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EXECUTIVE SUMMARY

Overview

Decision makers have always been skeptical about expediting highway construction projects, as
project acceleration might lead to increases in failure risks and higher mobilization costs.
However, recent trends of rapidly increasing right-of-way acquisition costs and material prices
(among others) have pushed transportation and planning agencies to reconsider project
acceleration as an effective mechanism to reduce overall project costs. In addition, project
acceleration may generate real economic returns to highway users and communities, by bringing
direct and indirect benefits (such as travel time savings or safety improvements) sooner.

The question, however, remains as to whether the benefits of project acceleration out-weigh its
costs, within an acceptable level of risk. It is this question that the Minnesota Department of
Transportation (Mn/DOT) intends to answer using the ROC 52 project as a case study.

This study, therefore, intends to be the first in accomplishing the following:

Develop a comprehensive methodological approach to estimating the economic impacts of
transportation project delivery acceleration, within arisk analysis framework;

Cast the framework as a computer model to be used for various projects by Mn/DOT;

Estimate the macro-economic and micro-economic impacts of ROC 52 project acceleration,
as a case study; and

Assess whether the benefits of project delivery acceleration in general, and of design-build in
particular, are sufficient to justify the “risk premium” (the extra costs) paid by a project’s
sponsor to obtain a guaranteed completion date and/or price from the contracting firm.

Risks and Rewards of Project Acceleration

The acceleration of highway construction projects is believed to generate increased budget,
scheduling, engineering and institutional risks. However, as described below, a variety of steps -
- or strategies -- are available to mitigate those risks. 3

Mitigating Budget Risks: establish clear funding sources and cost sharing guidelines; create
and maintain areliable total cost accounting system; have a well-defined scope of work and
realistic project schedule; break the cost accounting system down by major activities and
monitor schedule/cost under/overruns at any given time; and account for risks in quantity of
material needed, material prices, labor prices, and schedule floats.

! A larger staff may be required to complete the project in a short period of time. In markets where the demand for
labor is high, this may lead to higher recruitment and labor costs.

2 Source: California Department of Transportation, “ Project Delivery Acceleration Tool Box: |mprovements to the
Department of Transportation’s Project Delivery Process,” May 2004.

3 With proper risk management, the overall cost of the project may actually be reduced, even in an accelerated
environment.
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Mitigating Project Management and Scheduling Risks: develop a comprehensive
schedule tracking system; maintain constructability reviews; communicate to, and coordinate
with businesses and highway users; be flexible to adjust the project schedule and completion
date; and provide incentives/penalties for schedule/cost overflows.

Mitigating Engineering Risks: streamline the activities, maintain a continuous cooperation
and coordination with all parties involved (federa, state, and local governments,
environmental permitting agencies, utility agencies, public, etc.); invest in employee training,
organizational arrangements (clear definition of work responsibilities, delegation of work
responsibilities, decentralization of experienced technical staff to local offices, training of
multi-functional inspectors, etc.); maintain constructability reviews;, and shift all quality
responsibilities (quality planning, quality control, quality assurance and continuous
improvements) to the contractor, to increase its awareness of quality measures and standards.

Mitigating Institutional Risks: secure up-front contracts for major utility relocations;
reimburse utility relocation expenses as an incentive for timely relocation; raise the threshold
nomina vaue of parcels, offer signing bonuses, let negotiators increase the offer to a
reasonable level; provide a list of appraisers to property owners to minimize the risk of
condemnation costs; and educate employees to become stewards of the environment.

When al these risks are identified and addressed adequately, project acceleration is likely to:

Reduce total project costs, by avoiding the impact of inflation. As stated in a 1996 study by
the Federal Highway Administration (FHWA): “Inflation savings can be particularly
significant in the case of highway projects, for some types of expenditures can escalate far in
excess of the standard rate of inflation. The most dramatic example is in acquisition of right-
of-way to support new construction. In areas of rapid commercial and residential growth, the
costs of land can double or even triple over as little as a 5-year span of time, such that
acquisition of right-of-way to provide new alignments would escalate by similar amounts.” *

Reduce the direct costs and economic impacts of traffic disruption (change in traffic
patterns, accessibility, visibility, speed limits, etc.) associated with highway construction.
The direct costs of traffic disruptions include added travel times, vehicle operating costs, and
safety hazards. The economic impacts of construction might include: loss of sales for
retailers and other businesses located in the vicinity of the highway project; as well as
temporary reductions in the market value of residentia properties affected by the noise,
vibration, and reduction in accessibility created by construction work.

Produce real economic return to highway users, communities, and other project
beneficiaries by bringing the benefits of highway improvements sooner. The early
completion of a highway improvement project might save hours of congestion delays, help
avoid fatal accidents, injuries and property damages, or promote economic growth by the
early removal of traffic bottlenecks.

* An Evaluation of the TE-045 Innovative Finance Research I nitiative, October 1996, prepared for the U.S. Federal
Highway Administration, Chapter 4: “Effects on Project Acceleration.”
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Enhance the net present value of candidate construction projects. As explained in the 1996
FHWA study: “When projects are accelerated, the stream of net project benefits (i.e.,
benefits net of costs) are realized by road users and other project beneficiaries that much
sooner. In order to compare the costs and benefits that occur over time, those costs and
benefits must be placed on a comparable basis by discounting them back to present-day
values, taking into consideration the time value of money. The net present value of a project
completed today is greater than that of a project completed several years from now, due to
the fact tha'g benefits earned later are reduced (i.e., discounted) in proportion to the length of
the delay.”

Produce scheduling benefits to program managers, helping them manage their annual and
multi-year capital programs by bringing individual or multiple projects on line sooner; and

Produce ancillary project cost savings, such as reductions in time-dependent expenditures
(overhead and construction management costs), or gains in productivity brought about by
tighter deadlines and by a better integration of different project phases (e.g., design and
construction).

Economic Assessment Framework

The methodological framework and computer models developed for this study are
comprehensive in nature as they account for al the risks, economic impacts, and benefits listed
above.

Categories of Impacts

In developing the economic assessment framework for project acceleration, three categories of
impacts have been identified:

Micro-Economic Impacts (impacts on highway user costs): changes in travel time,
accident rates, vehicle operating costs and emissions, during and after construction;

Macro-Economic Impacts (impacts on the local economy): changes in retail sales and
housing values during and after construction; changes in local employment and income
brought about by construction expenditures and incremental maintenance spending; and

Agency Benefits (cost savings to the project’s sponsors): reductions in cost escalation
(avoidance of inflation), overhead and construction management costs; and financial cost
savings.

Summary Table 1, below, provides an overview of the benefit and cost components under each
category of impact.

® An Evaluation of the TE-045 Innovative Finance Research I nitiative, October 1996, prepared for the U.S. Federal
Highway Administration, Chapter 4: “Effects on Project Acceleration.”
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Summary Table 1: Benefit and Cost Components for Project Acceleration
Assessment

TYPE PERIOD
of
IMPACT

MICRO-

USER)

MACRO-

, etc. , etc.

( , overhead,

( )

Overview of Estimation Process

The development of the assessment framework -- and the estimation of benefits and costs
associated with the acceleration of ROC 52 -- has been conducted while ensuring the following:

Transparency - The methodological framework and assumptions have been presented to,
and reviewed by, a panel of experts (comprising economists, traffic engineers, planners and
other local stakeholders) during a risk analysis workshop conducted in Rochester, MN, on
September 14, 2005. Subsequent meetings were held with the Mn/DOT Office of Investment
Management (OIM). All the comments and suggestions provided by the panel during and
after the workshop, and by the OIM meetings attendees, have been taken into account and are
reflected in the outcomes presented in the next section.

Accuracy - The research team relied primarily on published data, from a variety of “public’
sources, including: the U.S. Census Bureau, the Congressional Budget Office, the Minnesota
Department of Employment and Economic Development, the Minnesota State Demographic
Center; and research and publications prepared or sponsored by the Federa Highway
Administration.

Transferability - The methodological framework, data tables and assumptions developed in
the course of the study -- and demonstrated with the ROC 52 highway project — can now be
applied by Mn/DOT staff in the assessment of other projects. The framework, data elements
and assumptions have been “packaged” within a user-friendly computer model (a MS Excel
workbook); which can be easily updated with project-specific data.

