT guidance recommends a per-mile vehicle operating cost of $0.43 for pas-

senger vehicles and $0.93 for trucks. These values were applied directly to the

VMT calculated for passenger vehicles and trucks. The basic calculations for the

value of vehicle operating costs used in this analysis can be found below:

* Total Value of Passenger Vehicle Operating Costs = Total Passenger Vehicle
VMT * $0.43

* Total Value of Truck Operating Costs = Total Truck VMT * $0.93

Safety

USDOT guidance recommends a monetized value of an averted fatality of
$10,900,000 and a monetized value of an averted injury (of unknown severity) of
$197,600. The Midwest DOT provided crash rates by severity and facility type for
rural and urban areas in its Highway Safety Improvement Program (HSIP). These
rates are reported as incident rates per hundred-million vehicle miles traveled
(HMVMT). The basic calculations for the value of safety incidents used in this
analysis can be found below:

Fatality Crashes
* Total Value of Passenger Vehicle Fatal Crashes = [Total Passenger Vehicle VMT

/10781 * $10,900,000 * Fatal crash rate per HMVMT
e Total Value of Truck Fatal Crashes = [Total Truck VMT / 107¢] * $10,900,000 *
Fatal crash rate per HMVMT

Injury Crashes
* Total Value of Passenger Vehicle Injury Crashes = [Total Passenger Vehicle

VMT / 10A€] * $197,600 * Injury crash rate per HMVMT
* Total Value of Truck Injury Crashes = [Total Truck VMT / 10A¢] * $197,600 *
Injury crash rate per HMVMT
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Emissions

USDOT recommends emissions valuations per metric ton of pollutant emitted
by pollutant type and year. These monetized values are applied to pollutant
quantities calculated using the EPA MOVES model for a representative county in
the state. The MOVES model reports grams of pollutant emitted per mile driven.
It has separate emissions rates for passenger vehicles and trucks, urban and ru-
ral roadways, and various speed bins which consider the different fuel efficiency
experienced at different speeds. Below are the monetized values per metric ton

Table 9-5. Cost per Metric Ton of Pollutant from the MOVES Model

Emission Type NO_ SO, PM,
2020 $15,700 $40,400 $729,300
2021 $15,900 $41,300 $742,300
2022 $16,100 $42,100 $755,500
2023 $16,400 $43,000 $769,000
2024 $16,600 $43,900 $782,700
2025 $16,800 $44,900 $796,600
2026 $17,000 $45,500 $807,500
2027 $17,300 $46,200 $818,600
2028 $17,500 $46,900 $829,800
2029 $17,700 $47,600 $841,200
2030 $18,000 $48,200 $852,700
2031 $18,000 $48,200 $852,700
2032 $18,000 $48,200 $852,700
2033 $18,000 $48,200 $852,700
2034 $18,000 $48,200 $852,700
2035 $18,000 $48,200 $852,700
2036 $18,000 $48,200 $852,700
2037 $18,000 $48,200 $852,700
2038 $18,000 $48,200 $852,700
2039 $18,000 $48,200 $852,700
2040 $18,000 $48,200 $852,700
2041 $18,000 $48,200 $852,700
2042 $18,000 $48,200 $852,700
2043 $18,000 $48,200 $852,700
2044 $18,000 $48,200 $852,700
2045 $18,000 $48,200 $852,700
2046 $18,000 $48,200 $852,700
2047 $18,000 $48,200 $852,700
2048 $18,000 $48,200 $852,700
2049 $18,000 $48,200 $852,700
2050 $18,000 $48,200 $852,700

co

$50

$52
$53
$54
$55
$56
$57
$58
$59
$60
$61
$62
$63
$64
$66
$67
$68
$69
$70
$71
$72
$73
$75
$76
$77
$78
$79
$80
$81
$83
$84
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of pollutant emitted by type and year.

The basic calculation for the value of emissions used in this analysis can be
found below:

* Total Value of Passenger Vehicle Emissions = Total Passenger Vehicle VMT *
[Grams of Pollutant Emitted by Type / 1000"2] * Monetary Value of Pollutant
by Type

¢ Total Value of Truck Emissions = Total Truck VMT * [Grams of Pollutant Emit-
ted by Type / 1000"] * Monetary Value of Pollutant by Type

The value of emissions is dependent on the year in the analysis so annual
emissions should be calculated for each year and applied to that specific year's
monetary value.

Analysis Period and Discounting

This exercise used a 20-year analysis period, which is consistent with USDOT
BCA guidance. The beginning year for values was set at 2020 and concluded in
2039 to cover a 20-year period. In accordance with USDOT guidance, all mone-
tized values were discounted at 7 percent with the exception of values related
to carbon dioxide emissions, which were discounted at 3 percent. The general
formula for calculating the discount rate can be found below:

° Discount Rate =1/ [(1 + Discount Rate) A (Year of Analysis - Base YearofAnaIysis)]

Discounted benefits for each year were aggregated to calculate the discounted
total benefits realized by the state’s primary roadway network over the analysis
period. Because the benefits were calculated separately by F_System type and
for urban and rural areas the total benefits can be viewed with added levels of
granularity as needed.

Results of Economic Value Approach

This example reveals significant value in the state’s primary roadway network.
Annual travel recorded in 2019 was projected with no assumed growth rate for
each year of the analysis period. The value experienced by roadway users in
Year 1 of the analysis was calculated at $13.2 billion. Over a 20-year time period
this equates to $258.7 billion in undiscounted terms or $148.0 billion when dis-
counted at 7 percent (3 percent for carbon dioxide emissions). The most signif-
icant drivers of value were travel time and vehicle operating costs, which were
$5.7 billion and $6.1 billion (annually), respectively.

The single year value experienced by the roadway is roughly half of the net-
work’s total replacement value as reported in the Midwest DOT's Transporta-
tion Asset Management Plan. This implies that after approximately two years

of use the roadway network has already provided value to the public equal to
the entire replacement cost of the network. A significant portion of the state’s
travel occurs on the primary network and this is reflected in the significant value
experienced by users.
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Table 9-6. Summary of the Midwest Agency’s Roadway Network Value
User Cost Category Single-Year Value 20-Year Value Undis- 20-Year Value

(Billions $) counted Discounted at 7%
(Billions S$) (3% for CO,)
(Billions $)

Travel Time $5.74 $114.79 $65.06
Vehicle Operating Costs $6.05 $121.02 $68.59
Traffic Safety $0.71 $14.10 $7.99

Emissions $0.66 $8.75 $6.31

Total $13.16 $258.66 $147.95

Overall, the value realized in urban areas ($7.1 billion annually) is slightly greater
than that realized in rural areas ($6.1 billion annually).

At the state level, Interstates account for $9.9 billion in annual value, principal
arterials account for $3.2 billion, minor arterials account for $0.04 billion, and
major collectors account for $0.02 billion. For the Interstate system alone, the
rural annual value ($6.05 billion) exceeds urban annual value ($3.8 billion). Ap-
proximately 99 percent of the total value of Midwest DOT rural roadways is on

Table 9-7. Single Year Value for Urban and Rural Roads at the Midwest Agency
User Cost Category Single-Year Value (Billions $)

Urban Rural
Travel Time $3.39 $2.35 $5.74
Vehicle Operating Costs $3.00 $3.05 $6.05
Traffic Safety $0.41 $0.30 $0.71
Emissions $0.25 $0.41 $0.66
Total $7.06 $6.10 $13.16

the Interstates, with only $45 million of rural annual value coming from principal
arterials, minor arterials, and major collectors. Principal arterials represent a
much larger share of value in urban areas.

Overall, Interstates account for 75.0 percent of value, principal arterials account
for 24.5 percent, and combined minor arterials and major collectors account for
the remaining 0.5 percent.

