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Forward

The FHWA, through the Office of Planning,
Environment, and Realty solicited for research
and development projects that could lead to
transformational changes and revolutionary
advances for transportation planning in the
United States. This report, Asset Sustainability
Index: A Proposed Measure for Long Term
Performance, is a product of that research.

This report examines the use of forward-looking
metrics in Australia, Great Britain and in the
private sector that measure the sustainability of
infrastructure conditions. These metrics encourage
a long-term, asset-management-based approach
to managing infrastructure, not just to meet
condition targets today, but to sustain those
targets into the future.

The report also examines the asset management
data and systems used in four US states to deter-
mine if they could produce long-term sustainability
metrics. The report demonstrates that US agencies
that have mature asset management systems can
produce long-term metrics that provide insight into

vi | Forward

the future condition of transportation assets.
Thus, sustainability metrics such as those used
in Australia can be produced in the US using
available asset management systems.

The report is intended to provide the transportation
community with additional perspectives on
performance management as it considers how

to integrate accountability, performance, and
sustainability into US transportation programs.
Most performance measurement systems focus
upon current performance. However, the long-term
performance of infrastructure is based upon long-
term strategies, such as preventive maintenance,
which may not significantly increase performance
immediately. Adding to the suite of performance
metrics some that examine long-term performance
can help decision makers understand how today’s
actions can influence transportation performance in
the next decade. The forward-looking perspective
embraces sustainability and allows the current
generation of decision makers to understand how
their actions will affect a future generation of
transportation users.



This report examines the concept of a suite of
proposed performance measures centered around
an Asset Sustainability Index (ASI). The metrics
are proposed to be inherently forward looking and
to address a fundamental question surrounding
infrastructure management. That is, will current
actions result in a financially sustainable highway
system? Or, will current actions come at the
expense of future stakeholders who will inherit a
deteriorated and depreciated highway network?

The metrics are examined primarily for State
transportation agency officials but they could be
useful to all who manage transportation networks
be they at the national, State, regional or local
level. Increasingly, these officials are expected to
demonstrate they are operating responsibly and
transparently. In addition, they face concerns over
sustainability. The proposed suite of financial
sustainability metrics allow them to add to their
performance reporting a set of measures that

are forward-looking, leading measures that help
predict the future consequences of today’s
investment decisions.

Performance measures help to allocate resources,
make difficult tradeoffs and to demonstrate
accountability. Their use among State transporta-
tion agencies is relatively new, having gained
prominence in the past decade. Performance
measurement in the private sector and in the
international transportation sector is more mature,
and its lessons hold implications for U.S. transporta-
tion officials. A review of the private-sector evolu-
tion of performance measures illustrates that over
time managers came to increasingly rely upon
leading measures, as opposed to backward-looking
or lagging measures. Leading measures illustrate
the likely consequences of today’s actions on future
conditions. Lagging measures are inherently back-
ward looking and provide only inferences into
future results.

Executive Summary

Mature performance-measurement frameworks
such as the Triple Bottom Line or the Balanced
Scorecard often emphasize forward-looking or
leading indicators. They use leading indicators

to forecast whether today’s actions are likely to
achieve the desired results for future stakeholders,
or are today’s actions coming at the expense of
those future stakeholders?

The financial sustainability metrics in this report
build off of similar metrics in Great Britain, Australia
and the private sector that measure whether cur-
rent investment levels will sustain future condition
targets. As noted in a Queensland, Australia, sus-
tainability act, “A local government is financially
sustainable if the local government is able to
maintain its financial capital and infrastructure
capital over the long term.” The Asset Sustainability
Index and its related measures look forward to
assess whether the infrastructure investment allows
sustainable conditions into the future, preferably
for a time horizon of at least 10 years.

Federal, State and local transportation officials
repeatedly stress their concern over the condition
of their transportation assets and whether they

can sustain them at an acceptable condition into
the future. Their concerns over future infrastructure
sustainability mirrors other national areas of con-
cern. The deficits growing in the Federal budget,
Social Security and Medicare create serious national
debates about the sustainability of these important
programs. However, continuing underinvestment

in infrastructure also is creating an “infrastructure
deficit.” If investment is inadequate, current users
are consuming infrastructure that they are not
replenishing for future generations. Today’s users
are, in effect, consuming the infrastructure of their
children. This report examines asset sustainability
metrics that can illustrate if current users are leav-
ing a legacy for future users, or creating a deficit
for them.

Asset Sustainability Index: A Proposed Measure for Long-Term Performance | 1



This Asset Sustainability Index as proposed in this
report is a ratio of the amount budgeted for high-
way infrastructure preservation divided by the
amount needed to adequately sustain infrastructure
at a targeted condition over the long term.

Amount Budgeted
Amount Needed

= Asset Sustainability Index

As seen in figure 1, this report examines the
proposed index as a composite of three ratios,

a Pavement Sustainability Ratio, a Bridge Sustain-
ability Ratio and a Maintenance Sustainability Ratio.
When combined, they form an Asset Sustainability
Index which is a composite of all three. Aggregated,
the Asset Sustainability Index provides at-a-glance
summation of critical investment trends. Disaggre-
gated, it allows “drilling down” into system-level

or asset-level sustainability.

Although the index and ratios are considered to be
simple in concept, the Asset Sustainability Index
can be an informative metric useful for long-range
plans, short-term State Transportation Improve-
ment Programs or for public budgeting decisions
particularly when tracked over time. They boil down
complex, long-term infrastructure condition and
investment analysis into a suite of easy-to-illustrate
metrics. The insight they provide increases with the
length of the analysis period.

As this report points out, missing among U.S.
transportation practice is a common framework

for determining the needed investment to sustain
infrastructure at an acceptable condition. The ASI is
Need divided by Budget but there is not a common
process for identifying the needed investment for

a highway network. To create an analogy, there

is no Highway Capacity Manual for infrastructure
condition. The Highway Capacity Manual creates

a national standard for measuring and setting
acceptable levels of highway capacity performance.
It defines levels of service as A through F and
creates volume-to-capacity ratios for various types
of highways. These metrics are universally under-
stood among highway practitioners in the United
States and in many nations abroad. The HCM even
includes a forecasting component with standards
set to ensure adequate levels of service into the
future, generally 20 years.

2 | Executive Summary

No analogous process exists for universally measur-
ing and forecasting the condition of a highway
network and the needed investment to sustain it.
The product of such an analysis could be consid-
ered to produce a Transportation Asset Manage-
ment Plan that indicates what comprehensive series
of investments are necessary to sustain asset
conditions for a forecasted period, say 10 or 20
years. If such a plan were based on Transportation
Asset Management principles, it would be policy
driven and include a comprehensive mix of treat-
ments to ensure the lowest lifecycle costs for the
various highway assets. Throughout this report,
case studies illustrate that sustainability metrics
can be generated in the U.S. . However, in each case
study, no actual Transportation Asset Management
plan exists. Instead, the analysis “teases out” from
the mature asset management practices of the
examined States how their asset management
practices produce credible estimates of “need”

that resemble what a mature Transportation

Asset Management Plan would include.

This report also borrows from the private sector.
The ASI and its components are analogous to
the capital-investment metrics financial analysts
use to evaluate the long-term health of capital-
intensive companies such as manufacturers,
railroads or electric utilities. If capital-intensive
industries fail to adequately invest in their own
capital assets, they are considered by analysts to
be poor long-term investments. In effect, current
owners are consuming the physical assets that
future shareholders need.

Building from international examples, the ASI
emulates recent practices in Great Britain and
Australia in which State and local governments

are required to report on the long-term financial
sustainability of their infrastructure. State and local
governments are required to demonstrate they are
not under-investing in infrastructure and creating
future unfunded maintenance and repair needs,
such as illustrated in Figure 2. Figure 2 illustrates
that levels budgeted for sustaining highway infra-
structure conditions were near needed levels in this
example in the early 2000s but began to decline
relative to need. As assets aged, their condition
deteriorated at a more rapid rate, needed invest-
ments rose and the relatively modest budget
increases consistently fell behind the needed
investment. The Asset Sustainability Index fell over



20 years from a high of .97 to .53. In other words,
in this forecast by 2019 if these trends continue
only 53 percent of the investment needed to
sustain highway infrastructure conditions will

be budgeted. In Figure 2, the mid-point of the
20-year trend is highlighted to illustrate for
policy makers the past trends and likely future
consequences of the current forecasts.

Generating the Asset Sustainability Index relies
on two credible forecasts. One is for the amount
of needed investment, preferably developed
from a credible Transportation Asset Manage-
ment analysis. The second element is a long-
term fiscal forecast. Although complex, these
two analyses are produced by capital-intensive
private-sector corporations and are being devel-
oped by State and local governments in Austra-
lia and on an ad hoc basis by the U.S. agencies
examined in this report.

This report describes the ASI and examines
whether it can be produced using typically
available U.S. highway data.

The report also explores a complementary set of
metrics, those related to “Asset Valuation.” Asset
valuation is defined as the calculated monetary
value of an asset or class of assets. By tracking
over the long-term whether a transportation
agency’s assets are increasing or declining in
value, the effect of investment also can be dis-
played. If asset values decline, society is losing its
highway equity and not replenishing that equity
for future users. In Australia, Great Britain and in
the private sector Asset Valuation serves as a
complementary metric to those such as the Asset
Sustainability Index. They seek to determine
whether current actions increase or decrease
“public equity.”

The report is organized in the following manner:

Chapter 1 defines and describes an Asset

Sustainability Index, which is comprised of
three metrics or ratios. It will include brief

illustrating examples.

Chapter 2 will describe private sector
precedents for an ASI and how such asset-
investment ratios are considered to be a
basic form of accountability among publicly
traded companies, particularly railroads.

Maintenance
Sustainability Ratio

The Maintenance Sustainability
Ratio is comprised of the total
amount of capital budgeted
for maintenance divided by the
amount needed to sustain all
maintenance condition targets.

Pavement
Sustainability Ratio

The Pavement Sustainability

Ratio is comprised of the budget \/
or budgets for all the needed
capital expenses for pavements Asset

divided by the amount spent

— Sustainability
on pavements.

Index

Bridge
Sustainability Ratio

The Bridge Sustainability Ratio

is comprised of the total amount
of capital budgeted for bridge
repair, preservation, rehabilitation
and replacement divided by

the amount needed.

Figure 1. Ratios from Maintenance, Pavements and
Bridges combine into the Asset Sustainability Index.

Asset Sustainability Index: A Proposed Measure for Long-Term Performance | 3



Simplified Asset Sustainability Index
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Figure 2. This illustration depicts how the use of the ASI in a time series represents
an important decline in needed infrastructure investment.

Chapter 3 provides international precedents to

the ASI, including ones from Australia and Great
Britain. Both countries are recognized leaders in

Transportation Asset Management and perfor-
mance measurement. Both adopted metrics
similar to an ASl in recent years.

Chapter 4 examines how data from example
States were tapped to illustrate a Pavement
Sustainability Ratio.

Chapter 5 illustrates a Bridge Sustainability
Ratio using existing condition and expenditure
data from States.

Chapter 6 illustrates a Maintenance Sustainabil-

ity Ratio, again based on existing State
condition and expenditure data.

Chapter 7 illustrates how the three ratios for
Pavement, Bridges and Maintenance can be
compiled into a comprehensive highway
Asset Sustainability Index.

Chapter 8 reviews the Governmental

Accounting Standards Board Statement No. 34

4 | Executive Summary

(GASB 34) requirements and discusses the
related concept of Asset Valuation. Asset
Valuation analysis tracks the value of infrastruc-
ture over time to determine whether investment
is sufficient to offset depreciation or deteriora-
tion. By treating highway assets as “equity”

the highway agency can evaluate whether it is
increasing the public’s equity, or decreasing it.
This section relies heavily upon the GASB 34
reports and underlying concepts.

Chapter 9 discusses three ways in which
agencies can generate an ASI. The first is by
using the analysis from the TAM systems.
The second is to use inventory condition data
over time. The third means is to use a general
depreciation exercise, similar to the deprecia-
tion method of accounting for GASB 34.

In all three cases, agency expenditures are
compared to needed investment.

Chapter 10 offers summary, concluding remarks
and considerations for next steps.



The Asset Sustainability Index

State transportation officials have long experience
in measuring infrastructure condition. They produce
extensive inventories of bridges, pavements, and
roadside assets and they have tracked their condi-
tion over time. In cases where mature management
systems are in place, the highway officials often
create forecasts and scenarios to evaluate different
investment options.

The Asset Sustainability Index concept allows
transportation officials to portray their infrastruc-
ture condition information in additional ways to
communicate more effectively about the conse-
guences of current trends. By its very nature,
highway infrastructure is a long-term asset whose
future condition is dependent upon long-term
actions. A long-term perspective is even more
important when an entire network or system of
assets is being evaluated.

In concept, the Asset Sustainability Index should
be simple to grasp. As seen in Figure 1, it is a

Pavement Budget

Pavement Needs

Bridge Budget

Bridge Needs

Maintenance Budget

Maintenance Needs

calculation of need divided by budget for various
highway infrastructure categories. For the
purposes of this report, it will be defined as:

An Asset Sustainability Index is a composite metric
computed by dividing the amount budgeted on
infrastructure maintenance and preservation over
time by the amount needed to achieve a specific
infrastructure condition target.

Stated mathematically, it is:

Amount Budgeted
Amount Needed

= Asset Sustainability Index

In the definition, the terms “maintenance” and
“preservation” are used generically to include

all preventive, reactive, rehabilitative and even
replacement activities that contribute to the
achievement of an infrastructure condition target.

Inputs to the Asset Sustainability Index.

Asset Sustainability Index: A Proposed Measure for Long-Term Performance | 5



The terms “maintenance” and “preservation” are
not intended to be synonymous with any terms
relating to eligibility of Federal Highway Adminis-
tration or other funds. The index also relies on
“budgeted” not “spent” or “obligated” funds. The
index is a planning and long-term programming
metric. As such it assumes a high correlation exists
between the amount budgeted for a program and
the amount actually spent over time. Although the
amount budgeted for a program and the amount
spent for it may vary year to year, over time a
strong correlation is assumed for the ASI. A sepa-
rate discussion regarding inordinately costly items,
such as rehabilitation of major bridges or pave-
ments, is addressed later. Also addressed later in
this chapter is a discussion of how to capture
“need” in a credible and replicable way.

An ASI of 1.0 is considered optimum because
expenditures match need. Economically, a perfect
match of need and expenditure is most efficient
because it preserves infrastructure for the lowest
cost over time and excess spending above 1.0 can
be redirected to other needs. The budgeted amount
is the numerator and the need the denominator to
allow the representation of 1.0 to be optimum. Any
fractional number below 1.0 illustrates a deficit in
investment and a number above 1.0 illustrates
excess spending. “Excess” however, may be needed
temporarily to eliminate backlogs in deficiencies.
Again, as the ASl is intended to be a long-term,
planning metric the optimum amount of investment
is that which is needed to sustain conditions at a
targeted level over the long-term.

Webster’s Third New International Dictionary
defines an index as, “a ratio or other number
derived from a series of observations and used

as an indicator or measure.” The ASl is proposed

to be used in a time series to measure trends. The
time series is deemed to be important because of
the long-term nature of infrastructure management
and performance.

As an index, the ASI is proposed to summarize or
comprise three ratios, a Pavement Sustainability
Ratio, a Bridge Sustainability Ratio and a Mainte-
nance Sustainability Ratio. They will have nearly
identical definitions which are:

A Pavement Sustainability Ratio is a metric calcu-

lated by dividing the amount budgeted for pave-
ment maintenance and preservation over time by
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the amount needed to achieve a specific pavement
condition target.

Pavement Budget _ Pavement
Pavement Needs  Sustainability Ratio

A Bridge Sustainability Ratio is a metric calculated
by dividing the amount budgeted for bridge main-
tenance and preservation over time by the amount
needed to achieve a specific bridge condition
target.

Bridge Budget
Bridge Needs

= Bridge Sustainability Ratio

A Maintenance Sustainability Ratio is a metric
calculated by dividing the amount budgeted for
roadway maintenance needs over time by the
amount needed to achieve a specific roadway
maintenance appurtenance condition target.

The ratio addresses capital expenditures, and

can include labor and equipment costs depending
upon the user’s practices.

Maintenance Capital Budget _ Maintencance
Maintenance Capital Need  Sustainability Ratio

The capital items included in a Maintenance
Sustainability Ratio could vary depending upon

the definitions used by the highway agency. At the
simplest level, they would include capital expendi-
tures for guardrail, pavement markings, and signs.
Depending upon the accounting and program
practices of a department, it could include traffic
signals, culverts, drainage items or other items. In
the North Carolina DOT case study the definition
of maintenance is much broader and extends to
bridge and pavement items as well. For simplicity
in this report, generally the capital items of guard-
rail, pavement markings and signs are included
although that varies depending upon the available
State data used in the examples. If a department
desired, the necessary expenditures for labor and
equipment also could be included. For instance, if it
calculated that a given amount of labor, equipment
and capital was necessary to sustain guardrail at a
given targeted level, those three expenditure inputs



could be used in the numerator and denominator
for a Guardrail Sustainability Ratio. That ratio
could be incorporated into the larger Maintenance
Sustainability Ratio.

Generically, any of the three ratios could be called
Asset Sustainability Ratios. The definition for an
Asset Sustainability Ratio would be:

An Asset Sustainability Ratio is any asset-class-
specific ratio of budget divided by the amounted
needed to sustain condition targets over the
long-term and could refer generically to the Pave-
ment Sustainability Ratio, the Bridge Sustainability
Ratio or the Maintenance Sustainability Ratio.

A simple example of a Pavement Sustainability
Ratio follows. A highway agency calculates from

its pavement management process that a rational
annualized program of preventive, reactive, reha-
bilitative and replacement projects necessary to
sustain its rural highway system pavement condi-
tions is $200 million annually. It divided the amount
it budgets for rural system pavements by $200
million to calculate 1 year’s PSR for rural pavements.
As seen in Table 1the amount budgeted and the
amount needed in 2000 both are $200 million,
therefore, the PSR is 1.0.

The agency has balanced its expenditures and
needs for rural pavements. As a result, for that year

its rural pavements are sustainable. However, as the

Pavement Sustainability Ratio

last column of Table 1indicates, the highway
agency increased rural pavement expenditures by
3 percent annually, but inflation created 4 percent
annual growth rate in costs. Need by 2004 grew
to $234 million but budgets were only $225 million.
Commensurately, the PSR fell to .96

For budgeters, planners, programmers, legislators
and similar parties interested in the long-term
stability of the highway network, the PSR provides
a relative, proportional indicator of the gap
between need and investment for the pavement
network. To add further relevance, additional
metrics that are key inputs to or from the PSR can
be included in the reporting process to provide
additional insight. In 2000, the rural highway
network was valued at $3.5 billion, gradually declin-
ing to $3.328 billion by 2004. In other words, this
pattern of investment led to the State losing $172
million in “equity.” The taxpayers owned $3.5 billion
worth of rural highway assets in 2000 but the value
of those assets declined to $3.328 billion in only five
years as the pavements degraded and were not
adequately repaired. The ability of the Pavement
Sustainability Ratio and the Asset Valuation to
illustrate the consequences of underinvestment
increases with the time series.

In Figure 4 (see next page), the long-term conse-
qguences of what appears to be a relatively minor
amount of under-investment each year become
clearer. From 2000 through 2010 the PSR for rural
highway system pavements only gradually
declined from 1.0 to .91. Superficially, it
appears that based on the PSR, that invest-
ment was only 9 percent below optimum.
However, over time that led to a steady

Budgeted $200 | $206 | $212 | $219 | $225 | 3% decline in asset valuation. The rural highway
o system began with a value of $3.5 billion,
Needed | $200 | $208 | $216 | $225 | $234 | 4% declined to $2.887 billion by 201 and is
PSR 1.0 .99 .98 .97 .96 forecast to fall to $1.762 billion by 2019. Over
the course of 20 years, the value of the high-
way agency’s rural pavement
Asset value and annual investment needs assets declined by 50 percent.
This leaves future users with
much less “equity”, lower
pavement conditions and a
Budgeted $200 | $206 @ $212 $219 | $225 3% substantial backlog in invest-
ment required to restore the
Needed $200  $208 | $216 $225  $234 4% asset’s value and functionality.
PSR 1.0 0.99 0.98 0.97 0.96 1.0%

Asset Valuation

$3500 | $3,465 | $3,430  $3,396 | $3,328 | 5%

A ratio such as the PSR is
intended to help budgeters
“calibrate” a highway agency’s

Asset Sustainability Index: A Proposed Measure for Long-Term Performance | 7



Pavement Asset Valuation Change and Pavement Sustainability Ratio

$3,000 _
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52,000
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2001 | 2002 | 2003 2005 2007 | _ | 2010 | 2011 | 2012 | 2013 | 2004 | 2015 | 2016 2017 | 2018 | 2019
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Figure 4. Pavement Sustainability Ratio and valuation over time.
Pavement Asset Valuation Change and Investment Backlog
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Figure 5. The “Sustainability Gap” or investment gap.
program. It allows budgeters to depict the amount be hard to communicate to a lay audience, the
of additional spending needed to achieve a specific sustainability metrics are intended to provide
condition target. Metrics such as average pavement simple ratios that indicate the degree to which
condition, or miles of deficient pavements provide investment is adequate or inadequate.

insight into the physical magnitude of pavement

deficiencies. The PSR and its ASI help budgeters

The fiscal component allows the PSR to support

understand the financial magnitude of the “invest- “triple bottom line” or “balanced scorecard” types
ment gap” or “investment surplus.” As importantly, of measurement systems. In the triple bottom line
the sustainability metrics provide a simple way to or balanced scorecard systems, multiple societal

communicate the adequacy of investment into a
simple ratio. While concepts such as Remaining

objectives are weighed. These can include environ-

Service Life or Pavement Serviceability Index may well as financial sustainability. The PSR and ASI can
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feed into these types of mature performance
measurement systems and can provide a financial
order-of-magnitude perspective lacking from
measures that only report upon infrastructure
conditions, such as the Pavement Serviceability
Index or International Roughness Index. The PSR
or ASl is not proposed to replace those metrics,
but rather to complement them.

By placing a monetary value on infrastructure
through asset valuation, the under-investment in
that infrastructure over time can be expressed as
a loss of value to the society as a whole and as

a “backlog” or “infrastructure deficit.” As seen in
Figure 5, the 20-year decline in PSR for this theo-
retical rural highway pavement inventory leads to
a halving of the inventory’s value and a backlog of
repairs of $660 million by 2020. Although theoreti-
cal, the inputs to this analysis are based upon
inventory size, average treatment costs and asset
values taken from later case studies referenced in
this report. In this example, they are simplified for
the purposes of illustrating the PSR and asset
valuation concept.

The “backlog” or “infrastructure deficit” is an inten-
tional focus of the sustainability metrics and asset
valuation efforts. They are intended to focus atten-
tion upon the future or long-term consequences of
underinvestment. They allow an organization to
depict to policy makers whether current investment
levels lead to sustainable infrastructure for future
users. Just as greater expenditures than contribu-
tions create deficits in the Social Secu-

rity or Medicare programs, continued
underinvestment in infrastructure PCI
creates deficits that are not normally

Asset Management, Pavements and Construction
illustrates the steep deterioration curve commonly
seen in pavements once they reach a “poor” condi-
tion. Timely preventive and reactive treatments
create substantial value by restoring pavements to
a high condition and preventing the onset of the
rapid deterioration commonly seen in poorly main-
tained pavements. As noted in Figure 6 and in other
FHWA reports, timely preventive and reactive
treatments can produce a very high benefit/cost
ratio. Conversely, underinvestment leads to the
missing of the optimal treatment-timing window for
many pavements and leads to their concurrent
rapid, non-linear degradation. It is the accelerating,
non-linear degradation that underlies the analysis’
rapid accumulation of deficient lane miles and the
rapid growth in the cost of the backlog, or the
accumulation of the “infrastructure deficit.”

Another example of how an investment ratio can be
calculated follows. This one is for guardrail, which is
one component of the Maintenance Sustainability
Ratio. Following this example, the “rolling up” of
these individual ratios into an Asset Sustainability
Index will be presented.

Figure 7 (see next page) illustrates how a guardrail
Sustainability Ratio would work. The blue bars

and accompanying data table illustrate amounts
budgeted for guardrail for a hypothetical highway
agency. The red bars illustrate the needed level of
investment to achieve the target. For instance in
2000, $10 million is needed but only $8 million is

- o . ] Excellent—

captured in traditional highway metrics.

In the theoretical case study of Figure

5, a deficit of $660 million is accumu- Good— | 40% Drop in Quality Spending $1on

lated. To address it, the highway agen- preservation here...

cy must either accept lower condition Fair 75% of Life

standards or it must impose upon climinates or delays

future users substantially higher costs. “spending $6 or $10
Poor] on rehabilitation or

The geometric progression of miles of reconstruction here

deficiencies, the loss of asset value and
the increase in backlog are attributable
to the non-linear progression of pave-

. 9 i
ment degradation once pavements Failed "M»
deteriorate to a certain point. 0 5 10 15 20

40% Drop in Quality

20 Very Poor

Figure 6 at right from the Federal

. . . . Figure 6. Pavement deterioration curves.
Highway Administration’s Office of
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Guardrail Sustainability Ratio
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Figure 7. Guardrail sustainability ratio calculation.

budgeted. The yellow trend line and table illustrate
that the expenditures from 2001-2004 were below
the needed amount to achieve the guardrail target.
As a result, only 80 percent of the targeted condi-
tion level was met in 2000, falling to 78 percent in
2001. The corresponding Guardrail Sustainability
Ratio is then .8 in 2000 falling to .76 in 2001.

Expenditures were increased beginning in 2003. As
a result, the backlog was reduced and the amount
invested in 2005 actually allowed the department
to exceed its target. As a result in 2006 the depart-
ment decreased expenditures to $12 million, match-
ing the amount needed to achieve the goal. As a
result, an ASI of 1.0, the desired level, was achieved.

Figure 8 below illustrates that expanding the time
series to include more years allows a long-term
perspective on the necessary investment. Figure 8
illustrates that if budget year 2011 (highlighted in
green and yellow) serve as the current year in
which a guardrail budget is to be evaluated that
the past expenditure and condition data illustrate
the consequences of past investment decisions.
Between 2000 and 2005, guardrail investment was
inadequate, conditions declined and investment

had to substantially increase to correct the backlog.

Budgeting forward, the agency assumes a 4
percent annual increase in guardrail costs and
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commensurately increases the forecast of guardrail
expenditures from $14.60 million in 2011 growing

to $19.98 million in 2019. This 20-year perspective
provides insight for long-range plans, Statewide
Transportation Improvement Programs and other
longer-term budgeting and programming exercises.
To achieve a 1.0 or optimum Guardrail Sustainability
Ratio, the past history of under-investment is
numerically and graphically illustrated. Commensu-
rately, the investment needed to sustain conditions
at the targeted condition level to the planning
horizon year can be demonstrated.

Creating an Index from the Ratios

Creating a weighted index from various ratios
becomes a simple arithmetic exercise. For the sake
of this simple illustration, the Maintenance Sustain-
ability Ratio is derived from the needs and budgets
of guardrail, signage and pavement markings. As
seen in Figure 9 the three areas of expenditure are
summed, both for their need and for their budgets.
Total budgets are divided by total need to illus-
trate how the Guardrail, Pavement Marking and
Sighage components comprise a Maintenance
Sustainability Ratio.

Similarly, the budget and needs of all pavement
systems and bridge systems can be illustrated. With
this type of reporting, not only can the sustainability



Guardrail Sustainability lllustration
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Figure 8. Long-term investment perspective.

Maintenance ASI and Its Inputs

Sustainability Ratio
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Figure 9. Combining ratios into an index.

of overall investment levels be evaluated but the are making difficult tradeoffs. In at least two cases
granularity of reporting by infrastructure category that will be illustrated, rural pavement conditions
allows the reporting to clearly indicate which are deteriorating because limited highway agency
infrastructure types are not meeting targets. As funds are being invested to sustain conditions on
will be seen in the later case studies, in the current more the heavily travelled major routes such as the
environment of greatly constrained budgets, States National Highway System. In another State, bridge
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investment was substantially increased while
pavement conditions declined.

The granularity of the ASI and ASRs as presented
here allow for the reporting of the consequences by
asset class of investment decisions. This granularity
also is discussed in Chapter 8. There, the GASB 34
reports are discussed and how their lack of granu-
larity by asset class can mask significant declines

in important asset classes, such as pavements.

As noted, the sustainability ratio and indices are
based on dividing the amount budgeted for infra-
structure preservation by the amount needed. A
strong emphasis is placed upon “preservation” as
opposed to capacity. The intent of the ASl is to
address condition, not performance.

A common process for determining the amount
needed for infrastructure preservation does not
exist in the United States. There is no standard
template an agency can follow, as there is for
determining the amount of needed highway
capacity at a given location. The Highway Capacity
Manual establishes protocols for how to determine
the current level of service for the performance of
intersections, interchanges, and roadway segments.
The standardized HCM process has been further
simplified into “plug and chug” software whereby
technicians can input given variables and the
software will output levels of service that can
indicate how many lanes or other capacity enhance-
ments are needed to achieve a given level of
service. The level of service analysis is inherently
forward-looking in that its standards require
development of adequate capacity for a facility to
meet traffic demands for a horizon of 20 years.

In the Australian examples cited later in this report,
Australian officials note that they need to improve
upon the standard reporting formats to determine
needed infrastructure investment. As advanced as
their asset management practices are, they still
have not developed a standardized reporting
process used uniformly by local transportation
agencies. One of the shortcomings the Australian
officials note with their asset sustainability report-
ing is the lack of common denominators when
computing need.

The Supplement to the AASHTO Asset Manage-
ment Guide Volume II: A Focus on Implementation
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discusses Transportation Asset Management Plans
in a generalized fashion. It describes the inputs and
steps but does not elaborate in detail as to how to
calculate the needed level of investment to sustain
conditions for a given class of assets, or for the
highway network overall.

Although no standardized format or process exists
for reporting the needed amount of investment for
a total inventory or network, the basic components
of such a report are apparent from a number of
sources. These sources are the Asset Management
Guide, volumes 1 and |, the International Infrastruc-
ture Management Manual and from the various
reports produced by advanced asset management
transportation agencies, such as those referenced
in this report. The determination of need would be
based upon a series of steps including at least

the following:

D The agency would rely on explicit policies
that call for an asset management approach
that emphasizes systematic life-cycle analysis
for individual assets and for entire asset
inventories

D Asset inventories would be comprehensive,
current and accurately reflect asset conditions
to a level of detail which enables appropriate
treatments to be identified

D The agency would have clearly articulated
treatment strategies and protocols so that the
appropriate preventive, reactive, rehabilitative
and replacement treatments are applied at the
appropriate point in the asset’s lifecycle

D Deterioration curves are established and
applied to assets, and key asset components

D Unit costs to estimate treatment costs would
be sound

D The agency would possess scenario-forecast-
ing ability to identify at network levels the
conditions of assets and the levels of preven-
tive, reactive, rehabilitative and replacement
treatments needed

D Desired and acceptable levels of service
targets are established.

As will be seen later in the case study examples,
the degree of detail and granularity that the
individual States use to develop their “need”
estimates varies. For bridges, Ohio uses four
generalized components, while North Carolina



uses several dozen. Some States use standardized
deterioration curves from spreadsheets applied to
inventories while others use commercial pavement
and bridge management systems with sophisti-
cated optimization routines. The strategies for
determining need vary but all are based on defen-
sible, replicable and transparent analyses that are
rooted in sound policy and are tempered by good
engineering and economics.

The “needed” investments assumed for this report
also are tempered by judgment particularly when
applied to some very expensive items such as
pavement rehabilitation. Much of the U.S. Inter-
state Highway System was built in the 1960s. A
good deal of the original pavement bases remain,
and thousands of lane miles of those routes techni-
cally warrant pavement rehabilitation or replace-
ment. The collective cost of the total lane miles
that warrant rehabilitation or replacement in the
next 10 years would be in the tens of billions

of dollars nationally and could consume a
majority of the entire Federal-aid highway
program. Although from a pavement-
management perspective those lane miles
warrant replacement, including all of them
unquestioningly as “need” can erode the
credibility of the need estimate for two

reasons. First, from a maintenance of traffic
standpoint, most urban areas could not

tolerate a majority of urban pavements being
replaced within a ten-year window. Second,

in congested urban areas there is unlikely to

be consensus to make 40-year pavement
investments that replace pavements inkind
without also addressing needed geometric

and capacity improvements. Those improve-
ments further drive up the project costs and
blur the lines between preservation and
capacity. In including costs of major items

such as pavement rehabilitation, the “need”
forecast is expected to be tempered with
sound judgment that rationally identifies a
realistic amount of rehabilitation that can be
accommodated in the horizon period. As

with many other elements of transportation
planning, a balance of technical analysis and
executive judgment are evident in the “need”
estimates reviewed for this report.

