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What is LCCA?
▪ TEA-21: “… a process for evaluating the total
economic worth … by analyzing initial costs
and discounted future costs, such as
maintenance, user costs, reconstruction,
rehabilitation, restoring, and resurfacing costs
…”
▪ FHWA: A generally accepted accounting
practice that “…offers sophisticated methods
to determine and demonstrate the economic
merits … in an analytical and fact-based
manner.”

3

Basic LCCA Processes
▪ Define the schedule of initial and future
activities

Costs

▪ Estimate costs of each activity
Initial Cost
Rehabilitation Cost
Maintenance
Cost

Years

Salvage
or RSL Value
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Basic LCCA Processes (continued)
▪ Convert all projected costs into present dollars (“discounting”)

Costs Costs

▪ Sum all discounted costs to produce a net present cost (NPC)

Initial Cost
Rehabilitation Cost
Maintenance
Cost

Years

Net Present Value

Salvage
or RSL Value

Years

▪ Compare NPC for alternatives with similar benefits over
identical analysis periods.
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Basic LCCA Processes (continued)
Costs

▪ Use EUAC if alternative benefits are equal but
analysis periods are not.
Net Present Value

Costs

Years
Equivalent Uniform Annual Cost

Years
✓ EUAC implies that strategies are repeated at end of analysis period.

▪ If benefits are not equal but quantifiable, then NPV,
EUAC, Benefit-Cost (B/C) or Internal Rate of Return
➢ Need incremental analysis for B/C, IRR
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LCCA Caveats
▪ Accuracy and usefulness
are limited by quality of
inputs
▪ G.I.G.O.
▪ Most important factors:
▪ Accurate estimates of activity timing
▪ Implies the need for good pavement deterioration and

performance models!

Pavement condition vs. age – what we assume
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Pavement condition vs. age – what often happens
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LCCA Caveats
▪ Accuracy and usefulness
are limited by quality of
inputs
▪ G.I.G.O.
▪ Most important factors:
▪ Accurate estimates of activity timing
▪ Implies the need for good pavement deterioration and

performance models!
▪ Accurate estimates of activity costs

▪ There are many additional considerations,

(e.g., discount rate, remaining service life,
salvage values, etc.
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Discount Rate – Impact on Analysis
▪ Selected value can have a significant impact
on LCCA
➢ Higher rates provide greater reductions in present value

of future costs
➢ Zero rate gives equal value to present and future costs
➢ Negative rates increase present value of future costs
above current costs

▪ If discount rate represents combined inflation
and “cost of money,” what is a realistic rate for
various agencies? For various materials?
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LCCA: Deterministic vs. Probabilistic
▪ Deterministic: Use single, fixed values for all
LCCA inputs (e.g., activity costs, timing, discount
rate, etc.) – output of a single value.
NPV = Initial Cost + σnk=1 Rehab Costk

1
1+𝑖

𝑛𝑘

➢ Pros: simple, few inputs
➢ Cons: doesn’t account for variability in activity

costs, timing, real discount rates, etc.; single
value output may imply inappropriate degree of
certainty
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LCCA: Deterministic vs. Probabilistic
▪ Determine statistical distributions of
inputs
▪ Perform multiple analyses using
values from input distributions
▪ Obtain distribution of output values
▪ Pros:
➢ Most accurate “real-world” analysis
➢ Provides info on potential variability

of results
➢ Useful in assessing risk in decisionmaking.

▪ Cons:
➢ Difficulty in establishing input value
distributions.
➢ More time-consuming analysis
➢ Need sophisticated software (e.g.,
FHWA RealCost)
➢ No single definitive output value.

Key Strengths of LCCA-Based
Methods
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▪ Accepted and recognized as a tool to help
make strategy selection decisions.
▪ Provide reasonable decision-making
guidance when all inputs are known with
certainty.
▪ NPC and EUAC analyses are direct, relatively
simple and provide consistent, unambiguous
results.
▪ There are many well-developed LCCA tools
available to facilitate the analyses.
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Key Disadvantages of LCCA-Based
Methods

▪ Cannot directly consider differences in benefits (or
costs) that cannot be accurately quantified
monetarily.
➢ Examples: Different performance curves, similar curves with

different levels of traffic, etc.

▪ LCCA inputs can be easily manipulated to obtain
results that justify pre-determined strategy
selections.
▪ Minimizing LCC at the project level does not
necessarily result in network-level optimization,.
▪ Direct application of LCCA to network-level
optimization is extremely difficult and impractical
➢ Near-infinite number of combinations of project activities tto be

evaluated throughout the network

An Alternate View and Approach
from the Network Level
▪ Minimizing LCC for a single project does
not provide the best results for the network
▪ Highway investment decisions should be
considered to be an optimization problem:
how best to allocate limited resources ($)
▪ But what are we optimizing?
…. Well, what are we buying?