Risk Analysis - Estimating the impacts of project acceleration is essentially a forecasting
exercise. Accordingly, there is an inherent level of uncertainty associated with each
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estimating assumption, and with the assessment framework itself. To account for this
uncertainty, the research team has employed risk analysis techniques, whereby each model
parameter value and estimating assumption is expressed as a probability distribution (in lieu
of asingle-point estimate);® and each model output can be expressed probabilistically aswell.
For clarity reasons, however, only a limited set of output variables are presented as
probability distributions. The tables provided in this executive summary, for example, show
mean expected values. Confidence intervals and decumulative probability functions can be
found in Chapter 5.

The Roc 52 Case Study

Mn/DOT has retained HDR in the oversight of the design and construction of ROC 52, located in
the western portion of the City of Rochester, Olmsted County, Minnesota. The project includes
design and re-construction of approximately 11 miles of the T.H. 14/52 highway, extending from
the junction of 85™ Street NW to south of the junction T.H. 63 (Broadway).”

Under an innovative project delivery process (design-build), the project design and construction
stages have been consolidated into a 36-month period. Using the framework developed above,
Mn/DOT is interested in assessing the benefits and costs of this innovative process, in
comparison to alternative project delivery scenarios.

Project Delivery Scenarios

Four staging alternatives have been selected for assessment in the ROC 52 case study:
Scenario 1 (Baseline): This scenario includes the conventional design and construction
process in which the design stage would last about 30 months, while the construction stage
would last about 11 years (origina project);

Scenario 2: This scenario consists of the same design stage (30 months), but calls for
reducing the construction stage from 11 yearsto 5 years (funding restrictions removed);

Scenario 3: This scenario is similar to Scenario 2 but calls for further reducing the
construction stage to 3 years (through some form of accelerated project delivery); and

Scenario 4: This scenario calls for a combination of the two stages (to be conducted in
parallel), which leads to an overall design-build period of 36 months (design-build).

The alternatives have been compared as follows:
Scenario 2 relative to Scenario 1 (Baseline);
Scenario 3 relative to Scenario 1 (Baseline); and

Scenario 4 relative to Scenario 1 (Baseline), and to Scenario 3.

® The input probability distributions were discussed during the September 14, 2005 workshop.
’ Additional information on the project can be found in Appendix 2 at the end of this report and at
http://www.roc52.com.
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Estimation Results

All the benefit and cost estimates provided in this section were estimated over a fixed twenty-
year period, from 2003 through 2022.2 Under all staging alternatives, design (and construction
under Scenario 4) is assumed to start in 2003.

Benefit and cost estimates are provided in both year-of-expenditure (YOE) dollars (i.e,
augmented for cost escalation and general inflation) and in present value terms. A four percent
real discount rate was assumed for all present valuations.

All the estimates presented in this executive summary are mean expected outcomes. Probability
distributions for the major study output will be provided in the final report.

Micro-Economic | mpacts, Highway User Cost | mpacts

As illustrated in Summary Figure 1, below, Scenario 4 (36-month combined design-build) is
expected to generate an additional $200.9 million (in present 2005 value, discounted with areal
discount rate of 4 percent) worth of highway user cost savings relative to the baseline scenario,
over the 20-year assessment period. These incremental user benefits include both lower traffic
disruption effects during construction (about $59.3 million), and larger post-construction
benefits (about $141.5 million).”

Over the assessment period, Scenario 4 is also expected to generate about $28.7 million worth of
extra travel time, vehicle operating costs, accident costs and emission cost savings relative to
Scenario 3.

Scenario 2 (funding restrictions removed) is expected to yield an extra $128.2 million worth of
highway user cost savings relative to the baseline scenario; Scenario 3 (funding restrictions
removed with some form of accelerated project delivery), an additiona $172.1 million.

Summary Figure 1. Highway User Cost Impacts

Highway User Cost Savings over No-Build Y.OE Discounted
Baseline $108.8 $7.2
Scenario 2 $313.1 $1354
Scenario 3 $368.2 $179.3
Scenario 4 $403.1 $208.1

Incremental Highway User Cost Savings
Scenario 2 vs. Baseline $204.3 $128.2
Scenario 3 vs. Baseline $259.4 $172.1
Scenario 4 vs. Baseline $294.3 $200.9
Scenario 4 vs. Scenario 3 $34.9 $28.7

8 The life cycle assumed in this study is 20 years, which is generally viewed as appropriate for this type of
investment projects.
® A breakdown of highway user cost estimates during and after construction can be found in Summary Table 2, on

page Xiii.
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M acr o-Economic | mpacts, Residential and Retail | mpacts

A number of empirical studies have demonstrated how residential property values can be
affected by highway construction projects, both during and after construction.® During
construction, housing values are expected to fall, or to grow at a lower rate than they normally
would, as a result of restrictions in access and/or a variety of nuisances brought about by
construction. After construction, improved access and reduced commute times may stimulate
housing demand and market prices.

Using data for the ROC 52 study area, it was found that opting for Scenario 4 is expected to
increase aggregate property values in the project corridor, by about $345.7 million (in present-
day dollars) relative to the Baseline (over the 20-year evaluation period).

Scenario 2 is expected to increase aggregate property values by nearly $231 million over the
Baseline; Scenario 3 by about $307.2 million.

Summary Figure 2: Impact on Housing Values

Change in Residential Property Value YQE| Discounted
Baseline $9.3) ($95.1) 1
Scenario 2 $3684 $1355 1
Scenario 3 $466.2 $212.1 ]
Scenario4 $517.8 $250.6 ]
Comparative Analysis - |
Scenario 2 vs. Basdline $377.7 $230.6 <
Scenario 3 vs. Baseline $4754 $307.2 & ‘ ‘ ‘
Scenario 4 vs. Basdline $527.1 $345.7 it i u
Scenario 4 vs. Scenario 3 $51.6 $385 : 1

Interestingly, our simulation results also indicate that under Scenario 1, where construction spans
over half of the 20-year assessment period, the net impact of the ROC 52 project on housing
values is barely significant in year-of-expenditure dollars (-$9.3 million ) and largely negative
when accounting for the time value of money (-$95.1 million).

The impact of the project on local retail sales, under various staging aternatives, isillustrated in
Summary Figure 3 below.

10 See for example: “Impact of Highways on Property Values: Case Study of the Superstition Freeway Corridor,”
by Jason Carey; or “New Highways, House Prices, and Urban Development: A Case Study of Toll Roadsin Orange
County, CA,” by Boarnet and Chalermpong, 2001.
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Summary Figure 3: Impact on Retail Sales

Change in Retail Sales Y.QE Discounted
Baseline ($2945) ($280.2)
Scenario 2 $67.9 ($54.3) : —
Scenario 3 $166.1 $23.6 u
Scenario 4 $188.6 $30.5
Gomparative Analysis
Scenario 2 vs. Baseline $362.4 $225.9
Scenario 3 vs. Baseline $460.6 $303.9
Scenario 4 vs. Baseline $483.1 $310.8
Scenario 4 vs. Scenario 3 $22.5 $6.9

As can be seen in the figure, over the fixed 20-year assessment period, the baseline 13+ years
scheduling scenario would have led to significant retail saleslosses. Accelerating the project to a
36-month period is expected to have led to an incremental $310.8 million (in present-day
dollars) worth of sales over the Baseline; and an incremental $6.9 million over Scenario 3.

The elimination of funding restrictions under Scenario 2 (and the shortening of the construction
stage from 11 to 5 years), would have led to $225.9 million in extra sales over the Basdling; the
implementation of Scenario 3, an additional $303.9 million.

Again, these net — incremental — changes reflect both lesser disruption effects (during
construction) and a longer period over which local businesses and shoppers can benefit from the
ROC 52 improvements. The two periods are broken down in Summary Table 2, on page xiii.

Agency Benefits - | mpacts on Total Project Costs

Estimates for the combined impact of reduced escaation (inflation avoidance), lower overhead
costs, lower construction management costs, and discounting, are provided in Summary Figure 4,
below. Based on these elements alone (due to obvious data limitations, scheduling benefits and
efficiency gains have been excluded from the estimation), the 36-month staging alternative
(Scenario 4) is expected to have reduced total project costs by $23.1 million (in present-day
dollars), relative to the baseline scenario.