Addressing Outliers

As has been mentioned, the Sustainability Index
and Ratios are proposed to be planning, program-

ming, communication and long-term budgeting
tools. As such, they represent generalized models.
They are not intended to possess the detail needed
to satisfy short-term accounting reports or engi-
neering estimates.

Also, the ratios and index are intended to address
the typical types of infrastructure assets that
transportation departments manage and not to
address all assets. Outliers exist that need to be
addressed separately. These outliers could include
the maintenance, preservation and repair/replace-
ment costs of items such as aged, high-cost unique
bridges, or the repair of pavements in very high-
volume highways, or the replacement of structures
under very-high traffic volumes. These types of
assets can have much higher-than-average costs
that skew the basic unit costs used in these
calculations. For instance, historically significant
major bridges have unigue costs that do not lend

Figure 10. Kentucky’s Charles Roebling suspension
bridge is an example of a unique asset.
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themselves to be generalized in the standardized
unit costs used in the calculations of this report.

One typical way to address this issue is to
separately categorize and plan for these high cost
facilities as a separate class of assets. States have
grouped their unique and high-cost bridges and
planned for them separately. Each such unique
structure generally requires a more detailed
engineering analysis to determine its preservation
needs and costs for a long horizon, such as

10 years. By categorizing these structures and
assessing them individually a more accurate
planning estimate for their investment can be
developed. Generally, they represent a small
percentage of a highway agency’s overall bridge
inventory so that analyzing them separately

does not represent additional effort beyond

what is normally conducted to monitor such
prominent assets.
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Private Sector Precedents

State Departments of Transportation face increas-
ing demands from the public, the media and from
legislators to document their performance. Major
calls for a performance-based Federal-aid highway
program have come from the Government
Accountability Office, the National Surface Trans-
portation Policy and Revenue Study Commission,
the American Association of State Highway and
Transportation Officials (AASHTO) and from the
Federal Highway Administration (FHWA.)

State and Federal transportation agencies generally
embrace these calls for greater accountability and a
significant number of State transportation agencies
produce extensive performance metrics. Collective-
ly, however, it has been a complex undertaking to
find measures that all the State agencies agree
upon, and which are uniformly available across all
50 States, the District of Columbia and Puerto Rico.

Although performance measurement is becoming
common among State transportation departments,
it has been a long-standing practice in the private
sector. The lessons of the private sector indicate
that measures such as the Asset Sustainability Index
play an important performance-measurement role,
particularly for capital-intensive organizations.

A basic business-finance textbook would include
numerous capital-investment metrics that are
commonly used to evaluate the health, or sustain-
ability, of a publicly traded company.

These would include metrics such as the Repair and
Maintenance Ratio. This metric is directly analogous
to the ASI in that it is derived by calculating:

Repairs and Maintenance _ Repair and Maintenance
Fixed Assets Ratio

In this calculation the expenditures for repairs and
maintenance are tracked over time and compared

to the value of the company’s fixed assets, such

as buildings, assembly lines or key assets such as
railways for a railroad. Failure to invest adequately
in this type of critical equipment will lead to future
financial liability as unaddressed repairs accumulate
creating higher future costs. In addition, the “book
value” of the company declines because its assets
are degraded and financially less valuable. Third,
the reliability of the company decreases with aging
infrastructure. In short, the Repair and Maintenance
Ratio would be a common metric for a private-
sector business.

Similarly, a Maintenance and Repair Index would roll
up or combine several categories of asset types. A
Repair and Maintenance Ratio could be calculated
for various categories such as buildings, rolling
stock, manufacturing equipment, foundries or other
asset types. This index could include calculations
such as:

Labor, Equipment
to Maintain Assets

Total Labor and
Equipment Costs

- Maintanence and
Repair index

Tracked over time the Maintenance and Repair
Index could provide insight in at least three areas.
First, if maintenance costs continue to rise, it

can indicate that aging equipment is consuming
disproportionate resources. A lack of adequate
investment could indicate future performance
problems. Third, the index could indicate that
certain assets within the company are not
receiving adequate maintenance.

Several types of Fixed Asset Ratios are commonly
used in private sector finance with each ratio
providing different types of insight. When

the value of fixed assets is divided by debt, the
ratio provides insight into whether the company
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has incurred excessive debt to sustain its
fixed assets.

Fixed Assets
Short or Long-term Debt

— Fixed Assets to
Debt Ratio

Another calculation indicates whether the
company’s fixed assets are increasing or
decreasing compared to the company’s
net equity.

Fixed Assets

: = Fixed Asset Ratio
Net Equity

A change over time in this ratio could indicate
whether the important physical assets of a com-
pany are increasing or decreasing. By itself, this
change may not be of concern unless it indicates
that the company has too much capital tied up in
illiquid physical assets.

The Class | railroads provide an analogous reporting
example to transportation departments. Like
transportation departments, railroads are capital
intensive and their primary product is to provide
mobility. While transportation departments are
under scrutiny from the public and legislators, the
railroads are under intense public scrutiny from
investors, who are provided significant disclosure
by reporting requirements of the Securities and
Exchange Commission. (SEC) Railroads and other
publicly traded companies must provide annual
reports and other disclosures that allow investors to
understand the performance of the company, and

how it invests the company’s resources, which are
actually owned by the millions of shareholders.

For railroads, performance data necessary to
calculate asset investment measures are reported.
For instance in the 2010 annual report of the
Norfolk Southern Railroad, the degree and adequa-
cy of its capital investment are among the key
metrics presented.

The capital expenditures on track, railcars, locomo-
tives and other long-term assets grew 25 percent
over the preceding five years. They are predicted to
rise to $2.2 billion for 2011, which would be an 87
percent increase compared to 2006. The amount
spent on capital ranges between 80 percent and
120 percent of the company’s net income or profit.
The insight such metrics provide to investors is to
inform them whether the company is sustaining its
critical assets for long-term viability. On paper, the
company could nearly double its net income or
profits in the short-term by cutting its capital
investments. However, such a short-term move
would not translate into higher stock prices
because investors could see that the long-term
viability of the company was sacrificed. The condi-
tion of track, locomotives, switches, dispatching
computers and radios are key components of rail’s
reliability. Without high reliability ratios, the railroad
would lose market share to trucking or other com-
petitors. In short, the adequacy of capital invest-
ment to ensure their long-term viability is a key
railroad performance metric valued by investors.

Norfolk Southern breaks down its capital invest-
ments to provide important granularity for stock
analysts and investors. These expenditures include
both capital investments and maintenance activi-
ties such as maintaining the rail surfaces, replacing
ties and investing in rolling stock. For instance,
the railroad has the following miles of track:

(See Table 4).

Norfolk Southern RR assets and capital expenditures.

Total Assets $28,199 $27,369 | $26,297 | $26,144 $26,028
Operating Revenues $9,516 $7,969 $10,661 $9,432 $9,407
Net Income $1,496 $1,034 $1,716 $1,464 $1,481
Capital Expenditures $2,200* $1,470 $1,299 $1,558 $1,341 $1,178

*estimated
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Source: 2010 NSF RR annual report (all figures are in millions)



It reports its maintenance and investments on these
railways to be: (see Table 5).

As can be seen, an average of 5,000 miles of track
are resurfaced annually. Resurfacing consists of
maintaining and adjusting rails and ties to be level
and parallel which prevents derailments and other
problems. A steady and predictable amount of
preservation and maintenance of track surface and
ties is regularly set aside from the company’s
finances. With 36,349 miles of track, 9,121 are for
very low-speed switching yards, while another
27,220 are for mainline and sidings. Of those, the
more than 5,000 miles of resurfacing annually
means that every mainline mile would be
resurfaced approximately every 5.1 years.

These indicate that while its rolling stock is aging
from the 2006 averages, it is retiring old locomo-
tives sooner and getting them out of service. With
the railroad consuming 440 million gallons of diesel
fuel, the efficiency of locomotives is a significant
expense.

In 2009, famous investor Warren Buffet of the
Berkshire Hathaway, Inc. holding company made
the largest single investment ever for the company

when he purchased the outstanding shares of BNSF
Railway for $34 billion. In his annual letter to share-
holders in 2010, Buffet said he was attracted to
BNSF as a long-term investment because of likely
long-term economic growth that will increase
freight volume, of which BNSF moves approximate-
ly 11 percent of all intercity ton miles. He also noted
that the BNSF will remain profitable and attractive
if Berkshire Hathaway continues the substantial
infrastructure investment in BNSF that has made
the company successful in recent decades. He
referred to the “social compact” Berkshire Hatha-
way has with society to continue sustaining the
infrastructure of this important railroad, and other
holdings such as its utility companies.

“All of this adds up to a huge responsibility,” he
wrote in his shareholders letter. “We are a major
and essential part of the American economy’s
circulatory system, obliged to constantly maintain
and improve our 23,000 miles of track along with
its ancillary bridges, tunnels, engines and cars. In
carrying out this job, we must anticipate society’s
needs, not merely react to them. Fulfilling our
societal obligation, we will regularly spend far more
than our depreciation, with this excess amounting
to $2 billion in 2011. I'm confident we will earn
appropriate returns on our huge incremental
investments. Wise regulation and wise investment

NSC track mileage. are two sides of the same coin.”
In its final company annual report before being
20,183 4,663 2382 9,121 36,349 pought by Berksh|re H:?\thaway, BNSF re-po.rt-ed that
its total capital expenditures had risen significantly
over the past five years, result-
NSC maintenance targets. ing in unprecedented system
efficiencies (see Table 7 on
next page).
Track miles
. 422 434 459 401 327
installed Like Norfolk Southern, it
Track miles reported consistently growing
resurfaced D SpelSE SA0) SO 1 investments in basic capital
New repair and maintenance includ-
crossties 2,600,000 2,700,000 = 2,700,000 2,700,000 2,700,000 | Ing:(see Table 8 on next page).
installed

NSC rolling stock metrics.

Freight Cars 31.0 30.3 29.9 30.1
Locomotives 20.5 19.9 18.9 18.1
Retired Locomotives 28.4 31.2 34.4 30.0

The degree of investment over

time by railroads is reported
as one of the major metrics by stock
analysts, including the Morningstar
service. As seen in Figure 11 (see page

30.0 19), the overall capital spending on track
17.7 and equipment for Norfolk Southern,
250 CSX railroad and Canadian National

has steadily increased.
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BNSF financial metrics.

Revenues $18,018 | $15,802 | $14,985 | $12,987 | $10,946

Net Income $2,115 $1,829 $1,889 $1,534 $805

Total Assets $36,403 | $33,583 | $31,797 | $30,436 | $29,023

Capital Expenditures $2,800* | $2,175 $2.248 $2.014 $1,750 $1,527

*estimated Source: BNSF 2008 annual report

BNSF capital investments.

Rail $429 $376 $304
Ties $358 $316 $3M
Surfacing $230 $235 $214
Signals, bridges, right of way improvements $544 $432 $397
Total Engineering $1,561 $1,359 | $1,226
Mechanical $168 $141 $152
Other $133 $105 $121
Total Replacement Capital $1,882 | $1,605 | $1,499
Information Services $83 $75 $65
New locomotive, freight cars* $8 - -
Terminal and line expansion $222 $568 $450
Total $2,175 | $2,248 | $2,014

(all figures in thousands)

* (leasing and other acquisition strategies reduce this capital item)

The private sector’s use of performance metrics
significantly predates their use in the public sector
and generations of private-sector authors have
critiqued the value of various performance metrics.
In 1991, the Balanced Scorecard was proposed by
two authors (Norton and Kaplan) as a way to
improve managers’ decision making. The Balanced
Scorecard addresses the need to balance competing
objectives whenever decisions are made, or when
performance metrics are reviewed. For instance, a
company wants to be profitable but not to the point
that it overcharges customers and cuts quality,
which long-term would endanger the firm’s success.
The Balanced Scorecard provides managers with
sets of performance metrics that allow them to

18 | Chapter 2: Private Sector Precedents

balance competing interests and to “chose a happy
medium” between competing objectives.

Measures such as the ASI and its related ratios
would have private sector analogies within a Bal-
anced Scorecard approach. Four major areas of
performance are reviewed and considered within a
Balance Scorecard including financial performance,
internal process performance, learning and growth
and customer satisfaction. An organization would
need to balance performance within all four areas,
and not just one or two of them, to be successful for
the long term. For instance in an infrastructure
analogy, a performance measure from the Interna-
tional Roughness Index would be very important
from the customer perspective because the perfor-
mance measure directly relates to ride quality.
However, from a long-term Transportation Asset



Select Class | Capital Spending Increases
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Figure 11. Class | capital investment growth.

Management approach focusing maintenance
strategies only on IRl can lead to lack of focus on
strategies such as preventive maintenance, rehabili-
tation or reconstruction. Over time, a focus only on
IRI does not necessarily lead to the lowest-lifecycle-
cost approach which is a critical financial perfor-
mance metric.

The financial metrics often used in a Balanced
Scorecard relate to short-term issues such as
company profitability but also to long-term issues
such as financial sustainability. An Asset Sustain-
ability Index directly relates to such long-term
financial health metrics. Metrics that only evaluate
current and past pavement or bridge conditions are
inherently lagging metrics. An Asset Sustainability
Index is a leading index and provides insight into
likely future outcomes of current decisions.

The Balanced Scorecard has some similarities to the
Triple Bottom Line approach. It originated in the
1990s and addressed measuring organizational
performance based on “profits, people and planet.”
For a private sector organization, it would mean
measuring the company’s profitability but also its
impact on its community and employees, as well as
its impact environmentally. Some public-sector
organizations have adopted the triple bottom line
by measuring their impact environmentally, upon
communities and by measuring their long-term
fiscal sustainability. An organization that is not
financially sustainable creates future liability for its
stakeholders. Measures such as the ASI and ASR
lend insight into the long-term sustainability of
asset investment.

Lifecyca

Caosts, Cosl satisfaction with

Effectiveness - infrasiuctura

Optimal

Strategies

Internal
ocEss
eficiencies

Continuous
Improvamant
matrics

Figure 12. The Balanced Scorecard.

Summary

Mature performance management systems such as
those used by railroads include asset-investment
metrics analogous to the Asset Sustainability Index.
Also, advancements in performance measurement
systems such as the Balanced Scorecard and Triple
Bottom line focus upon fiscal sustainability as a key
consideration. As U.S. highway agency performance
measurement matures, measures such as the ASI
can help them evaluate not only short-term, lagging
performance, but can also provide them a leading
indicator of likely future performance.
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International Precedents

The preceding sections describe the Asset
Sustainability Index and illustrate its precedents in
the private sector. The following section describes
several international examples of precedents for an
ASI. It examines in particular how in Australia a very
similar Asset Sustainability Ratio was implemented
in 2010.

The three Australian States of Queensland, Victoria
and New South Wales have been known for more
than a decade for their TAM practices. Those
practices gradually expanded to include elements
of long-term financial sustainability. While the
concept of long-term financial sustainability is not
widely discussed in the United States, it is in Austra-
lian government circles. Former Australian Prime
Minister Kevin Rudd in a 2008 address to the newly
formed Australian Council of Local Governments
(ACLG) urged a discussion about infrastructure
needs that was based upon long-term asset man-
agement plans developed in concert with long-term
financial sustainability plans. The Prime Minister
indicated that such a discussion was not possible at
that time because of inconsistent financial reporting
processes among the local governments. National
guidelines for such reporting would enhance nation-
al understanding of infrastructure needs by:

D Ensuring a consistent approach to asset
management and financial reporting is
implemented for all governments

D Enable a consistent picture of the financial
position of local and State governments—
including their asset management
responsibilities

D Provide the basis for a discussion about
best practice in State and local government
financial and asset management planning.

Several of the typical statutes, accounting
standards and reports that illustrate the evolving

concepts of asset sustainability reporting in
Australia are summarized below. These references
are not exhaustive, but rather illustrative, of the
evolving Australian practices.

Queensland Infrastructure Sustainability Reporting
Requirements

The Queensland (Australia) Local Government

Act of 2009 advances earlier State-required infra-
structure reporting statutes to include reports of
whether local governments are investing sufficient
amounts in infrastructure to ensure their financial
sustainability for future generations. As the Act
says in Part 3 Section 101:

“(1) To ensure that local governments are
financially sustainable, each local government
must implement systems to meet the following
financial sustainability criteria—
(a) financial risks are to be managed
prudently;
(b) financial policies are to be formulated—
(i) to ensure a reasonable degree of
equity, stability and predictability; and
(ii) so that current services, facilities and
activities are financed by the current
users of the services, facilities and
activities; and
(iii) having regard to the effect of the
policies on the future users of services,
facilities and activities;
(c) full, accurate and timely information
about the local government’s finances and
infrastructure ... is to be made available to the
public on the local government’s website.
(2) A local government is financially sustainable
if the local government is able to maintain its
financial capital and infrastructure capital over
the long term.”

The State statute requires that the local govern-
ments develop a 10-year financial forecast that
complements a 10-year asset management plan.
The agencies’ budgets and financial plans must
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include reports of capital expenditures and whether
they balance with asset depreciation charges. The
decline or change in asset conditions is to be
reported on balance sheets and compared against
the levels of infrastructure investment. Such report-
ing provides transparency as to the long-term
sustainability of each government’s assets, includ-
ing highway assets. Also, an annual report as to the
implementation of the plans is required.

The Queensland Department of Local Government
and Planning’s implementation guidelines stress
that the State now considers long-term sustainabil-
ity of assets to be an important component of
determining the health of governments.?

“The existence of asset management plans for key
infrastructure assets is a necessary predecessor to
local governments having a comprehensive long-
term financial plan that supports planning and
decision-making processes,” it states. “This long-
term planning for the infrastructure assets allows
councils to understand the future financial com-
mitments, and to develop strategies that address
key strategic issues such as the local government’s
approach to service provision and service levels,
its debt borrowing policy and revenue policy—
including its rating methodology. A local govern-
ment needs to clearly understand what its future
commitments are in order to prepare budgets

properly.”

Figure 13. Sunshine Coast short-term, medium-term and long-term metrics.
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The Australian city of

medium and long-
term metrics to
ensure sustainability.

It notes that the emphasis of the Local Government
Act is to shift financial planning and discussion from
the short term to the long term. “The long-term
financial forecasts rely on a clear perspective of the
long-term infrastructure funding needs of the local
government, including maintenance, operations and
infrastructure renewals. Without this, a long-term
financial forecast for a local government is
indicative at best.”

The guidelines go on to say that the concept of
asset sustainability is still emerging but that the
2009 statutes puts in place processes to make it
a standard part of the State’s governance of
infrastructure planning. Inherent in the process of
sustainability is the need to develop meaningful,
goal-driven asset management plans. The guide-
lines go on to say:

“Local governments should look to ensure that:

D Asset management plans are in place, and that
the councilors have considered the services,
service levels, costs and risks associated with
the services offered

D The financial forecasts associated with the
assets have been linked to a long-term finan-
cial forecast (very few local governments in
Queensland have done this to date)

D The local government consistently reviews
its operations, looking for more efficient
ways of delivering the service.

Financial sustainability is
about local governments
being able to maintain their

Sunshine Coast uses rmstruct ol and
this graphic o |r_1 ras _ruc urg capital an

\ain | h financial capital over the long-
expiain its s ﬂﬂ, term. ... The essence of the

new Local Government Act
2009 is achieving financial
sustainability and improving
planning in the long-term.”

As noted in the second bullet
above, the development of
long-term financial infrastruc-
ture indicators is a work in
progress. As the act was only
implemented in 2009, not all
governments have refined the
required reports. Of those that
did, not all were completed in



comparable ways that allow cross-jurisdiction
comparisons.* However, the implementation
of the 2009 act has begun the process of
measuring the long-term fiscal sustainability
of infrastructure assets in Queensland and
some early examples of these reports are
listed below.

In its first annual report after enactment of the
2009 Act, the Queensland Department of Infra-
structure and Planning published an analysis of
the local governments’ assessment of their overall
sustainability, including for highway infrastructure.
As a work in progress, the department noted that
long-term highway and other forecasts were
largely “indicative” and not definitive because of a
lack of consistency and completeness in the asset
management plans of agencies, particularly smaller
ones. The first year assessment indicated that
most local governments were able to prepare
long-term financial forecasts and develop financial
strategies. However, the asset management plans
were not fully sufficient to link them to the finan-
cial strategies.

The local governments were investing significant
sums into infrastructure renewal and preservation
but most were predicting a decline in such invest-
ments in the later years of the 2009-2019 period.
The Department of Infrastructure and Planning
said it was not yet possible to determine that all
the local governments are sustainable because

of the lack of adequate asset management plans.
It would consider a local government to be
sustainable if it:

D Has long-term asset management plans

D Has linked these plans to its long-term
financial forecasts

D Can manage the financial implications
in the long-term.

The lack of complete, long-term asset management
plans was the most common hurdle yet to be
overcome. The Department noted that the emphasis
is to be on maintaining service capacity of assets
into the long-term and that there is a significant
difference between measuring current infrastructure
conditions and ensuring their long-term perfor-
mance. The assessment of current conditions pro-
vides a “point in time” indicator but that the future
assurance of infrastructure adequacy is dependent
upon a sound long-term asset management plan

tied credibly to a long-term financial plan. The
Queensland framework allows for analysis of a
number of indicators of a community’s health. The
analytics are similar to those that a stock analyst
would review for a publicly traded company to
assess the company’s worthiness as an investment
candidate. The Queensland analysis looks at issues
such as the community’s financial reserves, its
working capital and its debt-coverage ratios.

Similar metrics are applied to the infrastructure,
among them:

D An Asset Sustainability Ratio
D An Asset Consumption Ratio
D Asset Renewal Funding Ratio

The Asset Sustainability Ratio is defined in
Queensland as the capital expenditure on the
replacement of assets (renewals) divided by
depreciation expense.

Capital Expenses on Renewal of Assets
Depreciation of Assets

It is expressed as a percentage. It is an approxima-
tion of the extent to which the infrastructure assets
managed by the local government are being
replaced as they reach the end of their useful lives.
The depreciation expense represents an estimate of
the extent to which the infrastructure assets have
been consumed in a period. Capital expenditure on
renewals (replacing assets that the government
already has) is an indicator of the extent to which
the infrastructure assets are being replaced as they
reach the end of their useful life.

The Asset Consumption Ratio is the value of
infrastructure assets divided by gross current
replacement cost of infrastructure assets.

Current Value of Assets
Replacement Cost of Assets

It is expressed as a percentage. This ratio shows the
current value of a government’s depreciable assets
relative to their “as new value” in current prices.
This ratio seeks to highlight the aged condition

of the stock of physical assets.
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The Asset Renewal Funding Ratio is the net present
value of the planned capital expenditures on renew-
als over 10 years divided by the net present value of
the required capital expenditures on renewals over
the same period.

NPV of Capital Invested Over 10 Years
Needed Investment to Sustain Assets

It is expressed as a percent and it represents the
extent to which the required capital expenditures
on renewals per the asset management plans have
been incorporated into the 10-year financial model
of the local government.

This initial year’s analysis indicates that for the 49
local governments reporting that for the early years
of the first forecast period they appear to be invest-
ing sufficient sums in infrastructure to offset the
depreciation, or deterioration, expected. The sums
reported below in Table 9 are for all infrastructure
including highways, buildings, water supplies,
drainage systems and retaining walls. For roads
and transport networks the reports indicate the
2009/2010 investment in “renewals” were $908
million ($AUS) compared to depreciation of $621
million ($AUS.) An additional $1 billion was invested
in new or upgraded roadways. Superficially, those
numbers indicate that sufficient amounts are
invested to offset depreciation. Although initially
promising, the Department of Infrastructure and
Local Government reports several caveats of
concern. First, is that the asset management plans
were not adequate to determine if the current level
of investment will be sufficient to address future
deterioration. Second, the amount of new construc-
tion appears to be unsustainable and will lead to
new roadways that will require higher levels of
future maintenance. Third, the future year forecasts
indicate declining levels of investment in renewals
that could indicate that current levels of renewal
investment cannot be sustained. As noted, the
Asset Sustainability Ratio falls from a high of 1.66
to .98. That equates to current expenditures being
66 percent higher than necessary to counteract

depreciation while future expenditures fall to only
.98 percent of necessary amounts in the 2018/19
period. The report stresses that one-year’s funding,
such as 2018/19, should not be considered indica-
tive of a long-term trend. However, the declining
levels of investment, combined with the high level
of new construction and the inadequacy of the
asset management plans caused the Department to
caution that long-term infrastructure sustainability
is not assured in Queensland.

Two of the larger cities in Queensland published
draft or final community financial plans that include
these new asset indicators. The new reports provide
long-term insight into the expected infrastructure
investment levels and how those levels will contrib-
ute to long-term asset conditions. The cities have
completed, or are drafting, the long-term fiscal
sustainability plans as well as their long-term asset
management plans. The updates to city councils
and to the public indicate that the exercises require
them to focus upon their rates of asset depreciation
and deterioration and to consider whether they
have the financial capacity to offset the expected
deterioration. For instance, the city of Sunshine
Coast notes in its draft Financial Sustainability Plan
2010 to 2020 that it is not presently meeting its
asset sustainability ratio targets but through long-
term budgeting it is planning to achieve them
starting in 2015. Table 10 from the Sunshine Coast
City Council Draft Financial Sustainability Plan
illustrates its use of these new metrics. Its short-
term metrics such as Cash Liquidity reflect the city’s
short-term financial health. While long-term, it is
now relying on the asset-investment indicators to
improve its long-term perspective.

In Table 10 (see page 26), it reports its first estima-
tion of its long-term asset indicators, as well as
other indicators of long-term financial health. As
can be seen, its initial forecast for its Asset Sustain-
ability Ratio ranges from 76 percent to 60 percent,
while its target is 90 percent . In its narrative, it
notes this performance will require attention and
that the city hopes in future budgets beginning in
2015 to increase its infrastructure renewal invest-
ment to meet the 90 percent target.

Queensland asset investment indicators.

166.5%
74.3%

Asset Sustainability Ratio

Asset Consumption Ratio
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98.0%
70.5%

115.3%
73.1%

-68.5%
-3.9%



The advancement in public reporting represented
by these statements are several. First, they are
intended to be much clearer to an average person
than would be traditional accounting or engineering
reports. Although they are expressed in somewhat
technical terms, the reports come with glossaries
and definitions to explain their meaning to a lay
person. For instance, in Table 10, the Operating
Surplus Ratio measures the available cash once
operating expenses are met. As seen, the city has
currently and expects to have in the future little in
the way of excess cash beyond what is needed for
currently identified costs. However, its debt ratios
are reasonable and its net financial liabilities are
well below its target. These indicate that it could
increase borrowing in the future. The Asset Con-
sumption Ratio indicates that depreciation will be
expected to outpace investment. The Asset Sus-
tainability Ratio shows that with current long-term
planned expenditures that its investment in asset
renewal could fall to as much as 30 percent below
target levels. However, the city has a very high
target of 90 percent . That target means, in effect, it
wants 90 percent of infrastructure to have almost
“as new” value. Second, these reports provide a
long-term perspective missing from most financial
reports. Generally, financial reports cover two
budget years and do not provide insight into the
adequacy of long-term infrastructure investment.
Third, these financial reports illustrate specifically
the forecast for long-term infrastructure conditions.
Typical financial reports may indicate short-term
budgets for infrastructure but do not address
whether those budgets were adequate for long-
term sustainability of asset conditions.

The Queensland Bundaberg Regional Council
reports the following in its fiscal plan as seen in
Table 11 (see page 26).

The Asset Consumption Ratio basically indicates
the current, depreciated value of the infrastructure
compared to its new, as built cost. So in effect,

the city is spending enough over time to keep

the infrastructure, in effect, at between 79 percent
and 73 percent of it’s “as new” condition.

In Figure 14, the City of the Gold Coast depicts its
Asset Consumption Ratio in a slightly different
format. Again, however, the city is indicating that its
long-term infrastructure investment levels appear
to be adequate although it is expecting a steady
decline in its Asset Consumption performance but
within targeted levels.

Asset Valuation within Australian

Asset Management

The Transportation Asset Management practices in
Australia and New Zealand in the past decade also
have evolved to embrace what the Australians call
“asset valuation.” It is the subset of asset manage-
ment and auditing practices that captures the
long-term depreciated value of infrastructure
assets, such as highways. Asset valuation has now
become a standard part of the Australian and New
Zealand State highway TAM processes. Those
practices have been in place longer than they have
been for the local governments in Queensland but
they still continue to be an evolving work in prog-
ress for the State highway agencies.

City of Gold Coast Asset Consumption Ratio

90 4
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oc5B8888838
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Figure 14. Gold Coast Asset Consumption forecasts.
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The Austroads Guide to Asset Management includes
a Chapter 8 on Asset Valuation and Audit. Aus-
troads is the association of State and territorial
transportation agencies in Australia and the nation-
al transportation agency in New Zealand. It is similar
to the American Association of State Highway and
Transportation Officials (AASHTO) in the United
States. It helps set national standards, facilitates
peer interaction and conducts research on emerg-
ing issues.

Austroads published the Asset Valuation chapter,
which is intended to complement national and State
efforts to refine the valuation process among the
State and territorial highway agencies. It comple-
ments also the Australian Infrastructure Financial
Management Guidelines published by the Institute
of Public Works Engineering Australia (IPWEA) and
the standards of the Australian Accounting Stan-
dards Board (AASB.)

In concept and practice, the Chapter 8 Asset Valua-
tion and Audit guidelines are similar to the concepts
and practices described in the Queensland Local
Government Act. Because of the similarities, the
details of the Austroads asset valuation guidelines
will not be restated. However, the key additional
concepts are added here.

Austroads notes that “sustainability” has evolved a
new meaning in recent years to embrace environ-
mental, social and economic prosperity, or a Triple
Bottom Line. The 20-year focus of both asset
management plans and infrastructure financial
plans are intended to ensure that public agencies
today do not consume the benefits necessary to
sustain future generations. These benefits extend
to the economic benefits or economic value of
highway infrastructure. Sustainability only is
achieved if the infrastructure is managed today

to ensure that extraordinary expenditures are

not necessary in the future to provide future users
the economic benefits of a sound transportation
system. In effect, investing adequately today to
protect the needs of future users is the essence

of infrastructure sustainability.

“If the Agency’s long-term finances are sustainable,
then disruptive tax increases or spending cuts can
be avoided, the taxation burden will be fairly shared
between current and future taxpayers and the
stability or predictability of government taxes and
charges will not be at risk,” the guidelines notes.*

The guidelines also reflect another evolution, that of
transparency to lay readers of financial documents.
The guidelines note that agencies should produce
financial reports so that they are understandable to
readers with only a general understanding of
business, economics or accounting. Also, the infor-
mation should be relevant for decision making. In
particular, it should be comparable so that trends
over time or trends with other agencies can be
compared. In short, the financial documents are
intended to evolve and to serve a broad public
analysis and budgeting function, rather than a
strictly perfunctory administrative requirement.

Two of the essential concepts are the capturing of
“useful life” and “economic life” of assets. Presently,
data bases such as the U.S. National Bridge Inven-
tory report on the number, size and condition of
bridges. From the conditions of the bridge some
inference into the “useful life” or the “economic life”
of the bridges can be made. Bridges with a struc-
tural deficiency rating of a 3 or a 4 clearly would
have shorter useful or economic lives than a bridge
rated a 9. The Austroads guidelines and other
Australian asset valuation efforts seek to quantify
and summarize the useful and economic life in a
clear fashion. In short, if a new bridge at a given
location would be valued at $1 million but the
existing bridge at that location is deteriorated and
only valued at $100,000, then clearly the existing
bridge has less value to the public than a new
bridge. If proper repair and maintenance that costs
$200,000 can make the bridge function like a
newer bridge, then the investment clearly increases
the value of the public’s assets. Using proper main-
tenance and repair to leave future generations with
a higher-valued set of assets is among the key
objectives of the asset valuation process.