It is clear that the Midwest DOT's primary roadway network generates signif-
icant user value in the state. The value generated in a single year equates to
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roughly half the total replacement cost as reported in the Midwest DOT's TAMP
annually. This highlights the high value the Midwest DOT creates by simply

Table 9-8. Single Year Value for Each Road Category at the Midwest Agency

User Cost Category Single-Year Value (Billions $)
Interstate Principal Minor Major
Arterial Arterial Collector

Travel Time $4.05 $1.67 $0.02 $0.01 $5.74
Vehicle Operating Costs $4.79 $1.24 $0.02 $0.01 $6.05
Traffic Safety $0.47 $0.23 $0.01 $0.00 $0.71

Emissions $0.57 $0.09 $0.00 $0.00 $0.66
Total $9.87 $3.23 $0.04 $0.02 $13.16

maintaining the existing infrastructure. The service life of roadways extends well
beyond the payback period and generates value many times over the replace-
ment cost in both discounted and undiscounted terms. The primary roadway
network is an important societal and economic asset in the state worth far
more to its users than is captured by the replacement cost approach.

Theoretical Framework of Economic Approach Example
This example applied the economic value approach to assess the value of the
Midwest DOT'’s primary roadway network. The implementation of such a sys-
tem-wide assessment is challenging to conduct using the economic value steps
described in Chapter 4, because it is difficult in practice to identify what the
“next best alternative road class” would be relative to the entire state-owned
roadway network.

On a smaller scale, such as that of an individual roadway improvement project,
economic value can be assessed by comparing projected user costs with and
without the infrastructure (e.g., bridge or roadway segment) being considered.
However, in a system-wide assessment (e.g., for the entire state highway net-
work), the with and without project contexts cannot be evaluated because travel
behavior would be fundamentally different without the highway system. Trying
to run a travel demand model without the state highway system would produce
extreme results that do not reflect how society or travel would operate without
the state highway system.

Given these limitations, this example assesses economic value as the sum of all
observed user costs incurred for travel along the Midwest DOT's primary road-
way network. The theoretical basis of this valuation exercise can be explained
by considering the value of an individual trip. If an individual chooses to travel
from point A to point B and incur all the associated costs of doing so, then the
overall value of that trip to the individual must at least be equal to the total costs
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incurred by the individual over the course of the trip. If the trip costs more to
the individual than it is worth, that persons will not make the trip. Put another
way, an individual will choose to travel along infrastructure only when the value
realized is greater than (or potentially equal to) the cost of travelling. Accordingly,
one can calculate the minimum value of a trip by monetizing the cost of the trip.

This theoretical approach can be expanded beyond an individual trip and ap-
plied to all trips across a roadway network. The aggregate value to society of all
travel on a roadway network must at least be equal to the sum of all user costs
incurred for travel on that roadway network. These total user costs include ve-
hicle operating costs, value of travel time, monetized emissions costs, and injury
and fatality crash costs.

Observed User Costs versus Willingness-to-Pay

The theoretical framework that underlies this example is related to the eco-
nomic concept of “willingness-to-pay.” If a user is willing to pay a maximum of
x dollars for a good, then that good must be worth x dollars to the individual. If
the individual has the opportunity to purchase the good for any amount up to
x dollars then a rational person will make that purchase, but if the cost of the
good is above x then a rational person will choose not to purchase the good.

While willingness-to-pay reflects value, this value can be difficult to measure in
practice. Willingness-to-pay for any given good varies greatly across individuals,
but the prices of goods are much more standardized. Accordingly, most market
transactions end up being made at a price below maximum willingness-to-pay
for any given purchaser. An individual may be willing to pay up to x dollars for

a good, but the person is likely in practice to find a price below x dollars for the
goods that purchase. This is the case in using the user costs to estimate the
value of travel in the Midwest DOT example.

While the amount paid (or costs incurred) for travel can be measured using

the data available in this example, total willingness-to-pay cannot be assessed.
The available data can be used to calculate what users do pay for travel, but it
cannot be used to show what users would be willing to pay if travel were more
expensive. As total willingness-to-pay reflects value and amount paid must be
no greater than, and is often less than, willingness-to-pay, it follows that total
amount paid is an underestimate of total value. Thus, the observed cost of all
travel on the state’s primary roadway network reflects a “floor"—or a conserva-
tive understatement—of the total value of travel, and the actual value of travel
realized across the roadway network must exceed this cost on the societal level.
The exact extent to which actual value exceeds aggregate user costs depends
on the economic concept of “elasticity of demand" for travel, which cannot be
assessed in this example.
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Implications of Measuring Observed User Costs (versus
Willingness-to-Pay)

Since user costs represent a minimum user value, the implication of the eco-
nomic value approach is that a decrease in travel costs within the state could ap-
pear to represent a decrease in value of the Midwest DOT's infrastructure. For
example, a hypothetical improvement to roadway conditions that leads to faster
travel times, lower emissions, or safer roadway conditions would result in lower
per-user travel costs being borne by users. Under an assumption of relatively
inelastic demand, this decreased per-user travel cost would also result in low-

er aggregate observed travel costs across the state. Using the economic value
approach, this improvement in roadway conditions would apparently decrease
the value of the roadway, as the lower aggregate travel cost would reflect an
apparent lower economic value of infrastructure. This seemingly contradictory
finding—infrastructure that is more beneficial to its users should have greater
economic value, not less—is a result of the data limitations that restrict the anal-
ysis to measuring only the observed travel costs borne by users (which were
reduced in this example) rather than their true willingness-to-pay for travel.

While a roadway condition improvement may decrease the cost of travel along

a route, it does not decrease willingness-to-pay for that travel. Thus, the lower
user costs resulting from the improvement project will widen the “gap” between
willingness-to-pay and cost borne. Total value realized by users will not change
for all those pre-existing users of the facility, and any additional users who
choose to use the facility as a result of the improvement project will realize addi-
tional value. Thus, while the lower per-user cost may appear to reflect lower eco-
nomic value of infrastructure, it really represents a more conservative estimate
of user value, which remains unchanged.

Limitations
There are at least four additional limitations to the analysis conducted in this
case study:

* Internalization of emissions costs and crash risk - This example includ-
ed vehicle operating costs, value of travel time, monetized emissions costs,
and injury and fatality crash costs as observed user costs of travel. However,
emissions costs and safety risk may not be fully “internalized” by users. That
is, do individuals who make choices to travel on roads fully appreciate the
crash risk associated with their travel and do they fully bear the societal costs
of the emissions from their vehicles? If these costs are not fully “internalized”
by the travelers, then it may be inappropriate to consider those costs as a
component of “willingness-to-pay” for travel.

* Fixed travel costs - This example considers the marginal cost per-mile and
per-hour of travel but does not consider the fixed (or sunk) costs also re-
quired for travel. Annual vehicle ownership costs, for example, do not directly
depend on distance traveled per year. Thus, monetizing the revealed mar-
ginal cost of travel on a per-mile or per-hour basis understates the total cost
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of travel on an annual basis, and accordingly understates the total willing-
ness-to-pay for travel.

* Roadway maintenance expenses - An additional cost of travel borne by
society is the cost of construction, maintenance, and upkeep of public infra-
structure. Some, but not all, of this cost is incorporated in user expenses,
such as gasoline taxes and tolls. To capture the observed user costs of travel
fully, it would be necessary to account for all roadway construction, main-
tenance, and upkeep expenses. However, these expenses cannot fully be
captured using available data and applied to per-mile or per-vehicle parame-
ter estimates.

* Apportionment of the value of travel - A challenge in applying willing-
ness-to-pay theory to the valuation of roadway infrastructure is apportioning
the overall value of travel among different components necessary for travel.
For example, travel along an Interstate requires the Interstate infrastructure,
but it also requires a vehicle and a source of fuel. Interstate travel cannot
happen if any one of these multiple required inputs is unavailable. It would
therefore be inappropriate to apportion the total value of Interstate travel to
the Interstate infrastructure itself, as this would leave no value for the vehi-
cle and fuel that are also required for travel. The willingness-to-pay theory
behind this example does not provide insight as to what percentage of the
overall value of travel should be apportioned to the roadway itself, versus
what should be apportioned to other inputs required for travel.
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Section 9.2

International Case Studies

This section describes cases studies profiling the asset valuation ap-
proaches of two highway agencies from Great Britain and Australia. Each
case study demonstrates how the agency defines its asset hierarchy, establish-
es replacement costs, and calculates depreciation. The agencies profiled in the
case studies follow the asset valuation guidance established in their respective
countries, and their work in this area predates the development of this docu-
ment. Nonetheless, both agencies use approaches that are very consistent with
the guidance presented here, illustrating the common philosophy between the
guidance, international standards for calculating asset value, and the state of
the practice worldwide.