Summary Figure 4: Agency Benefits

Total Project Qosts YQE| Discounted
Basdline $3714 $273.2
Scenario 2 $280.2 $247.6
Scenario 3 $253.2 $238.6
Scenario4 $236.0 $250.0

Project Gost Savings
Scenario 2 vs. Baseline $91.2 $255
Scenario 3 vs. Baseline $118.2 $345
Scenario 4 vs. Baseline $1354 $23.1
Scenario 4 vs. Scenario 3 $17.2 ($11.49)
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Note that the comparison between Scenario 4 and Scenario 3, in present discounted value, is
driven primarily by the impact of discounting, whereby earlier spending under Scenario 4
(construction is assumed to start in 2003 under that scenario, against 2005 for Scenario 3)
reduces the impact of discounting, and resultsin anet cost increase (of $11.4 million).

Scenario 2 would have reduced total project costs (relative to the Baseline) by about $25.5
million; Scenario 3 by $34.5 million.

Summary of Findings

Summary Table 2, below, provides a summary of al costs and benefits estimated in the study,
during both the construction and post-construction periods.

Also presented in the table (in the last block of rows) are estimates for the economic impacts of
construction expenditures and incremental maintenance spending (after construction) brought
about by the project.
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Summary Table 2: Summary of Impacts, During and After Construction, in Year-
of-Expenditure Dollars and Present Discounted Value
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As documented in this Executive Summary, and illustrated with data for the ROC 52 highway
improvement project, the acceleration of project delivery (through the combination of the design
and construction phases in particular) is likely to generate significant cost savings to the project
sponsors, and tangible economic benefits to highway users and communities.

By shortening the construction period and associated traffic disruption, project acceleration
typically reduces highway user costs, and losses in housing values and retail saes in the
immediate vicinity of the construction project. In the ROC 52 case study, when comparing the
fastest staging alternative (Scenario 4) to the Baseline, this amounts to $59.3 million worth of
highway user costs (in present-day dollars), $153.8 million in housing values, and $231.8 million
in retail sales™

By bringing the completion of highway projects sooner, project acceleration generates real
economic value to highway users, avoiding congestion delays, highway accidents, and vehicle
operating costs. In the ROC 52 case study, when comparing Scenario 4 to the Baseline, this
amounts to $141.5 million worth of incremental highway user benefits. The early completion of
highway improvements aso brings upturns in retail sales and home values sooner. In the ROC
52 corridor, the adoption of Scenario 4 is thus expected to increase aggregate home value by
$191.9 million over the Basdline and retail sales by $79.0 million.

Finally, through inflation avoidance and ancillary project cost savings, project acceleration is
expected to reduce construction spending. The ROC 52 case study indicates that the fastest
staging alternative (Scenario 4) might have reduced total project costs by over $135 million in
year-of-expenditure dollars relative to the Baseline, or over $23 million in present-day
(discounted) dollars. While these results are significant, they can still be viewed as conservative,
as they do not include so-called “economies-of-scale’ benefits, resulting from bidding the project
as a one contract.

In addition, the study makes an explicit distinction between the broad type of benefits:
Incremental benefit estimation (User Benefits) and Transfer benefits based on an Input/Output
model (Macro-Economic Benefits). While the first can directly be attributable to the project and
therefore considered purely incremental, the second can not be purely incremental and may be
based on transfer of benefits from one sector or one region to another.

The Business Case for Project Acceleration and Design-Build

As documented above, the public benefits of project acceleration can be significant. But how do
these benefits compare with the upfront premium typically paid by a public agency (such as the
Minnesota Department of Transportation) to transfer the project risks (cost and schedule risks) to
the contractor? In other words, can we evaluate whether the life cycle benefits of project
delivery acceleration in general -- and of design-build in particular -- are sufficient to justify the
risk premium paid by a project’s owner to obtain a guaranteed price from the design-build firm
(even though the life-cycle costs may be lower)?

1 Note that these three estimates are not additive, as some of the highway user benefits are typically “captured” as
changesin real estate values.
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Summary Table 3 below relates the ROC52 Project Bid Price ($232 million, in dollars of 2002)
to estimates of the public benefits under the four project acceleration options: Scenario 2 vs.
Baseline; Scenario 3 vs. Baseline; Scenario 4 vs. Baseline; and Scenario 4 vs. Scenario 3.

Conservatively, the benefits considered in this analysis are restricted to estimates of the highway
user cost savings (since adding the retail sales and residential property value impacts estimated in
the study would lead to — some — double counting).

Summary Table 3: ROC 52 Project Bid Price vs. Incremental User Benefits
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As can be seen in the table, under the first comparison (Scenario 2 versus Baseline), incremental
public benefits represent over 54 percent of total project costs. Under the second comparative
assessment (Scenario 2 versus Baseline), incrementa user benefits would exceed 72 percent of
project costs.

To isolate the benefits of design-build over an aggressive acceleration scenario, one may
consider Scenario 4 vs. Scenario 3 (since both have a similar construction stage of three years).
One may aso argue, however, that the design-build option not only allows combining the design
and construction stages, but also allows shortening the construction stage itself. Hence, in what
follows, we discuss both Scenario 4 vs. Scenario 3, and Scenario 4 vs. the Baseline.

Under the third comparison (Scenario 4 vs. Baseline), incremental public benefits represent over
85 percent of total project costs. Under the fourth and final comparison (Scenario 4 vs. Scenario
3), they represent over 12 percent of project costs.

Therefore, based on highway user cost savings aone, this anaysis indicates that the business
case for design-build would be positive if the risk premium paid by the ROC 52 project owner
(the Minnesota Department of Transportation) was less than 12 percent, under a conservative
view of project duration (assuming that design-build would not shorten the construction phase);
and less than 85 percent under a more aggressive stance (considering the actua duration of the
ROC 52 project, i.e. Scenario 4, relative to aconventional 11-year construction stage).

EXECUTIVE SUMMARY - Xxvi



1. INTRODUCTION

1.1 Objectives

Decision makers have always been skeptical about expediting highway construction projects, as
project acceleration might lead to increases in failure risks and higher mobilization costs.
However, recent trends of rapidly increasing right-of-way acquisition costs and material prices
(among others) have pushed transportation and planning agencies to reconsider project
acceleration as an effective mechanism to reduce project costs. In addition, project acceleration
generates real economic returns to highway users and communities, by bringing direct and
indirect benefits (such as travel time savings or safety improvements) sooner.

The question, however, remains as to whether the benefits of project acceleration out-weigh its
costs, within an acceptable level of risk. It is this question that the Minnesota Department of
Transportation (Mn/DOT) intends to answer using the ROC 52 project as a case study.

This study, therefore, intends to be the first in accomplishing the following:

Develop a comprehensive methodological approach to estimating the economic impacts of
transportation project delivery acceleration, within arisk analysis framework;

Cast the framework as a computer model to be used for various projects by Mn/DOT;

Estimate the macro- and micro-economic impacts of ROC 52 project acceleration, as a case
study; and

Assess whether the benefits of project delivery acceleration in general and of design-build in
particular, are sufficient to justify the risk premium paid by a project’s owner.

1.2 Background

Mn/DOT has retained HDR in the oversight of the design and construction of ROC 52, located in
the western portion of the City of Rochester, Olmsted County, Minnesota. The project includes
design and re-construction of approximately 11 miles of the T.H. 14/52 highway, extending
from the junction of 85™ Street NW to the junction of T.H. 63 (Broadway); with:

Widening from four to six lanes from Highway 63 to 75™ Street NW;
Construction and reconstruction of interchanges,

Construction and reconstruction of frontage roads,

Construction of two new overpasses,

Enhancements of Intelligent Transportation System; and

Other improvements (such as grading; roadway surfacing; lightning; signing; pavement
marking; detention ponds; noise and retaining walls; traffic signals; etc.).
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Figure 1 below illustrates the project location within the City of Rochester, and the location of
Olmsted County within Minnesota.

Under an innovative project delivery process, design-build, the design and construction stages
have been consolidated into a 36-month period (see Scenario 4 in the list below).

Mn/DOT is interested in assessing the benefits and costs of this innovative process, in
comparison to alternative project delivery scenarios. The four design and construction scenarios
considered in this analysis are listed below:

Scenario 1 (Basdline): This scenario includes the conventional design and construction
process in which the design stage would last about 30 months, while the construction stage
would last about 11 years (original project);

Scenario 2. This scenario consists of the same design stage (30 months), but calls for
reducing the construction stage from 11 yearsto 5 years (funding restrictions removed);

Scenario 3: This scenario is similar to Scenario 2 but calls for further reducing the
construction stage to 3 years (through some form of accelerated project delivery); and

Scenario 4: This scenario calls for a combination of the two stages (to be conducted in
parale), which leads to an overall design-build period of 36 months (design-build).