The useful life is defined as the period over which
the asset is expected to provide services. The
economic life is the period until the asset ceases to
be the lowest-cost alternative to meet the required
level of service. An example would be a pavement
that has severely deteriorated so that it no longer
provides an acceptable ride. If the pavement is so
deteriorated that resurfacings and other less-com-
plex treatments cannot restore its level of service
for an acceptable period, it has an economic life of
zero. The pavement still exists but its condition is so
poor that only an essentially new pavement could
provide an adequate level of service for an accept-
able cost.
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A similar metric that the financial reporting guide-
lines describe is that of “impairment.” An asset is
impaired when its reported value is less than the
benefits recovered by the use or sale of the asset.
Assets become impaired when they are physically
damaged or obsolete.

As with the Queensland guidelines, the Austroads
guidelines spend considerable effort describing

depreciation of assets. Once the full depreciation of

an asset is documented, the value of the agency’s
assets can be compared to its liabilities and the
overall financial health of the organization can be
determined. A simple test in the private sector of a
business’s health is to divide its non-current assets
by its non-current liabilities, such as dividing the
value of its physical plant by its long-term debts
such as bonds.

Although couched in financial terms, the guidelines
are intended to provide insight into important
public policy and public budgeting concerns. These
financial ratios are actually performance measures
that can be used to judge the health of the infra-
structure, the performance of the agency and the
performance of the overall government’s mainte-
nance of its infrastructure. The “end game” of the
Austroads financial guidelines is to allow the mea-
surement of individual assets, the measurement of
the agencies that manage the assets and the mea-
surement of the overall government’s long-term
approach to managing its entire network of assets.

The various financial metrics can be boiled down to
several key ones similar to those used in
Queensland. These include:

D Asset Consumption Ratio—The average
proportion of “as new” condition left in the
assets. It shows the depreciated replacement
costs of an agency’s depreciable assets relative
to their “as new” replacement value.

D Future Renewal Funding Ratio—The ratio of
asset replacement funding relative to the
capital renewal expenditure identified in the
asset management plan. Both the actual
replacement funding and the needs identified
in the asset management plan are brought
back to net present value. (NPV).

D Asset Sustainability Ratio—As used in
Queensland, it is the current expenditure on
asset renewal relative to the depreciation of
the assets over that time. (Asset preservation
and renewal expenditures divided by the
needed level of expenditure.) It measures
whether assets are being replaced at the rate
at which they are wearing out.

Figure 15 illustrates the actual 2009 and 2010 asset
values for Bundaberg, Australia, with forecasts
through 2019. This asset valuation analysis is
intended to indicate whether the infrastructure
investment practices increase or decrease the
community’s infrastructure “equity.”

Asset Value of Bundaberg Australia
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Figure 15. Asset values in Bundaberg.
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Since the mid-2000s, the United Kingdom and its
local governments have refined their roadway asset
valuation processes, with some similarities and
differences from the Australian practices. Like with
the Queensland example, the UK examples hold
relevance for the United States in that the central
agencies have developed guidance attempting to
standardize asset valuation among many different
governments. The intent is to allow benchmarking
and comparability, much as is being discussed in
the United States. The UK has many similarities to
the U.S. governance structure. Obviously, both are
industrialized democracies but beyond that the

UK has a central government that works as both

a “coach” and an “umpire” for many local govern-
ments in carrying out central policy. In addition,
Scotland, Wales and Northern Ireland have consid-
erable autonomy. Therefore, the English Depart-
ment for Transport (DfT) sets policy for English
highways but not necessarily for Scottish, Welsh

or Northern Ireland highways. However, the local
governments across Scotland, Wales and England
have cooperated on some voluntary asset valuation
standards, such as the Guidance Document for
Highway Infrastructure Asset Valuation produced
by the County Surveyors Society/TAG Asset Man-
agement Working Group in 2005. That organization
has since changed its name to ADEPT, the Associa-
tion of Directors of the Environment, Economy,
Planning and Transport. The local government
benchmarking and cooperation is similar to what
occurs between U.S. States through AASHTO.

As in Queensland and as with the U.S. GASB 34
requirements, the British valuation guidance for
local governments emphasizes that asset valuation
is about accountability and transparency in support
of sound infrastructure policy. It says in part:

“A fundamental component of long term planning
is to ensure the asset base is preserved and
replenished in a sustainable way without imposing
an undue financial burden on future generations.
The preservation of the asset base can be mea-
sured and monitored over time using a robust
asset valuation procedure that provides a true
and fair value of the assets.”

It defines asset valuation as the calculation in terms
of monetary value of a government’s physical
assets. It allows the estimating of the “consump-
tion” of a society’s physical assets over time and
compares that consumption with the renewal and
replacement of assets. It notes that the main drivers
for asset valuation are:

1. To emphasize the need to preserve the high-
way infrastructure by placing a monetary
value on highway infrastructure assets.

2. To demonstrate asset stewardship by
monitoring the Asset Value over time.

3. To promote greater accountability, transpar-
ency and improved stewardship of public
finances.

4. To support Highway Asset Management.

The guidance notes that the mere assigning of
monetary value to highway assets casts them as

an important public asset worthy of preservation.
The long-term reporting of the value of the public’s
assets is an important mechanism for demonstrat-
ing stewardship. Monitoring how the value of
highway infrastructure is rising or falling indicates if
costs are being unduly passed on to future genera-
tions. It also provides compelling arguments for
sound asset management and sufficient investment.
As such, the asset valuation process can produce
important metrics that support Performance Man-
agement and other forms of public accountability.

By reporting upon changes in asset valuation,
overall depreciation and the improvement or
impairment of assets over time, the agency can
discern if its maintenance practices and investment
levels are sufficient to sustain the assets at targeted
levels. Analyzing the reasons for assets’ decline can
lead to improved maintenance practices, improved
asset treatments or improved investment levels.

“These programs of work influence the asset value,
i.e. the work program may maintain or increase the
asset value or, if it is not adequate, then the asset
value may decrease. Monitoring asset value over
time can therefore be used to demonstrate stew-
ardship of assets. This information provides an
important input to a business case for investing in
the maintenance and upkeep of public assets.”

The British guidance notes that asset valuation does
not succeed independently but is part of a suite of
sound practices that an agency should incorporate
including:

D Treat the assets in the “right way” reflecting
that they are part of a highway network and
operate together to provide the specified
levels of service for the network. This integrat-
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ed approach to asset management should be
reflected, where appropriate, in the procedure
used for highway infrastructure asset valuation.

D Reflect good engineering practice and support
the right investment choices for maintenance,
renewal and improvement works.

D Be sensitive to works that add or protect
asset value.

D Be consistent with, and be a component of,
the suite of processes used in highway Asset
Management such as Performance Measures,
prioritization, and whole life costing (lifecycle
costing.)

D Support decision making and long-term
investment planning by forming an important
element of the business case for funding the
upkeep of condition and performance of
the assets.

D Be relatively straightforward and operate
on data that is readily available or can be
collected with marginal effort.

In addition, it says tests of the adequacy of the
asset valuation process should be that it is reliable,

comparable and material. That it is should be free of

bias, comparable to analyses of past years or with
other agencies and that it focus upon the material
issues important to decision makers.

As with the Queensland and GASB processes, key
factors in asset valuation include the tracking of
depreciation, which is defined as the systematic
consumption of economic benefits. The benefits
inherent in the asset are consumed through use,
age, deterioration or obsolescence. Impairment is
the reduction in asset value due to a sudden or
expected decrease in condition, such as damage
caused by flooding or landslide.

As a method of supporting decision making, ensur-
ing accountability and measuring effectiveness, the
guidance recommends three major performance
measures. Again, they are similar to the Queensland
measures but illustrate different nuances of mea-
surement that provide different insights into
performance than those used in Queensland.

The three key measures are:

D Accumulated Asset Consumption (AAC)—
measures the proportion of the gross asset
value that has been consumed to date

DIn-year Asset Consumption (IAC)—measures
the proportion of asset value consumed during
the accounting period

DIn-year Asset Renewal (IAR)—measures the
proportion of asset value restored/renewed
during the accounting period.

Figure 16 represents an idealized Asset Consump-
tion indicator described in the British guidance.

Simplified Tracking of Asset Consumption
Versus Renewal

200

50

= Asset Consumption

Years

= fcset Renewal

Figure 16. An idealized example of asset consumption.
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It indicates that over 10 years, the rate of asset
consumption or deterioration is outpacing the rate
of asset renewal. The overall value of the agency’s
assets is declining and future users will incur higher
costs to restore conditions to the level of year 1. In
effect, current users are consuming the assets that
future users will need.
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=xample of a U.S. Pavement

Sustainability Ratio

Based on the concepts described in chapters 3,
Chapter 4 begins examining how an Asset Sustain-
ability Index could be built using existing U.S.
transportation agency data. The index as proposed
in this report is a composite of pavement, bridge
and maintenance condition data. This chapter
begins the analysis by examining the pavement
component of the index, which would be a Pave-
ment Sustainability Ratio. When that ratio is com-
bined with the Bridge Sustainability Ratio and the
Maintenance Sustainability Ratio, they would form
the Asset Sustainability Index as proposed. This
example uses pavement condition and expenditure
data from the Ohio, Utah and Minnesota Depart-
ments of Transportation.

Ohio Pavement Forecasts

The Ohio Department of Transportation (ODOT)
produces annual and multi-year reports that illus-

trate past, current and projected future pavement
conditions. The long timeframe of the Ohio DOT
reporting is intended to complement its long-stand-
ing policy of placing infrastructure preservation as
the central focus of its long-term budgeting. Catch
phrases for this emphasis have changed over the
years with such terms as sustaining a “steady state”
of acceptable infrastructure conditions to a “fix it
first” approach. The policy approach has been
supported by a reporting process that keeps the
agency focused on ensuring that its capital budget-
ing process, its project-selection decisions and its
maintenance practices work in concert to achieve
stable, long-term infrastructure conditions within
the constraints of available revenue.

Inherent in the ODOT infrastructure-management
process is a long planning horizon. As seen in
Figure 17 above, the agency looks at a nearly
20-year timeframe. The past years provide a trend

Ohio Priority Route Pavements

100%
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70%
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== Pavement Condition Rating  =——Target

Figure 17. Conditions on Ohio’s ‘priority system.’
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line of investment levels and resulting infrastructure
conditions that yield a solid analytical baseline for
future forecasts. By extrapolating from a long trend
line, the agency builds confidence in its pavement
deterioration curves and other inputs for its fore-
casts of future performance. By looking at least a
decade into the future for many of its major system
elements such as bridges and Priority System
pavements, it keeps the agency focused upon
substantive planning to ensure steady, long-term
conditions. As seen in Figures 17 and 18, the agency
has raised the target for Priority System pavement
conditions from 90 percent acceptable to

95 percent.

As seen in Figures 17 and 18, the agency has steadily
surpassed its system condition goals for its Priority
System. The Priority System in Ohio is similar to the
National Highway System and it includes the Inter-
state Highway System and most multi-lane, divided
routes. It consists of approximately 26 percent of
the State’s lane miles but handles 59 percent of the
total vehicle miles of travel and 77 percent of the
truck travel.® The State uses a Pavement Condition
Rating (PCR) in addition to the International Rough-
ness Index (IRl.) The PCR is derived from an exten-
sive visual survey of every route annually. The PCR
is collected by a central crew of raters to ensure
consistency. They measure more than 20 distresses
including several that are indicative of structural
pavement distresses such as reflective cracking,
alligator cracking, pumping on concrete or compos-
ite pavements or broken slabs in concrete or com-
posite pavements. The State also has compiled a
construction history for every major pavement
section, and it has a year-by-year history of past
treatments and rates of PCR change by segment.
This extensive history allows the department to
forecast future conditions based upon scheduled
treatments and each pavement’s deterioration
curve. The department has been stressing Asset
Management for the past decade and that has
contributed to substantial pavement condition
improvements. In the mid-1990s, nearly 20 percent
of the Priority System lane miles were below the
acceptable PCR threshold of 65 and had substantial
rates of annual degradation. As seen in Figure 18
below, the high deficiency volumes of the 1990s
were addressed and system conditions have consis-
tently surpassed the State’s targets. The forecasted
increase in deficiencies in the years after 2018 are
largely, but not wholly, attributable to the State’s
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forecasting methods. It forecasts conditions based
upon the treatments programmed in the Statewide
Transportation Improvement Program (STIP) as
reported in the department’s project-management
system called Ellis. Because projects are not pro-
grammed yet for the later years, the Ellis program
applies a deterioration curve to each pavement but
does not yet capture the expected pavement
treatments.

ODOT reports expenditure levels in a fashion
similar to that required by GASB, by some of the
international financial reporting processes and
similar to what is envisioned for the Asset Sustain-
ability Index. Although the details of the financial
expenditure processes have changed over the
years, the basic concept has been used for more
than a decade. As seen below in Table 12 from the
Department’s amended 2006-2007 Business Plan,
pavement expenditures were to rise from $457
million in 2005 to $516 million in 2015. The depart-
ment manages its pavements in three systems,
Priority, General and Urban. The Priority System
already has been described, while the General
System is basically the two-lane system outside of
city limits, which in the “Home Rule” State of Ohio
is the DOT’s responsibility. The Urban System is
basically State and U.S. routes within cities, which
in Ohio are a shared responsibility between the
State and local governments. As seen in the Table
12, the percentage of acceptable forecasted pave-
ment conditions for the three systems range from
a high of 98 percent for the Priority System in
2008 to a low of 90 percent for the Urban System
by 2015. The targets for PCR conditions on the
General and Urban Systems in 2006 were a

PCR of 55.

Table 12 also shows a forecasted financial shortfall
in needed pavement investment starting in 2011
and continuing through 2015. In the 2006 scenario,
ODOT was forecasting that within five years it
would experience a shortfall starting at $139 million
annually and rising to $198 million annually by 2015
if the conditions at that time continued. At that
time, the major contributory conditions included

a substantial increase in material costs which its
Business Plan in 2006 indicated had risen at an
overall rate of up to 12 percent a year. If those
prices continued to escalate, and if the Federal
highway apportionments remained virtually
unchanged through 2015 as was forecast at that
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time, the Department was warning the public and
policy makers of an $838 million gap between what
was available and what was needed financially to
meet its pavement targets.

The financial information and the pavement condi-
tion forecasts provided in 2006 allow the illustra-
tion of a Pavement Sustainability Ratio for Ohio for
this period of 2005-2015 as seen in Figure 19. It is a
calculation of the amount budgeted, divided by the
amount needed which results in the following as
shown in Figure 19. It illustrates that from 2005 to
2010, the level of investment is adequate to sustain
pavement conditions at ODOT’s targets. With
expenditures relatively flat and materials costs
forecast to rise, the Pavement Sustainability Index
falls from 1.0 - adequate - to .78, or 22 percent
below the amount necessary to provide stable,
sustainable pavement conditions. Commensurately,
a “Sustainability Gap” is illustrated on the secondary
vertical axis and represents a cumulative gap of
$838 million over the forecast period.

The Ohio DOT produces a long-term pavement
condition forecast and that is updated monthly
and updated its Business Plan for the 2008-2009
and 2010-2011 biennium to address the earlier
forecasts of impending pavement shortfalls.
Table 13 depicts the total pavement expenditures
for 2010 forecasted through 2017 as updated in
the 2010-2011 Business Plan. They illustrate that
ODOT increased pavement expenditures substan-
tially, by an average of $109 million annually from
2010-2017, with a commensurate closing of the
Sustainability Gap and the achievement of its
pavement targets.

Table 14, illustrates the amended spending plan for
2010 through 2017 which was adopted in 2010 to
address the under investment in pavements. As
seen in Table 14, spending rose by between $139
million in 2011 to as much as $296 million in 2017 to
fill the “sustainability gap” and to achieve the target
of an Pavement Sustainability Ratio of 1.0. The
calculation of the PSR and the computation of the
delta to close the gap illustrates clearly the degree
of additional investment necessary to sustain the
pavement assets at the targeted condition through
2017.In 2006, ODOT forecasted the gap that was
likely to occur if inflation continued as predicted. In
2010, when the effects of inflation had not dimin-
ished, ODOT increased pavement spending. If
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ODOT had been unable to redirect the resources
into the pavement program, the PSR would have
reported to policy makers the future consequences
of the underinvestment and the relative size of the
underinvestment.

The department balanced several ever-changing
variables to develop the updated 2008-2017
budget estimate and pavement forecast. It noted
that inflation continued to be a concern but that it
had subsided substantially, which reduced the
impacts of material costs that were experienced in
the earlier Business Plan. However, rising costs on
top of the already significant price increases of the
past years remains a substantial influence on the
pavement program. The Department also further
reduced its Major New Construction Program, or
the capacity-adding projects, in order to address
the pavement gap.

A positive mitigating factor has been the increased
service life Ohio has gotten from its pavements.
Rates of annual degradation of untreated pave-
ments have improved from a statewide average

of 3.3 PCR points annually in the 1990s to as low as
2.5 percent PCR declines in the early 2000s. The
difference equates to a 24 percent improvement in
the longevity of the average pavement. In an annual
pavement report, ODOT attributes improved
pavement performance to a number of strategies,
including tightened specifications, expanded
preventive maintenance and enhanced decision
making on treatment selection.

The granularity of the Ohio analysis allows for
drilling into the underlying conditions that influence
overall statewide pavement performance. This
ability to “drill down” would allow the creation of a
Pavement Sustainability Ratio for each district, each
county or for any other subdivision, such as the
highways within a Metropolitan Planning Organiza-
tion boundary. This granularity would allow an
ODOT District or the neighboring MPOs to report
on the PSR and total Asset Sustainability Index of
its region. With the magnitude of a PSR known,

the State, district or MPO could adopt long-range
programming and pavement preservation strate-
gies to sustain the pavement inventory.
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Ohio DOT Construction Inflation
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Figure 20. Construction inflation influenced investment needs.

Utah Pavement Sustainability
Ratio Computation

In another example, the report generates a
Pavement Sustainability Ratio using data from
the Utah Department of Transportation (UDOT).

UDOT is considered to be one of the agencies
with leading asset management processes and
practices. As such, it provides the type of sophisti-
cated long-term asset management forecast
necessary to generate a credible Pavement Sus-
tainability Ratio. The agency has a mature asset
management approach that includes systematic
and cost-effective maintenance, preservation,
rehabilitation and operation of its physical assets.
The UDOT Transportation Asset Management
(TAM) approach tries to efficiently balance budget
constraints, national issues, environmental priori-
ties and public expectations in aligning its prac-
tices and applying asset management principles.
With approximately 6775 center lane miles (CLM)
of roadway network to manage, the agency has
successfully combined engineering, economics and
sound financial planning with sound business
practices in its decision-making.

To efficiently prioritize and manage its network the
DOT has categorized the road network into four
tiers based on the Annual Average Daily Traffic
(AADT).

The four tiers/categories are:
D Interstate Highways

D Level 1NHS > 2,000 AADT
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D Level TNon NHS > 2,000 AADT

D Level 2 < 2,000 AADT (mostly non-NHS)

These four tiers are sometimes combined for
analysis purposes into three related categories,
the Interstate, NHS and Non-NHS.

UDOT uses several factors (Condition Indices) to
track the overall condition and performance of
the roads. The Overall Condition Index (OCD) is
the average of four primary Condition Indices. For
asphalt, these are Ride, Rut, Environmental Crack-
ing and Wheel Path Cracking. For concrete, these
are Ride, Joint Faulting, Joint Spalling and

Slab Cracking.

The agency has a strategy of “Good Roads Cost
Less” (GRCL). Some of the interstate and level 1
road sections/segments have deteriorated to a
state where they need minor and major rehabilita-
tion. These roads will be managed on a “worst first”
basis and are kept in serviceable condition through
“Band-Aid” treatments until they can be recon-
structed. However, the agency focuses on preserva-
tion of the roads that are in good condition to
ensure that they continue to be in good condition.
The preservation focus is to take care of the system
to ensure sustaining its condition as “good” for the
long-term.

UDOT has a strategic approach to financial planning
as well as to engineering and implementation to
address the long-term performance and sustainabil-
ity of transportation assets. The strategy includes
designing perpetual pavements on new capacity



and pavement reconstruction projects. The agency
defines perpetual pavement as “a pavement
designed for a 50 year structural life, which will
require a program of surface seals at set intervals
throughout that 50 year life of the pavement. A
perpetual pavement should not require any major
rehabilitation or reconstruction work for the life of
the pavement.”

UDOT’s preservation treatment includes corrective
maintenance, routine maintenance, preventive
maintenance and minor rehabilitation. Corrective
maintenance addresses immediate concerns of
safety or pavement integrity and restores the
pavement from unforeseen conditions to service-
able levels. Routine maintenance involves proactive
day-to-day activity to maintain and preserve pave-
ment conditions at satisfactory levels. Preventive
maintenance involves improving functional pave-
ment conditions and extending the service life of the
pavement. These are normally done on the surfaces
of structurally sound pavements in good to fair
condition and are lower-cost time-based treatments.
The DOT'’s rehabilitation improves the pavement
structure and addresses structural enhancements
that extend service life or improve load-carrying
capacity. Minor rehabilitation mainly addresses
functional restoration of pavement surfaces due to
age related environmental cracking. Major rehabilita-
tion usually increases pavement thickness to
increase strength, addresses structural enhance-
ments and accommodates increased traffic loading.
Reconstruction replaces the entire existing pave-
ment structure with similar or increased pavement

thickness, thereby addressing pavements that have
failed, become obsolete or have subgrade issues.

In general, UDOT has put in place practices that
help long-term sustainability of its transportation
assets. These practices involve doing a Structural
Overlay and Surface Seal in the 15th and 30th year.
In between these two, alternate treatments of
Surface Seal and Surface Rejuvenation are done
every 3 years to sustain the condition of the
pavement for 50 years.

Trade-offs and System Conditions

The historic trend of UDOT’s pavement conditions
are as shown in Figure 21 below:

Figure 21 shows that the Overall Condition Index of
the network is falling from 89.3 in 2004 to 76.5 in
2010. The number of center lane miles in “poor”
condition is increasing from 3.73 in 2004 to 146.97
in 2010.

Agencies are currently challenged with making the
right decisions on where to invest and how much to
invest in their transportation assets. With limited
funds, priorities will have to established and trad-
eoffs will have to be made, both across asset
categories as well as within asset categories. Under
such circumstances, some assets will suffer from
underinvestment. The goal is to ensure long-term
sustainable management and maintenance of the
transportation assets and therefore, to ensure that
any under-investment occurs in areas of least

Pavement Conditions Center Lane Miles of Good, Fair and Poor
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Figure 21. Utah pavement conditions over time.
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impact. Under investment, if applied selectively,
may result in poorer condition and performance of
some of the assets or if applied across the board,
can result in poorer conditions even for high-priori-
ty assets. The computation of a Pavement Sustain-
ability Ratio quantifies and brings to the forefront
the projected results based on anticipated invest-
ment levels. It facilitates and triggers objective
trade-off decisions and helps in better financial
planning with the goal of making optimal use of
available funds.

The discussion below focuses on the condition of
the roadway network as well as budgets available
and required to manage and maintain optimal
pavement conditions. The information is used

to compute a Utah PSR.

Figure 22 shows the Overall System Condition
(OCD of the different tiers of the roadway network
based on projected funding for years from 2012

to 2030.

The figure shows the Overall System Condition
(OCl) index falling from 74.72 in 2012 to 61.4 in
2030. Figure 22 also shows the OCI for the differ-
ent tiers of roads in Utah. In the trade-off required
by the budget constraints, the different priorities
assigned to the three tiers (Interstate, NHS and
Non-NHS) of the system are reflected in the
difference in the condition of these tiers for

the analysis period.

The condition for the Interstate system drops from
an OCl of 87.0 in 2012 to an OCI of 83.6 in 2030, the
condition for the NHS drops from an OCI of 80.04
in 2012 to an OCI of 74.94 in 2030 and the condi-
tion index for the non-NHS drops from an OCI of
7113 in 2012 to an OCI of 46.16 in 2030.

Figure 22 also shows how the agency is using the
available budgets and making trade-offs in manag-
ing and maintaining the performance and condi-
tion of the roadway network. The approach used
gives higher priority to the more heavily used
roads and to those carrying heavier loads as
compared to those that have lesser traffic and
carry lighter loads.

The highest priority is being given to the Interstate
system. Second priority is given to the NHS system
that is more used than the non-NHS. The third
priority is given to non-NHS, the lesser used of

the three systems.

Trade-offs and Backlogs

Another way to depict the long-term consequences
or outcomes of investment decisions is to measure
backlogs of needed treatment.

Backlog is the term being used in this document
for the roadway sections that require treatment
but do not receive maintenance or rehabilitation
activity.

Projected Budget versus Overall Condition Index
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Figure 22. Utah pavement budget versus condition.
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Backlog — Interstate, NHS and non-NHS
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Figure 23. Backlog of pavement treatments.

Figure 23 shows the backlog of Interstate,

NHS and non-NHS systems for the period

starting in 2012 through 2030. When there are
fewer constraints with availability of funds by
moving funds across the different fund categories,
agencies can be more liberal in performing preser-
vation and maintenance activities on all tiers of
pavements. As funds become more limited,
ensuring sustainable performance-based manage-
ment of assets requires prioritizing and making
trade-offs between how much to spend and

when to spend monies on the Interstate, NHS

and non-NHS system.

Figure 23 shows that the backlog on the Interstate
system is being kept to a minimum, the backlog on
the NHS is higher and the backlog of miles not
addressed by maintenance and rehabilitation
activity in the non-NHS system increases from
2,530 CLM in 2012 to 3,456 CLM in 2030. Figure 23
also shows that the total backlog increases from
3,655 CLM in 2012 to 4,685 CLM in 2030.

Figure 24 shows the condition of the interstate
system after trade-offs have been applied to
optimize the use of available funds. It shows that
the Interstate in “good” condition increases from
1,481 CLM in year 2011 to 1,503 CLM in 2012. The
overall CLM for interstate in “good” condition varies
minimally between 1,490 CLM and 1,450 from 2013
through 2015. The CLM in “good” condition increas-

es from 2020 through 2025. In 2030 the CLM in
“good” condition decreases while the CLM in “poor”
condition increases.

Figure 24 also shows the corresponding change in
the average OCI for the interstate system from year
2011 to 2030. It shows the OCI for the interstate
system improving from 86.48 in year 2011 to 88.63
in year 2020. Figure 24 also shows that the
projected OCI drops to 83.57 in 2030.

Figure 25 shows the number of CLM for the NHS
from 2011 to 2030 in “good”, “fair” and “poor”
condition. It also shows the statewide average OCI
improving from 79.47 in year 2011 to 80.04 in year
2012 and remaining around 80 from year 2012
through year 2020 and then dropping progressively
to 74.94 by 2030.

Figure 26 shows the condition of the non-NHS in
“good”, “fair” and “poor” from 2011 through 2030.
It shows the CLM in “fair” condition decreasing
from 2635 in year 2011 to 1103 in year 2030. It
shows a corresponding increase in the “poor”
condition for the same period with CLM of “poor”
condition increasing from 155.2 to 2526.9. The
figure also shows the number of CLM in “good”
condition decreasing from 1059 in year 2011 to
219 in year 2030. This overall fall in system condi-
tion is reflected in the OCI decreasing from 72.3
in 2011 to an OCI of 46.165.
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Figure 24. Utah Interstate pavement condition trends.
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Projected Condition of Non-NHS
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Figure 26. Non-NHS pavement projections.
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Figure 27. Budget need for optimal conditions.
Computing Long-Term Optimum to sustain the optimal OCI for the system from 2011

. through 2030, assuming that there are no budget
System Conditions constraints.
Figure 27 shows the optimal long-term conditions

that can be achieved for the Interstate System (IS), Figure 27 shows how with appropriate long-term

NHS and non-NHS systems and the budget required financial planning an agency can compute the
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optimal amount of funds required to sustain the
long-term performance and condition of the
roadway network.

To identify the optimal conditions that can be
achieved for a long-term period of nearly 20 years
in the future, different scenarios of conditions that
can be achieved for different budget amounts for
each tier of the roadway are generated. These
multiple scenarios are then analyzed to identify the
minimum budget amount required to achieve and
sustain optimal pavement conditions in the future.

Figure 27 shows the optimal condition that can be
achieved for each of the tiers of the roadway. The
total annual amount required to sustain the optimal
OCl is approximately $210 million in years 2110
through 2015. The budget required to sustain

the optimal OCI beyond year 2015 increases to
$230 million dollars annually.

Utah DOT—The Pavement
Sustainability Ratio

The available and required budgets (for optimum
OCI) as discussed above are consolidated in Figure
28 along with the budget deficit to maintain opti-
mum conditions. Figure 28 also depicts the Goal

PSR (assuming optimum budget availability) as well
as the projected PSR based on available budgets.

A Pavement Sustainability Ratio is a metric calcu-
lated by dividing the amount budgeted for pave-
ment maintenance and preservation over time

by the amount needed to achieve a specific
pavement condition target.

This PSR=1is shown in purple in Figure 28. The PSR

is computed as:

Pavement Budget
Pavement Needs

= Pavement Sustainability Ratio

Figure 28 shows the currently projected PSR
based on available budgets in orange. The PSR is
0.4 in 2012, showing a 60 percent shortfall from
optimum needs. It increases to 0.8 in 2013 and
remains at 0.8 until 2015. After 2015, the PSR
drops from 0.8 to 0.74 in 2020 and remains at
0.74 through year 2030.

As shown in the UDOT example, a Pavement Sus-
tainability Ratio can be computed using the asset
condition forecasts and related investment needs

Asset Sustainability Index and Budgets
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Figure 28. Utah pavement sustainability ratio.
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generated from a mature U.S. State asset manage-
ment process. The example also illustrates that
the PSR thus is a tool that can be effectively used
to consolidate the analysis of the overall system
conditions, required budgets to maintain optimum
system conditions, and available budgets (repre-
senting fiscal constraints) into a single metric.

The PSR can therefore also be used to effectively
illustrate and communicate to all stakeholders the
budget status and investment needs required to
maintain optimum system conditions.

Minnesota Pavement Sustainability
Example

This example illustrates how a Pavement Sustain-
ability Ratio could be calculated using a third
State’s data. This analysis also illustrates how
long-term system forecasts can be used to
illustrate the consequences of tradeoffs.

Figures 29 (below), 30 and 31 (see next page) from
the Minnesota DOT (MnDOT) are typical of the type
of information that often is portrayed by States

and which could contribute directly to a Pavement
Sustainability Ratio. Figure 29 illustrates that the
agency has struggled since 2001 to reach its pave-
ment condition targets and that it has had to
accept gradually lowering conditions, particularly
on its Non-Principal Arterials. Figure 30 illustrates

that the percentage of “Poor” Ride Quality Index
miles also has steadily increased and are forecast to
rise significantly in the next four years. Even more
germane to the concept of an Asset Sustainability
Index is Figure 31. It illustrates that the Remaining
Service Life of the State’s pavements has steadily
declined, by as much as 43 percent between 2001
and 2010 for the Non-Principal Arterials. Figures 30
and 31 illustrate the type of long-term implications
that GASB 34 and TAM guidelines seek to capture.
Those figures show the erosion in the “robustness”
of the pavement inventory. With its significantly
reduced Remaining Service Life, the pavements
have less “elasticity” to sustain a temporary budget
reduction, to withstand increased traffic loadings or
other impacts. In addition, future costs likely will
rise as it is more expensive to rehabilitate a deterio-
rated pavement than to maintain a good one. As
such, the “value” of the 2014 pavement inventory is
significantly less than the value of the 2001 inven-
tory that had a greater Remaining Service Life. In
simple terms, it would be analogous to the value

of a car with 50,000 miles compared to one with
71,500 miles, or 43 percent more miles.

Minnesota defines Remaining Service Life as the
number or remaining years until a pavement
declines to a 2.5 out of 5 in its Ride Quality Index.
The rating of 2.5 indicates the pavement is in need
of rehabilitation to provide an acceptable ride. The
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Figure 29. MnDOT “good” ride quality.