Highways England

Highways England is a public company responsible for managing the Strategic
Road Network (SRN) in England, which is a core set of 4,300 miles of major roads
that represents a third of all road traffic and two thirds of freight traffic. The
organization is wholly owned by the British government and receives all of its
capital and revenue funding directly from the United Kingdom (UK) Department
for Transport (DfT). Nonetheless, Highways England operates as a company, and
produces company financial accounts to provide visibility of its ongoing steward-
ship and value in terms of taxpayer equity. Asset value is computed and report-
ed as part of the organization’s financial health.

The following paragraphs describe the approach used by Highways England to
value its portion of the total British SRN. Note that Highway England’s approach
is also used by the other SRN operating organizations: Transport Scotland

for the SRN in Scotland; the Welsh Government for the SRN in Wales; and the
Northern Ireland Department for Infrastructure for the SRN and all local roads
in Northern Ireland. Additionally, the Northern Ireland Department for Infra-
structure uses the same methodology for river and coastal assets in Northern
Ireland.

Highways England’s approach to asset valuation is undertaken in accordance
with Government Financial Reporting Manual (FReM) (49). For infrastructure
assets, the manual uses the principles of Royal Institution of Chartered Survey-
ors (RICS) as described in the RICS “Red Book” (50). The company determines
the fair value of the SRN using Depreciated Replacement Cost (DRC) in accor-
dance with the guidance provided by the FReM and the Red Book. This ap-
proach is consistent with accounting standard IFRS 13 for calculating fair value
(3). It results in the calculation of the value of the SRN from the perspective of a
theoretical buyer based on how much it would cost to construct a network of
equivalent service potential.
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Figure 9-7 summarizes the process used by Highways En-
gland for calculating value. First, the organization calculates
capital expenses. These costs are adjusted to obtain the ‘as
new’ replacement cost based on a modern equivalent as-
set offering the same function (which the company estab-
lishes as identical routing and capacity) on a greenfield site.

Replacement costs are calculated for four asset classes:
* Pavements;

e Structures;

* Technology Assets; and

* Land.

Note that the valuation for pavement is assumed to include
the value of a number of other ancillary assets, such as ve-
hicle restraint systems, signage, drainage, and other traffic
and safety assets. For each asset class Highways England
first calculates unit rates, and then applies the unit rate to
the asset quantity to calculate replacement cost.

Following the calculation of replacement cost, the organi-
zation then calculates depreciation. Depreciation and other
adjustments account for impaired or obsolete (derecog-
nized) assets and are applied to the replacement cost to
obtain DRC. Depreciation of asset value is calculated based
upon asset condition surveys. While renewals are per-
formed that improve conditions, these are not treated for
accounting purposes as having an impact upon the valua-
tion of the network because any related improvement in

Capitalization

Adjustments &
Revaluation

Depreciation

Derecognition &
Impairment

Figure 9-7. Highways England Valuation
Approach

road condition are reflected in the condition surveys. Thus, Highways England
depreciate 100% of renewals expenditures in the year that they are incurred.

Depreciation is based on the observed condition of assets. For pavement, condi-
tion is measured based on rutting. For structures, an Element Condition Score is
obtained from structure inspections performed for each element of a structure.

Land assets are not depreciated.

To ensure a robust valuation, Highways England undertakes a full valuation of
each asset category at intervals not exceeding five years. A revaluation of pave-
ments and lands was undertaken in the period of 2019 to 2020. At the time of
that valuation, the value of the SRN was estimated to be approximately £123.2
billion. Updated valuations of structures and technology are planned in 2023

and 2024, respectively.

Highways England makes improvements to its valuation approach on a con-
tinuing basis. For example, historically depreciation for pavement is calculated
based on rutting. In the future, Highways England plans to improve this depre-
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ciation calculation by including other pavement distresses, such as frettingand
longitudnal cracking. Also, the organization plans to perform a separate calcu-
lation for special structures, unique to the network, that are best valued on a
case-by-case basis rather than using unit rates.

Australian Road Authority

This case study describes
the asset valuation approach
used by a major government
road authority in Australia.
The authority is responsi-
ble for managing a large
network of public roads,
privately-funded toll roads,
bridges, culverts, tunnels,
and other assets. Valuations
are conducted according to
local government and na-
tional (Australian) accounting
policies and standards. These
standards emphasize bas-
ing estimates on fair value,
consistent with international
accounting standards.

The agency uses what it calls
“Optimized Depreciated
Replacement Cost (ODRC)”

to value its assets. This term
highlights that the replace-
ment cost used is the cost

to replace an asset with its
modern equivalent, rather
than the cost of a replacing an
asset in-kind.

Figure 9-8 summarizes the
process used by the author-
ity to calculate fair value for
its assets. As shown in the
figure, the process includes
steps for calculating replace-
ment cost, and then adjusting
replacement cost based on

Obtain Assess Apply Estimate
asset componenets unit ‘ replacement
inventory rates cost
Adjust for Estimate
obsolescence . depreciation

Fair value
(obtained from
valuation models)

Roads Valuation Model
Bridges Valulation Model

Figure 9-8. Australian Road Authority
Valuation Approach

——e Pavement Wearing Surface Deck

—e Pavement Base & Sub-Base Bearings and Joints
—e Earthworks Superstructure
—e Culverts & Drainage Substructure

—= Safety Barriers & Fences Foundation

—= Structures
:---- Noise Walls & Sight Screen
Retaining Walls
— Other
i---- Medians
Roadside Rest Areas
i---- Other Assets

Figure 9-9. Road and Bridge Components

deprecation. Note the authority’s process includes some additional steps not
shown in the figure which further modify fair value to reflect planned work.
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The approach is applied to calculate value for four asset
classes: roads; minor roads; bridges; and tunnels. Assets
are valued at the component-level where sufficient data
are available to support the calculation. Figure 9-9 shows
how roads and bridges are subdivided into components.

Depreciation is calculated based on condition data where
data are available to support the calculation. For example,
the authority calculates a measure of pavement condi-
tion called Pavement Health Index (PHI) which is based on
data for rutting, cracking, and other pavement distresses.
Separately the authority performs an analysis to relate PHI
to effective age. This relationship is applied to estimate the
effective age of each segment, which is subsequently used
to calculate depreciation for the pavement wearing sur-
face. Figure 9-10 shows the relationship between PHI and
effective age for flexible pavement.

Note that where detailed data are unavailable for a given
asset component, the value of the component is estimated
as a percentage of the value of the asset. Also, earthwork
assets are not depreciated.

The end result of the calculation is an asset value that is
comprehensive, leverages detailed data on individual com-
ponents, and reflects best engineering judgement on asset
condition and remaining life.

2.9~

PHI

1.9 T :

0 20 40 60 80 100 120 140
Age (years)

Figure 9-10. Example Analysis of the

Relationship Between PHI and Age for
Flexible Pavement
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Details on Economic
Valuations

Introduction

With the economic perspective, historic data on the use and economic value of
an asset serve to mark trends for the current economic value. With this perspec
tive, the current asset is presented as the baseline, and changes to the asset are
valued relative to the benefits and costs they provide to the public. In the cases
of roadway construction or decommission, an asset’s value is assessed by com-
paring the total future opportunities an asset generates with the opportunities
created by alternative land uses.

The public experiences advantages or disadvantages based on a variety of vari-
ables but primarily their proximity to the asset and the accessibility it provides
them. If an asset change improves access to a nearby business district, it could
reduce local traffic congestion and raise property values. However, the same
asset could hurt businesses in another district by improving access to potential
lower-cost retailers and increasing their competition.