What We Buy:
Two “Dimensions” of Paving
Purchase Units of Commodity
(lane-miles of pavement)

Also purchasing Service Life
(years of service)

What we buy: lane-miles of pavement*years of service

Normalized purchase cost = $/lane-mi-yr (DLMY)

What to Optimize
▪ A network of x lane-miles of pavement requires
the addition of x lane-mile-years of service life
each year to maintain status quo
➢ The purchase of additional service life increases overall level of

the network service.
➢ Shortfalls in annual service life purchases result in decreases in
overall network service level.

▪ At any given funding level, the optimum network
solution is one that buys the most service life for the
network (i.e., maximize total lane-mile-years/$)
➢ Alternate view: minimize cost per lane-mile-year of service added

▪ Constraints:
➢ Available resources ($) for preservation, rehabilitation and

reconstruction
➢ Lower limits of acceptable performance (e.g., acceptable ride
quality, structural capacity, noise, safety, etc.).

Illustrative DLMY Example
(Galehouse and Sorenson 2007)
▪ Agency highway network = 4356 lane-miles
▪ For every year that passes, 4356 lane-mileyears of service life are consumed.
▪ Network strategies that add more than 4356
lane-mile-years of service life improve the
network
▪ Network strategies that add less than 4356
lane-mile-years of service life result in lower
overall network quality

Example (cont.) – Baseline Annual Work Program

Example (cont.) – Baseline Annual Work Program

Example (cont.) – Baseline Annual Work Program
Preservation Evaluation

Example (cont.) – Baseline Annual Work Program

Example (cont.) – Rebalancing Work Program:
Reducing Pavement Reconstruction and Rehab

Example (cont.) – Rebalancing Work Program:
Increasing $ to Pavement Preservation

This example demonstrates how DLMY can
be used to rebalance network programs to
prevent deterioration of the overall network by
deferring work on some of the pavements that
are already in poor condition in favor of
preserving other pavements in good or better
condition.
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The nuts and bolts …
▪ This DLMY approach considers only initial cost of each
treatment
➢ Implies that no additional work is required to achieve the design

service life or life extension of the treatment.
✓ Probably reasonable for short-term fixes like pavement
preservation
✓ Probably not appropriate for some long-term strategies (e.g.,
reconstruct, concrete overlays)
➢ Eliminates need for discounting the cash flow
➢ Eliminates uncertainties with selecting appropriate discount rate
➢ Eliminates uncertainties with timing, nature and cost of future M&R

▪ In simplest form (as described here), DLMY analysis is
essentially an EUAC analysis normalized for project
length and performed at a discount rate of 0%

DLMY Implementation/Demos:
Washington State
▪ Adopted a variation of DLMY for managing asphalt pavement
network (Li et al. 2017)
▪ Key performance measure used is Equivalent Uniform Annual
Cost (EUAC) per lane-mile (or $/lane-mile/year, DLMY).
▪ Performance thresholds are established for pavement
roughness, rutting, faulting and friction.
▪ Attempts to identify strategies that provide acceptable
performance while maximizing service life additions within the
allocated budget.
▪ Concluded that “cost-effectiveness [i.e., DLMY] is a very useful
performance measure that can be used for making good
pavement management decisions.”
▪ Annual cost savings to WSDOT are estimated to approach
$80M/year by 2025.
▪ Similar principles adopted by roadway management agencies
in other countries.

DLMY Strengths
▪ Offers a way to evaluate the potential service-level
impacts of alternate budget scenarios (network level) and
alternate treatment strategies (project level).
▪ Can help agencies move from “worst-first” programming
strategies to strategies that greatly increase the “costeffectiveness” of money spent while ensuring that
minimum performance thresholds are met and overall
network conditions are maintained or improved.
➢ Generally accomplished by allowing some pavements in poor

condition to remain in poor condition in favor of maintaining and
preserving many more lane-miles of pavement in good or better
condition.

▪ In its simplest form, DLMY may be best suited for
developing and managing pavement preservation
strategies.

DLMY Weaknesses
▪ As described by Galehouse and Sorensen (2007), DLMY does
not offer the ability to consider any other costs or benefits
(e.g., user costs, reductions in traffic delay costs, safety
benefits, environmental impacts, etc.).
▪ The DLMY analysis does not reflect differences in the quality
of service provided by any given strategy. The benefits
provided by any given increase in service life are assumed to
be equal for any given strategy applied to any given pavement
in the network. It seems unlikely that this is generally true.
▪ DLMY techniques do not consider the area under the
performance-time curve in selecting the preferred strategy.
▪ Similarly, DLMY does not (in its current forms and applications)
differentiate between the impact of improved service levels on
competing projects relative to the numbers and classification
distributions of vehicles that use each facility.
▪ DLMY techniques do not appear to consider pavement
category or function (e.g., urban interstate vs. rural local road)
in establishing priorities for resource allocation.
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Thank You!

Questions/Discussion?