Asset Sustainability Index: A Proposed Measure for Long-Term Performance | 45



Statewide "Poor" Ride Quality Index
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Figure 30. MnDOT “poor” ride quality index.
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Figure 31. MnDOT remaining service life.
terminal condition of 2.5 does not indicate the road afforded and Federal apportionments remain
is unusable, only that its condition cannot be unclear.

restored without significant rehabilitation.
Figure 33 illustrates that commensurate with the

Minnesota’s data and its analyses clearly inform overall decline in spending, pavement expenditures
policy makers of the pavement-deterioration trends will fall. This decrease in pavement spending comes
and their causes. The first important trend is declin- at a time of enhanced investment in bridges, follow-
ing overall revenue forecasts. ing the collapse of the I-35 Bridge in Minneapolis. A
special legislative directive requires the department
As Figure 32 illustrates, capital revenue forecasts to replace 120 fracture critical or structurally defi-
decline substantially as fuel tax receipts stagnate, cient bridges. Approximately 32 percent of all STIP
operating costs rise, less bond income can be funding from 2011 to 2020 will be devoted to
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bridges, with two-thirds of that devoted to these D All 120 fracture critical or structurally deficient

structures.” The results are predicted to be that the bridges will be repaired or replaced by 2018;
percentage of bridges meeting their structural

condition goals will rise from 87 percent in 2009 to D Statewide structural conditions for all bridges
89 percent in 2014, with conditions through 2020 will be met;

projected to remain above the target of 84 percent.

D Road fatalities are forecast to decline.
MnDOT predicts that it will meet several important
long-term targets in the 2011-2020 planning period. However, the expected lower revenue and
Targets it expects to meet include: investment-tradeoff decisions will result in the

Planned Investments for Projected Revenue
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Figure 32. MnDOT declining program projections.
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Figure 33. MnDOT’s declining pavement investment levels.
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department being unable to meet its pavement
targets particularly on the Non-Principal Arterials.
The number of State highway miles with good
pavement conditions will decrease and the number
of State highway miles with poor pavement condi-
tion will increase from 990 miles in 2009 to 2,528
by 2019.

The estimated cost of the needed investment

to sustain the Minnesota pavement conditions

was not directly available for this report. At the
time of publication, MNDOT was preparing public
involvement efforts for an updated long-range
capital program. The type of data presented above
for MNDOT pavements led to a significant review

of long-term allocations and a proposed adjustment
of program amounts to address long-term
pavement needs.
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U.S.

=xamples of a

Bridge

Sustainability Ratio

This chapter uses bridge condition and expenditure
data from the Ohio, North Carolina and Minnesota
DOTs to illustrate a Bridge Sustainability Ratio.

Ohio DOT Bridge Sustainability

Ratio

A review of the department’s bridge analysis and
investment over two decades allows the illustration
of how Asset Sustainability metrics can be used to
sustain acceptable bridge conditions, make tradeoff
analyses and optimize investment into the highest
asset priorities. The following analysis tracks ODOT
bridge condition and budgets from 1997 to 2017.
Although Ohio does not use metrics called “sustain-
ability” metrics, it uses data that can provide inputs
for sustainability metrics. It also operates under a
philosophy of sustaining a “steady state” of high
and continuously attained asset conditions. Those
concepts are quite similar to the sustainability
concepts discussed in this report.

ODOT manages approximately 14,000 bridges out
of a total statewide inventory of more than 28,000
bridges over 20 feet in length. Ohio defines a
bridge as a structure greater than 10 feet in length.
By its definition, 42,000 bridges are managed
statewide. As a “Home Rule” State, the majority of
Ohio bridges are locally managed, although ODOT
is responsible for approximately two-thirds of the
State’s total bridge area. The Ohio DOT manages
the nation’s fifth largest bridge inventory, according
to data from the National Bridge Inventory. Overall,
it has the 14th highest percentage of total deficien-
cies in its entire statewide bridge inventory when
both structural deficiencies and functional obsoles-
cence are considered for all bridges, including local
ones. However, the DOT has focused on its major
bridges and when the National Highway System
bridges are examined, Ohio’s structural deficiencies
on that system are the 28th lowest nationally.

As can be seen in Figure 34 (see next page), the
ODOT manages its bridge inventory through four
primary rating categories which are:

D General Appraisal—A composite of the
substructure and superstructure condition,
except for the deck or floor.

D Floor Condition—The roadway portion of
a bridge, including shoulders.

D Wearing Surface—The topmost layer of
material applied upon a roadway to receive
the traffic loads and to resist the resulting
disintegrating action; also known as
wearing course.

D Paint Condition—As is self-evident, this relates
to the quality of the paint condition.

Calibrating Budgets for Asset
Sustainability

The following section discusses how over a number
of years the department calculated and periodically
updated its analysis of conditions and needed
budgets in order to sustain its bridges at its target-
ed level. This section examines estimates and
budget allocations in 2006, 2008, 2010 and a
pending update in 2011. Each update recalibrated
conditions and needed budgets during a volatile
period when unit prices changed significantly and
long-term funding was uncertain.

In its 2006 biennial business plan the department
published the following high-level summary of
expenditures and conditions that serve as a de
facto Bridge Sustainability Ratio input. As shown in
Table 15, budgets for bridge preservation ranged
from $221 million in 2005 to a projected peak in
2010 of $258 million and subsequent decline again
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Figure 34. Ohio bridge conditions over time.

through 2015. The line of “% General Appraisal
Acceptable” illustrates ODOT forecast that

98 percent of its bridge inventory would meet
its general appraisal goal through 2010 falling to
97 percent after 2012. The Projected Shortfall
illustrates the amount of deficit ODOT predicted in
2006 would be experienced if inflation in 2006 con-
tinued at the high rate it was experiencing at that
time. The shortfall equates to what this report calls
the Sustainability Gap. As shown in Table 15, that
gap totaled $232 million from 2011-2015.

These numbers allow a Bridge Sustainability
Ratio to be developed for the period 2005-2015
as shown in Table 16.

As the department did with its earlier pavement
shortfall, it revisited its forecasts in its 2008
Business Plan and again in its 2010 Business Plan
update. Those updates showed that inflation had
cooled from a high of more than 12 percent to
between 4 and 5 percent. Despite slowing, the rise
in material costs still required additional investment

Table 15. Ohio bridge expenditures, funding gap.

2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 (Total
Bridge Preservation Budget | 5141 | 5141 | 5170 | $179 | $187 | $197 | $145 | 5147 | $148 | $150 | 5151 | 51,756
Major Bridge 580 (5117 (S 60| S60|S61|S561|S562(562|563|564| 564 5754
Total 5221 | 3258 [ $220 [ 5239 [ 248 | $258 | 5207 | $209 [ $211 [ 214 [ s215 | s2510
% Gen. Appraisal Acceptable a98% 98% a7% 97%
Projected Shortfall or Sustainability Gap (548) | (552) | (558) | {534) | (540} | (5232

Table 16. Ohio bridge sustainability ratio components.

2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 [Total
Bridge Budget $221 | 5258 | $230 | $239 | $248 | $258 | $207 | $209 | $211 | $214 | $215 | $2,510
Bridge Need 5221 | 5258 | 5230 | 5239 | 5248 | 5258 | 5255 | 5261 | S269 | $248 | 5255 | $2,742
Bridge Sustainabilty Ratio 1.0 | 120 | 10 | 10| 10 | 10 | 08 | 08 | 0.8 | 0.9 | 0.8
Sustainabiilty Gap 0 | s0 | 50 | so | so | so | -s48 | -552 | -558 | -s34 | -540 | -$232

(Smillions)
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to sustain conditions. As a result as shown in Table
17, ODOT increased bridge investment in its 2008
and its 2010 budget updates. Overall, bridge bud-
gets increased by $468 million over the period of
2008-2015 compared to what had been forecast
to be spent during that period in the original 2006
forecast. ODOT sustained its general appraisal
conditions at 98 percent acceptable with the
additional budgeted amounts and continued

the sustainable bridge conditions.

As shown in Table 17, the forecasted conditions
indicate that with the higher budgets ODOT wiill
sustain its target which was 98 percent acceptable
up through 2007 when it was changed to 96 per-
cent acceptable. ODOT forecast future bridge
conditions based upon the programmed projects
and its deterioration curves for each of the four
categories of condition, General Appraisal, Floors,
Wearing Surfaces and Paint.

In the Executive Summary and in Chapter 4, this
report discussed how the Asset Sustainability
metrics can aid in trade-off analysis. They also can
assist with detailed optimization analysis. Resources
can be redirected from where there is a ratio great-
er than 1.0 to assets, or systems or regions where
investment is less than 1.0. The type of analysis
conducted in Ohio allowed such tradeoffs to occur.

As seen in Figure 35, when ODOT began its asset
management process in earnest in 1997, 92.6
percent of its statewide bridge inventory met its
General Appraisal target of 5 or greater out of a
scale of 0-9. Districts 8 and 9 nearly met the 2010
goal of 98 percent acceptable when the asset
management process began in 1997. In 1997, ODOT
had a goal of 90 percent of its bridges meeting the
General Appraisal target. At that lower goal, nine of
the 12 districts met target. Two districts, 1and 2
were substantially below the target.

Table 17. Changes in Ohio bridge funding, sustainability ratio.

2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2016
Eridge Budget 2010 Business Plan 5258 5230 5254 5262 3227 5270 5277 3313 5325 3341 5358
Diffaranca from 2006 515 514 =531 563 568 5102 5111 5126
Diffarence from 2008 57 55 556 517 -516 -58 £31 553
% Gen. Appraisal Acceptable 0.98 0.98 0.96 0.96 0.96 0,96 0.96 0.96 0.96 0.96 0.96
BS5R as of 2006 Business Plan 1.00 1.00 1.00 1.00 1.00 0.81 0.80 0.78 0.86 084
B5R as 2010 Business Plan 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Actual

All dollars in milians

Forscast

Ohio General Appraisal Conditions 1997-2010

100.0%

75.0%

95.0% T

90.0% | = 7 T T

85.0%

B0.0% H i : i 1 =
1 | 2 3 | 4 | 5| 6 | 7

Il

8

1997 Ennditinns_ 83.0% | B1.2% | 93.3% | 92.6% | 94.5% 89.8% | 93.7%  97.3% | 9B.9% | 95.3% | 91.7% | 94.6% | 92.6% |
H 2010 Conditions | 97.8% | 98.2% | 97.4% | 96.7% | 96.1%  97.5% | 97.7% | 98.8% | 9B.5% | 97.8% | 95.4% | 98.2% | 98.0%

Figure 35. General appraisal conditions by district.
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As seen in Figure 36, ODOT achieved a steady
improvement in bridge General Appraisal condition
between 1997 and 2003 by focusing closely on defi-
cient bridges for improvement and by increasing
bridge budgets from $225 million to $256 million,
or 14 percent. Bridge condition improvements
increased more than did the commensurate
increase in spending. Although the percent of
bridge area meeting the General Appraisal goal
rose from 92.6 percent to 97.5 percent, that repre-
sents a 64 percent reduction in the area of structur-
ally deficient bridges. The area of structurally
deficient bridges declined from 5.9 million deficient
square feet to 1.9 million. This disproportionate
improvement occurred because of closely calibrat-
ed tradeoffs in which funds were moved from
districts and from bridge categories that met target
to those that did not. Reductions in expenditures
occurred in years such as 2003 when Ohio’s Fed-
eral apportionment declined because of a budget
reconciliation issue and again in 2010 as ODOT
wrestled with inflationary pressures. The reductions
in bridge allocations in those years were possible
because of the relatively robust bridge conditions.
Rational tradeoffs could be made and funds could
be prioritized for pavements, which were not in as
good a condition.

As seen from the condition curve in Figure 36,
from 2003 through 2011 Ohio sustained a “steady
state” or sustainable bridge inventory condition
with a steady and predictable level of investment.
Starting in 2012, bridge budgets are to rise steadily
to compensate for higher material prices. The
State’s level of effort in terms of bridge square

footage of improvement annually is predicted to
remain fairly steady but the unit prices of bridges
are predicted to continue a slow, steady rise of
between 4 percent and 5 percent annually. With
such an inflation forecast, ODOT can predict and
plan for a commensurate increase in bridge
investment through 2017 to sustain its bridge
inventory conditions.

Calculating a District Bridge
Sustainability Ratio to Support
Tradeoffs

The asset sustainability metrics are intended to
support decision making. They illustrate the mag-
nitude of needed investment and they illustrate
probable consequences of current investments
at a system-wide level. They also allow “drilling
down” into the asset level or regional level to
further support decision making, including the
making of tradeoffs.

The Ohio process allowed the agency to identify
areas of sub-goal performance and under-
investment in selected areas of its infrastructure.
As mentioned earlier, Floor or Deck conditions are
one of the four areas of bridge measurement. As
can be seen in Figure 37, state-wide 95 percent
of bridges area met the Floor condition target in
1997 but two districts, 4 and 12, were considerably
below target. Those districts’ Floor conditions
worsened to a low point for District 4 in 2001
when more than 20 percent of all of its deck area
was deficient. For District 12, nearly 16 percent of
its total deck area was deficient.

Ohio DOT Bridge Budgets and General Appraisal Results

5400 0.99
5350 } g.gﬁ
$300 . by
5250 . 0.95
$200 - 094
§150 093

0.92
5100 o
450 L n.90
50 t 089

1957 1998 1999 2000 2001 2002 2003 2004 2005

==l gudget (Smillions)

2006 2007 2008 2009 2010 2011 2012 2013

2014 2015 2016 2017

=% Meeting Goal

Figure 36. Statewide bridge condition changes.
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As seen in Figure 38, bridge budgets were
increased for both districts along with accountabil-
ity for targeting deficient bridge floors. District 4’s
bridge budget rose substantially and with its
increased investment it focused upon its floor
conditions. The district had the State’s third largest
bridge inventory and its greatest overall volume of
traffic. Its bridge budget grew from a low of $16.9
million in 2000 to a high of $46.4 million in 2001 to

“kick start” its bridge improvement effort. The
budget varied somewhat year to year but remained
more than twice its level from the late 1990s and
remains so through the forecast period of 2011.

As can be seen, the district’s percentage of “Good”
Floors rose from a low of 79.6 percent to a high of
94.9 percent by 2010. The statewide goal for 2010 is
96.2 percent acceptable, just above District 4’s 2010
condition, as seen in Figure 39 (see next page).

Ohio Bridge Floor (Deck) Conditions 97-2011

=== District 4 Condition === District 12 Condition

1.00 o
0.95 T =—— — E—
0.90 -
0.85 T
0.80
ﬂ.?5 T . T . . . R . . . . . - 1
| 1987 | 1998 | 1984 2000 2001 2002_2003 2004 zms_zma 2007 2008 | 2009 | 2010 |
State Ave. Floor Condition | 085 | 084 | 084 | 084 095 085 085 095 086 | 09 097 | 097 | 087 | 097 |
st | 867% | B23% | B10% | 782% | 706%  804%  820%  825% | B97% | 90.7% | 923% | 925% | 036% | 949%
| District 12 | B5.1% | 84.4% | 839% | 90.7%  920% @ 91.6% | 934% | 93.9% | 94.4% | 94.6% | 949% | 96.0% | 96.3% | 964% i
=——=State Ave. Floor Condition = =—District 4 District 12
Figure 37. Ohio deck condition changes.
Districts 4, 12 Floor Conditions and Budgets
100.0% © 5$50.00
I $45.00
95.0% | $40.00
E i $35.00
50.0% | $30.00
f [ $25.00
§ 850% { $20.00
* [ $15.00
80.0% t $10.00
[ §5.00
?S‘M 4 n. - T . T - T - . - T - 4 Sﬂ.m
| 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 = 2007 | 2008 | 2009 | 2010 & 2011 |
District 4 Condition | 82.3%  81.0% | 78.2% | 79.6% | 80.4%  82.0% | B82.5%  89.7% | 90.7%  92.3% | 925%  93.6%  04.9%  94.9%
District 12 Condition | 84.4% = 83.9% | 90.7% | 92.0% | 91.6%  93.4% | 93.9%  94.4% | 94.6%  949%  96.0%  96.3% | 96.4%  96.4%
District 4 Budget | 518.42 | $18.37 | $28.97 | $29.26 | $29.66 $30.29 | 531.20 | 537,69 | §37.69 $43.03 | 54657 $35.45 | 53510 | $36.49
District 12 Budget | $19.4 | $14.1 | 5198 | $316 | $147 $17.4 | $332 | 5197 | $185  $185  $232 5280 | 5297 4289

=District 4 Budget = =——0District 12 Budget

Figure 38. Shifting budgets to address deficiencies.
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To achieve the increase in investment, bridge funds
from districts with higher conditions were shifted.
In effect, high-performing districts were expected
to enter a “preventive maintenance mode” and the
extra funds were shifted to the areas of poorer
performance. Greater accountability accompanied
the increase in funds and districts were given
performance metrics to achieve. The intent was
not to “reward bad behavior” by giving districts
with worse conditions more funds without a
commensurate increase in accountability.

The District 4 and District 12 example allows
recreation of District Bridge Sustainability Ratios.
With Bridge Sustainability Ratios for all 12 districts
it would allow ODOT to readily identify, and
communicate to decision makers, how funds

need to increase or decrease over time among
the districts to sustain conditions.

As Figure 39 illustrates, the Bridge Sustainability
Ratios for the two districts moved from a low of
.48 for District 4 in 1999 to 1.03 by 2008 before
falling again to approximately .75. Similarly,
District 12’s increased from a low of .66 in 1999
to above 1.0 by 2000.

Although only two districts are illustrated here,
similar calculations are possible for each district.
Also, this illustration examines only one of the four
Ohio deficiencies, namely Floor conditions. Simi-
larly, Sustainability Ratios could be produced for
each category of deficiency and for each district.

District 4,

1.20
1.00 -
0.80 - -
0.60 1 ]
0.40 - i
0.20 -

0.00 - T T

District 4 BSR 0.49 | 0.48

District 12 BSR

Optimum Bridge Sustainabilty Ratio | 1 1 1 1
k==l District 4 B5R ===l District 12 BSR

1

Such an expanded analysis would build from the
“heat map” illustrations show later in Figure 43. The
calculations would reflect the types of tradeoffs
illustrated in Figure 40.

Figure 40 illustrates the shift in bridge budgets
between 1998 and 2010 between the various
districts. Starting in 1999, six district’s allocations
went down and six went up as a result of the
trade off analyses that underlie the efforts to
“normalize” conditions by pulling up the
conditions in the districts with below-average
bridge conditions.

Figure 41 illustrates one component of the
statewide tradeoffs by illustrating the trade-off
results for the ODOT District 1. It is an example

of a district from which funds were reduced once
it reached its condition targets. Its district bridge
budget remained at between $9 million and $10
million annually from 1998 through 2004 when it
reached its bridge condition goals. Bridge fore-
casts indicated it did not need to continue invest-
ing at that level to sustain its condition. It moved
into a bridge preventive maintenance mode and
the excess funds above those needed to sustain its
conditions were transferred to other districts that
were below their established goals. As seen in the
Figure 42 data table, nearly $7 million annually was
available after 2005 to transfer from District 1to
other district bridge needs. Similar trends occurred
in the other six districts from which funds were
reduced in that period.

12 Bridge Sustainability Ratio

I

1998 | 1999 | 2000 | 2001 | 2002 2003 2004 | 2005 | 2006 | 2007 | 2008 2009 | 2010 | 2011
| 074 | 074 | 073 | 073 074 | 088 | 0.86 096 | 1.03 0.76 | 0.74 | 0.77 |
068 066 117 | 118 119 | 121 | 122 | 071 070 081 087 1.02 097 | 0.99 |

£ | 4| 2| 2|22 ] %]

= Optimum Bridge Sustainabilty Ratio

Figure 39. Improving conditions over time.
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Figure 42 (see next page) illustrates the shifting The maps illustrate the transition from many “hot”

statewide calibration of investment and results in colors in the 1990s when bridge goals were not
another way. The “heat map” depicts areas of being met to a predominance of green colors in the
concern in “hotter” colors such as red and yellow. 2000s as goals were met. Commensurate with the
Shades of green illustrate the degree to which changes in condition were changes in district
standards are being met. Each heat map includes all budgets to address the deficiencies and changing
12 districts and one of the four condition categories. priorities that the districts addressed. Ohio’s overall

Change in Bridge Allocations Over Time

P

Annual District Bridge Budget in SMillions
[, %]
un

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

—t1 — —p3 —D4 —0 R B
—D7 —D8 —in —pl0) =—pi11 -—Dii

Figure 40. Shifting bridge allocations over time.

District 1 Shift in Budget, Conditions

$12.0 100%
$10.0 95% E’
$8.0 90% A
£ s60 8s% B
T %40 0% &
w820 % 5
$0.0 . _ 70% ¥
1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
D1Budget $10.7/$11.1) $9.6 | $9.4 | $9.3 | $9.3 | $9.5 | $2.9 | $2.9 | $3.2 | $3.5 | $2.6 | $4.0
D1 Conditions 82,2%(87.2%(92.6% 96.8% 97.9% 97.8% 97.7% 97.8%(97.8%|98.5%|98.4%(98.0%(97.8%
Goal 96% | 96% | 96% | 96% | 96% | 96% | 96% | 96% | 96% | 96% | 96% | 96% | 96%
=——=D1 Budget =——D1 Conditions ==Goal

Figure 41. District 1 bridge funding shifts.
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Ohio DOT Floor Condition "Heat Map™

DISTRICT | 19487 2004 2005 2006 2007 2008 2009 2010
1 98.5% 994% | 998 | 99.8% | ooew | ooew | 99.uk | 99.8%
2 98.9% 96.2% | 96.4% | 969% | 96.9% | 9656% | 96.8% | 95.6%
3 96.6% BG.EK 96.4% 96.5% 96.3% 96.7% 97 4% 97.9%
4 B6.7% | B2.5% | 89.7% 80,7% 92.3% 92.5% 93.6% 94.9%
5 95.8% 90.0% | 98.9% | 99.0% | 9B.5% | 984% | 93.6% | 97.1%
& "09.5% 99.7% | 99.7% | 99.6% | 9Bo% | 99.0% | 956% | 9B.3%
7 87.3% 97.1% | 97.0% | 87.2% | 97.3% | 965.7% | S7.4% | 97.8%
B 98.7% 96.7% 97.0% 96.8% 97.4% 97.8% 98.1% 98.7%
] 98.2% 98.4% 97.9% 97.1% 97.0% 97 8% 97.6% 97.6%
10 | 99.5% g8.4% | 976% | 97.7% | 98a% | g9.a% | s9.2% | 993w
11 97.9% 897.2% 97.0% 96.4% 96.6% 96.5% 598.2% a97.7% a7.7% 87.5% 97.3% 97.2% 97.3% 96.0%
12 B5.1% | Baa% | B29% | 90.7% | 92.0% | 916% | 93.4% | 93.9% | S44% | 946% | 94.9% | S60% | 956.3% | 96.4%
Statewide | 95.1% 594.3% 93.7% 84.2% 84.5% 94.7% 95.1% 95.3% 96.3% 96.5% 96.7% 96.9% 97.2% 97.3%

DISTRICT | 1997 1998 1909 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1 96.0% | 93.4% | 94.9% | 96.9% | 97.5% | 98.9% | 99.2% | 99.2% | 99.5% | 99.2% | 98.8% | 987% | 98.5% | 98.6%
2 982% | 974% | 97.6% | 97.a% | 976% | 97.2% | 974% | 98.0% | o957% | 97.7% | o7ex | o87% | 95.8% | 93.8%
3 93.4% | 98.9% | 98.1% [ 95.7% | 97.0% | 981% | 97.5% | 97.1% | 96.7% 96.7% | 96.7% | 96.5% | 96.1% | 97.1%
4 9654% | 97.4% | 984% | 977% | o83% | 985w | 99.1% | 985w | 978% | osom | ovew | o85% | omswm | emvm
5 94.2% | 93.9% | 953% | 98.5% | 98.8% | 98.9% | 98.9% | 99.4% | 993% | 99.5% | 99.2% | 994% | 97.9% | 97.7%
6 %6.2% | 95.7% | 90.2% 89.5% | #9.7% | 89.9% | o2.6% | 93.5% | o4.9% | 94.8% | 95.8%
7 9651% | 97.0% | 97.8% | 93.0% | oB4% | 994% | 99.2% | 991% | 99.5% | 993% | 99.0% | 99.2% | 994% | 994%
B 94.4% 94.6% 97.0% 96.5% 96.8% a7.1% 97.6% 97.3% 98.0% 97.9% 98.4% 97.9% 98.4% 87.8%
E 953% | 96.0% | 95.4% | 99.0% | og.5% | o985k | o83% | 978w | o80% | oss5% | o974% | o88% | osdw | oge%
10 98.8% | 97.5% | 96.7% | 95.8% | 9s.5% | o3eon | 926% | 90.8% | 926% | 955w | o55% | 966w | 96.7% | 97.6%
11 93.0% | 98.5% | 98.0% | 97.5% | 97.2% | 985% | 988w | 974% [ g9ryw | 98w | g9so% | 96.7% | 96.9% | 95.3%
12 o8.8% | 98.4% | 98.2% | o5.% | 939% | 953% | 96.2% | 964% | 973% | 97.8% | 98.7% | 994% | 98.5% | 98.1%

ap”™

DISTRICT | 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1 998% | 90.8% | 99.8% | 99.8% | 99.1% | 99.8% |
2 96.4% | 96.9% | 959% | 96.6% | 96.8% | 956%
3 g6.4% | 96.5% | 95.3% | 96.7% | 97.4% | s7.9%
4 89.7% | 90.7% | 923% | oz5% | 936w | saow
g 98.9% | 99.0% | SB5% | 9B4A% | 9BAW [ 97.1%
6 99.7% | 99.6% | 98.9% | 99.0% | 98.6% | 98.3%
7 97.0% | 97.2% | 973% | 96.7% | 97.1% | 978%
8 : . : g7.0% | 96.8% | 974% | 97.8% | 98.1% | 98.7%
9 98.2% | 9o82% | o82% | 98a% | 982% | 9g4% | 984% | os4an | ovom | 9vim | 9voxn | 97aem | orew | o7
10 99.5% | 9B.5% | 96.3% | 97.6% | 974% | 984% | 97.9% | 984% | 976% | 97.7% | S8.3% | 99.1% | 95.2% | 99.3%
11 97.9% | 97.2% | 97.0% | 964% | 966% | 96.5% | 982% | o7.7% | 977w | 975w | 973w | 97.2% | 97.3% | geo%
12 851% | 244% | 839% | 90.7% | 920% | 916% | 934% | 938% | 944% | 4.6% | 949% | 96.0% | 96.3% | 964%

Statewide 95.1% 04.3% 93.7% 0. 2% 04.5% 04, 7% 95.1% 95.3% 96.3% 96.5% 98.7% 96.9% 97.2% 97.3%

_DETRET | 197 18 1968 2000 20m 20 2003 2004 206 06 2007 208 i) Ao
1 0% 0N, AT IR S, T 9A5% 90T ﬂ. WA T 2% % T
2 Te% 7is% | 7eA% 5% A% S500% 85N BAY%, % 1% B 0% 0% SO
3 | BAM | EREM FARH, MI% B L% FLEN, SER a1k FLim SLI% A% F1% ot N
a4 EOA BA08G B155%% BOER Bl B2E% B EREY 9.9 91.5% i BI% 3% 53N
5 2% BAEN 5% B3N 5% TR Bk eI TN | e = ot 2% SLEY
& 4% B4, ok % gLk e HEY, Sish 2k 2k LAY ik E=h SiA%
7 9% % SLAN SOTN SL0% bkl piE B el 0] horien ] SLEN LG 915 prrd
] s, L H1% HTA% AT . S =L T MR I Foit | w% | ok | 7% |
k) % £ Hn 1% o5n | e % 2% N EE ] e E L] wan |
10 HaT% Fe i 1% N Ei% 5% SEN, HIN i, 1% 9L1% 05 5%
BN T68% Eer e, 529% ma% g% 4% 1A% a15% ol 1% 2% L, BN
i B80% SO5% R S21% | O9% e ) 5% BGAYs 5% 31.8% kb ] LY 235 S0 |

Figure 42. Heat map of bridge conditions showing shifting conditions over time.
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bridge expenditure rose steadily overall but shifted
more substantially between districts over time, as
seen in the case of District 4.

The Figure 42 Heat Map illustrates the steadily
improving floor conditions in Districts 4 and 12

and the sustaining of overall floor conditions

in the other districts and statewide. Commensurate
with the subpar performance across the districts
over time, were commensurate increases and
decreases in bridge budgets to achieve the
desired targets.

This granularity allows creation of a Bridge Sustain-
ability Ratio for each district and for each category
of bridge condition. This type of detail allows
informed tradeoffs to be made.

The sustainability metrics allow “drilling down” into
each asset, each asset class, or each district to
calibrate needed investment. Ohio has 12 districts,
17 MPOs, 88 counties,251 cities and 1,100 townships,
all who have at least partial responsibility for infra-
structure. The granularity possible through the
Asset Sustainability metrics allow the disaggrega-
tion of trends for localized decision making at the
district, MPO, city or other level.

Figure 43 shows an estimated, recreated set of
Sustainability Metrics for each category of Ohio

bridge deficiency from the time period 1997
through 2016. It should be stressed that for the
years before 2006, these are estimates based
upon a recreation of the budget and condition
assumptions for the years 1997 through 2006. In
the early years of the period, the tradeoff analysis
would indicate that the bridge funds should be
focused primarily upon General Appraisal and
Paint. As those conditions improved over time and
backlogs of deficiencies were removed, the bridge
program focus spread more to all four deficiency
categories to ensure that all the categories reach
their goals.

The years in this forecast from 2011 through
2016 indicate that the department has budgeted
enough in all four bridge deficiency categories
to sustain its bridge conditions, at least through
the 5-year forecast. One additional element of
analysis ODOT performs to further enhance its
forecast is to estimate the magnitude of bridge
area that is likely to fall into a deficient category
within the next 5 years. It analyzes the pro-
grammed projects to determine if a sufficient
amount of those “almost deficient” bridges

are programmed and will be addressed in the
next 5 years. The intent of that additional exercise
is to further improve the chances that a large
backlog of deficiencies is not pending in the
years ahead.

1997| 1998] 1999] 2000f 2001 2002] 2003 2004]  2005| 2006
Bridge Budget $175.00| $174.47) $174.40| $180.00| $185.00| $190.00) $196.00| $201.88| $141.00| $141.00
GA Sustainabilty Ratio 085| 086 086 088 089 0.9 09 o091 0.92
FC Sustainability Ratio 099 o098 097 o098 o098 o098 099 0.99]  1.00 1.00
WS Sustainability Ratio 100l  1.00 1.000 099] o099 099 1.00 0.99 1.00 1.00
Paint Sustainabilty Ratio 0.95 094 096 096 099 101 1.02 1.02 1.02 1.03
2007] 2008] 2008] 2010] 2011] 2012]  2013] 2014 2015 2016
Bridge Budget $170.41| $185.00] $193.00| $204.89| $211.00| $224.00| $235.00| $247.00] $259.00| $272.00
GA Sustainabilty Ratio 0.93 0.94 0.95 0.96| 097 0.98 0.99 1 101 102
FC Sustainability Ratio 100/ 100, 101 101l 101 100 1.00 099 0.9 0.99
WS Sustainability Ratio 1.00 1.01 1.01 Lol 101 1.01 1.01 1.01 1.01f 1.0
Paint Sustainabilty Ratio 104 104 104 104] 104 104 104 104 104 1.04]

Figure 43. Statewide “heat map” of bridge conditions and associated sustainability ratio.
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Minnesota DOT Bridge
Sustainability Analysis

Summary

The MnDOT produces long-term investment need
forecasts as well as long-term budget estimates
that together can produce a Bridge Sustainability
Index for the department.

The MnDOT Bridge Sustainability Index and its
related analyses provide important financial, policy
and programming insight for State policy makers.
First, the indices indicate that Minnesota will
achieve and sustain its bridge condition targets
through 2018. Second, the bridge investment
adequacy is in contrast to the documented inad-
equacy of pavement investments. Third, although
bridge condition targets through 2018 will be met,
they will be funded through a large increase in
funds to replace major structures. An equally large
investment beyond 2018 appears to be needed

in order to sustain the conditions of an aging
inventory of State bridges, not addressed by

the large-bridge program.

Background

MnDOT produces an annual Minnesota Bridges
report that analyzes the conditions of the State’s
bridge inventory and notes important changes and
trends. Minnesota State law defines a bridge as a
structure over 10 feet in length, as opposed to the

Federal definition for a bridge which is a structure
over 20 feet. As a result, the Minnesota DOT pro-
duces extensive condition data using both the State
and Federal definitions. It also analyzes and reports
upon bridge conditions not only for structures
under DOT control but also for ones that are owned
by cities, counties, townships and railroads. The
analytic data allows analysis of bridges by condi-
tion, by functional class, by ownership, by condition
category and by changes over time.