Determining the value of each roadway or transit service is a challenge because,
except for toll roads, pricing information is not explicitly available. Instead, the
value of each use must be inferred from observations about travel behavior.
Aside from travel volumes, the most signifi-

cant, observable aspect of travel is the travel

time. The value of reaching a destination

faster (i.e., travel time savings) is handled in

conventional practice as a single value of time With- and Without-
derived from a median hourly wage. Project Contexts

In most cases, this value is applied to all trips

regardless of user income, time saved, trip The basic formula for the economi.c ap-
length, or trip frequency. The rationale for proach to valuation is the comparison of
this approach is that a single value of time a baseline scenario to another proposed
represents a system-wide average across all scenario. With-project contexts and
users, trip purposes, timing, distances, and impacts refer to the scenario where the
opportunity costs. It also creates a sense of proposed action occurs. Similarly, the
equity because all travelers are treated the without-project contexts and impacts
same regardless of income or other factors. relate to the case where the proposed

action does not take place.
However, there are limitations to this ap-
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proach. For people who value their free time more than their wages, the cost of
travel time exceeds their hourly wage. Additionally, most people are unlikely to
notice a reduction in travel time if the savings are a small fraction of their over-
all trip time. On any given trip, typical traffic conditions could cause travel time
to vary by as much as the potential savings caused by a change to the highway
asset, resulting in worse travel conditions than before. While theoretical re-
search continues to explore these issues related to income and the impact of
small travel time savings, standard practice remains in place. The value of time
and other categories of benefits are discussed in more detail in the sections that
follow.

The remainder of this appendix focuses on the major elements of economic
valuation. It discusses key measures of mobility that contribute significantly to
economic value, including travel time, vehicle operating costs, safety, and other
features. In addition, standard features of an analysis are explored including the
with- and without-project impacts, the determination of a present value com-
parison, and the metrics for comparing benefits and costs.

Comparison with Other Perspectives

The economic perspective differs significantly from the cost and market per-
spectives due to the way it compares the value of an improvement to a baseline.
With each perspective one sets a baseline value, but with the economic per-
spective the baseline is not a starting point for future valuation via treatments
or depreciation. Instead, the baseline is compared to the improvement value,

or the total net incremental value to the public brought about by building a
given asset or facility relative to not doing so. Depreciation and the impact of
treatments are included inherently within the user and externality values. Fur-
thermore, unlike the case of the other perspectives, the economic perspective
incorporates both user and non-user impacts, positive and negative.

The standard economic approach considers six main categories of user and
non-user impacts, these are: travel time, vehicle operating cost, safety, facili-

ty maintenance, emissions, and wider community impacts. While travel time,
vehicle operating cost, and safety are all direct user impacts, the other three are
externalities perceived by the broader community regardless of how much they
personally use the transportation asset. Table A-1 compares how the economic,
cost, and market approaches to valuation account for these user and non-user
elements.

Only the economic perspective accounts for externalities such as emissions,
noise pollution, and broader impacts to the community like economic growth
and prosperity. The economic perspective also explicitly considers safety, which
the other two methods do not. These differences in perspective mean that the
economic perspective will often value parallel road corridors higher than the
market or cost perspective, since they enable users to avoid congestion and
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potentially reduce crash risks or they disperse the negative and positive exter-
nalities across a greater population.

Table A-1. Comparison of the Value Categories Used in Each Valuation Perspective

Categories of Asset Economic Cost

Value Perspective Perspective

Travel Time User Value Implicit in Condition
Vehicle Operating Cost User Value Implicit in Condition
Safety User Value Implicit in Condition
Asset Maintenance Externality Cost to Maintain Condition
Emissions and Pollutants Externality Not Included

Wider Community Impacts Externality Not Included

Market
Perspective

Perceived User Value

Perceived User Value

Unlikely User Value
Cost to Retain Users
Not Included

Not Included

Note that externalities may represent a variety of user and non-user impacts.
Asset maintenance in the economic approach considers the damage and wear
that a traveler inflicts upon the asset as a result of their use. The emissions and
pollutants category tracks criteria air contaminant emissions’, which impact the
health of people who work or reside in the vicinity of the facility, as well as other
pollutants such as noise. From a public agency perspective, each traveler using
the asset incrementally increases the total damages inflicted upon the commu-
nity for each mile they travel.

Wider community impacts refer to impacts beyond the direct use of an asset,
typically associated with quality of life or business productivity. They include
broad ramifications, such as increased productivity and the agglomeration of
businesses, as well as localized effects, such as work zone adjustments, envi-
ronmental resiliency, ecological impacts, and changes in property values, which
require site-specific assessments to determine their cost or benefit to the with-
and without-project scenarios. The wider community impacts are difficult to
monetize, and it is often challenging to directly attribute them to a transporta-
tion asset because they originate under a series of complex, interlocking rela-
tionships. However, if sufficient information is available, these benefits can be
included to capture a more complete perspective on the value of a roadway.

In summary, the economic perspective assesses the value users gain or lose for
changes in travel time, operating costs, safety, emissions, pavement damage
costs, and the other non-user benefits. Despite the complexities in determining
the benefits of each value category, the economic method takes a systematic
approach to analyzing travel behavior observations. The economic perspective

1 Criteria air pollutants are a set of common pollutants found across the US and
tracked by the Environmental Protection Agency (EPA). The six pollutants defined in the
US Clean Air Act are ground-level ozone, particulate matter, carbon monoxide, lead,
sulfur dioxide, and nitrogen dioxide.
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can evaluate different types of projects and can be adjusted for different types
of impacts on users and non-users. Results are comparable across different
traffic volumes, types of users, and types of improvements or changes to a vari-
ety of asset types. The key elements of this systematic approach are discussed
below.

Principles of Economic Valuation

Several important principles are applied in all economic valuations. First, it is
important to identify the potential effects of a project which are attributable
to its costs. A clear definition of the with-project impacts is crucial for correctly
estimating the benefits. This serves to avoid double counting the project’s ben-
efits and disbenefits. Another principle of economic valuations is to compute
the present value of future costs and benefits, enabling comparisons with a
common basis of understanding. The discount rate, which brings future values
into present value, can have a non-trivial influence on the analysis of different
projects, depending on the timing and magnitudes of the project impacts. As a
result, the selection of the discount rate becomes an important policy decision
and consideration for sensitivity analyses.

Comparative Contexts in Economic Valuation

An economic valuation of roadways involves establishing a comparative context
because the economic value of a roadway is derived from its use and is calcu-
lated by observing a change in use. Typical economic analyses of a proposed
project (e.g., roadway widening, asset decommissioning, safety enhancements)
entail a comparison between the current, or baseline, conditions and the fore-
casted future conditions of the asset and other connected assets. Oftentimes,
the baseline is a counterfactual context that enables changes in mobility to

be compared against the context where a project is not implemented. In all
cases, the same characteristics of mobility are developed for the baseline and
with-project conditions to determine the change in value. This constructed valu-
ation approach is then applied to assess if a project should be pursued.

The value of the proposed project is calculated from how it changes key charac
teristics of the asset’s use. Depending on the analysis, these characteristics may
be disaggregated by vehicle type (e.g., passenger vehicles, buses, and trucks)
and time of day (e.g., peak and off-peak periods). The cost and facility use in the
baseline are compared to an alternative forecast that shows the impacts of the
project implementation.

The demand for a new asset (or changes to an existing asset) are estimated
from a travel demand model that account for route and modal shifts as well as
induced demand. Sound analysis of project value is grounded in a clear delinea-
tion of the changes attributed to the project so that the costs can be compared
to the gains. For example, consider a highway widening project to relieve con-
gestion. The benefits for existing users are based on the marginal increase in
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congestion-constrained speeds compared to what would have occurred if traffic
remained burdened by congestion.

Comparative Contexts for Economic Valuations of
Asset Management

Asset management assessments differ from capital projects involving new con-

struction, but still require a comparison to reveal their value. Asset value may

need to be calculated in several different contexts including:

* Maintenance activities for one or more assets

* Physical changes to a particular asset that could impact its future uses

* System-wide assessments for an entire class of transportation assets (e.g.,
Interstate).

Maintenance Activities. An economic measure of value can assess the differ-
ence in value obtained by users at different levels of service for roadway surfac-
es or safety features. The user value is measured by comparing an enhanced
level of maintenance against the current conditions. Principal measures of user
value are travel speeds and vehicle operating and maintenance costs, which
increase with poor road quality. There is an extensive collection of literature
studying the impacts of road quality on users (57). However, in practice, the in-
cremental economic value of improved maintenance is relatively low compared
to the value measured via the cost approach.