1.3 Plan of the Report

The report consists of five chapters, including this introduction. After this introductory chapter,
Chapter 2 provides an overview of the methodology employed by HDR|HLB in conducting the
risk analysis of project acceleration benefits under the four staging alternatives. Historical trends
for the impact area are covered in Chapter 3. Chapter 4 presents the modeling assumptions,
categorizes them, and conducts a preliminary analysis. Chapter 5 presents the outcomes of the
risk analysis, over the period 2003 — 2022.

The report concludes with a summary of findings. Additional information can be found in the
appendices. All references and data sources are listed at the end of the report.
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Figure 1. Project Location Map

Source: Minnesota Department of Transportation, ROC 52 Design-Build Project;
http: //projects.dot.state.mn.us/hdr/052/
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2. HDR|HLB METHODOLOGY

2.1 Methodology Overview

HDRJ|HLB'’s methodol ogy relies on reviewing available economic and transportation engineering
literature on project acceleration techniques and project acceleration benefits, and on previous
HDR|HLB research and analysis. It further examines various data sources for important
economic indicators of the study area. The methodology employs a comprehensive benefits
estimating model, in arisk analysis framework.

In summary, HDR|HLB’ s approach comprises the following seven steps:

1. Research and analyze available economic and transportation engineering literature on
project accel eration benefits;

2. Research and analyze data on important economic indicators of the study area from
available data sources (U.S. Census Bureau; Minnesota Department of Transportation;
Congressional Budget Office; Federal Highway Administration; Rochester Area
Economic Development Inc.; City of Rochester; Texas Transportation Institute;
Australian Bureau of Transport and Regiona Economics; Victoria Transport Policy
Ingtitute; etc.);

3. Develop a model in a risk analysis framework alowing for estimation of project
acceleration benefits of the following four model dimensions:

Budget impacts;

Financial impacts;

Micro-economic impacts (highway user cost impacts) and
M acro-economic impacts.

4. Conduct aRisk Analysis Process (RAP) session with project stakeholders;

5. As needed, modify model structure and update probability distributions of al
assumptions based on expert panelists' inputs,

6. Run Monte Carlo simulations,*? apply appropriate discount rate, and quantify the benefits
of each project acceleration alternative; and

7. Report and document analysis resullts.

An overview of HDR|HLB’s methodol ogical approach is provided in the figure below.

2 During aMonte Carlo simulation, all input variables are allowed to vary around their central estimates, within the
limits set forth by the parameters of the associated probability distribution. The model is re-estimated 1,000 times,
using 1,000 different realizations of the input variables. The model output is then summarized using standard
descriptive statistics (mean, median, 10™ and 90" percentiles, etc.).
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Figure 2: Risk Analysis Process Overview
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In the estimation of categories of impact, several issues are accounted for:
The length of the study period;
Period of impact estimation, i.e., construction versus post-construction period;
Project completion date, i.e., number of yearsto finish the work.

The following figure depicts the important time dimension of project acceleration alternatives
impact calculation.

Figure 3: Time Dimensions of Project Acceleration Alternatives’ Impact
Categories

, years
-4 >
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
A
Alternative 1 Alternative 1
A — P e e e e e e P cccccccccccccccccccccccaa »
Alternative 2 Alternative 2
€ — — P Pppeccccccccccccccccccccccccccccccccccccccnca >
Alternative 3 Alternative 3
— — —pdq- - Ppeccccccccccccccccccccccccccccccccccccccccccccccccccncns >
Alternative 4 Alternative 4
— — - - — ppeccccccccccccccccccccccccccccccccccccccccccccccccccccacacae >
Legend
- ——————— >
e »
design/
-~ — — - — —p
post
@ --ccccccccccccaa »

The following sections explain the methodology of budget, financial, highway user, and macro-
economic impact estimation in greater details.
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2.2 Budget Impacts

In estimating budget cost savings of different project acceleration aternatives, HDR|HLB
distinguishes between cost categories as displayed in the following figure.

Figure 4. Highway Construction Project Cost Categories

B —— e o

Direct project costs include direct expenses on construction while indirect project costs include
monthly expenses incurred in order to keep the construction work functioning. Direct
construction costs vary with the scope and complexity of work, as well as they vary with time
through escalation of materia costs, hourly labor rates, and escalation of equipment cost over the
period of construction. Indirect project costs are assumed to be constant on a monthly basis and
not to depend on the scope or complexity of highway project. The figure on the next page
illustrates the methodology in estimating budget cost savings of highway project acceleration
alternatives.
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Figure 5. Budget Impact of Project Acceleration
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2.3 Financial Impacts

The financial impacts of project acceleration are evaluated for the four alternatives, based on
project duration, the interest rate and inflation rate. Using this information, real interest savings
are calculated and compared between the aternatives in order to compute the financial impact of
project acceleration. The figure below outlines this process.

Figure 6: Structure & Logic Diagram for Estimating the Financial Impacts of
Project Acceleration
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2.4 Highway User Impacts

This category of impact represents impact on highway users, whether it is an increase in highway
user costs due to traffic disruptions during construction period or it is the benefits accrued to
highway users upon completion of roadway improvements. The length of the construction
period, i.e., project acceleration aternative, affects the magnitude of costs born by and benefits
accrued to highway users during construction and post-construction period, respectively.

The general idea of estimating the costs/benefits accrued to highway users over the length of the
study period isillustrated in the figure on the next page, using a congestion index example. The
figure uses two generalized project completion aternatives. “Late Completion Alternative’ and
“Early Completion Alternative.” The two alternatives are assessed against the “no-work”
scenario. The “no-work” scenario assumes no improvements to the roadway during the length of
the study period.

As the AADT grows over time with a constant rate of growth per annum, the congestion index
follows an upward sloping trend with the same rate of growth (assuming no changes to roadway
capacities) in the “no-work” scenario. The “no-work” scenario congestion index curve reaches
point B at the time of early completion and point D at the time of late project completion.

Late completion of roadway improvements brings down congestion level from the “no work”
aternative at later stage and therefore results in the benefits illustrated as Area A. Early
completion of roadway improvements brings the congestion index from point B on the graphs
down to point C, much earlier. Therefore, it results into benefits illustrated as Area A plus Area
B.
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Figure 7: Highway User Cost Savings — Demonstration of Estimation Approach
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HDRJ|HLB estimates the following four categories of highway user costs during the construction
and post-construction period:

Travel time costs;

Accident costs,

V ehicle operating costs; and
Environmental costs (Emission Costs).

The estimation of highway user costs in the above categories is preceded by the forecast of the
following variables:

Average annua daily traffic on the roadway segment under reconstruction by period of
day (peak/off-peak) and vehicle type (auto/truck/bus), calculated from baseline year
traffic volume and projected AADT average annual growth rate;

Volume/capacity ratios by period of day as calculated from AADT, truck equivaency
factors, and proposed work zone capacities;

Average vehicle travel speed by period of day calculated using speed-flow relationships
defined by the Bureau of Public Roads, and from previously estimated v/c ratios and
posted speed limits.

Travel time costs are monetized aggregate daily travel times through the work zone, whether
before, during, or after project completion, using value of time assumptions.

(AADT , * Length)
Feed

Travel TimeCosts,,,, = (VOT, * (1+CP))*

pt

Where,

Travel Time Costs,,: total daily travel time costs by period of day, vehicle type,
and year ($);

p index indicating period of day, i.e., peak or off-peak;

% index indicating vehicle type, i.e., auto, truck, or bus;

t index indicating year of cost estimation;

VOTy value of time, cost per hour of vehicle travel time by
vehicle type and year ($/hour);

CP congestion premium, additional cost travelers are willing to
pay to avoid congestion (%);

AAD T average annua daily traffic by period of day, vehicle type,
and year (vehicles);

Length length of the work zone (miles); and

Speed: average travel speed in the work zone by period of day and

year (miles’hour).
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The daily travel time costs are annualized using an annualization factor of 365 and further
factored by the number of years of construction/post-construction period.

Accident costs are monetized property damage only, injury, and fatal accidents per day. Number
of accidents is based on accident rates tables produced by the Federal Highway Administration
(FHWA); cost-per-accident estimates are reported by American Association of State Highway
Transportation Officials (AASHTO).