MnDOT reports conditions on 3,898 structures that
are over 20 feet in length, thus meeting the Federal
definition, and which are on the State’s “trunk”
system. The Trunk Highway System consists of the
interstate highways and State routes. It also reports
upon another 9,813 structures over 20 feet in length
that are on the local system. Finally, it reports on
the 8,437 structures less than 20 feet in length on
both the trunk and local systems.

Minnesota bridge conditions are above national
averages. The National Bridge Inventory reports
that 8 percent of the bridge area on the National
Highway System is structurally deficient nation-
wide. In Minnesota, only 4.05 percent of the NHS
bridge area is structurally deficient. Its Trunk
Highway System bridges have an overall sufficien-
cy rating of 89.9 out of a possible 100 and have an
average age of 31.9 years, compared to a national
average of 43 years.

Sufficiency Rating <50
200
150
100
: I Hinnuns
u INNR N
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Source: Minnesota Bridges, Dec. 2010

20086 2008 2010

Figure 44. Improvement in MnDOT sufficiency ratings.
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In addition, MNDOT bridge conditions have steadily
improved. As seen in Figure 44, the number of
Trunk Highway System bridges with a Sufficiency
Rating of less than 50 steadily has declined. When
measured by area, the area of bridges with Suffi-
ciency Ratings less than 50 also has fallen from

3.6 million square feet in 2001 to 2.1 million in 2010,
or a 39 percent decline.

Despite the sound current conditions, the MNnDOT
reporting process attempts to keep policy makers
appraised of the long-term consequences of invest-
ment decisions. It notes that its percentage of
bridges in the “fair” condition categories still
exceeds its optimum targets. As those bridges age
and sustain use, they will create future long-term
liabilities for the State. The Minnesota legislature
through a statute known as Chapter 152 required
MnDOT to substantially increase its bridge spending
following the collapse of the [-35 bridge. MNDOT

is required to replace 120 bridges that are either
structurally deficient or functionally obsolete. These
extraordinary expenditures will improve the overall
bridge inventory through 2018 but they will not
address all bridges that beyond 2018 will fall into an
unacceptable condition category. Structures that
are not fracture-critical or structurally deficient

today will not be replaced by the Chapter 152
program.

“It is important to address bridge rehabilitation
and replacement needs that fall outside the
Chapter 152 program,” notes MnDOT’s 2010
bridge report. “Funding of other bridge needs
at the recommended investment guidance level...
is highly encouraged. The deferral of investment
toward those needs will compound the needs in
the long-range plan years, which are more than
double the amount of needs in the (2010-2018)
years. Deferring bridge replacement or improve-
ment projects may also result in more frequent
reactive maintenance.”

Figure 45 illustrates the long-term trends facing
Minnesota as its bridge inventory ages. More than
17 percent of its bridge inventory when measured
by size already is in its fifth decade, and the inven-
tory will steadily age. Its current bridge expendi-
tures represent a short-term increase to address the
Chapter 152 structures through 2018. Although by
2018, MnDOT will have reached its current condition
targets, and complied with the Chapter 152 statute,
it will face larger and more expensive costs to
repair, rehabilitate and replace an even larger

Age of MnDOT Bridge Inventory
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Figure 45. Age profile of MnDOT bridges.
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pool of bridges that by 2018 will grow considerably
older and will have experienced significant loadings.

Table 18 illustrates the overall good condition of
the MnDOT structures today when viewed by
collective averages. The average age is 32 and
major categories of bridge components such as
decks and superstructures have an average score
in the 6s out of a maximum score of 9. As can be
seen, the overall Interstate bridge inventory’s
sufficiency rating averages an 89 and the Trunk
Highway System bridges a 90.3 out of a possible
score of 100.

The MnDOT bridge report provides details that
allow analysis of the bridge inventory conditions
beyond the averages. In addition to the overall
average conditions, it tracks the number of bridges
in “fair” and “poor” condition to ensure those
categories do not exceed acceptable numbers that
would not be apparent if only average inventory-
wide conditions were measured.

In addition to the voluminous National Bridge
Inventory information the department reports,
it also has set Minnesota-specific targets for its
bridges. The three targets are:

D Structural Condition Rating
D Geometric Rating
D Load Carrying Capacity Rating

The Structural Condition Rating is a broad measure
of the structural components of the bridge. Each
bridge is categorized as Good, Satisfactory, Fair

or Poor by using four National Bridge Inventory
Codes and 2 NBI appraisal ratings. The four codes
are Deck Condition, Superstructure Condition,
Substructure Condition and Culvert Condition. The
Appraisal ratings are for Structural Evaluation and
Waterway Adequacy. All the condition codes and

appraisal ratings are on a scale of 0-9 with 9 being
excellent and O closed.

The Geometric Rating is a broad measure of the
geometric properties of the structure. Each bridge
is categorized as Good, Fair, or Poor by using the
NBI appraisal categories of Deck Geometry, Under-
clearance (both vertical and horizontal), Approach
Roadway Alignment and Waterway Adequacy.

The Posted Bridges and Load Carrying Capacity
measures the bridge’s ability to carry legal and
overweight loads. Each bridge is categorized as
to whether it:

D Meets the modern HS25 truck weight
standards

D Is not HS25 rated but still has no permit
limitations or posted restrictions

D Is Permit Limited which means it is not suitable
for overweight trucks operating by permit, or

D Is Posted and not suitable for full, legal loads.

Figure 46 shows the performance of bridges on
Minnesota’s principal arterials from 2002 through
2010. During that period, the percentage of Good
bridges gradually increased while the Satisfactory
bridges declined only slightly. However, there
was a slight but steady increase in the Fair bridge
conditions. Those bridges entering the Fair cat-
egory are likely to need substantial work in the
next decade and represent a long-term financial
need for the department.

MnDOT reports in its 2010 bridge report and in its
Highway Investment Plan Annual Update 2011-2020
that it will exceed it bridge targets by 2018. Its
target is to have 84 percent of its bridge inventory
on principal arterials in a Good or Satisfactory
Condition. As seen in Figure 46, its 2010 conditions

Bridge condition statistics.

Interstate 1n40 70 1210 32

Truck 1685 744 2429 32
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Figure 46. Bridge conditions and targets over time.

are that 87 percent are in Good or Satisfactory
condition and it forecasts that by 2018 bridges in
these categories will be up to 89 percent. The
target has two components. The first, is to have
55 percent of the bridges in Good condition and
at least 29 percent in Satisfactory condition. The
second is to have substantially achieved the Chap-
ter 152 goals of replacing or rehabilitating the 120
fracture-critical or structurally deficient bridges.

MnDOT’s Statewide 20-year Highway Investment
Plan 2009-2028 forecasts that for 2009-2019

that it needs to spend $2.420 billion to meet the
Chapter 152 requirements and $725 million to meet
performance targets for the remaining State bridg-
es. Those approximate amounts are forecast to be
budgeted throughout the program period as shown

Table 19. Bridge Sustainability Ratio.

Chapter 152 Need $2,420
Chapter 152 Budget $2,420
Chapter 152 Ratio 1.00
Other Bridge Need $720
Other Bridge Budget | $780

Other Bridge Ratio 1.08

in Table 19. As seen in Table 19, the sustainability
ratios for the Minnesota bridges therefore are
positive, indicating adequate investment over
that period.

These sufficient levels of investment through
2018 are in contrast to those reported in the
pavement section, Chapter 4, which indicated
pavement investment budgets were only

72 percent of the level needed to sustain
condition targets through 2018.

Although MnDOT will have achieved its bridge
condition targets through 2020, its reporting
provides insight into even longer-term implications.
As seen in Figure 47, the Chapter 152 bridge
expenditures significantly exceed those of the
regular bridge program. The Chapter 152 bond
funds fluctuate through the years based upon when
the large structures are ready for bid. The annual
Chapter 152 expenditures decline through the
period and end by approximately 2020. Although
the Chapter 152 expenditures will address 120 large
structures, those are a small percentage of the
State’s 3,898 structures over 20 feet in length.

The 2010 bridge report includes the statistics from
Figure 46 that show that while the Good and Poor
Categories have improved, the “Fair” condition
bridges have increased between 2006 and 2010.

As the bridge inventory ages, the “Fair” bridges
will experience additional loadings, require
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MnDOT Long-Range Program Expenditure Estimates
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Figure 47. MnDOT long-term investment trends.

additional repair, and some percentage of the
Satisfactory bridges likewise will slide into the Fair
or even Poor categories. These represent a long-
term obligation for the department. The Statewide
20-Year Highway Investment Plan from 2009
indicates that predicted financial need from 2019-
2028 to sustain the bridge condition targets jumps
to $2.004 billion in the non-Chapter 152 structures.
That $2.004 billion need number for the decade
from 2019-2028 decade is 176 percent higher than
the amount budgeted in the 2009-2018 decade for
the non-Chapter 152 bridges. In effect, an amount
approximate to the Chapter 152 program will be
needed in the following decade just to sustain
MnDOT'’s structures at targeted levels in the
decade 2019-2028.

The amount to be available in the years 2019-2028
is highly uncertain. That period represents a fairly
distant future in terms of legislative and appropria-
tion cycles. However, MNnDOT has made an
estimate of available revenue predicated on

an assumption of no new sources of revenue or
rate increases. It estimates that approximately
$6.530 billion will be available from 2019-2028.

MnDOT’s recommended investment strategy
with that revenue is to invest 84 percent of it into
infrastructure preservation, 8 percent into safety
improvements, 5 percent into mobility enhance-
ments, 4 percent into regional and community
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improvement projects and 2 percent into related
costs such as right of way and engineering. MNDOT
articulated a clear hierarchy of priorities, with the
following ranking:

1. Bridge preservation

Traveler safety

Pavement preservation

Other infrastructure preservation
Capacity improvements for traveler safety

Interregional Corridor mobility

N o g oA WN

Greater Minnesota Metropolitan and Regional
Mobility

8. Regional and Community Improvement
Priorities.

This recommended investment strategy is subject
to change from several events including a planned
update to the Statewide 20-Year Highway Invest-
ment Plan.

These priorities led to MNDOT’s recommendation

to substantially increase investment in the non-
Chapter 152 bridges in the 2019-2028 period to
$1.820 billion, compared to approximately $780 mil-
lion in the preceding decade. With that substantially



increased investment in its bridge inventory,
MnDOT predicts that it can create a sustainable
bridge inventory through 2029. However, the same
report also notes the decline in the State’s pave-
ment conditions on the non-principal arterials. The
department reports that a lack of sufficient revenue
leads to the consequence of underfunding pave-
ments on non-principal arterials in order to meet
the bridge and safety targets, and to meet pave-
ment targets on the principal arterials.

Conclusion

The long-term perspective provided by the MNnDOT
analysis allows policy makers to understand the
approximate magnitude of long-term bridge needs.
As the agency’s bridges age, as construction prices
rise and as loadings increase on the bridge inven-
tory, the level of expenditure that today is seen as
extraordinary to respond to the Chapter 152
requirements could become the norm just to
sustain conditions.

Table 19 shows that through the 2018 period, the
department forecasted a Bridge Sustainability Index
near the optimum of 1.0 for both the Chapter 152
bridges and the regular bridge inventory. MNnDOT
proposes a continued increased investment level
in bridges beyond 2018 as it fulfills the Chapter 152
requirements and shifts the investment focus to
the State’s remaining bridge inventory. If MNDOT’s
investment strategy for 2019-2028 comes to pass,
the analysis indicates that MNnDOT can provide the
State a sustainable bridge inventory that continues
to meet condition targets.

The type of analysis that MNnDOT produces also
allows creation of a Bridge Sustainability Ratio,
providing another example of how a U.S. transpor-
tation agency could replicate the type of ratios that
are used in policy analysis in Great Britain, Australia
and elsewhere.

North Carolina DOT Bridge
Sustainability Analysis

Summary

The North Carolina DOT (NCDOT) applies its
bridge management system’s forecasting capabil-
ity to produce long-term scenarios of bridge needs
that allow it to produce analyses very similar to a
Bridge Sustainability Ratio. The department has
reported that if current funding levels remain the
same, bridge condition improvements of the past

decade are likely to reverse. Additional long-term
investments of up to 45 percent higher than past
investment levels will be needed to sustain current
bridge network conditions. The NCDOT sustain-
ability ratio-like analyses depict both the magni-
tude and the cost of long-term investments to
sustain bridge conditions.

Bridge Condition Data

The NCDOT notes that a comprehensive, sustain-
able infrastructure management approach provides
the highest levels of conditions for the lowest cost
over the lifecycle of its bridges. It uses a mix of
treatments of maintenance, preservation, rehabilita-
tion, and replacement. Its budgeting process
primarily relies on State funds for programming

its maintenance and preservation programs and
Federal Highway Bridge Program (HBP) funds for
rehabilitation and replacement. The Department has
recently executed an agreement with FHWA for an
Interstate Preservation Program for pavements,
bridges and other roadway assets using Federal
Interstate Maintenance funds to proactively
improve performance on that network.

The NCDOT structures data come from the feder-
ally required biennial bridge inspections, as well as
from the inspection of pipes and culverts. These
address not only the bridges over 20 feet in length
that qualify as a federally recognized bridge but
they also apply to pipes and culverts.

NCDOT divides its State funded bridge structure
and maintenance work into two categories of
programs, Recurring and Performance-Based
Programs. Recurring programs include drawbridge
maintenance, small bridge replacements, large
culvert installation and maintenance and scour/
slope replacements.

Its Performance Based activities include the
maintenance and repair of many bridge elements.
A detailed analysis of those items is conducted
through the Bridge Condition Survey. The inspec-
tions assess the condition of the State system
highway bridges for five major elements, railings,
decks, expansion joints, superstructure, and sub-
structure. As each bridge is inspected every two
years, survey teams assess the condition of the
elements for each bridge. Element conditions are
determined for each bridge and summarized into a
statewide Bridge Condition Rating. In addition, the
survey teams determine the quantity and type of
repair needed. These inspections and assessments
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then are used to calculate the statewide bridge
maintenance needs. The process also provides the
level of service for decks, superstructures, substruc-
ture, rails and expansion joints and produces an
estimated annual cost to maintain these elements
at the targeted levels.

The Recurring and Performance-Based Programs
both complement the NCDOT’s policy of sustaining
acceptable condition targets for the lowest-lifecycle
costs. The Recurring funds “come off the top” either
because their activities are legally mandated or
because they are known to contribute to sound
long-term maintenance of structures. These would
include bridge inspection, drawbridge maintenance,
culvert maintenance, debris removal around piers,
slip protection, approach slab maintenance and
other activities as shown in Table 20. Table 20 also
illustrates the significant degree of granularity that
the NCDOT analysis provides for agency execu-
tives, external policy makers or the public. It breaks
down Recurring expenditures in 11 categories, all
which relate to key infrastructure activities neces-
sary to sustain its bridges.

Table 21 includes the maintenance programs for
Performance Based categories. Again, significant
granularity is provided which allows for insightful
analysis and tradeoff decisions.

The detail provided by the bridge investment
analysis shown in Tables 20 and 21 illustrate that a
Bridge Sustainability Ratio could be produced for
each category of expenditure. What is not known
at this time, is what the budget amounts will be for
each category through 2017-2018. Those amounts
have not been appropriated. However, the type of
mature bridge management analysis produced by
the NCDOT illustrates that a Bridge Sustainability
Ratio could be forecast not only for the total bridge
inventory but also for various categories as shown
in Tables 20 and 21.

Two other categories of expenditures are compo-
nents of the department’s lifecycle approach to its
bridge management. The first category is an active
Bridge Preservation Program that consists of minor,
low-cost treatments performed on bridges that are
in relatively good condition. These activities include

Table 20. Recurring bridge needs and activities

20011-12 | 2012-13 | 2013-14 | 2014-15 | 2015-1& | 2016-17 | 2017-18
Recurring Bridge Activities
Culverls $ 235|% 245|% 2551% 26613 27713 2891% 3.0
Clearing & Slp Prol. $ 1.721% 1.721% 1871% 19°5|% 203|% 211 |% 2.20
Drawbridges $ 2791% 2921 (% 303]1% 3.16|9% 32913 343 % 3.57
Bridge Repl. $ 629 |% 655(% 6833 702193 742|% 773 % 8BOS
Bridge Inspect. $ 2371% 247 1% 257 |3 268|% 279|% 291 |% 3.03
Approach Slabs/Surfacing $ 024|% 025|% 0261% 027|% 0281% 029 |% 03]
Drift and Debris Removal $ 1811% 187193 1971% 205|% 213|% 222|% 232
Small Pipe Maint & Repl't $ 615|% 641 |% 6683 696|935 725|% 7.55(% 7.87
Walls and Tunnels $ 022|% 023|% 024|% 025|% 026|% 027|% 028
Walkways $ 003|% 0.04|% 014 % 015(% 0.15(% 0.16|% 0.7
Bridge Fender Systems $ 300|% 100/% 100]% 100/% 1003 100[% 1.00
Tolal $2707 | $2608 | $27.13 132823 | %2938 | $30.57 | $31.8]
{in $millions)
Table 21. Bridge maintenance program categories.

Performance Bosed Achvities 200101-12 | 2012-13 | 2013-14 | 2014-15 | 201514 | 201&17 | 2017-18
Railings 3 144(% 180|3 155]% 163|% 1.701% 1771 % 184
Bridge Decks $ 1304 313575 1416 $ 1475 $ 1537 | $ 1602 % 1669
Expansion Joints % 485|3 505|% 52 |3 549)% E72]|% 595|%F 4621
Supersiruciures $1162[3 1211 1% 12625 1315]% 137013 142713 1487
Substructure $ 1363 %1420 51480 % 1542 | $ 14071 % 1674 % 17.45

Total T 4458 | % 45645 | 3 4840 | % 9044 | % 5255 | % 5476 % 5706
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painting structural steel, cleaning bearings, repair-
ing and replacing expansion joints, applying materi-
als to slow corrosion, waterproofing or resurfacing
decks. The other category is Bridge Rehabilitation,
which includes treatments to restore bridge com-
ponents to “like new” conditions. Rehabilitation is
cost effective when some portions of a bridge are
in good to fair condition but other components are
in poor condition. The poor condition components
can be rehabilitated without having to replace the
entire bridge.

If a bridge is deteriorated to the point that it is not
economical to bring it to acceptable condition
through preservation, maintenance or rehabilitation,
it becomes a candidate for replacement. Those
structures are matriculated to the replacement
program and are funded through the capital pro-
grams, largely funded through the Statewide
Transportation Improvement Program (STIP.)

Performance Reporting and Tradeoffs

Table 22 illustrates two significant aspects of the
NCDOT process for managing its bridges. First, the
table illustrates the tradeoffs inherent in the setting
of condition targets. The targets for the high-vol-
ume Interstate Highway System are consistently
higher than for the Primary or the Secondary
system. Also, the targets are more frequently
obtained on the Interstate Highway System than on
other two networks. The DOT in recent years has
increased its investment emphasis on the Interstate
Highway System as part of its performance-based
approach to asset management. Since the State is

responsible for most of the public road system,
local divisions and staff work closely with local
communities and residents on the local routes.
That has created a long-standing focus on local
routes. In recent years as the department shifted to
a more data-driven, asset management-based
approach, it has set higher standards and directed
more resources to the higher-volume Interstate
Highway System. This was driven in part by the
adoption of a Statewide, Long-Range Multimodal
Transportation Plan in 2004 that broke the highway
network into three distinct tiers, Statewide (Inter-
state/NHS), Regional ( NC/Lower importance U.S.)
and Sub-regional (secondary and municipal routes)
based on their function and level of importance.

In 2008 the NCDOT developed and implemented

a Bridge Health Index (BHI) as a means of providing
a composite evaluation of its bridge conditions and
to use in conjunction with the companion perfor-
mance metrics and targets. Originally, the BHI was
based on a composite score of 18 or higher using
the 0-9 NBI ratings for Deck, Superstructure and
Substructure with the caveat that none of these
components could be rated below a “6”. Bridge
Performance metrics were developed using a
similar approach to that employed for pavements
based on percent “Good.” Performance Targets
were established for each of the previously dis-
cussed network tiers. The NCDOT has since modi-
fied its BHI to incorporate a factor for weight
restrictions in addition to the component conditions
such that the average of all four factors must be a
“6” or higher for a bridge to be considered in

Table 22. NC bridge conditions, targets.

B d C d . Interstate Primary Secondary Statewide
ridae Conditions Stale State State

8] 2000 |, 2010 | pvarage | 2010 | verage | Aversss

Elamant Performance Measures Target Score Target Score Target Score
ﬁ Concrete 85 85 BO 79 75 B4 B2
2 |Timber BS INA B0 85 75 B8 Ba
% e % of decks raled greater than or equal to 6 5 A - 75 - =8
& |Open Grid Steel 85 NA 80 a7
E |Concrete a0 (L 85 BN 62
T |Steel o0 BS B5 B2 B0 Bl B2

% of structure rated greater than or equal to

§ [PI5 Conerete o o " %0 96 85 95 | a0 94 34
-
@ |Timber " NA b 68
@ |Timber 90 NA BS T 42
£ |Concrete Pie 30 &0 85 75 80 Bl 77
_E Steel Pie % of substructure rated greater than or equal to 6 90 [1] 85 B4 80 1] a2
a2
& |Concrete Piers 50 ot 835 81 80 B2 82
- MBIS Culverts Conditon Rating ==6 B85 85 86 BS B9 a7
E MNon-MBIS Culverts Condition Rating = Good B0 B4 B0 74 B0 71

Cwerhead Sign Struclures Condition Rating = Good 95 a5 a5 93 a5 BE 92
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“good” condition. The performance targets are
outlined above in Table 22 for the network. It
should also be noted that the NCDOT is now in the
process of converting NBI condition values to the
new AASHTO Condition States.

The mature management systems that the NCDOT
use allow it to conduct optimized trade-off analyses
between its pavement, bridge and maintenance
programs. It has run the scenarios as part of its
planning and programming process. To date,
however, the computerized optimization analyses
between asset classes have not been a determinant
in final decisions of how much to invest in the
different asset classes. It remains one of several
factors including department policy, input from

the Board of Transportation, engineering judgment
and other factors.

The data-driven NCDOT bridge process also allows
for significant transparency in reporting to the
Board of Transportation, the Legislature and to the
public. As seen in Table 22, six of 10 of the bridge
condition targets on the Interstate Highway System
were met, with four other categories falling just
short of target for a “yellow” rating. On the Primary
system, only two of 12 categories met their target,
another six were close for a “yellow” score and four
were significantly below target for a “red” score.
On the Secondary system, nine categories met their
target, one was just below for a “yellow” rating and
five were significantly below for a “red” rating.

These types of more detailed measures are report-
ed in the annual Maintenance Condition and Assess-
ment (MCAP) Report presented to the Legislature.
The same type of data is compiled into a simpler
dashboard set of performance metrics tracked
continuously on the DOT website. For the website
metrics, the Department consolidates the bridge,
pavement and maintenance condition data into an
Infrastructure Health Index that is comprised of a
health index for each category.

The Bridge Health Index has reported the following
scores over time as shown in Figure 48.

Although the department’s network-wide Bridge
Health conditions have improved as shown in
Figure 48, it warns that if bridge investment levels
do not increase, that these positive trends will
reverse. The Department reports that higher
material prices, increases in traffic, and expansion
of the highway network necessitate higher invest-
ments to sustain these conditions over the next
decade. Its management systems forecast that if
expenditure levels remain at current levels, the
percentage of bridges in “good” condition is
projected to decline from 62 percent in 2011 to
approximately 54 percent by 2017 as seen in
Figure 49.

Using its management system forecasting capabil-
ity, the department estimates that between 2012
and 2021, bridge investments will need to total
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Figure 48. North Carolina network-wide bridge health conditions.
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$3.918 billion, compared to the $2.169 billion

spent in the preceding 10 years. These numbers Budget $2.169 billion

allow the depiction of Bridge Sustainability Ratios Need $3.918 billion

to be illustrated based upon different spending

scenarios. If the expenditures are flat, the Bridge

Sustainability Ratio for the next decade would However, the department has drafted tentative
be only .55. That is based on: long-term bridge allocations shown in Table 23.

Percent of Bridges in Good Condition at Current Budget

62 5
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L
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% Bridges Good 61 605 | 59 58 57 56 54

Figure 49. Forecasted decline in bridge health at current expenditure levels.

Table 23. Recommended expenditure levels.

(Federal HEF and IM for Al Systems — Interstate, Primary, Secondary]

Activity 2012 2013 W04 015 amz 2021*

Preservalion $45 | 345 | 345 | 550 | $50 | $50 | 550 | %50 | %50 | ss0
Rehabilifafion 0| 0 $0 | %25 | 325 | 525 | 525 | %25 | %25 | 325
Replocemant 5191 | $155 | %95 | 3154 | $179 | 3204 | 5229 | 5254 | 5254 | 5254
Tolal HBP & IM Sys. Pres $2346 | $200 | S140 | 3229 | $254 | 3279 | 3304 | 3329 | 5329 | 3329
NCDOT Projected State Funding for Bridge Program (Primary & Secondary]

Preservalion $15| %15 | 515 | 515 | $15 | 515 | 515 | $15 | 515 | 315
Mainfenance and Repak Incl Bec. Sys] 357 | §59 | $59 | §59 | 459 | $59 | S5F | 359 | 359 | 3
Rehab-Non Recuring $225| §225 | W0 30 30 30 50 0w £0

Replocement of small bridges 12| 312 | 12 | 12 | 312 | %2 | s12 | 312 | s12 | $12
Tolal State Malnt & Pres $311] $321 | 986 | $86 | $86 | $84 | $B4 | S84 | %86 | 386
Maintenonce $55 'i' . 459 | 559 | 559 | 359 | 359 | 359
Preservation $80 | S50 | 380 | 385 | $55 | $45 | 845 | 845 | 345 | %85
Rehabiitafion $235 | %225 | %0 | 325 | ¥25 | 335 | %35 | $35 | 325 | 335
Replocement 200 | a7 | sio7 | stee | s | sms | g4 | soes | s2es | s2es
Tolal All Funds 5547 | $521 | 5226 | 3315 | $340 | 5345 | 3390 | 3415 | 5413 | 15
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The higher expenditures assumed for Table 23
would generate just over $3.9 billion over the

next decade, which would increase the Bridge
Sustainability Ratio to just over 1.0 at 1.007. The two
scenarios illustrate for policy makers the magnitude
of the investment necessary to sustain the depart-
ment’s bridge inventory at its current levels.

Conclusion

As stated in the opening chapter, the intent of this
report is to illustrate the proof of concept of the
sustainability ratios and to illustrate how they can
provide policy makers with enhanced understand-
ing of the needed levels of investment required

to sustain the highway system into the future.
Although, the North Carolina budget categories and
asset class definitions vary considerably from the
other case study States in this report, its extensive
asset management systems and sophisticated
budgeting process provide the data to produce
bridge sustainability ratios that are germane to
North Carolina policy makers. Current investment
levels are near the optimum 1.0 for the Bridge
Sustainability Ratio but that will need to increase

in the next decade by more than 40 percent above
the average invested in each year of the past
decade. Such analysis allows policy makers to
understand not only how the physical conditions
of the highway system are likely to change, but also
how to calibrate the levels of investment necessary
to sustain conditions indefinitely.
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=xample of U.S. Maintenance

Sustainability Ratio

This case study illustrates how a Maintenance
Sustainability Ratio can be computed using data
from a State’s maintenance management system.
The case study illustrates that the MSR can be an
important component of decision-making. However,
the case study also illustrates the caution that must
be used in interpreting the MSR values. The accu-
racy of the MSR is no better than the accuracy of
the inventory condition data that underlies it.
Because maintenance management systems must
address a large number of assets, over a large area
which can change significantly year to year, a good
deal of engineering judgment is necessary for
interpreting short-term, or geographically specific
Maintenance Sustainability Ratios.

Maintenance Asset Sustainability—
The Utah DOT Case Study

Since 1997, Utah DOT (UDOT) has been using

the Maintenance Management Quality Assurance
program to evaluate the effectiveness of its mainte-
nance program. The program provided various
reports to support data-driven decisions. The
agency used historical budget information adjusted
for inflation in making maintenance allocations for
future years. The program was modified in 2003 to
provide some enhanced decision-support features
that included:

D Guidance for feature condition thresholds
that would trigger maintenance actions

D Information to help make data and needs-
driven projections in allocating funds for
maintenance activities

D Tools to help communicate maintenance
needs and decisions to key stakeholders

D Help in measuring the Level of Maintenance
(LOM) of the highway system.

The enhanced program is called Maintenance
Management Quality Assurance Plus (MMQA+).
The MMQA+ helps the agency address its strategic
goal of “Taking Care of What We Have” at the
statewide, regional and station level.

The MMQA+ program is expected to provide
valuable information to:

D Optimize the allocation of budget to mainte-
nance activities at the statewide, regional and
station level

D It also provides information to help the agency
decide where it needs to allocate more funds
and where it could reduce funds without major
negative impact

D With improved inspection and reporting and
4 to 5 years of historic information, the agency
expects to establish targets for future levels of
maintenance based on budget availability and
current system conditions.

The information from MMQA+ with few modifica-
tions will provide all the information that the agency
needs to compute the Maintenance Sustainability
Ratio component of the Asset Sustainability Index.

The agency acknowledges that with between

200 to 400 agency personnel at the station level
inspecting 19 major categories of maintenance
activities there are bound to be differences in the
identification, scoring and reporting of deficiencies.

The data that are input at the station level are
summarized and uploaded to the regional level.
These data are further summarized at the regional
level and uploaded to provide statewide reports
on the LOM of each activity.
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Sustainability Ratios for Select
Maintenance Activities

Across the nation, agencies are changing the focus
from expansion and building of new infrastructure
to preserving and maintaining the existing infra-
structure. Agencies have also developed systems
and processes to help them monitor and report on
the condition and performance of the system. This
focus on preserving and maintaining its infrastruc-
ture resulted in UDOT receiving the highest rating
from Governing magazine of any State for taking
care of its infrastructure in 2005.

The agency has successfully used the information
and performance of its maintenance activities to
inform the legislature about how it uses the mainte-
nance funds to take care of the transportation
infrastructure under its charge. The agency focuses
on preserving and maintaining its infrastructure and
has the legislature echoing its philosophy that
“Good Roads Cost Less.”

To ensure consistency in the collection and report-
ing of the condition of the infrastructure, as well
as to ensure a common understanding of all
maintenance deficiencies, the agency has focused
attention and resources on training. The agency
has one person in the central office focused on
training the field personnel on how to conduct

the inspections. The agency also conducts audits
of maintenance activities for quality-assurance
purposes. Additionally, UDOT also has an MMQA+
manual that provides detailed instructions about
desired conditions, reporting guidelines and what
constitutes a feature being “deficient.” The report-
ing guidelines also provide information about the
measurement frequency, measurement area and
how to record the count of deficiencies. They

also provide photographs for each maintenance
activity to help the inspector differentiate
between deficient and non-deficient features.

Target Setting

To work towards a common goal for performance
of maintenance activities, statewide targets are

set for each maintenance activity. Targets are
expressed as letter grades A, B, C, D or F. The
targets at the statewide level are generally set to be
A through C. These statewide targets also apply to
the regions and stations. Each route is divided into
segments and stations are responsible for multiple
segments of a route.
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The expectation is for each station to achieve, but
not exceed, its performance target. Station person-
nel inspect assigned routes and record both the
total number of features that need to be main-
tained, as well as the number of deficient features.
The data from the inspection are entered into the
MMQA+ software. The system then computes the
LOM and assigns a score from A through F. Reports
generated by the software allow the agency per-
sonnel at different levels of the organization to
review the performance achieved for each mainte-
nance activity. Reports also provide valuable
information to manage available budget and other
resources. It also allows the stations to prioritize
and focus on specific activities based on agency
priorities, current conditions, available budget and
achievement targets.

The agency tracks close to twenty maintenance
features. For this study and proof of concept of the
Maintenance Sustainability Ratio, the following five
maintenance features/activities are being studied:

—_

Shoulder Work
Pavement Striping
Pavement Markings

Signs and Posts

aoN W N

Guardrail Maintenance

Background on Measuring Level
of Maintenance

The station personnel can view in the MMQA+
system the performance target that has been set
for each of the maintenance activities for the
station. Based on current conditions of maintenance
features, available budget and target performance,
the station supervisor prioritizes and schedules
work activities.