Physical Changes. This second case is the most common form of economic
analysis since it involves an evaluation of physical changes to an asset that affect
its use. Changes include user-oriented improvements such as capacity (e.g., wid-
ening, overpasses, and truck lanes), operational improvements (e.g., interchange
improvements, shoulders, and auxiliary lanes), and access (e.g., decommission-
ing, one-way streets, ramps) that aim to alleviate congestion, improve safety, or
serve other agency goals. Economic valuations of such physical changes rely on
forecasted changes in traffic patterns compared to a baseline that accounts for
future uses under the current design. The value of these physical changes is es-
timated by differences in benefit categories (e.g., time savings, operating costs)
over the life of the projects.

System-Wide Assessments. The value of an asset can be evaluated from a
system-wide perspective by examining the next best alternative road class.
However, this is usually a contrived exercise, and offers limited benefit outside
of the theoretical. Consider the value of a state’s major arterial facilities. From an
aggregated asset perspective, the next best option would be the minor arterials.
Each type of roadway has a common set of characteristics, including average
travel speeds per mile, intersection crossings and signals, and potential levels of
normal traffic congestion. In this hypothetical case, the value of the major arte-
rial is derived from the differences in value categories between the major and
minor arterials. Since major arterials permit faster speeds, their value is expect-
ed to be higher, provided that the value of this reduced travel is not overcome
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by potentially increased travel cost or crash risk. This same approach could be
applied for other roadway classes too. The use of local neighborhood roads in
a car can be compared with an option to ride a bike or walk to a destination.
These with- or without- asset evaluations require data on the use of a facility as
well as data on opportunities created by eliminated vehicle use.

As a practical matter, only the second context (physical changes to a roadway) is
commonly evaluated today using the economic approach. Typically, this evalu-
ation takes the form of a benefit-cost analysis used to justify the physical im-
provement. However, the discussion of the three contexts illustrates the range
of perspectives from which a value can be considered. The remainder of this
section describes the evaluation of physical changes to an existing roadway, but
a similar approach can be taken with respect to the other two contexts.

Measurement of Value

The economic measure of asset value accounts for the costs and benefits ac-
cepted by people choosing to use a transportation facility and the externalities
that such use places upon others. Since transportation assets are a public good,
users gain no intrinsic value from a roadway or other transportation asset,
rather they value the asset for enabling them to reach a place faster and more
safely, given some implicit or explicit operating cost. At the same time, exter-
nalities, such as those related to air and noise pollution, can negatively affect
the health and well-being of people living near the facility. The time savings and
operating, ownership, crash, and emissions costs are all common elements of
asset value in a benefit-cost analysis. Additional value categories, such as work
zone impacts, resiliency, and property value impacts, can be relevant depend-
ing on the project, but tend to be smaller in magnitude and require site-specific
assessments.

A conceptual model assessing the value of an asset recognizes user benefit as
the ability to reach a destination in less time. In exchange, a user would ac

cept any associated vehicle use and ownership costs and their vulnerability to
crashes while using this asset. The full public welfare impact also accounts for
the user-caused pollution externalities and marginal damage to the asset (e.g.,
pavement deterioration). In a more functional form, the value on an asset would
be estimated as:

User Value = Personal travel time savings and reliability (by type of
vehicle, occupancy)
Less Personal out-of-pocket vehicle use and ownership costs

Less Personal crash risk (including the probability of being in a crash
by type)
Less Public air and noise pollution costs (including GHG)

Less User damage cost on public infrastructure (roadway deteriora-
tion)
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Following this framework, all costs and benefits from using an asset under
without- and with-project changes are estimated to determine a net value per
user. After applying this value per user across all users for the project evaluation
period and then discounting, the net present value of with- and without-project
contexts can be compared.

In practice, guidance for estimating facility benefits is available from the United
States Department of Transportation (USDOT) in relation to benefit calculations
for INFRA and BUILD grants (called RAISE grants beginning in 2021) (48). The
guidance aims to help stewards of infrastructure assets determine if a project’s
benefits justify its costs and understand if the value society assigns to an as-
set exceeds the cost to provide it. This guidance monetizes user benefits and
estimates the value an asset. The list of benefits described by the guidance
includes:

* Travel time is one of the most common and important considerations peo-
ple make when planning their route. An asset that offers travel time savings
over its next best alternative provides a benefit to users that can be mea-
sured and monetized. Asset improvements can increase vehicle speeds and
reduce travel times.

* Travel time reliability also impacts how users experience and value an
asset. While travel time savings are largely dependent on the distance of
the route provided, reliability captures the operational performance of an
asset based on design and physical condition. USDOT guidance does not
cover travel time reliability, but additional guidance on estimating travel time
reliability is available from the Second Strategic Highway Research Program
(SHRP 2) research.

* Vehicle use and ownership relates to changes in fuel consumption, wear
and tear on vehicles due to poor condition roads, and any trip costs such as
tolls or parking. It captures some of the benefit that users gain from an asset
in good physical condition.

» Safety refers to any changes in likelihood and severity of crash events (i.e.,
fatality, injury, and property damage) on an asset. Benefits are derived from
the reduction in crash frequency or severity in the with-project context as
compared to the current conditions. Crash Modification Factors (CMFs) asso-
ciated with safety improvements provide a means to calculate the magnitude
of the with-project benefits.?

* Asset Maintenance is the damage and general wear-and-tear that a vehicle
inflicts upon the asset. Though it could be broadly applied to all types of as-
sets by converting the rate of decay over time into a rate of decay per vehicle,
it typically refers only to those assets that a user vehicle has direct contact
with (roads and bridges).

* Air and Noise Pollution Externalities include criteria air contaminants,
greenhouse gas emissions, and noise from vehicles. While criteria air contam-

2 Note that FHWA maintains a Crash Modification Clearinghouse with CMFs associated
with safety improvement types.
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inants and noise largely affect people and businesses near a roadway, green-
house gas emissions contribute to the widespread threat of climate change.
The monetary values of each type of air pollutant are determined on a per
unit basis and are combined with emissions rates to estimate the cost of a
with-project context. Noise pollution is estimated as a function of the impact
on property values near a facility.

A systematic approach to estimating the values of the major classes of benefits
is outlined in Table A-2. The key elements affecting each value category are the
impact scale, qualifying factors, and value per unit. More detail on how to calcu-
late these benefits is provided in Appendix B.

Table A-2. . Elements of Economic Value, by Category of Value

Value Category Scale of Impact Impact Factors Impact Value per Unit

Travel Time Numbers of travelers e Travel times, by mode Value of time
by mode, and time period and time period

Vehicle Operating Numbers of vehicles, * Travel distance Fuel and non-fuel operating
Cost by type * Vehicle speed, by facility costs for autos and trucks
Safety Numbers of vehicles, * Travel distance Crash costs, by severity
by type » Crash Rates, by severity
Asset Maintenance Numbers of vehicles, * Travel distance Cost of asset damage per
by type mile for autos and trucks
Emissions and Numbers of vehicles, * Travel distance Valuation per unit of emis-
Pollutants by type * Vehicle speed sions, by pollutant type
* Pollutant emissions rates Noise pollution in $ per mile
per vehicle type for autos and trucks
Wider Community Number of vehicles, » Asset proximity Cost of impact per unit of
Impacts by type * Geographic conditions asset (e.g. mile of roadway)
Size of asset » Other factors

The scale of impact represents the number of people affected by the project.
The most common scale is per vehicle, as vehicles are the easiest unit to mea-
sure, but conversion factors for the average number of passengers per vehicle
are often applied, so all benefit categories are measured in number of travelers.
Impact factors refer to the physical measures of change caused by the project,
and they are typically provided in terms of the scale for reference (per person,
per vehicle). Lastly, the impact value per unit is the rate of conversion to trans-
fer the impact factors into a common monetary value. Both the scale of impact
and impact factors differ between without- and with-project contexts, while
the impact value per unit remains fixed. Through these three steps, each value
category is converted into a common monetary amount and unit.
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Estimation of Present Value

The costs and benefits of with- and without-project scenarios accrue over a set
period of time. Often, it is the length of time that an asset is improved above a
given baseline or the expected lifespan of the asset, and it varies depending on
the type of project. For example, maintenance timing decisions may be best to
value over the time between potential resurfacings or other treatments. The
time span for a physical change (e.g., a bypass) is more challenging to determine
because the accuracy of forecasts weaken over time due to a variety of contexts
that can change in unpredictable ways (e.g., economic activity, demographic
shifts, new community developments, and travel preferences).