AccidentCosts,, = AccRate,, (AADTpt * Length)* AccCost,,

Where,

Accident CostSpat total daily accident costs by period of day, accident type,
and year ($);

p index indicating period of day, i.e., peak or off-peak;

a index indicating accident type, i.e., property damage only,
injury, or fatal;

t index indicating year of cost estimation;

AccRatepat accident rate by period of day, accident type, and year;

AADT average annual daily traffic by period of day and year
(vehicles);

Length length of the work zone (miles); and

AccCosty cost of accident by accident type and year ($).

Average daily accident costs are annualized using an annualization factor of 365 and further
factored by the number of years of construction/post-construction period.

Vehicle operating costs (VOC) are costs associated with owning, operating, and maintaining a
vehicle. HDR|HLB’s model distinguishes between two types of VOC:

Constant speed vehicle operating costs; and
Excess vehicle operating costs.

Constant speed vehicle operating costs include fuel consumption, oil consumption, maintenance
and repair, tire wear, and roadway related vehicle depreciation. The excess vehicle operating
costs estimation module combines the results of the demand, pavement profile, traffic, and
speed/flow components to compute excess consumption rates. The excess consumption rates are
added to constant speed consumption and multiplied by the pavement adjustment factors and
component prices to develop total VOC.

vOoC,,, = ((vocconsRrate,,, * (AADT,, * Length)+ XSVOCCons,,, )* Cost,, )* PAF

pvct

Where,

VOCpu total daily vehicle operating costs by period of day,
vehicle type, and year ($);
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PAF

index indicating period of day, i.e, peak or off-
peak;

index indicating vehicle type, i.e., auto, truck, or
bus,

index indicating VOC component, i.e., fuel, oil,
tires, maintenance and repair, or depreciation;

index indicating year of cost estimation;

constant speed VOC consumption rate by period of
day, vehicle type, VOC component, and year;
average annua daily traffic by period of day,
vehicle type, and year (vehicles);

length of the work zone (miles);

excess VOC consumption by period of day, vehicle
type, VOC component, and year;

component cost per gallon of fuel, quart of ail,
percent of tire ware, percent of average maintenance
and repair costs, and percent of depreciable value
by vehicle type, VOC component, and year ($); and
pavement adjustment factor based on pavement condition.

Vehicle operating costs are annualized using an annualization factor of 365 and further factored
by the number of years of construction/post-construction period.

Emission costs are monetized daily amounts of HC, CO, and NOx emissions using FHWA's
emission rate tables and per-ton emission cost estimates.

EmissionCosts . = (ER, * (AADT,, * Length))* Cost,

Where,
Emission CostSyvet

ERpvet
AADT

Length
Costet

total daily emission costs by period of day, vehicle
type, emission type, and year ($);

emission rate by period of day, vehicle type,
emission type, and year;

average annua daily traffic by period of day,
vehicle type, and year (vehicles);

length of the work zone (miles); and

emission cost per ton of hydrocarbon, nitrous oxide
and carbon monoxide emissions by year ($).

Average daily emission costs are annualized using an annualization factor of 365 and further
factored by the number of years of construction/post-construction period.

The figure on the next page illustrates the methodology of cost estimation of the previously
described highway user cost categories.
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Figure 8: Highway User Impact of Project Acceleration
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2.5 Macro-Economic Impacts
HDR|HLB recognizes two categories of macro-economic impacts, as follows:

Macro-economic impacts of construction and roadway maintenance spending; and
M acro-economic impacts of changes in access.

Macro-economic impact analysis of project construction and road maintenance spending studies
the effect of a change in demand (construction and maintenance spending) for goods and services
on the level of economic activity in a given area, as measured by business output (sales),
employment (jobs), personal income, and tax revenue. For the purpose of this study, the change
in economic activity is measured in the Olmsted County, Minnesota.

The macro-economic impact analysis of changes in access, on the other hand, studies the effect
of a change in access on property values and retail business activity, with properties and “pass-
by™® retail businesses located within the project impact area. The ROC 52 impact area is defined
as 0.5 miles away from the roadway on each side, and by the total length of the roadway
segments under re-construction, about 11 miles.

2.5.1 Macro-Economic Impacts of Construction and Maintenance Spending

The re-construction and ongoing operation of T.H. 14/52 will require purchases of labor,
materials, equipment, and services, which must be supplied by local (and non-local) producers.
To the extent that these purchases are the result of new investment, they will cause real growthin
the regional economy with attendant benefits of greater employment, personal income, business
profits, and local tax revenue.

Macro-economic impact analysis of project construction and road maintenance spending
involves the estimation of three types of expenditure/production activity within a regional
economy, as follows:

Direct effects;
Indirect effects; and
Induced effects.

Direct effects are the result of direct spending by the sponsor of the project. Direct spending
results in the employment of workers, saes of locally-produced goods and services, and
generation of local tax revenue. The distinguishing feature of a direct effect is that it is an
immediate consequence of the activities and expenditures.

13 Pass-by businesses are those most likely to be affected by highway construction. Examplesare: retail trade,
accommodation, and food services. Pass-by businesses, opposed to destination businesses, are assumed to suffer the
most from construction work during the construction period, due to the high volume of nearly identical substitute
establishments. Destination businesses, such as hospitals, educational institutions, are assumed to be reached by
consumers by any means, whether there is a construction work barrier or not.
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Indirect effects are the result of purchases by local firms who are the direct suppliers to the
proposed project. The spending by these supplier firms for labor, goods and services necessary
for the production of their product or service creates output for other firms further down the
production chain, thus bringing about additional employment, income and tax activity. Output,
employment, income, and tax revenue resulting from spending by supplier firms (but not
households) are considered to be indirect effects.

Induced effects are changes in regional business output, employment, income, and tax revenue
that are the result of personal (household) spending for goods and services — including
employees directly tied to the supplier firms (direct effect), and employees of all other firms
comprising the indirect effect. As with business purchasing, personal consumption creates
additional economic output, leading to still more employment, income and tax flows. Induced
effects are by far the largest component of the total macro-economic impact.

Total macro-economic impact of construction and road maintenance spending is then the sum of
direct, indirect, and induced economic effects of the project. It is the total change in economic
output, employment, personal income, and local tax revenues that are generated by successive
rounds of spending by businesses and households. The term “multiplier effect” describes the
phenomenon whereby the change in total economic activity resulting from a change in direct
spending is greater than the direct spending alone — that is, it is a measure of all indirect and
induced effects. The ratio of total effect (e.g., total business output) to the direct effect (direct
spending) is termed an “impact multiplier,” and is the most direct measure of a regiona
economy’s ability to meet new demand with local (as opposed to imported) resources. The
higher the multiplier, the greater the total economic response to the new direct spending
(multipliers can also be expressed in terms of employment and income; an employment
multiplier is the total overall increase in employment for all industries per new job created by
direct expenditures alone).

HDR|HLB used an input-output model, the IMPLAN©* model, to evaluate the effects of
constructing and operating the improvementsto TH 14/52 in Olmsted County, Minnesota.

IMPLAN data files for Olmsted County include transactions information for nearly 200
industries.”® The figure on the next page explains the methodology used in estimating the impact
of construction and road maintenance spending on regional output, employment, and labor
income.

“IMPLAN Pro®, version 2.0.1023, http://www.implan.com

3 IMPLAN data filesinclude information for all industries within a study area, using the 4 and 5-digit North
American Industry Classification System (NAICS) breakdown. Out of the 509 industries in the NAICS, 184 were
identified as present in Olmsted County.
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Figure 9: Macro-Economic Impacts of Project Acceleration from Construction and Maintenance Spending
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2.5.2 Macro-Economic Impacts of Changes in Access

For the purpose of this study, change in access is measured using change in vehicle travel times
through the roadway segment under re-construction. Construction work is expected to cause
deteriorations of travel times due to capacity constraints, lane closures, etc. Completion of
roadway improvementsis, on the other side, expected to bring about travel time improvements.

The change in the value of properties adjacent to the roadway is estimated through risk-adjusted
property penalty or premium assumptions. The impact of reduced access (i.e., increased travel
times) during construction period is expected to “impose penalty” on values of surrounding
properties, while the impact of improved access after the construction period is expected to have
the opposite, positive effect on property values.

The change in retail business sales is estimated using elasticity coefficients, in particular
elasticity of vehicle travel with respect to travel time. The impact of reduced access during
construction period is expected to negatively affect pass-by businesses sales, while improved
access of the post-construction period is expected to boost retail sales of those businesses. The
structure and logic diagrams on the following pages illustrate the methodology of estimating
change in property values and retail business sales due to reduced/improved access.