The frequency of measurement varies with the
activity. For example, Signs and Posts are inspected
at least bimonthly. The remaining four activities are
inspected semi-annually. The inspection involves
identifying the percent of deficient features to total
features. For each measurement, the MMQA+
manual provides detailed information about the
following:

D Desired condition

D Deficient condition



D Frequency of measurement to be taken

D Measurement area

D How to record total count of feature

D Count of deficient item

D Comments for clarification.
Based on the number of deficient items identified
and entered into the system, the software com-
putes the LOM and assigns a letter grade based on
the number of deficiencies recorded in the MMQA+
system. Table 24 below shows the grades for the
five maintenance features discussed in this study.
Figure 50 below shows the target, performance
achieved and amount expended for the five mainte-

nance features from 2009 through 2011. It also

Table 24. Maintenance grades.

shows the budgeted amount and the target of
performance established for 2012.

Figure 50 shows that amount budgeted for 2012
for each of the maintenance activities is higher
than the amount spent in the previous three years
with the exception of guardrail. The next few
charts will discuss each maintenance activity in
more detail.

Shoulder Work: Analysis of the data

Table 25 (see next page) shows the target, score
and expenditure for 2009 through 2011 for Shoulder
Work. It also shows the target and the amount
budgeted for Shoulder Work for 2012.

Figure 51 (see next page) shows in red the target
performance established for Shoulder Work.
Deficiencies are not to exceed 20.01 but were
much lower as seen in the blue line. The overall
score for shoulder work would indicate that the
agency scored much better than the target that
was established in 2009, 2010 and 2011.

The Maintenance Sustainability Ratios are intended
for long-term budgeting and programming
decisions. When computing the Maintenance
Sustainability Ratio (MSR) the focus is to achieve
the performance target that has been established
over the long term. For any give year, or for any
given asset such as shoulders, the Sustainability
Ratio may be less useful because conditions such
as shoulder conditions can change rapidly.

Maintenance Expenditures/Performance

0.00 - 3.43 A+ 26.82 - 30.00 C-
3.44 - 6.83 A 30.01 - 33.40 D+
6.84 -10.02 A- 33.41-36.79 D
10.03 - 13.42 B+ 36.80 - 39.99 D-
13.43 -16.82 B 40.00 - 43.39 F+
16.83 - 20.01 B- 43.40 - 46.78 F
20.02 - 23.41 C+ 46.79 - 100.00 F-
23.42 - 26.81 C
6 T

B+ B- B-

A+ A- B+

Shoulder (Target B-)  Guidelines (Target A-)

H 2009 ®2010 w2011

Messages (Target A-)

A+ A+ A+

S

Signs, Posts (A-)

#2012

Guardrail (A-)

Figure 50. Targets, Performance, Expenditure and Budgeted Amounts.

Asset Sustainability Index: A Proposed Measure for Long-Term Performance | 71



Figure 51 shows that the agency achieved a score
that is better than (below) the established perfor-
mance target of allowable deficiencies. It appears
that the agency could have spent less in 2009, 2010
and 2011 to achieve the established target of a “B-"
instead of exceeding the target and achieving an
“A+.” However, because shoulders can change
rapidly, an agency may want to have higher-than-
target conditions to allow for “robustness” in case
of heavy rains or other factors that could rapidly
erode shoulder conditions. Figure 51 and Table 25
show that the agency anticipates that an increase in

funds will be needed to address shoulder work in
2012. After deficiencies increased in 2010 and 2011,
the agency will increase expenditure to 2009 levels

to address the growth in shoulder deficiencies.

Pavement Striping:
Analysis of the Data

Table 26 shows the target, score and expenditure
for 2009 through 2011 for Pavement Striping. It
also shows the amount budgeted and the target

set for 2012.

Table 25. Shoulder Work - Target, Score, Dollars Spent or Budgeted.

Shoulder Work - Letter Target B- B- B- B-
Shoulder Work - Letter Score A+ B+ B+
Shoulder Work - Target 20.01 20.01 20.01 20.01
Shoulder Work - Score 0.3475 10.665 13.1625
Shoulder Work - $ Spent $1,582,355.75 $1,467,542.00 $1,116,167.65 $1,590,000.00
Shoulder Work
52,00 - 25
$1.80 -
51.60 - - 20
%) $1.40 1
c -
o 1.20 - 15 ©
= ? ]
'S: $1.00 - =
1]
W $0.80 - 10 O
R
S0.60
50.40 - 5
50.20 -
50.00 | 2009 2010 2011 2012 |
Shoulder Work -5 SPEI'It_ 1582355.75 1467542 1116167.65 1590000
Shoulder Work -Target | 20.01 20,01 20,01 20,01
Shoulder Work-Score 0.3475 10.665 13.1625

Ldshoulder Work -5 Spent

==Shoulder Work -Target

===Shoulder Work-Score

Figure 51. Shoulder Work-Score, Target and Expenditure.

72 | Chapter 6: Example of US Maintenance Sustainability Ratio



Figure 52 shows in red the target established for The optimum MSR is a 1.0. Table 26 shows that the

Pavement Striping for years 2009 through 2012. agency was close to achieving an optimum MSR in
It shows in blue the scores achieved in Pavement 2009 for pavement striping. It also shows that for
Striping for years 2009 through 2011. The amount 2010 and 2011, the percentage of deficiencies was
budgeted for 2012 and the expenditures incurred much higher than that permitted by the target and
for years 2009, 2010 and 2011 are shown as col- accordingly the agency’s score in both years was
umns in green. below target. This would also indicate that the

amount budgeted for 2010 and 2011 in the area of
Pavement Striping was not sufficient to meet the
Maintenance Capital Budget _ Maintenance needs. The amount budgeted for 2012 is more $1
Maintenance Capital Needs  Sustainability Ratio million above the amount spent for 2011 and it is
assumed that this amount would be sufficient to
achieve the target performance for 2012.

Table 26. Striping scores, conditions, expenditures.

Pavement Striping-Letter Target A- A- A- A-
Pavement Striping-Letter Score B+ B- B-
Pavement Striping-Target 10.02 10.02 10.02 10.02
Pavement Striping-Score 10.99 19.755 19.16
Pavement Striping-$ Spent $5,088,059.05 | $ 5,167,910.00 | $ 4,116,958.00 | $5,268,754.00
Pavement Striping
56 1 r 259
E 55 ' i
= o — 2
= /,x""
= 54 V 4 | I ]
4 i
™y F, 15 @
— F 4 (%]
] F 4 ]
53 | D
W . | o
__— r 1[|-
52 =S
-5
51 1
0 - : l -0
_ 2009 _ 2010 _ 2011 2012
Favement Striping - § Spent,  5088059.05 5167910 4116958 526A754
Pavement Striping-Target 10.02 10.02 10.02 10.02
Pavemeant Striping Score 10.99 19.755 19.16
Pavement Striping - $ Spent ==Pavement Striping-Target ===Pavemenl Striping Scone

Figure 52. Pavement striping condition, expenditures.
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Pavement Markings: Figure 53 shows in red the target established for
Analysis of the Data Pavemen_t Markings for years 2_009 through 2012.
It shows in blue the scores achieved in Pavement

Table 27 shows the target, score and dollars spent Markings for years 2009 through 2011. The amount
for 2009, 2010 and 2011 for Pavement Markings. It budgeted for 2012 and the expenditures incurred
also shows the amount budgeted and performance for years 2009, 2010 and 2011 are shown as

target that has been established for 2012 for columns in green.

Pavement Markings.

Table 27. Pavement markings scores, expenditures.

Pavement Markings - Letter Target A- A- A- A-
Pavement Marking - Letter Score A+ A- C

Pavement Markings - Target 10.02 10.02 10.02 10.02
Pavement Marking - Score 2.75 10.02 26.7

Pavement Messages - $ Spent $597,368.86 | $524,566.00 | $486,754.00 $672,195.00

Pavement Markings

$800 - - 100
$700 - i
- 80
$600
- 70
n
T $500 - i I=
= ® o
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B s400 - " 50 &
g 3
= $300 - (40 um
- 30
$200 A
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$100 - -
07 2000 | 2010 2011 | 2012 0
Pavement Messages § Spent  597368.86 | 524566 486754 | 672195
PavementMarkings -Target 1002 | 1002 | 1002 | 1002
Pavement Marking -Score 275 10.02 26.7

‘A Pavement Messages § Spent ==Pavement Markings -Target ===Pavement Marking -Score

Figure 53. Pavement marking targets, expenditures.
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Table 27 shows that in 2009 the score achieved for
Pavement Markings is an “A+” which is higher than
the target score of “A-" and in 2010 it achieved a
score of “A-" which met target. However, in 2011
the score was “C.”

In 2009, the agency exceeded the established
target with the allocated funds. This indicates the
MSR for 2009 is greater than 1.0. In 2010, the
department exactly met target with a slightly
smaller expenditure. In 2011, it reduced the expendi-
ture again and the number of deficiencies rose to
more than twice the number set in the target. In
2012, the agency increased its budget for pavement
markings. This example illustrates how an agency
adjusts budgets in an attempt to achieve the
optimum MSR of 1.0.

Table 28 shows the target, score and expenditure
for 2009 through 2011 for Signs and Posts and the
amount budgeted and target established for 2012
for Signs and Posts.

Figure 54 shows in red the target established for
the maintenance category Signs and Posts for
years 2009 through 2012. The figure also shows
in blue the scores achieved in Signs and Posts for
years 2009 through 2011. The amount budgeted

for 2012 and the expenditures incurred for
years 2009, 2010 and 2011 are shown as
columns in green.

Table 28 shows that in 2009 the score of an “A+”
achieved for Signs and Posts is above the target
required of an “A-". In 2010 the target score of an
“A-" was achieved. In 2011 the statewide score for
Signs and Posts was a “B+” which is below the
target established of an “A-.”

Since the score achieved for 2009 is above the
expected target, the MSR for 2009 would be
greater than 1.0 while the MSR for 2010 would be a
1.0 indicating that the amount spent met the condi-
tion needs to address Signs and Posts. In 2011 with
an expenditure of approximately $ 2.4 million, the
target score of “A-” was not achieved. If the MSR
was computed for 2011 it would be a number
slightly less than the optimum MSR of 1.0. However,
the agency scores are very close to target. The
agency increased the signs and posts budget
slightly in 2012. In 2010, 2011 and 2012 the agency
has fairly closely calibrated expenditures to remain
near its target.

Table 29 shows the target, score and expenditure
for 2009 through 2011 for Guardrail. It also shows
the amount budgeted for 2012 to be approximately

Sign post scores, expenditures.

Signs and Post - Letter Target | A- A- A- A-
Signs and Posts - Letter Score | A+ A- B+
Signs and Posts - Target 10.02 10.02 10.02 10.02
Signs and Posts - Score 492 9.77 11.54
Signs and Posts - $ Spent $3,279,576.71 $2,515,046.00 | $2,406,382.00 $2,719,846.00
Guardrail condition, expenditures.
Guardrail - Letter Score A+ A+ A+
Guardrail - Letter Target | A- A- A- A-
Guardrail - Target 10.02 10.02 10.02 10.02
Guardrail - Score 0.0225 242 2.5475
Guardrail - $ Spent $527,770.00 $687,092.00 $709,390.00 $526,200.00
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Signs and Posts
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Figure 54. Sign, post conditions expenditures.

$526,200 dollars and the performance target
established for 2012 is an “A-".

Figure 55 shows in red the performance target
established for Guardrail for 2009 through 2012
and the expenditures in green through 2011 and the
budget for 2012. Table 29 and Figure 55 show that
in 2009 the agency spent $1,582,356 on guardrail
and achieved an “A+”, which exceeded its “A-”"
target. The next year, 2010, it decreased expendi-
ture slightly and it again surpassed its condition
target by scoring an “A+.” The following year, it
decreased expenditures further and again achieved
an “A+.” In 2012, it increased the budget slightly,
closer to the levels of 20009.

Conclusions

This case study illustrates that a Maintenance
Sustainability Ratio can be calculated with the data
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from a robust maintenance management system.
However, the Utah example illustrates that some
engineering judgment is needed to calibrate
expenditure levels to reach targets unless the
agency is completely satisfied with the accuracy
of its inventory data, its condition assessments and
its inspection process. The agency has devoted
considerable effort to the continuous improvement
of its inventories, its inspection consistency and to
its budget estimates. All of these concerns directly
affect the accuracy and usefulness of the Mainte-
nance Sustainability Ratio. The accuracy of the
MSR is dependent upon the accuracy and the
reliability of the underlying data.

The Utah case study illustrates that using the MSR
for specific assets in specific years must be done
with judgment. This is because maintenance inven-
tories are very large and are often incomplete. The
conditions of assets such as shoulders or pavement
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Figure 55. Guardrail performance, expenditure.

markings can change rapidly. Also, a large number
of personnel are involved in assessing conditions in
the field, and this can lead to variability. All of these
factors require that maintenance management
systems and the production of an MSR will always
remain a work in progress tempered by engineering
judgment.

The example demonstrates that when the MSR is
“rolled up” and looked at over a number of years it
can be useful for long-term budgeting, program-
ming and resource allocation. However, care must
be used when assessing the accuracy of an MSR for
a specific maintenance asset class that is subject to
rapid changes in conditions.

The usefulness of the MSR will be more apparent in
future years as UDOT continues its improvement of
the maintenance management system. More com-
plete inventory and condition data in the next few
years will provide a much more robust Maintenance
Sustainability Ratio for the State.

Considerations and Lessons

Learned

Inspection and reporting of the condition of features
in the maintenance category involves reporting the

condition and deficiency of a large range of trans-
portation assets along the State maintained road-
way. Much of the inspection is subjective and time
consuming. The performance scores for each of the
maintenance features also depend on the time of
year when the inspection is being conducted and
whether the inspection is done on a select sample.
In the case of Pavement Striping, the condition of
the sample that is selected for inspection will further
influence the scores. It is also important to note that
the score will depend on the total inventory of the
asset that is recorded in the system.

It can take several years for the full 100 percent
asset inventory to get updated in a system. As the
inventory updated in the system gets close to 100
percent, the reports generated will become increas-
ingly useful to decision makers in projecting bud-
gets for future years. The expectation is that after a
few years of implementation of the MMQA+ the
entire maintenance inventory will get captured in
the system. This will result in a more holistic report-
ing of condition of the overall system and its perfor-
mance. As the historic budget and inventory infor-
mation gets closer to reflecting the overall system
conditions, the agency will find computation of MSR
more useful for allocating future budgets as well as
in moving budgets across categories.
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Historically according to the DOT “budgeting for
the maintenance program was an incremental
process based on historical expenditures, plus a
small increase for inflation.” With the implementa-
tion of the MMQA+ the agency has now moved to a
zero based budget. Each year’s budget for the next
year is projected based on system conditions,
available budget and target of performance that is
expected for the projected year. The goal of the
agency is similar to the intent of the Maintenance
Sustainability Ratio to “manage resources at all
levels such that they are diverted towards activities
that are falling short of their targets and away from
activities whose targets are being exceeded.”

The intent is that station supervisors can review
the current conditions, established targets and
available budgets in the MMQA+ and request
money be moved across categories within their
stations to effectively address focus areas/
priorities to best meet established targets. The
UDOT regional directors have the flexibility to
move regionally allocated funds across various
categories within stations and across stations
within their region.

The agency uses the reports from MMQA+ to
communicate with the legislature, the transporta-
tion commission and other key stakeholders. It also
uses the information at a state-wide level to devel-
op budgets and establish targets for future years. A
Quality Assurance (QA) process has been instituted
for the MMQA+ program where each station has a
QA check done once every year. Each station gets
audited on either the monthly and bimonthly
measures or on the full gamut of measures. The
program is coordinated and conducted by the
Central Maintenance area. With the training and the
improvements taking place in the DOT in data
collection and inspection, the agency will be able
to realistically compute the MSR and also project
the future budget needed to meet performance
targets for future years.

The agency is continuing to look at all parameters
that may need to be modified in order to get better
projections for targeted level-of-maintenance and
the cost associated with achieving the revised
targets.

The following factors will have a bearing on the
accuracy of the MSR and should be considered as
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examples of the types of issues that need to be
addressed if developing an MSR.

Shoulder Work: Studying the data on Shoulder
Work for 2009 through 2011 the MSR was above

a 1.0. If one examined only the MSR data, it would
indicate that the agency is spending more than the
required budget to attain the goals established for
each of the years. This would imply that the agen-
cy should reduce the budget for Shoulder Work.
The agency reduced expenditures in 2011 and the
number of deficiencies increased. For 2012, the
agency increased shoulder work expenditures
closer to the 2009 levels. This increase in budget
reflects that the agency has shoulder work needs
that are not reflected in the MMQA grade.

Pavement Striping: The analysis indicates that for
2009 the budget for Pavement Striping was about
optimum as the agency met its target. However, in
the next year with a similar budget the number of
deficiencies doubled. The agency reduced expendi-
tures slightly and yet scores slightly improved. The
following year, 2012, the agencies increased the
budget to a record amount.

While analyzing the data it is important to know
that Pavement Striping is a “subjective measure of
the observed condition of longitudinal markings on
UDOT routes.” The reporting is done semiannually.
The measurement is taken on 1/10th mile sections of
the highway on ten representative sections within
the station boundary selected by the station super-
visor. These factors were considered in setting the
2012 striping budget.

Pavement Markings: The analysis indicates an

MSR greater than 1.0 in 2009, an MSR at 1.0 in 2010
and less than 1.0 in 2011. An MSR greater than 1.0

in 2009 would imply the 2010 budget could be
reduced, which occurred. However, the number

of deficiencies increased. When the budget was
further reduced in 2011, the deficiencies increased
further, resulting in a substantial budget increased
in 2012 in an attempt to reduce deficiencies and
achieve the target.

The agency takes into consideration, that similar
to inspecting and scoring of Pavement Striping,
Pavement Marking is also “a subjective measure
of the observed condition of pavement messages
on agency highways including word messages,
crosswalks, stop bars, turn arrows, painted/taped
medians, islands etc.” The inspecting for reporting



is done semiannually and the measurement area
includes all messages on the agency maintained
roadways. The manual provides detailed descrip-
tions and examples of all markings that need to be
counted. For example, the total messages on every
route are taken and every marking lacking reflectiv-
ity, worn, not visible, faded or chipped is to be
counted as a deficiency. For counting purposes,
each letter, each arrowhead on a multi-headed
arrow and each 2’ x 10’ bar on a high visibility
crosswalk is recorded. The total inventory, the
time of inspection and the number inspected

will influence the scoring received.

Signs and Posts: The data and analysis shows that
in year 2009 the MSR is greater than 1.0 indicating
that the agency has put more money than neces-
sary into this maintenance category to achieve the
target score. In 2009, the agency exceeded the
required target. In 2010 the agency budget was
decreased. For 2010 the Signs and Posts category
has the optimum MSR of 1.0 and the agency
achieved its target score of an “A-“. The 2010
scenario shows that the agency decreased its
budget to the amount necessary to achieve the
established target performance. In 2011, the score
achieved was a “B+” which is very close to the
target established of an “A-" In 2012 the agency
has marginally increased the budget to achieve
the target score of “A-" for 2012.

Signs and Posts are inspected and reported
bimonthly. It is a “measure of the observed condi-
tion of sign installations along the agency’s high-
ways.” The measurement area includes all agency
maintained roadways/roadsides. The total number
of sign installations for each route or route seg-
ment is to be recorded and the number of sign
installations that do not meet the standard is to be
counted and recorded. A detailed description of
deficiency is included in the manual. For example,
signs are classified as deficient for insufficient
retro-reflectivity, worn or missing characters in
message, incorrect sign height, incorrect lateral
clearance, missing hardware, and broken posts.

Guardrail: The analysis of data in this category
indicates that in all three years (2009, 2010 and
2011) the agency has scored an “A+” which is higher
than the target score of “A-.” The data indicates
that the agency has an MSR slightly greater than
1.0. It would indicate that the agency is assigning
above- optimum amounts in this maintenance
category, however, guardrail condition is important

to achieving the safety goal of the agency. Guard-
rail inspection involves “measuring the condition of
guardrail, concrete barriers and cable barriers on
State routes.” Deficient condition includes panels
being damaged, leaning, or bent, broken posts,
offset blocks, missing panel and connection hard-
ware, or sagging guardrail sections or cable runs.
The reporting for this category is semiannual. The
measurement area includes all agency maintained
roadways/roadsides. The measure of total guardrail
is the entire length in feet of barrier, guardrail and
cable barrier along the route. UDOT has a strong
emphasis on all categories of safety which is
reflected in its budgeting.

The scores, targets and budgeted amounts from
the five areas of UDOT’s maintenance activities as
well as the QA process instituted by the agency
provide some valuable insight into the usefulness of
the Maintenance Sustainability Ratio in establishing
needs and budgets for future years. They also
provide good examples of how MSR can be used to
communicate with key stakeholders the agency’s
logical approach to computing budget needs and
optimizing funds to meet infrastructure mainte-
nance needs. Besides computing the MSR, steps
that might be helpful include the following:

1. Develop detailed documentation guidelines
for inspection: Many agency personnel will be
involved in data collection. It is important to
have detailed guidelines to ensure consistency
in inspection and data collection.

2. Document how to use the guidelines: Provide
detailed documentation on the desired condi-
tion, the deficient condition, how the deficien-
cy should be interpreted and provide exam-
ples and photographs of the desired and
deficient condition. Include information about
the measurement frequency, the measure-
ment area and how to record the total count
of each deficiency.

3. Ensure that inspection is done consistently
across the State. Important budget as well as
prioritization and resource allocation decisions
are based on the reports generated from the
inspection conducted and the data entered
into various systems. It is important to ensure
that the inspection is done consistently and
data entered is consistent and accurate across
the State.
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4. Provide ongoing training on inspection

and data collection: Process and personnel
changes occur in every agency and providing
training through a centralized area helps
increase agency capacity to perform as well
as instill consistency in inspection and data
collection throughout the State.

. Have a forum to discuss the results: It can
takes several years of working with the pro-
cesses, inputting data and discussing the
performance report before agency personnel
can fully appreciate and understand the
implications of entering or not entering data
into the system. Having a forum to discuss
and analyze the performance across stations/
counties and districts/regions statewide
allows different regions/station/counties to
see the results of the inspection data being
entered and also compare and contrast results
across the State. It also encourages discussion
by stations that show below target perfor-
mance with those that have achieved or
exceeded targets. This will trigger discussion
about inspection processes, desired condi-
tions, deficient conditions, data collection and
input differences. This should help over time
with not only improvement in scores but also
with consistency in inspection and recording
of deficiencies, all of which contribute to
variance in final scores.

. Discuss the relationship of budgets to
performance targets: In the Utah example,
the stations and regions that appeared to
meet or exceed the established targets were
to receive budgets similar to the previous
year adjusted for inflation. Further drilling
into the details helped the agency identify
that inconsistency in the way inspections
were being done, along with differences in
the interpretation of what should be looked
at to identify and measure a deficiency, all
contributed to inaccuracies and disparities
in performance scores.

. Have random review of deficiencies by
externals to identify areas of improvement:
Have a central team different from the team
that does routine inspections do follow-up
quality assurance inspections to provide
feedback and suggestions on areas of
improvement to station, district/county
personnel who are doing the inspection

and data collection.

. Give three to four years of cycle time
for processes to improve and data to be
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accurate: Because there is no automated
way of inspecting and grading all the mainte-
nance features and because people have to
inspect the maintenance features and grade
the features, the system is dependent on the
expertise and experience of the personnel
and the overall maturity of the process.
Generally it takes anywhere from two to four
years for all aspects of the inspection and
data collection to mature and be integrated
as routine work. Though the agency receives
valuable information from the inspection data
from the very first year, the confidence in the
data is generally considered high after the
first few years.

9. Start computing the MSR each year but use
the ratio with caution until the data and
process matures: Computing the MSR pro-
vides valuable insight into the budget needs
as well as the scores achieved for the amount
budgeted. In the Utah case based on the
scores achieved and the dollars spent the
figures show that there are some inconsisten-
cies/gaps. This is useful information that helps
the agency to drill into various aspects of the
inspection process and the data entered to
figure out what additional improvements
needs to be made.

10. Use the MSR in communicating with internal
users as well as external stakeholders: The
more an agency uses MSR in its discussion
internally the more the internal users under-
stand the value of the ratios and the need to
improve inspection and condition data. This
will lead to improvement in the overall consis-
tency, accuracy and reliability of the data.
Using MSR in communicating with external
stakeholders makes it easier to communicate
the need for upkeep of various maintenance
assets as well the need for budget to maintain
these assets. The concepts discussed in the
MSR are about expected performance (target
performance) and the budget needed to
maintain the targeted performance.

The definition of what constitutes “maintenance”
has varied between the individual States examined
in this report. As noted in Chapter 1, this report
does not try to impose one definition of mainte-
nance. Instead, the case studies illustrate how
three different States calculate maintenance needs
and conditions, and therefore could calculate a



Maintenance Sustainability Ratio to meet their
own needs.

Ohio’s maintenance management system has
evolved, but for the sake of this report, sample data
from 2002 through 2007 are used. This particular
data was readily available and did not require the
Ohio Department of Transportation to produce ad
hoc reports to supply new data to test the concept
of a maintenance sustainability ratio. It should be
noted the Ohio DOT has changed its maintenance
measurements from those illustrated in this report
but the data used in this example illustrate that
maintenance sustainability ratios can be produced
using data commonly available from States’ mainte-
nance management systems.

Ohio Maintenance Categories

For nearly a decade, the department emphasized
eight major categories of roadway maintenance

attributes for the maintenance performance system.

They were:
1. shoulder drop offs
2. drainage ditch obstruction
3. vegetation obstruction of signs or guardrail
4. sign deterioration
5. pavement deficiency
6. pavement markings

7. guardrail

8. litter.

In this report, the litter data are not
examined. The department empha-
sized other important maintenance
functions as well such as snow and
ice control, crack sealing, traffic
signal maintenance and other
common activities. However, the
seven features noted in this section
represent common activities for
which performance targets were
set and expenditures could be
compared to the achieved targets.

Ohio’s maintenance management process differed
from some other States’ in that it did not use a
commercial maintenance management system. It
used a team of internal raters who drove 100
percent of the highway system each year and used
geographical positioning system (GPS) and linear
referencing technology to document each observed
maintenance deficiency in the eight roadway
categories listed above. Through the use of touch
screen technology, (Figure 56, below) the raters
would log from a menu the deficiencies observed at
a given location. Those deficiencies were recorded
and they were logged into geo-spatially referenced
mapping and tabulated numerically. With this
process, the number of deficiencies observed each
year could be tabulated and the deficiencies’
locations could be mapped. The mapping and
tabulations were used by both central office and
district personnel to set maintenance priorities,
track accomplishments and record progress. As
seen in Figure 57 below, the mapping provided
locations for maintenance personnel where the
observed deficiencies were found.

Also a seen in Figure 57 (see next page), these
deficiencies are for one quadrant of one county.
Each quarter, one fourth of the State system was
mapped, providing 100 percent coverage over the
course of each year.

Figure 56. Touch screen menu of deficiencies.

Asset Sustainability Index: A Proposed Measure for Long-Term Performance | 81



Target Setting and Resource
Allocation

Targets were set for each maintenance condition.
Each individual category had its own number of
deficiencies per mile that were considered accept-
able and its own definition of what constituted

a deficiency. For instance for shoulder drop offs,

a difference of four or more inches between the
pavement surface and shoulder for more than 20
feet was deemed a deficiency. A guardrail deficien-
cy could be a rotted block or post, a damaged rail
or a rail that was too high or low. Different scales of
acceptable number of deficiencies were set. Gener-
ally, a lower number of deficiencies were tolerated
for the Priority System and a higher number for the
General System.

Ohio had, in effect, two scales. One very general-
ized scale was on a 1-6 gradient for the ODOT’s
Organizational Performance Index (OPI.) The OPIs
provided a common series of metrics to compare
more than 60 performance categories Department-
wide. Within each maintenance category, thresh-
olds were set for gradients of scores that could be
translated into the more simplistic scale of 6 being
the highest and 1 the lowest.

Each district controlled a budget that allowed
it to prioritize its employee labor hours, its
equipment usage and maintenance contract
dollars. The maintenance dollars could be used
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to buy materials, let small maintenance contracts,
rent equipment or take other actions to augment
internal resources to achieve the maintenance
targets. The districts and each individual county
produced an annual Work Plan that allocated the
labor, equipment, materials and contracts to
specific maintenance target categories. The Work
Plan format was intended to match resources with
results and allow the process to determine over
time how many resources were needed to sustain
the targeted maintenance conditions. When the
process first began in the early 2000s, it was not
known how many resources would be needed to
sustain the targeted maintenance conditions
across the State. Gradually, over the years,

the needed level of effort was more closely
estimated but it was still affected by unpredictable
events such as flooding, harsh winters or other
events.

As seen in Figures 58 and 59 the total number of
deficiencies would be tracked in the Work Plan, as
well as the level of effort devoted to addressing
the deficiencies in terms of labor hours and con-
tract work. In Figure 58 and 59, TMS refers to the
Transportation Management System that tracked
the hours of maintenance personnel. The internal
labor hours in TMS and the external contract
dollars tracked through the Construction Manage-
ment System (CMS) provided the total level of
effort devoted to addressing the maintenance
deficiencies.

Delaware County Northwest Quadrant
All Deficiencies

Figure 57. Map of maintenance deficiencies in one county quadrant.
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This section examines a few selected examples of
Ohio’s maintenance expenditure and compares
them to the needed level of investment to illustrate
that sustainability ratios could be calculated with
the Ohio system, and the data it produces.

In Table 30 (see next page), the expenditures and
conditions related to guardrail are shown for the
period 2002 through 2007. As can be seen, the

guardrail conditions met or exceeded the estab-
lished target for each year of the period. The actual
amount “needed” for guardrail that would serve as
the denominator is imprecise in these examples
because the precise definition of “need” was not
determined at the time by ODOT. However, it is
apparent from the expenditures and the resulting
conditions those expenditures achieved that ODOT
was meeting and sustaining its guardrail conditions.
In fact, ODOT consistently exceeded its guardrail
minimum goal by investing to achieve its highest
score, a 6, on its Organizational Performance Index.

04/01/02 03/31/03 04/01/02 03/31/03
Highway Workers 133 276,640 6,969 11702
Project Inspector 29 60,320 1,709 1290
All Other Workers 76 59,350 405 955
Totals 238 396,310 9,083 9,452 13947 11,727
04/01/02 | 03/31/03 04/01/02 |03/31/03 04/01/02 | 03/31/03 | 04/01/02 | 03/31/03 04/01/02
Guardrail 6 6 5 4 5 5 52 73 315 251 367
Pavement Deficiency 6 6 5 6 5 5 91 102 256 462 347
Pavement Drop Off 4 5 4 4 4 5 99 67 354 324 453
Vegetation Obstruction 6 5 4 3 3 5 2 18 45 64 47
Litter 5 6 4 0 3 2 3,440 1,319 6,603 3,022 10,043
Drainage Ditch Obstruction 3 5 4 3 3 4 20 10 90 92 110
Sign Deterioration 4 5 5 4 5 4 47 24 208 159 255
Pavement Marking 3 3 3 4 4 5 198 103 332 376 530
Snow & Ice
Totals 3,949 1,716 8,203 4,750 12,152
A county work plan show condition, level of effort.
04/01/02 03/31/03 04/01/02 03/31/03
47,399 47,290 6620 156,660
10,950 1,090 39325 5,956
3,449 6,428 960 47,153
61,798 54,143 54,808 62,542 46905 209,769 $4,334,382 $3,411,466
Planned | 03/31/03 |Planned Priority Sys. | General Sys. | Priority Sys. | General Sys. | 03/31/03 03/31/03 03/31/03 03/31/03
12,230 8,723 $1,520,382 123 316 03/03/03 03/03/03 $623,642 $1,121,962 $1,745,604 324
25,701 26,167 $0 290 574 03/03/03 03/03/03 $2,261,133 $0 $2,261,133 564
31,014 34,691 $0 m 399 03/03/03 03/03/03 $2,604,101 $0 $2,604,101 391
19,544 | 31,375 $0 31 44 03/03/03  |03/03/03 $2,327,761 $0 $2,327,761 82
15313 |17,615 $0 4,277 4,013 03/03/03  |03/03/03 $920,866 $0 $920,866 4,341
34,672 | 31,829 $400,00 16 69 03/03/03 03/03/03 $2,319,455 $2,579,726 102
10,096 12,831 $0 38 241 03/03/03 03/03/03 $1,149,795 $0 $1,149,795 183
2,306 1,288 $801,000 90 382 03/03/03 03/03/03 $96,532 $694,406 $790,938 479
n,817 45,797 5,877,910 $0 $5,877,910
162,693 | 210,315 $2,721,382 $18,181,196 $2,076,639 $20,257,835 6,466

A county work plan’s anticipated level of effort by category of deficiency.