Conventional practice establishes a 20- or 30-year project horizon when ac
counting for future benefits and costs. According to USDOT'’s Benefit-Cost Anal-
ysis (BCA) guidelines, the value of a project should be represented by 30 years
of operation, except in the case of transportation facilities (e.g., bridges and
structures) that have a much longer lifespan (48). In such instances, a residual
value of the remaining project lifespan is estimated at the end of 30 years and
included in the measure of total value. A fixed period of analysis is suitable for
an asset valuation measure for an entire road class. Alternatively, the analysis
period can be set equal to the estimated lifecycle for the asset being evaluated.

Economic analysis converts all future streams of benefits into present values.

A present value is computed by discounting future benefits and costs based on
when they occur using a discount rate. The discount rate reflects the social rate
of time preference. A positive discount rate indicates a preference for benefits
to occur sooner rather than later. A discount rate equal to zero implies that a
person is just as happy to wait for a future improvement as they are to experi-
ence the same improvement now. Conceivably, if a person feels stronger about
a bequest of value for future generations, than to gaining the value for his or
her own personal benefit, a negative discount rate is possible (52), though this is
more likely to occur in projects will not yield benefits in the near term. Naturally,
nearly all discount rates are positive with the variation only arising in the magni-
tude of the rate.

At first glance, the concept of discounting future benefits does not seem reason-
able for transportation projects, since some benefits, such as time savings, only
occur in the future and have no discernible worth in the present. Think about

it. Travelers would place a high value on the opportunity to reach their destina-
tion faster on a trip that occurs today or tomorrow. But, what about a trip next
year or the year after? A time-traveled future version of one’s self would likely
value any time savings in the future in the same way as she or he would in the
present. However, since it is impossible to physically benefit from a future time
savings while in the present, discounting appears inappropriate. By contrast,
discounting certainly applies in the context of a choice between consumption
of a good or the potential to earn money, both of which can be accumulated at
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almost any time. In those cases, discounting accounts for an opportunity cost of
waiting.

To overcome such incongruities in future transportation valuation, it is helpful
to interpret the discount rate as reflecting a willingness-to-pay for benefits that
occur in the future. That is, if a person is offered an opportunity to realize 10
minutes of time savings today, a traveler may be willing to pay some fraction
of their wage rate today for that time. However, that same person would like-
ly value the same amount of time savings in one year at a lower value, in part
because of general preferences for the present over the future and the higher
risks in realizing the future value.

Ultimately, the discount rate simplifies into a single parameter the value that
decision-makers today, including both implementation agencies and the people
and businesses that decide to use a road, place on future travel conditions. In
practice, it is assumed that most individuals would be willing to pay less for ben-
efits that occur in the future than they do in the present, and higher discount
rates reflect greater demand for benefits in the near term. In a project evalu-
ation, positive discount rates will lower the present value of the future stream
of benefits and costs. In the economic approach to valuing assets, the discount
rate represents the value people place today on the ability to go faster in the
future.

A significant amount of theoretical research has explored the question about
what discount rate to use for different types of benefits and contexts. This
research has documented significant disagreements among economists regard-
ing the appropriate value (53). While many of these discussions have important
theoretical value, practical approaches to asset valuation can rely on standard
guidelines. USDOT BCA guidelines, for example, draw from the US Office of
Management and Budget (OMB) standards for public investments (54). In OMB
Circular A-94, the rationale is established for using a 7% real discount rate
(which approximates the marginal pretax rate of return on an average invest-
ment in the private sector) for regulatory analysis or benefit-cost analysis of
public investment. The OMB guidance also suggest conducting sensitivity analy-
sis by applying different discount rates. In previous years, USDOT has suggested
using a 3% real discount rate as part of sensitivity analysis in applications to
discretionary grant programs.
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Valuing Travel Time Benefits

The value of travel time (VTT) refers to the cost of time spent on transport. To
calculate travel time benefits, average travel times must be estimated in both
the with- and without-project contexts. In the rest of this appendix, these con-
texts will be referenced as the Build (with project) and No Build (without project)
scenarios. The travel times should be estimated for both scenarios for a base
year and a forecast year.

Travel times are based on average travel speed and the distance traveled.
These estimates should calculate average travel times for different time periods,
such as peak and off-peak and for different days of the week. If travel is divert-
ed from other roads the VTT should be estimated for these roads as well. From
there, an appropriate travel time unit cost (“value of time”) should be deter-
mined. This is measured in dollars per hour and is typically based on the median
wage in the state where the project is located. The value of time for truck traffic
typically differs from passenger vehicles.

Average passenger vehicle occupancy should be estimated to account for the
VTT of all occupants in a vehicle. This should account for the time value of all
travelers and for carpooling. The unit cost for truck VTT uses a vehicle occupan-
cy of 1.0 because drivers are assumed to drive alone. The unit costs should be
adjusted for vehicle occupancy, multiplied by vehicle travel times, miles traveled,
and traffic. This includes traffic for the base year (typically current year) and a
forecast year (after project implementation). Traffic for interim years should be
interpolated.

The basic equations to calculate undiscounted VTT benefits should be complet-
ed for every year of the analysis period:

Automobile VTT Benefits =

[No-Build Travel Time (hrs/mile) x No-Build Trip Length
(miles) x No-Build Auto Traffic (veh)] -

[Build Travel Time (hrs/mile) x Build Trip Length (miles) x
Build Auto Traffic (veh)] x

Auto Vehicle Occupancy (persons/veh) x Auto Value of Time
($/hr)
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Truck VTT Benefits =

[No-Build Travel Time (hrs/mile) x No-Build Trip Length
(miles) x No-Build Truck Traffic (veh)] -

[Build Travel Time (hrs/mile) x Build Trip Length (miles) x
Build Truck Traffic (veh)] x

Truck Vehicle Occupancy (persons/veh) x Truck Value of Time
($/hr)

Valuing Vehicle Use and Ownership

Changes in the costs of owning and operating vehicles (trucks and cars) resulting
from a transportation improvement project are counted as benefits or disbene-
fits depending on whether post-project implementation conditions increase or
decrease costs of owning and operating a vehicle. The two primary subcatego-
ries of vehicle cost are fuel and non-fuel related. Projects affect vehicle costs by
changing vehicle-miles traveled (VMT), traffic speeds and delay, and the condi-
tion of roadway surfaces. To calculate the benefit of reduced operating costs,
you need to estimate changes in VMT, by vehicle type, and changes in travel
speeds, with and without the project improvement.

Current and historic fuel prices can be collected from a few different sources.
The Energy Information Administration (EIA) of the U.S. Department of Energy
publishes fuel prices nationally, regionally and at the state level. The American
Automobile Association (AAA) publishes daily average gasoline prices at the
national and state level. Each of these sources are typically equally appropriate
to for these calculations.

Fuel consumption rates can be gathered directly from the U.S. Environmen-

tal Protection Agency (EPA) MOVES model or calculated using a consump-
tion-by-speed relationship model. The rates should include consumption at
different speeds and for both passenger and truck vehicle types. The fuel
consumption rates can be multiplied by the number of vehicles, the vehicle trip
length, and the price of fuel to capture fuel-related operating costs. Fuel-cost
savings tend to be the largest component of vehicle cost savings.

Non-fuel related costs include oil, tires, maintenance and repairs, and vehicle
depreciation. FHWA developed a model as a framework for state and regional
agencies to assess investments in multi-modal transportation infrastructure
called the Surface Transportation Efficiency Analysis Model (STEAM). This model
estimates tire and maintenance costs using a cost-per-mile for automobiles and
trucks.

The simplest option for calculating the value per mile of vehicle cost savings is to
use information from the AAA Your Driving Costs report for automobiles and the
American Transportation Research Institute (ATRI) An Analysis of the Operational
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Cost of Trucking report for trucks. These reports provide estimates to develop
cost per mile of vehicle operating and maintenance that includes both fuel and
non-fuel subcategories.