PAGE - 19



Figure 10: Impacts of Project Acceleration from Changes in Access, Residential
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Figure 11: Macro-Economic Impacts of Project Acceleration from Changes in

Access, Retail Sales
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3. HISTORICAL TRENDS

This section describes some of the demographic and economic trends that the State of
Minnesota, Olmsted County and the city of Rochester have been experiencing in recent years,
which would further support the acceleration of ROC 52.

3.1 Population Growth and Roadway Congestion

When the volume of people in a given area rises, the potential for increased roadway congestion
and traffic also exists. Figure 12 below shows the trending of population in Olmsted County and
in the state of Minnesota. Olmsted County experienced an annual population growth rate of
1.5% on average between 1980 and 2004, compared to only 0.9% for the state as a whole during
the same period.*®

Population growth would seem to be a contributing factor to road conditions. Figure 13 shows
that the average vehicle miles per day has grown to 3.5 million in Olmsted County in 2003 from
3.2 million in 2001,%" a 9 percent jump over three years compared to a 3.5% increase in the
county’s population for that same time period. Olmsted County population is projected to grow
by 5.9% between 2005 and 2010, while the state’ s population is estimated to reach 5.5 million by
2010, a4.9% increase from the 5.2 million projected for 2005.

Figure 12: Population Growth in Olmstead County and Minnesota State
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18 Mid-year population estimates for 1980 through 2004 from the U.S. Census Bureau.
¥ Minnesota Department of Transportation, Office of Transportation Data& Analysis.
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Figure 13: Vehicle Miles of Travel and Traffic Congestion in Olmsted County
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When work is done on highways, one of the possible impacts is that people’ s vehicle operating
costs can change. This could happen during construction, either because detours increase the
distance that must be traveled to complete a trip, thereby increasing the average vehicle miles
traveled per day, or because slowdowns cause vehicles to be operated at |less-than-optimal
Speeds.

Minneapolis-St. Paul provides a stark example of the costly effects of road congestion. The
costs of roadway congestion in the Twin Cities exceeded the average for urban areas in 2001, the
latest year of data available from the Census Bureau. Figure 14 reflects that the annual costs of
traffic congestion were $559 per person in Minneapolis-St. Paul compared to $517 on average.
Costs to individuals typically include vehicle operating costs such as fuel and oil consumption,
tire wear, routine maintenance, unanticipated repairs, and depreciation in vehicle value.’®

18 qatistical Abstract of the United States, Table No. 1083, U.S. Census Bureau, 2004-2005.
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Figure 14: Costs of Roadway Congestion
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3.2 Housing Conditions and Accessibility

Studies have been undertaken in the past, which have concluded that new highways change the
geographic pattern of accessibility and that those changes are reflected in home sales prices. It
has been found that home buyers are willing to pay for the increased access that is provided by
new roads.

While overall housing conditions in the state of Minnesota appear to mirror those observed in the
rest of the nation, it seems that the city of Rochester has experienced a slowdown in housing
activity since 2000. Figure 15 on the next page shows that total building permits have been on
the decline after peaking at 1,119 in 1999.

While the level of building permits cannot alone determine the state of the city’s housing
conditions, Figure 16 illustrates another possible market indicator, the annual change in the value
of single-family homes in Rochester, as measured by the House Price Index published by the
Office of Federa Housing Oversight (OFHEO).' The value of single-family homes in
Rochester appears to have steadily decreased since the first quarter of 2001.

19 The OFHEO House Price Index, published on a quarterly basis, uses data provided by Fannie Mae and Freddie
Mac. Itisaweighted salesindex, measuring the average price change in repeat sales or refinancing of the same
properties.
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Figure 15: Building Permits in Rochester compared to Minnesota
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Figure 16: Annual Percentage Change in Single-Family Home Values in
Rochester
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4. MODELING ASSUMPTIONS

This section presents the maor assumptions used in the four dimensions (budget impact,
financial impact, highway user impact, and macro-economic impact) of forecasting model. The
projections are provided as probability ranges, with three data points. a median value (i.e., 50
percent probability of being exceeded); a lower 10 percent value (i.e., 90 percent probability of
being exceeded); and an upper 10 percent value (i.e., 10 percent probability of being exceeded).

Most of these ranges have been derived from inputs provided by participants at a risk analysis
workshop conducted at the Mn/DOT District 6 Offices in Rochester on September 15, 2005.
Additional forecasting assumptions can be found in Appendix 1.

4.1 General Assumptions

Genera inflation is the anticipated annual inflation rate that reflects the change in the level of
prices of all consumer goods and services. General inflation will be used to inflate the values of
variables such as the value of time and average monthly road maintenance expenditures.

Table 1: General Inflation Forecast

AVERAGE ANNUAL INFLATION RATE MEDIAN LOWER 10% UPPER 10%
Near term, 2003-2007, % 2.13 2.00 2.30
Medium term, 2008-2013, % 2.20 2.00 2.40
Long term, 2014-2022, % 2.20 2.00 2.50

Source: Congressional Budget Office. Ranges derived by HDR|HLB.

4.2 Budget Impact Forecasting Assumptions

This section covers forecasting assumptions that pertain to the Budget Impact dimension of the
model. Variables include costs, project duration and escalation factors. Table 2 provides a
breakdown of costs associated with the reconstruction of T.H. 14/52. The value for “Total direct

project costs (construction elements)” is used in the estimation of escalation costs.

estimated project duration for each of the 4 scenariosis summarized in Table 3.

Table 2. Project Costs, in Year 2002 Dollars

The

MEDIAN

LOWER 10%

UPPER 10%

Total direct project costs (construction elements)

$197,172,764

$197,172,764

$197,172,764

Monthly overhead costs (collocation office) $97,222 $77,778 $116,667
Monthly construction management costs (inc. quality program) $431,944 $345,556 $518,333
Warranty bond, cost per year $52,350 $52,350 $52,350

Source: Mn/DOT.
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Table 3: Project Duration, Months

SCENARIO MEDIAN LOWER 10% | UPPER 10%

Baseline (30-month design; 11-year build) 132 132 132
Scenario 2 (30-month design; 5-year build) 60 60 60
Scenario 3 (30-month design; 3-year build) 36 36 36
Scenario 4 (36 months overall) 36 36 36

Source: Mn/DOT.

The cost escalation factor reflects the annual escalation in such project expenditures as material,
labor, and construction equipment necessary to complete the construction work. The cost
escalation factor will affect the total budget of different acceleration scenarios. The projected

values are summarized in Table 4 below.

Table 4: Cost Escalation Factors

AVERAGE ANNUAL ESCALATION FACTOR

MEDIAN

LOWER 10%

UPPER 10%

Year 2003-2007, %

5.0%

3.0%

7.0%

Year 2008-2013, %

5.0%

3.0%

7.0%

Year 2004-2022, %

5.0%

3.0%

7.0%

Source: Previous HDR|HLB studies. See ROC 52, Reconstructing Highway 52 - Rochester, August 2002.
FUNDING SUMMARY and PROJECT HISTORY. From e-mail dated May 27, 2005 -- Adjusted upward after RAP

Session.

The real discount rate is an annual percentage factor which is used to calculate the present value
of any sum of resources or money to be spent or received in the future. It represents the rate of
return that would be earned if the government invested their money in a risk-free project. A
higher discount rate, others things being equal, means that the cost to the government of
undertaking the project is higher. Also, a dollar spent today is correspondingly more valuable
than a dollar spent tomorrow the higher the discount rate. The projected real discount rate is

provided in Table 5 below.

Table 5;: Real Discount Rate

DISCOUNT RATE

MEDIAN

LOWER 10%

UPPER 10%

Annual discount rate, %

4.0

4.0

4.0

Source: HDR|HLB.
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4.3 Financial Impact Forecasting Assumptions

The variables covered in this section address the Financial Impact dimension of the models. The
estimates for the annual interest rate and loan principal amount (for each of the four scenarios)
are given in Table 6 and Table 7 respectively. Combined these variables represent the interest
costs assessed on the borrowings made by the city of Rochester to undertake the construction
work. The shorter the duration of the construction work, the lower the total interest obligations
will be, resulting in higher benefits or costs savings related to project accel eration.