Asset Sustainability Index: A Proposed Measure for Long-Term Performance |

83



Table 30. Guardrail expenditures and conditions

The higher expenditures were

Ohio Guardrail Expenditures and Results left as matter of judgment for
Goal Score Goal Score each district, and most, rou-
Pricrity | Pricrity | General | General | Total Dellars | Total Dellars tinely exceeded the minimum
Systermn | System | Sysiem | Sysiem Planned Expended threshold targets.
2002 4 4 4 4 315158160 | 313.033.940
2003 3 & 4 5 $15305,939 | $27,997.339 Figure 60 illustrates the trends
2004 4 é 4 & $21.196.440 | $24.016.952 and expenditures graphically.
2005 4 & 4 & $11.270815 | $15.884.488 It assumes that the “total
2006 4 & 4 & $11.570358 | $7.637.011 dollars planned” equates to
007 4 6 4 6 | s12143049]| g10.1865¢0|  the “needed”amount that
$87.044.76] |$98.756.290 would serve as the denomina-
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Figure 60. Ohio guardrail expenditures and conditions.
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Figure 61. General system guardrail conditions, budgets.
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tor in a sustainability ratio.
With that assumption, Figure
60 illustrates that while a $15.1 million expenditure
would achieve the minimum goal of an OPI score
of 4, ODOT overspent that minimum and achieved
higher results. Guardrail consistently improved,
rising from scores of 4 to scores of 6 for both the
Priority and the General System.

As also can be seen, the overall expenditures were
reduced after 2004 and ODOT still maintained it
highest score of 6. As seen in other examples, the
process of accurately forecasting level of effort
and budget for maintenance activities often takes
several years. It appears that the department and
its districts were learning to calibrate the level of
effort to sustain the high standards, after an initial
surge in investment to clear up backlogs of defi-
ciencies and to achieve the highest OPI scores.
Investment fell from a high of nearly $28 million in
2003 down to $10.1 million in 2007 yet the guard-
rail scores remained high, and well above the
minimum goal.

Similar calibration could be seen over time in the
category of shoulder drop offs.

As seen in Table 31 and Figure 63, the 2002 score
for shoulder drop offs on the Priority System was
far below target and for the General System the
scores only met the minimum goal of 3. The level

of effort was boosted in 2003 with a commensurate
rise in shoulder drop off scores on both the Priority
and General System. Again, the trend could be seen
where following the initial addressing of backlogs,
the expenditures on sustaining the conditions
steadily fell while retaining the higher scores.

As seen in 2007, the scores were higher than the
targets when the expenditures were higher than
the planned budget. This could also be the result

of additional effort required to repair shoulders
after particularly heavy rains.
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Figure 62. Guardrail Work-Score, Target and Expenditure.

Table 31. Shoulder drop off conditions, expenditures.

Chio Shoulder Drop Off Expenditures and Results

Goal - | Score- | Goal- | Score- Tofal Tofal

Pricrity | Priorty | General | General | Planned $ | Expended §
2002 = NG 3 | s25797874| 324522219
2003 o 5 3 5 525473871 | 329.190.764
2004 4 6 4 6 $20.652.394 | $17.846.365
2005 4 6 4 6 $16.910.752 | $16.230.485
2006 4 6 4 6 $17.140.249 | $17.402.526
2007 4 & 4 6 $7.019.441 | $12.980.742

Figure 63. Shoulder drop off condition, budgets.
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Ohio Conclusion
The data for the other seven Ohio maintenance

Pavement Drop Off Priority System
OPI Versus Dollars Planned & Expended

o 235 - 3 a [ categories are not illustrated here in the interest
5 & of brevity. The two examples of guardrail and
= 3 shoulder drop offs illustrate that for the Ohio
515 maintenance categories the level of effort
-4 necessary to sustain maintenance conditions
510 S E can be estimated and compared to the actual
515 e expenditures to produce maintenance-specific
L 5 sustainability ratios. The Ohio example also
510 illustrates that the generation of the maintenance
- L1 ratios is possible without using a commercial
maintenance management system software pack-
&- + 0 age. In other words, the generation of the mainte-

002 1003 1004 2005 2006 2007 nance sustainability ratio is possible using several
methods and allows flexibility regardless of the
Figure 64. Drop off conditions, expenditures State’s maintenance management process.

on Priority System.
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In Ohio’s case, the seven categories of mainte-
nance expenditures could be “rolled up” into one
composite index that allows for reasonable bud-
geting certainty that a given level of investment
should sustain maintenance conditions indefinitely
over the long term. As with the Utah DOT example,
however, the Ohio case study illustrates in any
given year the needed level of investment by
maintenance category may need to exceed the
planned amount for several reasons. Flooding,
geologic conditions or other events can signifi-
cantly affect maintenance items such as drainage,
shoulder drop offs or even guardrail. As the Utah
case study illustrated, the use of a sustainability
ratio for maintenance provides long-term insight
into needed expenditure levels but it also needs
to be augmented with engineering judgment as
conditions change based upon in-the-field obser-
vations. In the early years of establishing mainte-
nance targets, the actual field conditions and the
needed level of investment may not be precise
and may need to be calibrated over several years.
Likewise, severe weather or other events can
cause annual fluctuations in both conditions and in
needed expenditures. However, when viewed over
a several year period as shown in the Ohio exam-
ple, the sustainability ratios can augment decision
making and can help illustrate how investment
levels compare to the optimized investment levels
necessary to sustain maintenance conditions over
the long term.

North Carolina Maintenance
Analysis

Summary

The North Carolina Department of Transportation
(NCDOQOT) uses its Maintenance Management Sys-
tems to forecast detailed estimates of the levels of
capital and labor necessary to sustain its roadway
maintenance conditions. With these estimates, it
produces forecasts that are similar to Maintenance
Sustainability Ratios and which illustrate the
necessary level of effort to sustain maintenance
conditions over time.

Background

The NCDOT manages the maintenance activities on
a large, sprawling and growing highway network. It
manages 79,185 miles of highways, far more than is
handled by the average department. Because it
manages the local highway network, its span of
responsibility is disproportionately large.
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NCDOT relies on a mature maintenance manage-
ment system to help it address the thousands of
maintenance condition items for which it is respon-
sible. It has developed targets for 18 major mainte-
nance categories and it measures conditions,
activities and budgets for many other maintenance
categories that do not lend themselves to targets.
Its maintenance management process involves
inspecting a statistically valid sample of roadways
and measuring the conditions. From those measure-
ments, it calculates the numbers of deficiencies and
calculates a level of effort to bring them to targeted
levels.

“Maintenance” in the NCDOT vocabulary includes
minor pavement and bridge repair and preservation
activities, treatment of drainage and culverts,
maintaining roadside items such as guardrail and
cable barrier, mowing, litter, pavement markings,
traffic control devices and other such activities and
features. Its maintenance definition is considerably
broader than those of Ohio and Utah.

Conditions and Expenditures

NCDOT’s annual Maintenance Condition Assess-
ment Report (MCAP) provides the General Assem-
bly and public an assessment of the condition of
the highway infrastructure and an estimate of the
funding needed to meet and sustain its mainte-
nance targets.

Table 32 is an information-rich summary of the
categories of maintenance items tracked, their
conditions, and a breakdown of whether the condi-
tions met the targets by three highway systems, the
Interstate, Primary and Secondary. As can be seen,
four major maintenance categories are tracked,
drainage, roadside, traffic and bridge. Within each
category, between four and six categories of items
are measured.

Table 33 presents a summary of the targets, condi-
tions, expenditures and needs for major mainte-
nance items on the NC Interstate Highway system.
Table 33 includes more maintenance items than
does Table 32 because it includes items for which
a target has not been set. NCDOT’s maintenance
management system tracks the level of expenditure
inclusive of labor, equipment, materials and other
costs. It illustrates the level of effort expended for
each item, and an estimate of the level of effort
needed to achieve the target. From the two, a
Maintenance Sustainability Ratio can be calculated



Table 32. NC maintenance conditions and targets.

Roadway Conditions
[Pert M
Ungaved Shoulders No drepoffs greater than 3 inches and no shoulders
Ddches (Lateral Ditches) No bleched, sroded of non-funclioning diches
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Creaaing Fige (Damaged) N demage or siructursl deficiency affecting funchionality
Cart & Cuther {Blocked) |MMMMZMIM2M 5
Beans (Blocked or Damanged) |Grales and cutiet pipe conditions 95
[Frewaiuya, 45 Tast from travebeny, & feol Suhing guardral. Mol Blocking
egetation (Brush & Tree) sigs. Non-freeways 15 feel over roadway and 10 feel back of ditch 90
_ cenlering o ihculder ponl
% Vegetation (Turf Condition) |Areas free of eresion 95
2 |Stormester Devices |Functioning as designed 50
Larwdscape Flani Beds [Achieving acore of 2 of higher on Imspection Torm a0
Rest Areas £ Welcoms Centers. | Condition rating of 80 80
Laong Line P Markings _|Present. visible [T
Words and Symbots Present, wisble 90
E Favemen: Markers Present asd refl 0
Ground Mounted Skgrs [Viskin and loghie a0
Cverhead S Viskie and lepiie a0
MBS Cubveris Condion Rating ==8 85
§ Mon-NEIS Culverls Condition Rating = Good 80
| |Overhead Sign Snuctures Condtion Rating = Good 5
L [Tows L7

Table 33. NC Interstate maintenance condition, budget and need.
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for each item, for each year, as shown in the far
right column of Table 33.

Although Table 33 illustrates only the Interstate
Highway System, similar analyses are conducted
for the Primary and the Secondary System. Such
analysis provides a high degree of granularity for
the highway network, by maintenance category,
or even district.

The total maintenance needs are “rolled up” into
estimates as shown in Table 34 (see next page).

It illustrates the forecasts of financial needs to
meet maintenance targets for seven years. From
this forecast, a Maintenance Sustainability Ratio
can be calculated once budget amounts are
approved for each of the seven years. Future
budgets are not yet approved.

Legislative Reporting

The maintenance analysis above is part of a larger
North Carolina asset management reporting pro-
cess that also includes pavement and bridges. The
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Table 34. Forecasted need by category for performance-based activities.

Performance Based Aclivities 2011-12 |2012-13 [2013-14 12014-15 |2015-16 |201&-17 |2017-18

Pavements 329903 | $311.59 | $324.48 | $338.3] | £352.52 | $3467.33 | $382.75
Shoulders & Ditches £53.19 | 34584 | $88.41 57149 | $7449 | 37742 88
Drainage $£39.13 | 34077 | 34249 | 344297 | $456.13 | $4807 | $5009
Roodside Appurtances 923 $9.62 31002 | 31044 | 31088 | 1134 | 311.8]

Traffic Control Devices £4008 | 34176 | $4352 | $4535 | $4725 [ 34923 | 35130
Rog e/Environmental $10301 | 310734 | $111684 | 11654 | 3120144 [ $12554 | $131.85
Rest Area/Welcome Center Maint $11.70 21219 | $1270 | 31324 31379 | $1437 31458
Flant Bed Mantenance 3507 $5.28 $5.50 35,74 $5.98 $6.23 %649

Total 357044 | 359440 | 3561936 | 364538 | 367248 | 370073 | 3730.14

reports provide quantitative and qualitative
descriptions of the system including:

1. The annual cost to meet and sustain the estab-
lished performance standards for the highway
system to include (i) routine maintenance
and operations, (ii) system preservation, and
(iii) pavement and bridge rehabilitation.

2. Projected system conditions and correspond-
ing optimal funding requirements for a
seven-year plan to sustain the performance
standards.

Three comprehensive surveys are used to evaluate
the condition of the highway system, a Maintenance
Condition Survey, a Bridge Condition Survey and a
Pavement Condition Survey. In keeping with the
legislative requirements, NCDOT estimates the cost
to meet and sustain these performance standards
and it forecasts the optimal funding needed for the
seven year period.

For instance, it notes that the annual cost to meet
the roadway maintenance performance standards is
$668.47 million. The cost to meet the bridge perfor-
mance standards is $71.65 million and to perform
necessary bridge preservation functions is an
additional $26.24 million. The cost to operate the
State’s traffic signals and Intelligent Transportation
System (ITS) devices is $74.49 million. The annual
cost for routine and interstate pavement preserva-
tion activities is $207 million and resurfacing is an
additional $330 million annually.
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These projected investment needs are totaled, after
some adjustments for non-traditional funds, to
create total maintenance funding needs for fiscal
year 2011-2012 of $1.26385 billion. This need is in
contrast to an estimated allocation of $933 million.
Superficially, this analysis provides the initial inputs
for an Asset Sustainability Index of:

$933

$1.264 =73.8

In other words, approximately 74 percent of the
investment necessary for long-term sustainability
of the network is provided. Although the NCDOT
report does not produce an actual ASI, its narrative
and its interpretation provide policy makers with
the bottom line of the long-term consequences.
“North Carolina stands at a crossroads of funding
and system condition. The Department recognizes
that as funding has remained constant system
condition decreases, possibly jeopardizing the
safety and mobility of North Carolina’s citizens.

A comprehensive, balanced funding program of
maintenance preservation, rehabilitation and
replacement is necessary to operate and maintain
the highway system at an acceptable level.”

Additional forecasts provided by the NCDOT report
illustrate the future system consequences if the
current investment levels continue.

Figures 65 and 66 illustrate that pavements and
overall composite conditions will decline with the
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Figure 65. Forecasted pavement conditions at current budget levels.
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Figure 66. LOS forecast.

percent of routes with “good” pavement conditions
falling from 68 percent to 50 percent. NCDOT
calculates an overall Level of Service or LOS based
upon a composite of several condition factors. It
forecasts that overall LOS will decline from 84 to 76
by 2017, on a scale of 0-100.

An overall composite Asset Sustainability Index is
calculated in Figure 66 forecasted through 2017-
2018. It illustrates that if current funding conditions
remain static at 2010 levels, the overall depart-
ment’s ASI will fall from .76 to .60 by 2017-2018.

Nearly $770 million additional would be needed to
achieve the optimal ASI of 1.0 in 2017-2018.

Care must be used in comparing the results of
Figure 67 from seemingly comparable ASI and
Pavement Sustainability Ratios cited earlier in the
Ohio or Utah examples. Each State uses different
definitions and categories of assets and expendi-
tures so that they do not readily compare from
State to State. In the earlier Ohio example, the
analysis focused entirely on the State and Federal
aid highway system, while in North Carolina it
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NCDOT Maintenance Sustainability Index
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Figure 67. NC AS/ for maintenance categories, expenditures.

includes thousands of miles of local routes. Also,
North Carolina uses very different budget catego-
ries than does Ohio or Utah. For instance, the
resurfacing and reconstruction needs of the North
Carolina Interstate Highway System are not includ-
ed in these calculations. That system’s long-term
preservation is largely addressed through the
federally funded State Transportation Improvement
Program (STIP) projects using funds not eligible for
the local routes.

As stated in the opening chapter, the intent of this
report is to illustrate the proof of concept of the ASI
and to illustrate how it can provide policy makers
with enhanced understanding of the needed levels
of investment required to sustain the highway
system into the future. Although, the North Carolina
budget categories and asset class definitions vary
considerably from the other case study States in
this report, its extensive asset management systems
and sophisticated budgeting process provides the
data to produce an ASI that is germane to North
Carolina policy makers. Its policy makers are
responsible for the local routes and therefore are
interested in analysis of them. The North Carolina
commission and legislators can see from the results
of Figure 67 and the supporting data what the
long-term consequences for the transportation
system will be. NCDOT has appropriated to it
approximately $1.063 billion in 2012 for total main-
tenance and preservation needs. By 2017-2018, the

90 | Chapter 6: Example of US Maintenance Sustainability Ratio

budget should increase to $1.769 billion if the State
wants to achieve its highway system condition
targets. Such analysis allows policy makers to
understand not only how the physical conditions of
the highway system are likely to degrade, but also
they can calibrate the likely levels of investment
necessary to forestall the degradation.



Combining Ratios into an Index

The Asset Sustainability Index provides a few
critical measures that summarize the long-term
trends facing the transportation system while also
allowing “drilling down” into the details of how
various asset classes will perform into the future.
As a result, inherent in the sustainability metrics

is a “nested” series of measures from the most
summarized down to the most granular that
illustrate specific asset classes, even down to

the regional level.

This section will discuss how the Asset Sustainability
Index is assembled from the various components.
Chapter 10 will discuss further how the summariza-
tion and the granularity can help illustrate important
aspects of transportation system need.

With the Asset Sustainability Index comprising the
ratios of pavement, bridge and roadway mainte-
nance, the concept of how to compile them into a
composite index is relatively straightforward. The
values of the three major ratios are combined and
a weighted index is computed.

A simple, theoretical example is shown in Table 35.
The amount needed for pavement investment is
$500 million, the needed amount for bridges is
$250 million and the roadway maintenance need is
$225 million. Each is shown as one year’s compo-

nent of a 10-year asset management plan to sustain
the assets over the 10-year horizon. Each of the
three has a different Sustainability Ratio, with
maintenance and bridges receiving a higher per-
centage of their overall need than do pavements.
The weighted sustainability index is the simple
weighted average of the three Sustainability Ratios
combined into one overall Sustainability Index. In
this example, the Sustainability Index for this one
year is .88.

Figure 68 illustrates how the insight provided by
the ASl increases when placed in a time series. Any
individual year’s index provides only limited insight
but the decade-long trend line provides insight into
the consequences over time.

Figure 68 conveys the overall trend that statewide
investments are inadequate and the current level of
investment does not lead to sustainable highway
assets over the long term. It also shows that by
2020 investment is only 75 percent of need, which
illustrate the approximate magnitude of needed
additional investment.

An image such as Figure 68 can be added to key
planning and budgeting documents to provide one,
comprehensive metric that summarizes the direc-
tion in which the highway conditions are heading if

Calculation of a Sustainability Index.

Pavement $415 $500 $415/500 0.83

Bridge $225 $250 $225/250 0.90

Maintenance $214 $225 $214/%$225 0.95

Total $854 $975 $854/$975 0.88
Millions$
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Overall Asset Sustainability Index

E As|

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 |

ASI| 0.88 | 0.87 | 0.85 | 0.84 | 0.83 | 0.82 | 081 | 079 | 0.77 | 0.75 |

Figure 68. AS/ over time.

current spending continues. The ASI also illustrates
the magnitude of needed additional investment.
Research such as the National Cooperative Highway
Research Program 14-34 Communicating the Value
of Highway System Maintenance and Preservation is
examining the struggle that highway agencies have
in reaching stakeholders with understandable, yet
convincing, information about the need for invest-
ment. Most transportation management systems
produce credible reports but ones that are devel-
oped for well-informed and highly trained transpor-
tation practitioners. Converting management
system information into formats useful for lay
audiences is a continuing challenge. Data such as
International Roughness Index scales or descrip-
tions of bridge functional obsolescence have
proven difficult to explain to the media and others.

The index also can help satisfy calls for accountabil-
ity and performance measurement. To date, most
highway condition performance measures have
been narrowly focused upon specific assets, or even
only characteristics of specific assets. IRl measures
provide insight into pavement roughness, but not
into pavement structure, skid quality or remaining
service life. Likewise, a bridge may be rated struc-
turally “fair” today but may be on the verge of
decline into a “poor” rating that creates need for
imminent investment. Providing metrics about
these individual characteristics yields insight into
condition performance, but only for narrow compo-
nents of the highway network, and generally only
for current conditions. The ASI provides an overall
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picture for whether the asset management needs
for the system as a whole are being adequately
addressed.

Details for Greater Understanding

As a composite metric, the ASI sits at the apex of
a comprehensive asset management analysis. It
summarizes in one metric the adequacy of invest-
ment necessary to sustain highway infrastructure
conditions for future users.

Because the ASl is a “condensed” measure, it also
allows for the disaggregation or the “drilling into” of
its components for greater understanding as to the
consequences of under-investment. As the compo-
nents of the ASI are examined, it is possible to
understand which assets are under-funded, and by
how much. The final ASl is actually the weighted
average of a series of component sustainability
ratios each braided into a composite. Each strand
can be examined separately to illustrate the trade-
offs that have been made and the consequences of
them. The granularity that the detailed analysis
provides allows decision makers to understand how
to calibrate additional investment to achieve very
specific results—those results being an adequately
funded highway program that sustains all asset
classes at a steady state of acceptable conditions.

Nearly every highway agency in the United States
today faces serious unmet needs. Officials in these
agencies make difficult tradeoffs to allow some



assets to decline in condition so that they can focus
investments on even more pressing needs. Such
tradeoffs were evident in the Minnesota and Utah
examples where officials in both States reluctantly
decided to allow rural pavement conditions to
decline in order to sustain conditions on higher
functional classes. The granularity of the ASI allows
for the drilling into its components to illustrate
which asset classes are being underfunded and by
approximately how much.

In the case studies of Utah, Ohio, North Carolina
and Minnesota, considerable time was spent illus-
trating sustainability ratios for critical asset classes
such as guardrail, pavement markings or rural
pavement conditions. These individual asset classes
represent a minority of overall spending but are
very important individually. Iltems such as guardrail
or pavement markings contribute disproportion-
ately to highway safety. Their importance can belie
the relatively small percentage they consume of the
agency’s overall spending.

In the hypothetical case shown in Table 36 the
maintenance sustainability ratio is .95, indicating
that most maintenance needs are addressed.
However, if within that overall maintenance
calculation key components such as guardrail

or pavements markings are under-funded and
deteriorating, key public safety and infrastructure
trends could go unreported. Likewise, the case
studies of both Utah and Minnesota illustrated that
rural pavement conditions are likely to significantly
deteriorate as scarce resources are prioritized for
higher value assets such as the Interstate Highway
System or bridges. In Ohio’s case, inordinately high

bridge deficiencies within districts were observed
even though statewide average conditions
met targets.

Table 36 from the NCDOT case study illustrates
how that DOT has determined need with significant
granularity for its bridge maintenance activities.
This determination of need can be compared to
budgeted amounts per item to produce significant
insight into which categories of bridge needs are
being adequately met, and which are not. With
such granularity, overall decision making and public
reporting can be improved. Also, such granularity
can be used to prioritize where additional invest-
ment is most needed.

Similar granularity was apparent from the other
States, as well. Utah displayed considerable detail
by individual class of maintenance asset, further
disaggregated by region. Ohio detailed bridge
condition deficiencies by category, by district and
by year. The granularity of the modern manage-
ment systems allows the agencies to convey to
policy makers the trade-offs faced when investment
levels are inadequate and which asset classes must
be allowed to deteriorate in order to put resources
into even more acute areas.

Table 37 (see next page) illustrates how the infor-
mation from the hypothetical scenario in Table 35
can be portrayed with greater granularity to clarify
which assets classes are most adequately funded
and which are the least. As can been seen in Table
37, the major categories of Pavements, Bridges and
Maintenance are further broken into subcategories
by major asset class. The sustainability ratios of the

Table 36. NCDOT bridge maintenance need by category.

Performance Based Aclivities 2011-12 |2012-13 [2013-14 12014-15 |2015-16 |201&-17 |2017-18
Pavemenis $299.03 | $311.59 | $324.48 | $33831 | $352.52 | $347.33 | $38274
Shoulders & Ditches 26319 | 55584 | 35841 | 37149 | $7449 | 37742 | $8088 |
Draoinage $£39.13 | 34077 | 34249 | 344297 | $456.13 | $4807 | $5009
Roodside Appurtances 923 $9.62 31002 | 31044 | 31088 | 1134 | 311.8]
Traffic Control Devices £4008 | 34176 | $4352 | $4535 | $4725 [ 34923 | 35130
Roadside/Environmental $10301 | 310734 | $11184 | $11454 | $121.44 [ $12554 | 13185
Resl Areqg/Welcome Center Mainl £11.70 $12.19 $12.70 31324 31379 $14.37 $1498
Flant Bed Mantenance 3507 $5.28 $5.50 35,74 $5.98 $6.23 %649
Total $570.44 | $594.40 | $519.36 | $64538 | 367248 | $700.73 | $730.14
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Table 37. Sustainability ratios over time by asset class or activity.

2011 2012 2013

2014

2015

2016

2017

2018

2019

2020

Pavemeants 0.81

0.81

0.80

0.79

0.78

0.77

0.77

0.76

Major Routes
Arterials
Collectors

0.78

05

0.78

097

0.97

0.77
0.96
0.%6

0.76
0.55
0.95

0.75
0.54
0.94

0.75
0.53
0.93

0.74
0.92

0.73
0.91

Pavement Rehabilitation/Replacement
Pavemant Preventive Mainenance
Bridges

Preventive Maintenance/Preservation
Sub and Superstructures

Dacks

Painting

Maintenance

Guardrail

Pavement Markings

Drainage

Signage

Vegetation/Roadside

Pavement Surfaces

Ovarall ASI

individual classes are shown, and are aggregated in
the bottom line into an Asset Sustainability Index
for this hypothetical roadway network. The trad-
eoffs made by the highway agency are clear with
the color coding. Green cells indicate adequate
investment rations while ones in red indicate the
degree of underfunding. In this scenario, Pavement
Rehabilitation and Replacement is underfunded
acutely throughout the forecast period. Asset
classes of resurfacing of major routes, bridge sub
and superstructure repair, bridge preventive main-
tenance and bridge decks are scheduled for signifi-
cant declines in investment levels as compared to
their needs.

Although Table 37 is theoretical, it very closely
approximates the type of analysis that was “teased
out” of the data from the transportation depart-
ments in Utah, Minnesota, Ohio and North Carolina.
An actual analysis that resembled Table 37 would
give a policy-maker an at-a-glance summation of
the adequacy of investment by major asset class for
each year of the next decade.

Summary

Both granularity and summarization are possible
with an indicator such as the ASI and its related
metrics. It translates diverse asset performance
indicators into a common denominator of invest-
ment adequacy. The ASI and its related metrics can
be summarized into one overarching metric for the
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entire network through a simple weighted average
calculation. At the same time, summary tables such
as Table 37 allow the drilling down into asset
classes or even geographic regions to further clarify
the impacts of underinvestment. The type of granu-
larity displayed by the States examined in this
report allow them to specify to policy makers which
asset classes are underfunded, and what the long-
term implications of that are likely to be. Likewise,
the asset-class analysis those States displayed
allows creation of Sustainability Ratios for individual
asset classes that can add increased insight into
understanding of highway asset condition trends.



GASB 34 Precedents

The Asset Sustainability Index and its related ratios
are considered in this report as evolutionary next
steps to further enhance the reporting of transpor-
tation asset management needs and issues. The
practice of TAM has steadily evolved from the
mid-1990s in the United States and has at several
points of its development intersected with other
important reporting frameworks. One such inter-
section is with the Governmental Accounting
Standards Board Statement 34 (GASB 34.) GASB
34 went into effect in 2001 and represented a
major change in government accounting for
infrastructure.

The Asset Sustainability Ratio represents a comple-
mentary mirror image of the GASB 34 reporting
process. While the ASI is forward looking, the GASB
34 reports are backward looking. They report upon
past changes in highway asset values, conditions
and expenditures. If the two were reported in a
coordinated fashion, they could provide a long-

term perspective on where infrastructure conditions
have been and where they are heading. The GASB
reports would provide a 10-year summary of chang-
es in asset values and expenditures while the ASI
forecasts would provide a similar projection into
the future.

Figure 69 is repeated from Chapter 1to illustrate
the long-term perspective that could be provided
by combining GASB 34 reports of past trends with
ASI forecasts of likely future conditions. As seen in
Figure 69, the Asset Valuation of the theoretical
rural pavement network is shown as having
declined from 2000 to the present. This is the type
of information that can be produced from the
lagging GASB 34 reports. Looking forward from
2011 to 2019, the forecast illustrates that the decline
in asset value is expected to increase and that the
level of necessary investment has fallen from nearly
100 percent to a low of 83 percent, or a Pavement
Sustainability Ratio of .83. Commensurately, the

Pavement Asset Valuation and Pavement Sustainall'.lilitw,ir Ratio
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Figure 69. Theoretical Pavement Sustainability Ratio and corresponding asset valuation.
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value of the rural pavement network has declined
from $3.5 billion to only $1.76 billion. In other words,
this theoretical State has lost half of the value of its
rural highway network pavements.

Currently, the GASB 34 reports don’t provide this
type of granular insight for individual asset classes,
such as rural pavements, for reasons that are
discussed below. However, the evolution of the
sustainability ratios could provide an evolutionary
next step to further enhance the value of the
existing GASB 34 processes.

The GASB 34 standards were intended when
adopted in 1999 to provide new insights into
whether U.S. public agencies were accruing future
liabilities in the form of deteriorated assets. Among
the objectives of GASB 34 was to improve public
decision making by treating long-term capital
assets such as highways as items to be reported
on an agency’s balance sheets. If the assets were
deteriorating at a faster rate than they were being
repaired, it would create a long-term liability that
should be disclosed in annual financial reports.
GASB 34 also emphasizes Asset Valuation, or the
assignment of monetary value to infrastructure
assets. The concept is that if roadway elements are
described as public assets and valued in monetary
terms, the public imperative to preserve them in
sound condition is enhanced.

The 1999 standards added a new requirement for
agencies to include a clear non-technical Manage-
ment Discussion and Analysis (MD&A) addressing
basic facts regarding whether the infrastructure
conditions were improving, declining or sustaining.
The MD&A was to report, among other things,
significant changes in the assessed condition of
assets from earlier assessments, how conditions
compare to targets, and any significant differences
between what was budgeted to be invested in pres-
ervation from what actually was spent.

This concept in U.S. public accounting represented
at the time a major shift in focus. In the past,
accounting reports represented only short-term
balances of accounts for the current year, or bien-
nium. As the GASB guidance made clear, snapshots
of short-term account balances provide the public
or policy makers little insight into whether current
investment levels and maintenance practices are
sufficient to ensure the long-term performance of
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major infrastructure. As the GASB 34 guidance
explains “....the citizenry, legislative and oversight
bodies, and investors and creditors, also need
information about the probable medium- and
long-term effects of past decisions on the govern-
ment’s financial position and financial condition.
Without that information, these groups cannot
assess the probable effect of current-period activi-
ties on the future demand for resources, or whether
the government can continue to meet its service
objectives and financial obligations in the future.”
GASB guidance at the time summarized the ratio-
nale for the reporting standards in the following
way. “In short, the new annual reports should give
government officials a new and more comprehen-
sive way to demonstrate their stewardship in the
long term in addition to the way they currently
demonstrate their stewardship in the short term
through the budgetary process.”®

GASB 34 as an auditing framework was intended

to complement other frameworks such as asset
management by focusing upon the financial impli-
cations of the results, or lack thereof of these other
systems. Government auditing agencies play a
fundamental role in public governance. They ensure
compliance with financial laws and reporting stan-
dards, and by doing so, provide public transparency
by ensuring the accuracy and completeness of
agency financial reports. The GASB 34 require-
ments cast the analytic results of the other manage-
ment systems and practices into a format suitable
for satisfying the fiduciary requirements of audit
statutes and agencies. GASB 34 requirements also
were expected to play an important financial role
when agencies seek bond ratings. Bonding agencies
seek long-term stability, or sustainability, in an
agency'’s finances before awarding a sound bond
rating. Based on that rating, bond investors can be
assured they are highly likely to be repaid and that
the agency is operating in a fashion that ensures

its financial soundness for many years, often up

to 30 years in the case of some bonds.

In 2008, NCHRP Report 608, “GASB 34: Methods
for Condition Assessment and Preservation,”
examined how States were implementing the
GASB 34 standards. It reported that States that
were strong practitioners of TAM tended to have
robust GASB 34 reports, while those that were
not tended to have more perfunctory depreciation
reports.® Agencies have two ways to report. The
first approach is the depreciation method which
generally applies “straight line” depreciation to



categories of assets and assigns a value to the
depreciation. The value of the depreciation is
compared to what is spent on infrastructure preser-
vation to determine if preservation expenditures
are adequate. The second approach, the modified
approach, is more sophisticated and generally relies
on more detailed comparison of expenditures and
depreciation. In the modified approach, the agen-
cy’s management systems often provide condition
and depreciation information that is more robust.