The basic equation for undiscounted vehicle cost savings is shown below:

Auto Fuel Cost Savings = [(No-Build Fuel Consumption Rate (gal/
mi) x No-Build Auto VMT)- (Build Fuel Consumption Rate (gal/mi)
x Build Auto VMT)] x Auto Fuel Cost ($/gal)

Where fuel consumption rates are based on speed

Auto Non-Fuel Cost Savings = (No-Build Auto VMT - Build Auto
VMT) x Auto Non-Fuel Unit Cost ($/mi)

Total Auto Vehicle Cost Savings = Auto Fuel Cost Savings + Auto
Non-Fuel Cost Savings

Complete same calculations above for trucks

Valuing Safety Benefits

A project that changes traffic crash rates, severity or total VMT creates safety
benefits that can be calculated and valued. There are three general steps to cal-
culating safety benefits. The first is to determine how the project changes crash
frequency, severity, or total VMT. The second is to choose appropriate unit crash
costs for crashes by severity. The third is to estimate the total economic value of
the changes in crash rates.

The first step of determining how a project will affect the number of crashes

is to identify if certain project design components will affect safety. Examples
of safety-focused design features include rumble strips, elimination of sharp
curves in roads, or pedestrian bridges that eliminate dangerous crossings. Each
of these features can be assigned a crash modification factor (CMF).

A CMF is a factor that represents the proportion of crashes expected to be re-
maining after implementing a safety measure. The crash reduction factor (CRF)
is the percent reduction in crashes expected from implementing a safety mea-
sure. The CMF = 1- CRF. As an example, if an improvement is expected to reduce
crashes by 45%, this indicates that the CRF is 45% and the CMF is 0.55. CMFs
can be obtained for most safety improvements from FHWA CMF Clearinghouse

(http://www.cmfclearinghouse.org/).

Often safety improvements will help avoid only certain types of crashes. For
instance, improving sight distance through enhanced geometric design of a turn
lane may not help avoid rear-end crashes. If detailed crash data is available that
specifies the cause of the crash, this helps to determine if certain crashes can
be avoided due to particular design components. Then, the CMF should only be
applied to reduce the relevant crashes.
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If more than one improvement is being implemented, often multiple CMFs can
be identified and combined through multiplication. Alternatively, if one design
feature is considered to be most significant, the CMF for that improvement can
be used. Ultimately, the way CMFs are applied to a particular project should be
based on the context and goals of its implementation. Once this has been de-
termined the CMFs can be applied to expected baseline incidents to determine

how many incidents are expected to be avoided.

Another way to avoid crashes is to reduce the
overall VMT. If the project reduces trip length or
traffic, then even without a change to the crash
rate, the total number of expected crashes will
decrease as well.

The value of incidents by severity can be a con-
troversial determination because an important
component is the value of a human life. Most
transportation agencies maintain values for inci-
dent types and severities, but guidance is pro-
vided by USDOT when location specific values
are not maintained. USDOT values can be found
in Table B-1.

The value of reduced crashes is found by multi-
plying the estimated value per crash type by the
change in the number of crashes of each type.
If available, site-specific data should be used for

Table B-1. USDOT Values for Crash Incidents

KABCO Level Monetized
Value ($2018)
O - No Injury $3,700
C - Possible Injury $72,500
B - Non-Incapacitating $142,000
A - Incapacitating $521,300
K - Killed $10,900,000
U - Injured (Severity $197,600
Unknown)
# Crashes Reported $150,200

(Unknown if Injured)

Source: USDOT (48)

the number of incidents that involve fatalities, injuries, and property damage.

The basic equations to calculate undiscounted safety benefits should be com-

pleted for every year of the analysis period:

Build Expected Crashes, by severity = (No-Build Expected Crash-

es, by severity) x (CMF, by severity)

Safety Benefits = (No-Build Expected Crashes, by severity - Build
Expected Crashes, by severity) x Monetary Value of Crash, by

severity

Valuing Emissions Benefits

Projects that reduce emissions (including greenhouse gases and other pollutants)
help avoid negative externalities. These emission reductions can be quantified
and monetized as project benefits. A project may help avoid emissions by re-
ducing vehicles on the road, diverting traffic to other routes or modes, reducing

congestion, or changing the average travel speed.

The method for calculating emission reduction benefits can be broken into
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three steps. The first step is to estimate the VMT and average speed in the No-
Build and Build scenarios. Once these are estimated a model is needed to pro-
duce average emission rates for each pollutant type, by speed bin and vehicle
type. The second step is to apply an appropriate dollar value per unit of emis-
sion, by type of pollutant. The third step is to monetize the costs of emissions in
the No-Build and Build scenarios and take the difference to estimate emission
cost savings.

Typical pollutants considered for monetizing emission costs include carbon diox-
ide (CO,), nitrogen oxide (NOXx), sulfur dioxide (SO2), volatile organic compound
(VOC), and particulate matter (PM2.5). Emissions can impose negative effects on
human health, and create environmental damages leading to climate change.
The EPA MOVES model provides emissions rates (grams/mile) for each pollutant
type by speed bin and vehicle type at the county and national level. Specifically,
this model includes rates for passenger vehicles and both long-haul and short-
haul trucks. The model accounts for differences in operating conditions that can
vary from location to location. Also, the MOVES model provides projections for
future year emissions rates, which account for expected changes in technologies
that improve fuel efficiency.

Studies done on carbon tax pricing are a resource in estimating unit costs for
each pollutant type. A summary of these findings can be found in Table B-2.
Note that this table shows amounts in 2007 U.S. dollars. These values need to
be converted to the base year used in the BCA, which can be done using an
inflation series from the Bureau of Economic Analysis (BEA) (55).

Using the table shown above as a reference the value of undiscounted emis-
sions reductions can be calculated two different ways. Note that the emission
reduction benefit has to be calculated for each pollutant type being considered.
Benefits should be calculated for every year of the benefit analysis period.

Auto Emissions Reduction Benefit = [[No-Build Auto VMT x Auto
Emission Rate, by pollutant (g/mi)) - (No-Build Auto VMT x Auto
Emission Rate, by pollutant (g/mi))] x Unit Conversion (tons/g) x
Unit cost ($/ton)

- Where emission rates vary by speed bin and vehicle type

Complete same calculations above for trucks

Considering Induced Travel

Projects that change user travel costs (i.e., travel time or out-of-pocket costs) can
motivate users to change their routes, modes of transportation, or times of trav-
el. Users may also be motivated to make additional new trips given a reduction
in travel costs. These new trips generate additional traffic with impacts to other
users and the roadway. Induced travel refers to increased vehicle trips brought
about by a project improvement.
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Table B-2. Regional Pollution Studies Summary Table - Selected Studies

Publication

Costs

Costs per Ton (Tonne if noted)

AEA Technology (2005)

RWDI (2006)

Wang, Santini & Warinner

(1994), U.S. cities

Costs per Vehicle Mile

CE Delt (2008)

Delucchi et al (1996)

Eyre et al. (1997)

FHWA (1997)

NH3 / tonne Europe
NOx

PM2.5

S02

VOCs

PM2.5/ tonne
O3 Total

NOx

ROG

PM10

SOx

Urban Car

Urban Truck

Light Gasoline Vehicle
Heavy Diesel Truck
Gasoline Urban
Diesel Urban
Automobiles
Pickups/Vans

Diesel Trucks

Cost Value

2005 Euro - € 19,750
€7,800

€ 48,000

€10,325

€1,1813

2005 Canadian $ 317,000
$1,739

1989 $/ton $ 4,826
$2,419

$6,508

$ 2,906

0.0018 - 0.0024 €/km (2000)
0.106 - 0.234 €/km

$ 1990/ VMT 0.008 - 0.129
0.054 - 1.233

$/VMT 1996 0.030

0.074

$/VMT0.011

0.026

0.039

2007 USD

$ 26,061
$10,293
$63,339
$ 13,624
$2,392
$ 277,359
$2,392
$ 8,059
$4,040
$10,868
$4,853

$0.003-0.004
0.189 - 0.417
0.013 - 0.205
0.086 - 1.960
0.040

0.098

0.015

0.034

0.051

Source: Litman (56)

Additional vehicle travel tends to increase external costs due to downstream
congestion, crash risk, emissions, and noise. Incorporating induced travel into
an economic evaluation can be difficult. The elasticity of demand for travel in
relation to total travel costs determines the degree to which induced travel is
generated. The elasticity measures how much demand is generated for every
percent decrease in travel costs or trave time. DeCorla-Souza (57) uses a travel
demand elasticity with respect to travel time of -0.5 and an extreme value of -1.0
in their example highway evaluation. The moderate elasticity of -0.5 is based on

Goodwin (58).