Table 6: Nominal Interest Rate

MEDIAN LOWER 10% UPPER 10%
Interest Rate, % per annum 6.00 5.00 7.00
Source: HDR|HLB.
Table 7. Loan Principal Amount
SCENARIO MEDIAN LOWER 10% UPPER 10%
Baseline $30,000,000 $20,000,000 $50,000,000
Scenario 2 $30,000,000 $20,000,000 $50,000,000
Scenario 3 $30,000,000 $20,000,000 $50,000,000
Scenario 4 $30,000,000 $20,000,000 $50,000,000

Source: HDR|HLB, based on Mn/DOT documents.

4.4 Highway User Impact Forecasting Assumptions

This section provides projections for variables that affect the Highway User Impact dimension of
the model. Datain the following two tables represent the value of time to travelers.

Table 8 provides estimates for the value of time for both cars and commercial vehicles. This
variable represents the hourly value of time for highway users and will affect the magnitude of
travel time costs, and travel time cost savings from project acceleration.

Table 8: Value of Time, in dollars of 2005

VEHICLE TYPE MEDIAN LOWER 10% UPPER 10%
Car, $/hour $10.46 $8.00 $14.10
Heavy commercial vehicles, $/hour $19.39 $16.00 $24.00

Sources. RAP Session, based on Mn/DOT current VOT assumptions, wage data for Olmsted County and FHWA
recommendations. Ranges derived by HDR|HLB.

Table 9 represents the congestion premium, again for cars and commercial vehicles. This
variable is a percentage of the hourly value of time and represents an additional cost to value of
time for travel on congested roadways.
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Table 9: Congestion Premium

VALUE OF TIME MEDIAN LOWER 10% UPPER 10%
Car, % 46.0% 42.0% 50.0%
Truck, % 46.0% 42.0% 50.0%

Sources. SratBENCOST

The next variable represents the distribution of traffic by vehicle type on the road segments to be
reconstructed, i.e., the percentage of autos vs. commercial vehicles. The distribution of vehicles
will affect the magnitude of travel time costs, vehicle operating costs, and environmental costs
borne by highway users’communities during the construction period as well as the magnitude of
travel time cost savings, vehicle operating cost savings, and environmental cost savings that
accrue to highway users’communities following the completion of construction work. Estimates
for this variable are provided in Table 10 below.

Table 10: Traffic Distribution by Vehicle Type

VEHICLE TYPE MEDIAN LOWER 10% UPPER 10%
Passenger cars and light trucks, % 93.5% 92.0% 95.0%
Heavy commercial vehicles, % 6.4% 5.0% 8.0%

Sources: Mn/DOT, 2001. "TH 14/52 Construction Staging Economic Analysis, Traveling Public Impact" 2001, p. 5;

Ranges derived by HDR|HLB.

Table 11 below provides estimates for the length of the peak period, the peak hour traffic
volume, as well asthe daily peak period traffic volume.

Table 11: Peak versus Off-Peak Traffic

MEDIAN LOWER 10% UPPER 10%
Length of the peak period, hours 5.0 4.0 6.0
Peak hour traffic volume, % 10.0% 8.0% 12.0%
Peak period, % of daily traffic volume 65.0 60.0 70.0

Source: Traffic model, Appendix D, page D-2l, Mn/DOT
Note: Length of peak period assumed to be constant for 2002-2022

The length of the peak period is the total duration, in hours, of the peak period, morning and
evening combined. This variable affects the magnitude of aggregate travel time costs, accident
costs, vehicle operating costs, and environmental costs during the peak and off-peak periods.
The peak hour traffic volume represents the percentage of daily traffic that travels during the
peak hour.

Note that the assumptions mentioned above (travel demand and congestion assumptions) are
applied to all the scenarios under consideration in this study.

PAGE - 29



Macro-Economic Impact Forecasting Assumptions

This section covers variables relevant to forecasting the macro-economic impact due to the
reconstruction of TH 14/52. These impacts are segmented into three categories. maintenance
cost impacts, residential impacts and commercial impacts.

Table 12 provides the road maintenance expenditures for both baseline and post-construction.
This variable represents the expenditures per lane-mile needed annually on average to maintain
the roadway, after the end of construction. This variable is used to determine the change in the
average road maintenance expenditures in the years following the completion of the construction
work.

Table 12: Maintenance Costs

MEDIAN LOWER 10% UPPER 10%
i’gg%?/f;:ﬁg_sla”(éontrol Facility 4 Lanes, $23,795 $21,000 $26,000
Baseline road maintenance expenditures
between two reconstruction periods, 2002$ * $1,191,309 $1,191,309 $1,191,309
i’gg%?/f;:ﬁg_sla”(éontrol Facility 6 Lanes, $73,214 $70,000 $76,000
Post-construction maintenance expenditures
between two reconstruction periods, 2002$ * $5,543,474 $5,543,474 $5,543,474
Assumed number of years between two 10 10 10
reconstruction periods

Sources. HDR; Mn/DOT and StratBENCOST, Ready Reckoner p. 48. Ranges derived by HDR|HLB.

4.4.1 Residential Impacts
Table 13 provides the total number of family households in the impact area for the year 2000.
Historical and projected population growth for the City of Rochester is provided in Table 14.
Population is akey component in housing demand; therefore population growth rates can be used
as proxy for housing growth.

Table 13: Total Number of Family Households in the Impact Area, 2000

MEDIAN

LOWER 10%

UPPER 10%

Total

1,858

1,600

2,100

Source:  U.S. Census Bureau, Census 2000,

http: //factfinder.census.gov/serviet/DTGeoSear chByListServiet?ds name=DEC_2000_SF3 U& lang=en& ts=131

900324644

Table 14: City of Rochester Historical and Projected Population Growth, %

PERIOD MEDIAN LOWER 10% UPPER 10%
2000-2010 1.37% 1.00% 1.80%
2000-2025 1.30% 1.00% 1.60%

Source: Rochester Area Economic Development, Inc. " Rochester Historical and Projected Growth." p. 2
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Table 15 provides the median value of all owner-occupied housing units in the impact area for
the year 2002. The variable summarized in Table 16 is the average annua growth rate in the
market value of residential properties within the project impact area. The average annual growth
rate in market value of properties in the impact area will be used to estimate market value of
propertiesin years during and after construction work.

Table 15: Value of Owner-Occupied Housing Units in the Impact Area, $

MEDIAN

LOWER 10%

UPPER 10%

In 2002

$151,541

$129,106

$176,054

Source: U.S Census Bureau; range derived by HDR|HLB.

Table 16: Projected Growth in Residential Property Value, %

PERIOD

MEDIAN

LOWER 10%

UPPER 10%

Average annual growth 2004 - 2010

5.0%

3.0%

7.0%

Average annual growth 2011 - 2020

5.0%

3.0%

7.0%

Source: Based on Rochester Area Economic Development, Inc. "Rochester Historical and Projected Growth.” p. 5,
and RAP Session

Table 17 provides the change in property value for housing units in the impact area during and
after construction. Housing prices are expected to grow at a slower rate or fall during
construction due to restrictions in access, noise, congestion and other negative externalities
associated with roadway construction.  After construction, improved access and reduced
commute times may stimulate housing demand and market prices. Project acceleration will
minimize negative impacts on property value growth and quicken positive gains from the
enhanced roadway.

Table 17: Property Penalties and Premiums, % Change in Property Value

PERIOD

MEDIAN

LOWER 10%

UPPER 10%

During Construction

-5.0%

-8.0%

-2.0%

After Construction

5.0%

2.0%

8.0%

Source: Derived by HDRJHLB based on previous studies (See Carey 2001 or Boarnet & Chalermpong 2001).

4.4.2 Commercial Impacts

Retail businesses are assumed to be affected in a similar nature to residential properties as a
result of highway construction. Table 18 below summarizes total retail sales in the impact area
for the year 2000.
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Table 18: Total Retail Sales in the Impact Area, 2000
MEDIAN LOWER 10%

UPPER 10%

Total $1,198,817,000 $959,053,600 $1,438,580,400

Source:  McComb Group, Ltd. "Retail Impact Analysis TH 14/52 Reconstruction”, 2001, Prepared for Mn/DOT,
Highway 52 Construction Staging Economic Analysis, Retail Impact Analysis.

As noted in the previous section, of specific relevance to this study are pass-by businesses, such
asretail trade, accommodation, and food services. Pass-by businesses, as opposed to destination
businesses, are assumed to suffer the most from construction work during the construction period
due to the high volume of nearly identica substitute establishments. On the other hand,
destination businesses, such as hospitals, educational institutions, are assumed to be reached by
consumers by any means, whether there is a construction work barrier or not, and therefore
should be minimally impacted during the construction period.