The GASB 34 requirements call for the Management
Discussion and Analysis to be included in the
agency’s annual Comprehensive Annual Financial
Reports (CAFR.) These were envisioned to serve
like a publicly traded corporation’s annual report to
shareholders. They would allow the public to under-
stand the long-term health of the infrastructure and
understand the long-term consequences of current
investment decisions.

However, the transportation agencies interviewed
in NCHRP 608 reported that their CAFRs received
little attention and had become “just one more
administrative task.” “We also find that the agencies
report that they receive very little interest in this
information from outside entities such as legislative
bodies, the investment community or the general
public. It was widely hoped that provision of this
information would spark interest in the condition
and preservation of infrastructure assets—the
factors that seem to have precluded interest are
discussed in this report.”

A review of NCHRP 608 and several of the individu-
al State CAFRs reveal several reasons for the
possible lack of interest in the CAFRs.

First, many of the CAFRs reviewed for this report
read like accounting reports which are heavily laden
with tables of numbers and accounting categories
that do not explicitly state whether roadway
conditions are declining or improving.

Secondly, the value of assets are grouped in ways
that tend to obscure whether particularly important
asset classes are improving or degrading. For
instance, the overall value of highway assets
includes the value of new construction and the
underlying land, earthworks and buildings owned
by the State. These categories increase the value

of overall assets and tend to mask the decrease in
value of key asset categories, such as pavement
surfaces, bridge decks or maintenance appurte-

nances such as signage. The actual value of pave-
ment surfaces or bridge decks are not reported
separately and their decreasing asset value is offset
when the value of new construction is included in
the asset base value.

Third, several states set lower threshold values for
GASB 34 targets than they set for their internal
asset management targets. The result is that lower
levels of expenditures are needed to prove “suffi-
ciency” in GASB reports. While a State may strive
for 90 percent achievement of pavement targets as
an asset management goal, it may set a target of
80 percent for its GASB target. Only a careful
reading of the asset management reports com-
pared to the CAFR will identify why the CAFR
reports targets are met while the asset manage-
ment reports indicate that asset conditions are
declining. One State produced a pavement forecast
report that reported substantial declines expected
in its pavement conditions. However, the State’s
CAFR reported pavement targets were met. Also in
some states contacted, the asset management staff
did not coordinate with the finance staff that
produced the agency’s CAFR.

Fourth, and related to the third issue, is that if a
State fails to meet a GASB condition target the
GASB rules state it should shift from using the
more sophisticated “modified approach” to the
less sophisticated “depreciation approach.” There-
fore, the states that want to retain the more robust
reporting process face a disincentive if they
candidly report that asset condition targets

are not met.

Fifth, the CAFRs of some states address only two
to three years, preventing long-term trend lines
of asset conditions from being apparent. A reader
would need to review multiple years of reports

in order to understand the long-term asset-
condition trends.

Sixth, the CAFRs are inherently backward looking
and do not include forecasts. Therefore, only
assumptions of future performance can be inferred
from them.

Seventh, the GASB rules do not allow the invest-
ment of many asset replacements to be added as
capital, but instead say they must be treated as an
expense. For instance, if an existing deteriorated
bridge is replaced with a new bridge, the new
bridge is not included as new, increased “capital” or
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“equity” but rather must be reported as an expense.
The transportation officials interviewed in NCHRP
608 disagreed with this GASB interpretation
because it causes the agency’s investment in
infrastructure renewal to be understated.

Although the GASB 34 requirements were devel-
oped to raise public understanding of and interest
in infrastructure conditions, they had not appeared
to have done so to the extent hoped for in 2001.

Some State’s CAFRs do provide a long-term per-
spective regarding asset conditions and expendi-
ture levels. For instance, the Kansas Department of
Transportation provides information showing that
pavement and bridge condition targets are being
met, that minimum investment levels have been
largely achieved and that overall asset values

have increased.

2008
2009
2010

2006
2007
2008
2009
2010

Kansas DOT GASB data.

Interstate Miles

Minimum Actual
Acceptable Condition
Condition Level
80 96
80 97
80 97
Estimated
Expenditures to Actual

Maintain System at

Minimum Acceptable Expenditure

Condition

$110,000 $115,820
$110,000 $62,935
$110,000 $68,654
$110,000 $67,603
$110,000 $54,807

(Amounts in Thousands$)

Net Assets

Maintenance,

Preservation,
Expansion and

$1,080,294

Related Expenses

(Amounts in Thousands$)
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$8,455,364 | $8543,320 $8,585,739

$1,082,568

Non-Interstate Miles

Minimum Actual
Acceptable Condition
Condition Level
75 85
75 86
75 86
Estimated
Expenditures to Actual

Maintain System at
Minimum Acceptable

Condition

$260,000 $390,988
$260,000 $384,627
$260,000 $363,582
$260,000 $392,237
$260,000 $335,108

For instance, it notes that minimum pavement
conditions for Interstate Highway and non-
Interstates have continually surpassed minimum
targets, as seen in Table 38.

The Kansas DOT reports (Table 39) that net assets,
including the value of highway assets, have risen 22
percent in nine years and that expenditures for
roadway maintenance, preservation and expansion
have increased 34 percent.

These types of reports do serve the function of
indicating that the departments are reasonably able
to meet their infrastructure needs, they have grown
the State’s assets and that performance targets are
being met.

A possible enhancement to the GASB 34 reports

could be further granularity in reporting for critical

asset classes, such as illustrated in Figure 69. Such
granularity could disaggregate the effects of
investment and allow greater understanding
whether overall asset values were rising
because of sound infrastructure investment
in existing assets or if asset values are rising
because of adding new highway facilities. The
adding of new facilities increases long-term
maintenance costs. The granularity of asset
valuation change by asset class could increase
understanding of whether critical roadway
assets are increasing or decreasing in value.

Expenditure

Kansas highway asset values.

$8,757,169

$1182,808 |  $1,227,139

$8,

$1,242,339

932372 $9,270,951 $9,518,480| $9,986,964| $10,337,675 22%

$1,259,426| $1260,003| $1,268,474 | $1,443,590 34%



Methods for Calculating Need

The case studies and examples cited in this report
came from large State transportation agencies

that have mature, sophisticated asset management
systems. However, such systems are not required
to generate sustainability ratios, particularly for
smaller governments that manage smaller roadway
networks. Credible sustainability ratios could be
produced using at least three methods, two of
which do not require commercial management
systems. Although, those management systems are
highly desirable they are not mandatory to produce
sustainability metrics. Lack of them should not
preclude a government agency from the ability

to generate a credible asset sustainability index

or its related ratios.

At least three methods for generating asset sustain-
ability metrics will be described very generally.
These descriptions are not intended to provide
step-by-step guidance but instead only to illustrate
that currently such methods are in use in the United
States and have routinely produced the inputs

that could be used to generate an ASI. The three
methods are:

D Using the outputs from modern pavement,
bridge and maintenance management systems
to generate the needed levels of investment
by asset class. Utah and North Carolina use
such systems to produce the analyses seen
in this report.

D Using data bases and spreadsheets to
replicate some aspects of the management
systems to the extent that deterioration curves
are applied to existing assets and their future
conditions are forecast. These forecasts
produce estimated levels of treatments that
would be required to sustain conditions. The
levels of effort are multiplied by known unit
costs of treatments to generate the financial
need. This very generalized description can be
relatively simple and be based on only a few

asset classes and few deterioration curves:

or it can be much more detailed with multiple
asset classes, many deterioration curves and
multiple iterations of applying treatment types
to generate need and costs. The ODOT uses
such a method but it is migrating toward the
use of commercial management systems such
as those used in Utah and North Carolina.

D Simplified application of depreciation to
classes of assets as described in the GASB 34
guidance for agencies using the depreciation,
versus modified, method of reporting. This
method would apply generalized depreciation
rates to major asset classes to determine the
level of estimated annualized depreciation
they experience. This depreciation is totaled
and compared to the amounts actually invest-
ed in infrastructure preservation annually to
determine if it is adequate. This method is
commonly used by U.S. turnpikes to satisfy
bond holders and rating agencies that they are
investing adequately to sustain their roadways.
Similarly, these simplified methods could
produce “rule of thumb” investment estimates
that would be appropriate to a smaller net-
work, such as a small city or county. Although
lacking in detail, they do provide benchmarks
of needed investment over the long term.

Among the many advantages of modern pavement,
bridge and maintenance management systems is
their ability to produce relatively quickly a number
of credible investment scenarios. They can produce
pavement, bridge or maintenance programs that
can be iterated on major criteria such as the
amount of available revenue, the desired level of
service, by treatment priorities or by combinations
of the three. Such flexibility and speed can greatly
assist programming analysis that could produce
metrics such as those that feed sustainability
metrics.
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It is beyond the scope of this report to describe

in detail the operating of modern management
systems or to describe the many types of iterative
analysis they can produce. Very briefly, the
management systems are based on the following
key inputs:

D Inventories of assets
D Condition assessments of the assets
D Trend lines of past condition

D Deterioration rates for estimating future
asset conditions

D Estimated traffic loadings
D Geographic referencing for mapping
D Costs per treatment type

D Complex optimization algorithms that
recommend appropriate treatments based
upon key inputs, such as available revenue

D Sophisticated communication modules that
can produce maps, charts and reports that
recommend investment scenarios and which
report upon the infrastructure conditions that
will result from such scenarios.

These kinds of outputs allow establishment of the
needed investment that form the denominator of
the sustainability ratios.

Despite the sophisticated computer analyses
these systems produce, they still are reliant on the
judgment of the agency subject matter experts for
decisions on key parameters. One such parameter
is how much pavement rehabilitation and replace-
ment to realistically include in the “need” estimate.
As noted in Chapter 1, thousands of lane miles of
U.S. freeways have pavement structure more than
30 years old and which in many cases would
warrant rehabilitation or replacement. Totaling
them all in a need estimate would produce very
large estimates that would dwarf credible esti-
mates of available revenue. Engineering and
economic judgment should temper the need
estimate. Otherwise, the sustainability ratios

are unlikely to withstand scrutiny from legislators
and other policy makers.
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Table 40 is the product from one State’s bridge
management system regarding the needed level
of investment by treatment category for the State
to sustain its bridge condition targets for the next
decade. Such estimates greatly facilitate the gen-
eration of the sustainability ratios and are typical
of the type of estimates the management systems
can produce.

10 year bridge investment need.

Treatment Cost
$1,101,998,128.20
$491,352,834.35
$2,324,800,926.00
$3,918,151,888.55

Treatment Type
Preservation
Rehabilitation
Replacement

Total

Another way to estimate the needed levels of
investment could be called an “inventory based
method” because it relies upon applying deteriora-
tion curves to existing inventories of assets and
using the results to predict needed treatments,
and the treatments’ costs.

Table 41 illustrates a simplified type of analysis for
the sections of one route. Based upon the condi-
tions, the appropriate treatments are assigned to
the pavements. The pavement rated 85 is slated for
preventive maintenance, the one at 55 is slated for
selected full depth repairs and resurfacing while the
one at 66 is scheduled for resurfacing. The pave-
ment at 90 is not scheduled for any treatment in
this year. The treatment costs are estimated from
unit costs and the predicted pavement conditions
after treatment are shown. From the pavement
conditions, the remaining service life until next
treatment is predicted. The prediction can be
based on formal deterioration curves, engineering
judgment or a combination of the two.

This type of analysis can occur manually for a small
network or through a combination of automated
and manual efforts for a larger network. Such an
approach is used routinely by agencies that lack
management systems. The approach works for
smaller networks but lacks the ability to run
scenarios and iterations that can be performed

in the more sophisticated management systems.



Table 41. Example of pavement need estimate.

00.00-5.25 5.25 85 Preventive Maintenance

5.25-11.40 615 55 Resurfacing,_ 10% Full
Depth Repairs

11.40-18.50 7.1 90 None

18.50-25.00 6.5 66 Resurfacing

Total 25

The inventory based method requires substantial
manual effort to compile the network-wide informa-
tion. It also lacks the sophisticated output systems
to generate the standard reports that help to
explain the scenarios. However, when such systems
are supported by information technology staffs
they have been used to produce meaningful asset
management programs. While they have some
disadvantages compared to the commercial man-
agement systems, they do provide transparency to
the district personnel and others who can produce
the inventory-based scenarios. Key inputs such as
current conditions, estimated effect of treatments
and estimates of remaining service life are clearly
evident and not generated from “black box”
analyses that are not widely understood.

The simple analysis in Table 41 relates to only two
lane pavements. Expanding the analyses to include
all bridge, multi-lane pavements and maintenance
needs clearly requires substantial levels of effort.
The level of effort they require explains the attrac-
tiveness of the formal computerized management
systems and explains their expanded use in recent
decades. As shown, however, in the Ohio case
studies, some States have produced maintenance
management processes by basing maintenance
needs upon manually collected inventories of
maintenance items. Such approaches could

be replicated, particularly for smaller roadway
networks.

Depreciation Method

A third way to calculate need would be through
straight-line depreciation such as used for the
GASB 34 financial reports. The GASB 34 Imple-
mentation Guide allows use of modified or
composite deterioration methods in order to
lessen the financial burden of reporting. Composite
methods refer to depreciating groups of similar
assets using the same deterioration rate. For
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$45,000 $472,500 100 6

$100,000 | $1,230,000 100 12

$0 $0 90 8

$90,000 | $1,170,000 100 12
$2,872,500

instance, if bridges are determined to have a useful
life of 50 years, each year one-fiftieth of the value
of the bridge inventory is calculated as deprecia-
tion. The examples used in the GASB 34 Imple-
mentation Guide are provided primarily for deter-
mining asset valuation. They help determine the
current year values of individual assets each of
which was built over different years. However, the
logic also can be used to determine annual needed
levels of investment in the simplest scenarios for
determining sustainability ratios.

In Table 42 below, the local government owns

10 bridges, each with the original bridge cost
shown. Applying a 50 year service life to each
structure results in annual depreciation of 2 percent.
The amount of annual depreciation is shown for
each structure and totaled as $271,000. Therefore
under a simple straight-line scenario, the $271,000
provides the local government with an estimated

Table 42. Bridge depreciation costs.

Estimated
Useful Life
Bridge Cost 50 Years (2% .Hnnl.r.lall
annually) Depreciation
$2,000,000 $40,000
$1,000,000 $20,000
5500,000 510,000
$1,500,000 $30,000
$1,800,000 $36,000
$2,100,000 $42,000
$750,000 515,000
51,250,000 525,000
$900,000 $18,000
$1,750,000 $35,000
Annual Total $271,000




amount of preservation and maintenance it should
budget in order to sustain its structures. Obviously,
the amount of outlay would vary considerably year
to year as specific maintenance treatments are
required over an inventory of different bridges,
each of a different age and condition and each
experiencing different loadings. However, as a
number to be used as a 10-year average expendi-
ture, the $271,000 would be consistent with the
GASB 34 guidance. It could be used by a local
government to inform decision makers of the
order-of-magnitude levels of bridge investments
necessary to sustain the community’s

bridge network.

Table 43 from the GASB 34 Implementation Guide
illustrates examples of estimated useful lives by
asset class that could be used to calculate annual-
ized depreciation rates. As the GASB 34 guidance
notes, agencies are free to add additional catego-
ries of assets, and to subdivide them into more
classes to provide more robust depreciation
schedules.

Useful service life.

Component

Bridges 50
Roadways 25
Curbs/gutters 15
Street lights 15
Traffic signals 18
Street signs 10

Although simple in concept, this type of straight-
line depreciation is used in the annual financial
reports of some major turnpikes to satisfy the
GASB reporting and to satisfy bond holders.
Although it lacks the sophistication and detail of
the other types of analysis, it could be used as a
beginning method to develop the needed levels
of investment that would serve as numerators in
sustainability metrics.
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Summary and Observations

This report examined the concept of a suite of
proposed performance measures centered on an
Asset Sustainability Index. The metrics are intended
to be forward looking, predictive and comprehen-
sive. They are intended to provide an important,
bottom-line answer to a basic question—will high-
way assets be in better or worse condition in the
future based upon the investments and programs
of today?

The concept of sustainability metrics is not original
having been used since at least 2009 in Australia.
The Australia precedents reflect the growing
interest in the financial sustainability of programs
so they do not impose undue costs upon future
users. The European debt crisis rocked internation-
al financial markets because of concerns that some
European government expenditures were finan-
cially unsustainable. In the United States, concerns
over the national debt and the long-term solvency
of entitlement programs override all other policy
debates. In the private sector, the long-term
solvency of the mortgage bond market led to a
financial downturn that reverberates throughout
the economy.

All of these issues involve analysts concluding that
the current path of spending and investment is
unsustainable and creates long-term deficits that
will be passed on to future generations. A growing
perspective is that responsible governance
includes an obligation to create sustainable pro-
grams that do not impose undue costs upon future
taxpayers. As noted in a Queensland, Australia,
sustainability act, “A local government is financial-
ly sustainable if the local government is able to
maintain its financial capital and infrastructure
capital over the long term.”

To date, there have been few widely published
metrics with which to illustrate whether a highway-
infrastructure deficit looms, be it at the national,
State, regional or local level. The GASB 34 reports

provide some insight but they are not frequently
read and they are backward-looking without
future forecasts. The ASI is a mirror-image GASB.
It looks forward to whether current investments
will increase, or at least sustain, infrastructure
conditions.

Transportation sustainability metrics could allow
transportation professionals to illustrate whether
the trajectory of infrastructure investment will be
adequate to sustain critical highway conditions for
the long term. In recent decades, national infra-
structure condition trends have been positive.
Bridge and pavement conditions on the National
Highway System have improved significantly.
However, the past performance guarantees little for
the future. The past 5 years have seen highway
agencies hit by rising prices, lower fuel tax receipts,
deferred maintenance, and the steady aging of key
assets such as the bridges and pavements built
during the Interstate Highway era. Although some
major highway metrics are trending positively, they
are lagging metrics that provide only inference, and
not certainty, about the future direction. Therefore,
the gains of past years may not be a certainty for
the future.

However, powerful modern asset management
systems routinely produce scenarios of likely
future conditions based upon expected levels of
expenditures. These management systems allow
transportation agencies to report whether current
investment levels are adequate to offset the likely
depreciation of asset values and deterioration of
asset conditions. Such forecasts can allow new
understanding of whether transportation agencies
are incurring “infrastructure deficits” that will
manifest in the future as lower conditions and
substantially higher costs for future taxpayers.

As used in Australia, the sustainability metrics
complement, not replace, existing metrics such as
pavement roughness and bridge structural condi-
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tions. The sustainability metrics provide additional
insight into whether long-term investment deficits
are developing, the magnitude of those deficits and
the long-term cost to close those deficits.

Future “infrastructure deficits” don’t typically show
up on the balance sheets of transportation agencies
so they have not received the same attention as
have the deficits for the Federal budget, Medicare,
Medicaid or Social Security. Although it doesn’t
appear on balance sheets, underinvestment in
infrastructure does create future financial obliga-
tions that are, in many cases, undocumented

to the public.

Consolidating Key Performance

Focus Areas

Sustainability measures complement four impor-
tant focus areas of transportation policy—asset
management, performance management, account-
ability and sustainability. Asset management is a
proven strategy for rationally managing transpor-
tation assets for the lowest cost over their
complex lifecycle. Performance management sets
clear targets and measures progress toward those
targets. Accountability often flows from both
asset management and performance management
because the two disciplines provide documenta-
tion of the agency’s focus and its accomplish-
ments. Sustainability addresses whether the
agency is meeting not only short-term needs but
also leaves future users adequate resources to
meet their needs. Asset sustainability metrics
inherently incorporate all four areas of concern:
asset management, performance, accountability
and sustainability.

The transportation community has struggled to
identify a handful of measures that accurately
reflect the performance of the highway system
overall. Using only a handful of metrics regarding
current bridge and pavement conditions doesn’t
provide much insight into whether long-term
performance will be assured. As highway agency
officials realize, the long-term performance of
highway infrastructure is strongly influenced by
long-term decisions. The performance of an asset
is influenced by how it was designed, constructed,
inspected, maintained, repaired, rehabilitated and
eventually replaced. A typical highway agency
juggles thousands of bridges and tens of thousands
of lane miles of pavements, all of whose perfor-
mance is influenced by various factors such as
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different traffic loadings, soil conditions, past
condition, treatment histories, climate and hydrol-
ogy. To intelligently manage such heterogeneous
networks requires sophisticated asset management
processes. These processes require accurate asset
inventories, realistic deterioration curves, credible
estimates of the effect of various treatments, and
predictable asset service lives.

The Australian local government approach to this
complex measurement problem has been through
the sustainability metrics. Basically, agencies are
required to developed credible, long-term asset
management plans predicated upon sustaining
infrastructure conditions at acceptable levels for
the long-term, which is for 10 to 20 years. Those
asset management plans must have credible finan-
cial plans that are also measured. The key perfor-
mance metrics derive from the degree to which the
asset management plan is financed and accom-
plished. Also included are many of the traditional
metrics such as pavement smoothness, bridge
adequacy and the condition of roadway features
such as signs, guardrail and pavement markings.
These traditional key performance indicators are
retained but they are placed in a larger context of
whether their targets are met not only in the short
term but also for the long term. As a result of the
long term focus, key asset management strategies
such as preventive maintenance and timely rehabili-
tation become encouraged because of their contri-
bution to long-term, cost-effective performance.
When performance measures are focused only

on short-term conditions and expenditures, the
benefits of preventive maintenance or rehabilitation
are not as strongly emphasized.

U.S. Precedents for Sustainability

Metrics

The research effort for this report included review-
ing selected U.S. asset management data to deter-
mine if U.S. agencies could produce such long-term
indicators. The U.S. examples indicate that it is
possible to “tease out” asset sustainability metrics
from asset management systems commonly used in
the United States. All the components of an asset
sustainability analysis were found in the case study
agencies. The NCDOT produces a Maintenance
Condition and Assessment (MCAP) Report that
included many elements of a sustainability index.
UDOT’s advanced asset management practices
allowed the calibration of investment levels for
many asset classes with significant granularity



down to the regional level. MNDOT produces a
report that could support an ASI by calculating the
long-term need for bridge and pavement invento-
ries. The ODOT example illustrated how the depart-
ment for more than a decade has been calibrating
investment levels to keep asset conditions meeting
the established target, both for the current program
and for up to 10 years in the future.

The U.S. case studies appear to indicate that sus-
tainability metrics are possible with current U.S.
asset management practice. They also indicate that
the examples provide substantial insight into the
trend lines of conditions and the likely expenditure
levels that will be required. The precision of the four
case study agencies’ asset management processes
demonstrate that investment could be calibrated to
achieve precisely defined condition levels.

Uses of the Sustainability Metrics

Although the index and ratios are considered to be
simple in concept, the ASI can be an informative
metric useful for long-range plans, short-term
State Transportation Improvement Programs or
for public budgeting decisions particularly when
tracked over time. They boil down complex,
long-term infrastructure condition and investment
analysis into a suite of easy-to-illustrate metrics.

The insight they provide increases with the length
of the analysis period.

As described in Chapter 7, the ASI is a composite
of indices for bridges, pavements and roadway
maintenance items. As a composite, it provides
one at-a-glance summation of a large amount of
asset management and fiscal information. Also,
as a composite, it allows the information within it
to be disaggregated for detailed understanding
of the adequacy of investment by asset class, or
by region.

The ASI is generated, in effect, when a credible
Transportation Asset Management Plan is devel-
oped coupled with a credible financial plan. The
amount spent becomes the numerator and the
needed level of investment is the denominator to
compute the ASI. Because the TAM Plan includes
sufficient detail by asset class, it allows analysis as
to adequacy of investment in the various classes
of assets.

Tables such as Table 44 illustrate the type of
program-level information that can be disaggre-
gated from an ASI. Each program has its own
Sustainability Ratio which rolls up into the overall
ASI. In this theoretical case, over 10 years the
adequacy of overall investment falls from a ratio of

Table 44. Example of how sustainability indices can illustrate program needs.

2011 2012 2013 2014 2015 2016 @ 2017 2018 2019 2020
Pavements 082 081 081 080 079 078 077 077 076
Major Routas 079 078 078 077 07 075 075 074 073
Arterials 0. 098 097 096 095 094 053 052 091
Collectors 087 0896 085 09 093 052
Pavement Rehabiltation/Replacemant D.29 D.38 ]
Pavement Prevantiva Mainanance 0.29 0.97 0.92
Bridges 09 085 088 087 08 086 0B85 084 083 082
Preventive Maintenance/Preservation 090 089 088 087 086 08 085 084 08 08
Sub and Superstructures 087 08 085 08I D084 08 08
Decks 089 088 088 087 086 085 084 0.82 0.82
Painting L&i& 099 058 097 096 09 09 093 092 091
Maintanance A 084 053 0592 051 08 089 0.89
Guardrail 054 05 D09 051 030 089 089
Pavemnent Markings 054 05 092 051 050 0B85 0.B5
Drainage 054 083 092 091 090 0.89 0.89
Signage 054 053 092 091 059 089 089
Vegetation/Roadside 054 0583 092 091 080 089 089
Pavement Surfaces 084 053 09 0581 080 089 089
Ovarall A5] DE7 OB55 024 083 08 081 079
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.88 down to .75. The degree of underfunding by
asset class is apparent, allowing policy makers
to set priorities as they make incremental
funding decisions.

A table such as Table 44 could add significant
insight into a TAM Plan, a STIP, a long-range
plan or to agency budget testimony.

Austroads is the association of transportation
agencies in Australia and New Zealand. It devel-
oped a set of recommended asset sustainability
metrics that agencies can use to demonstrate
accountability to stakeholders. Austroads notes
that “sustainability” has evolved a new meaning in
recent years to embrace environmental, social and
economic prosperity, or a Triple Bottom Line. The
20-year focus of both asset management plans and
infrastructure financial plans is intended to ensure
that public agencies today do not consume the
benefits necessary to sustain future generations.
These benefits extend to the economic benefits or
economic value of highway infrastructure. In effect,
investing adequately today to protect the needs

of future users is the essence of infrastructure
sustainability, according to Austroads.

“If the Agency’s long-term finances are sustain-
able, then disruptive tax increases or spending
cuts can be avoided, the taxation burden will be
fairly shared between current and future taxpayers
and the stability or predictability of government
taxes and charges will not be at risk,” the guide-
lines notes.”®

Complementary Asset Valuation

The examination of Australian and British practices
illustrates how the sustainability indices are
enhanced further when complemented with “asset
valuation” information. “Growing community equi-
ty” is viewed as a government responsibility in the
Australian and British asset-management frame-
works. By tracking over the long-term whether a
transportation agency’s assets are increasing or
declining in value, the effect of investment can be
displayed. If asset values decline, society is losing
its highway equity and not replenishing that equity
for future users. In Australia, Great Britain and in
the private sector, Asset Valuation serves as a
complementary metric to those such as the ASI.
They seek to determine whether current actions
increase or decrease “public equity.”
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British valuation guidance for local governments
emphasizes that asset valuation is about account-
ability and transparency in support of sound
infrastructure policy. It says in part: “A fundamen-
tal component of long term planning is to ensure
the asset base is preserved and replenished in a
sustainable way without imposing an undue
financial burden on future generations. The preser-
vation of the asset base can be measured and
monitored over time using a robust asset valuation
procedure that provides a true and fair value of
the assets.”™

The guidance notes that the mere assigning of
monetary value to highway assets casts them as
an important public asset worthy of preservation.
The long-term reporting of the value of the pub-
lic’s assets is an important mechanism for demon-
strating stewardship. Monitoring how the value of
highway infrastructure is rising or falling indicates
if costs are being unduly passed on to future
generations. It also provides compelling arguments
for sound asset management and sufficient invest-
ment. As such, the asset valuation process can
produce important metrics that support Perfor-
mance Management and other forms of public
accountability.

British guidance defines asset valuation as the
calculation in terms of monetary value of a govern-
ment’s physical assets. It allows the estimating of
the “consumption” of a society’s physical assets
over time and compares that consumption with the
renewal and replacement of assets. It notes that the
main drivers for asset valuation are:

D To emphasize the need to preserve the
highway infrastructure by placing a monetary
value on highway infrastructure assets;

D To demonstrate asset stewardship by
monitoring the asset value over time;

D To promote greater accountability,
transparency and improved stewardship
of public finances;

D To support highway asset management.

By reporting upon changes in asset valuation,
overall depreciation and the improvement or
impairment of assets over time, the agency can
discern if its maintenance practices and investment



levels are sufficient to sustain the assets at targeted
levels. Analyzing the reasons for assets’ decline can
lead to improved maintenance practices, improved

asset treatments or improved investment levels.

“These programs of work influence the asset value,
i.e. the work program may maintain or increase the
asset value or, if it is not adequate, then the asset
value may decrease. Monitoring asset value over
time can, therefore, be used to demonstrate stew-
ardship of assets. This information provides an
important input to a business case for investing in
the maintenance and upkeep of public assets.””?

Adequately investing in an organization’s physical
assets to ensure its long-term viability has long
precedence in capital-intensive private sector
organizations such as railroads, manufacturers and
utilities. Many of these companies are required to
publish annual reports to shareholders that include,
among other metrics, the degree to which the
companies are preserving their physical assets. In
2009, famous investor Warren Buffet of the Berk-
shire Hathaway holding company made the largest
single investment ever for the company when he
purchased the outstanding shares of BNSF railroad
for $34 billion. In his annual letter to shareholders in
2010, Buffet noted that BNSF will remain profitable
and attractive if Berkshire Hathaway continues

the substantial infrastructure investment in BNSF
that has made the company successful in recent
decades. He referred to the “social compact”
Berkshire Hathaway has with society to continue
sustaining the infrastructure of this important
railroad, and other holdings such as its

utility companies.

“All of this adds up to a huge responsibility,” he
wrote in his shareholders letter. “We are a major
and essential part of the American economy’s
circulatory system, obliged to constantly maintain
and improve our 23,000 miles of track along with
its ancillary bridges, tunnels, engines and cars. In
carrying out this job, we must anticipate society’s
needs, not merely react to them. Fulfilling our
societal obligation, we will regularly spend far more
than our depreciation, with this excess amounting
to $2 billion in 2011. I'm confident we will earn
appropriate returns on our huge incremental invest-
ments. Wise regulation and wise investment are
two sides of the same coin.”

This report concludes by making these observations.

First, the continuing development of asset sustain-
ability metrics in Australia will provide additional
lessons as to the value and challenges of these
indicators. Australian practice is relatively new,
with the State asset sustainability statutes having
gone into effect in 2009. As the Australian State
of practice matures among dozens of local
governments, many best practices may be found.
Particularly important will be Australian efforts to
standardize and improve the development of asset
management plans. These plans can serve as the
standard template for generating the needed level
of investment that could sustain the highway
networks for a long-term horizon.

Secondly, the U.S. research and asset management
community can provide important assistance by
illustrating how the modern asset management
systems can produce informative long-term fore-
casts for policy makers. It is clear from the exam-
ples in this report that many highway agencies
already produce such long-term forecasts that
illustrate the future consequences of today’s trans-
portation programs. These State practitioners lack
the benefit of a common forum in which they can
exchange examples, provide peer support and
develop common research agendas. Focusing
research efforts and conference presentations on
best practice in sustainability metrics can advance
the developing State of practice.

Third, U.S. asset management practitioners can con-
sider adding the concept of long-term sustainability
to the issues they include in major planning docu-
ments such as long-range plans and State Transpor-
tation Improvement Programs. Sustainability is a
concept and framework that has taken root in
policy circles. As the U.S. grapples with deficits in
major programs such as Social Security or Medicaid,
the concept of looking long-term at how to sustain
these programs consumes increasing public atten-
tion. The momentum that the concept of sustain-
ability has gained can serve as a slipstream into
which discussion about U.S. transportation needs
can enter. Intuitively, the public understands that
aging pavements and bridges eventually will need
replacement. The sustainability metrics and the
sustainability concept can help to further clarify
public understanding. The metrics demonstrate that
U.S. transportation officials are able to forecast long
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term and they can calibrate the degree of invest-
ment the U.S. should make to leave a sustainable
transportation system for future users. The use of
sustainability metrics allow transportation agencies
to demonstrate they are accountable not only to
today’s taxpayers and transportation users but
also to tomorrow’s.
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