The Highway Economic Requirements System-State version (HERS-ST) model

is a program developed by FHWA to help state DOTs evaluation evaluate the
relationships among highway investment and system condition, performance,
and user costs. Although the model is now old, it uses both short-run and long-
run elasticities to estimate the induced demand generated by transportation
projects (59). In the short run, the model assumes that changes in the price of
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transportation lead to movement along the short-run demand curve for travel.
Trafficinduced in the short run comes from diverted traffic, mode shifts, des-
tination shifts, additional travel by current users, and time-of-travel shifts (in
other words, short-run behavioral responses). The demand curve is considered
fixed in the short run. Lee (15) refers to an increase in the quantity of travel
demanded in the short run as “induced traffic.” In transportation planning, this
short-term horizon is typically about a year.

The HERS-ST model uses short-run and long-run elasticities to forecast traf-

fic for future funding periods. Values selected for the short-run and long-run
elasticity are -1.0 and -1.6, respectively. Further information about the HERS-ST
procedures are available in the HERS-ST Technical Report (60) and Lee (59).

Induced trips will have an effect on several benefits categories and can affect
how these benefits are calculated. In particular, the calculation of travel time
savings is altered if induced demand exists. The increase in total traffic affects
the change in VMT, and hence affects all benefits that rely on VMT, like emission
cost savings. Increased traffic also impacts the calculation of total crashes and
safety benefits.

Valuing Noise Impacts

Any roadway project that causes noise creates an externality with an economic
value. Traffic noise can impair people’s hearing, increase stress, disturb sleep,
and contribute to ill health which in turn can reduce the property value of
nearby homes. In cases where a transportation project has the potential to add
significant amounts of traffic to an area, a traffic noise analysis may be required
to determine the project’s noise impact. If the impact is significant, the costs of
noise abatement measures, such as sound walls, may need to be included as
part of the economic valuation.

Calculating noise costs starts with quantifying noise impact, which is typically
measured using A-weighted decibels (dBA). From there, a number of studies
have attempted to monetize traffic noise costs. Most of these studies have been
conducted using a hedonic pricing method, which measures how a change in
traffic noise affect nearby residential property values.

Table B-3 summarizes results from previous noise cost studies. This table
shows the per vehicle-mile cost of noise. Values are shown in real 2007 dollars
and should be inflated to the base year of the analysis. Note that noise is consid-
ered to be a negative impact so noise costs would reduce economic benefits.

The general equation for calculating the undiscounted cost of noise is as follows
and should be calculated for every year of the analysis period:

Noise Cost Savings = [(No-Build VMT, by vehicle type) - (Build
VMT, by vehicle type)] x Noise Cost, by vehicle type ($/mi)
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Table B-3. Values for Noise Externality - Selected Studies

Publication

FHWA (1997)
Scope: Urban highways

Units: 1997 cents per
Vehicle - mile

Delucchi and Hsu (1998)

Units: 1991 USD/1000 VMT

CE Delft (2008)
Scope: Urban roads

Units: 2000 Euro cents per
vehicle-km

ofs T4 £3
Automobile
Pickup & Van

Buses

Combination Trucks

All Vehicles

Cars (Urban Arterial)

Medium Trucks
Heavy Trucks
Buses
Motorcycle

Car

Motorcycle

Bus

Heavy Trucks

Day
Night
Day
Night
Day
Night
Day
Night

Cost Value

0.11
0.10
1.72
3.73
0.24
1.18
7.02
20.07
718
8.71
0.76
1.39
1.53
2.78
3.81
6.95
7.01
12.78

0.001
0.001
0.022
0.048
0.003
0.002
0.011
0.031
0.011
0.013
0.014
0.025
0.027
0.050
0.068
0.124
0.125
0.228

2007 US S/ VMT
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Including Changes in Operations and Maintenance
Costs

O&M cost savings reflect reduced expenditures required to maintain a level of
service. This is a relatively easy benefit to measure and value because O&M
costs are typically goods and services that have a well-defined price. Savings of
this type can come from improved roadway surface or a bridge design that is
easier to maintain.

The value of undiscounted O&M costs savings is as follows and should be calcu-
lated for every year of the analysis period:

0&M Cost Savings Benefit = No-Build O&M Costs - Build 0&M
Costs

Including Other Benefits

The preceding benefits represent a reduction in the costs of transportation and

are often the bulk of benefits realized by a project from a valuation standpoint.

These benefits are also typically clearly defined and relatively straightforward

to calculate. Other effects that can be included, but are not always straightfor-

ward, include:

* Equity and option value impacts that result from projects that increase trans-
port system affordability and diversity

* Habitat and water quality

e Community impacts

These benefits can be measured and valued based on the priorities of the asset
manager, but often do not represent a significant portion of total benefits. To
get to total net benefits realized by users and the public at large, each benefit
category is aggregated over the period of analysis and discounted back to pres-
ent value terms. Note that benefits also include negative benefits (“dis-benefits”)
such as travel delays experienced during the construction period. These total
discounted benefits will later be used to calculate the asset value.

Considering Inflation

Inflation is the increase in prices of goods and services over time. Inflation re-
flects a loss in the value of money over time, as it erodes the purchasing pow-

er of a currency. For economic valuations, inflation should be removed from
calculations so that all dollar values are in real terms. This requires determining
a base year in which all future costs and benefits dollar values are represented.
Typically, the base year is set as the current year and all costs that are in real
dollar terms for previous year must be inflated up and all real dollar value for
year after the base year must be deflated down. This can be done using inflation
factors available from BEA.

Note that the value of a benefit or cost may increase over time faster than
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inflation. This means that the economic value in real terms is increasing. In this
case, inflation should be removed from the value, but the real value should be
allowed to increase. For example, if the cost of a land purchase is expected to
increase by 2% higher than inflation, this land cost should show a 2% increase
per year in the economic analysis.

Discounting to Present Values

Up until this point discussion of economic values have been in terms of undis-
counted values. To account for the assumption that a dollar today is worth more
than a dollar in the future (above and beyond inflation) a discount rate needs to
be introduced. The purpose of the discount rate is to put all present and future
costs and benefits into common present value terms.

Initial costs, rehabilitation costs, end of project costs and any disbenefits in-
curred during construction are one-time costs or are realized over a limited
period during the analysis period. Benefits and O&M costs are future streams of
value that start accruing once the construction period is complete and continue
for the duration of the analysis period.

The formula to calculate a discount factor that estimates present values for
each year is shown below. Note that the equation is monotonically decreasing
by a factor of the discount rate which will convert all values into the uniform
context of present value. The undiscounted cost and benefits values calculated
previously for each year of the analysis period should be multiplied by discount
factor for the corresponding year.

Discount Factor =1 + [(1 + Discount Rate) A (Future Year - Base
Year)]

Measuring Asset Values

The primary economic measure of asset value is the net present value (NPV). If
the streams of benefits and costs have been discounted as described previously
then these values can be summed for each category. The sum of each discount-
ed benefit and cost category represents its present value. Summing the present
values of benefits—including negative benefits—yields total discounted ben-
efits. Doing the same for costs yields their total discounted present value. The
equation for NPV is then:

NPV = Total Discounted Benefits - Total Discounted Costs

If the resulting NPV is greater than zero, then this indicates that benefits exceed
costs and could suggest that the project is a worthwhile endeavor. Conversely if
the NPV is less than zero then costs are greater than benefits and this suggests
the project is not a worthwhile endeavor.

Another measure of value that can be calculated using discounted net benefits
and costs is the benefit-cost ratio (BCR). This measure is useful if comparing op-
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tions and benefits should be normalized to the relative costs of the options. This
equation is similarly simple and be found by dividing net discounted benefits by
discounted costs. In this case if the BCR is greater than 1 then net benefits area
greater than costs and this could suggest that the project is a worthwhile en-
deavor. Conversely if the BCR is less than one then costs are greater than bene-
fits and the project is likely not worth its implementation cost.
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