Table 19 below summarizes the sales for pass-by businesses in the impact area by zip code for
the year 1997. The annua growth rate for retail sales in the city of Rochester is provided in
Table 20 for three time periods. Similar data regarding the number of employees in these pass-
by businesses can be found in Tables 21 and 22.

Table 19: Sales of Retail Trade, Accommodation & Food Services, and Other
Services (excluding Public Administration)

MEDIAN LOWER 10% UPPER 10%
Impact Area Within ZIP 55901 $89,615,962 $59,424,615 $119,807,309
Impact Area Within ZIP 55902 $41,484,175 $27,656,177 $55,312,173
Impact Area Within ZIP 55960 $303,468 $202,346 $404,591
Total In Impact Area In 1997 $131,403,605 $87,283,138 $175,524,073

Source: 1997 Economic Census, ZIP Code Satistics; http://mww.census.gov/epcd/ec97zp/mn/MN55901.HTM

Table 20: Actual and Projected Average Annual Growth in Retail Sales in the City
of Rochester

PERIOD MEDIAN LOWER 10% UPPER 10%

1997 — 2001 12.3% 4.5% 15.0%
2000 — 2010 2.6% 2.3% 2.9%
2010 — 2025 4.0% 3.5% 4.5%

Sources. City of Rochester, Minnesota. Statistical Section. December 2002, p. 130. Rochester Area Economic
Development, Inc. "Rochester Historical and Projected Growth." p. 8, 2003

Table 21 and Table 22 are similar to the two preceding tables; however they provide information
on impact area employment, rather than sales.
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Table 21: Employment of Retail Trade, Accommodation and Food Services, and

Other Services (excluding Public Administration)

MEDIAN LOWER 10% UPPER 10%
Impact Area Within ZIP 55901 5,874 3,750 7,997
Impact Area Within ZIP 55902 3,674 2,100 5,247
Impact Area Within ZIP 55960 124 80 167
Total In Impact Area In 1997 9,672 5,930 13,411

Source: 1997 Economic Census: ZIP Code Statistics; http://mww.census.gov/epcd/ec97z p/mn/MN55901.HTM

Table 22: Actual and Projected Average Annual Employment Growth in the

Impact Area
PERIOD MEDIAN LOWER 10% UPPER 10%
1998-2002 3.6% 2.1% 5.0%
2002-2012 * 1.5% 1.0% 1.7%
2013-2022 * 1.0% 0.8% 1.5%

Sources. Rochester Area Economic Development Inc. 2001 Annual Report. Minnesota Department of Employment
and Economic Development. Employment Outlook Tool.
* = Projection for Southeast MN, average for retail trade, accommodation & food services, and other services

Table 23 summarizes elasticity with respect to change in access. This variable represents the
change in business sales due to a one unit increase in travel time. The value for this variable is
negative which should be expected, since these pass-by businesses are likely to lose sales as
access becomes restricted.

Table 23: Business Sales Elasticity with respect to Changes in Access
MEDIAN

PERIOD LOWER 10% UPPER 10%

Elasticity of Vehicle Travel w.r.t. Travel Time -0.200 -0.300 -0.100

Source: BTE Transport Elasticities Database
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5. SIMULATION RESULTS

All the benefit and cost estimates provided in this section were estimated over a fixed twenty-
year period, from 2003 through 2022. Under al staging alternatives, design (and construction
under Scenario 4) is assumed to start in 2003. Benefit and cost estimates are provided in both
year-of-expenditure dollars (i.e., augmented for cost escalation and genera inflation) and in
present value terms. A four percent real discount rate was assumed for all present valuations.

5.1 Micro-Economic Impacts

The micro-economic impacts of project acceleration estimated for this study include: highway
user cost impacts (Section 5.1.1), and project or agency cost impacts (Section 5.1.2). Both
impacts have been estimated within a risk analysis framework using the assumptions listed in
Chapter 4.

5.1.1 Highway User Cost Impacts

Overal comparison of the four scenarios is presented in Figure 17. To evaluate eventual benefits
of acceleration, each of the possible execution plans is expressed in terms of extra savings when
compared to the no-work scenario.

As illustrated in Figure 17, below, Scenario 4 (36-month combined design-build) is expected to
generate an additional $200.9 million (in present 2005 value) worth of highway user cost savings
relative to the baseline scenario, over the 20-year assessment period. These incremental user
benefits include both lower traffic disruption effects during construction (about $59.3 million),
and larger post-construction benefits (about $141.5 million).

Scenario 2 (funding restrictions removed) is expected to yield an extra $128.2 million worth of
highway user cost savings relative to the baseline scenario; Scenario 3 (funding restrictions
removed with some form of accelerated project delivery), an additional $172.1 million.

Over the assessment period, Scenario 4 is also expected to generate about $28.7 million worth of
extra travel time, vehicle operating costs, accident costs and emission cost savings relative to
Scenario 3. A detailed breakdown of highway user cost savings by cost type is presented in
Table 24 at the end of the chapter.

Figure 17: Highway User Cost Impacts, Summary

Highway User Cost Savings over No-Build Y.OE Discounted
Baseline $108.8 $7.2
Scenario 2 $313.1 $1354
Scenario 3 $368.2 $179.3
Scenario 4 $403.1 $208.1

Incremental Highway User Cost Savings
Scenario 2 vs. Baseline $204.3 $128.2
Scenario 3 vs. Baseline $259.4 $172.1
Scenario 4 vs. Baseline $294.3 $200.9
Scenario 4 vs. Scenario 3 $34.9 $28.7
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Figure 18: Highway User Cost Savings, Breakdown by Cost Category
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Highway User Cost Savings over No-Build
Baseline $108.8 ($27.7) $38.9 $80.8 $16.8
Scenario 2 $313.1 $58.4 $62.8 $190.1 $1.9
Scenario 3 $368.2 $80.1 $69.5 $220.9 ($2.2)
Scenario 4 $403.1 $87.5 $75.9 $242.7 ($3.0)
Incremental Highway User Cost Savings
Scenario 2 vs. Baseline $204.3 $86.1 $23.9 $109.2 ($14.9)
Scenario 3 vs. Baseline $259.4 $107.8 $30.6 $140.0 ($19.0)
Scenario 4 vs. Baseline $294.3 $115.2 $37.0 $161.9 ($19.8)
Scenario 4 vs. Scenario 3 $34.9 $7.4 $6.4 $21.8 ($0.8)
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When compared to the No-Build Alternative, Scenario 4 offers the largest user cost savingsin all
cost categories, except emission costs. Savings in vehicle operating costs represent the major
part of total user cost savings in each scenario, with approximately 75 percent of total savings
under the baseline scenario, and about 60 percent in Scenarios 2 through 4.

Summary statistics from the risk analysis of highway user cost savings are shown in Figure 19,
where incremental cost savings are arrayed as decumulative probability distributions. Note that
the Mean Expected Vaues shown below the charts are equal to the values presented in Figure
17.

In present value terms, there is a 90 percent probability that Scenario 4 will generate at least an
additional $167.4 million worth of highway user cost savings relative to the baseline scenario;
and $23.7 million relative to Scenario 3.

Scenario 4 may save up to $259.2 million in highway user costs relative to the baseline scenario
(10 percent probability of exceeding); and up to $38.4 million relative to Scenario 3.
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Figure 19: Highway User Cost Savings, Risk Analysis Outcomes
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5.1.2 Impacts on Total Project Costs

Estimates for the combined impact of reduced escaation (inflation avoidance), lower overhead
costs, lower construction management costs, and discounting, are provided in Figure 20, below.

Figure 20: Impacts on Total Project Costs, Summary

(

Total Project Qosts YQE| Discounted
Baseline $371.4 $273.2
Scenario 2 $280.2 $247.6
Scenario 3 $253.2 $238.6 & 1
Scenario 4 $236.0 $250.0
Project Gost Savings
Scenario 2 vs. Baseline $91.2 $255
Scenario 3 vs. Baseline $118.2 $34.5
Scenario 4 vs. Baseline $1354 $23.1
Scenario 4 vs. Scenario 3 $17.2 ($11.9)

Based on these elements aone (due to obvious data limitations, scheduling benefits and
efficiency gains have been excluded from the estimation), the 36-month staging alternative
(Scenario 4) is expected to have reduced, other things being equal, total project costs by $23.1
million (in present-day dollars), relative to the baseline scenario. Note that the comparison
between Scenario 4 and Scenario 3, in present discounted value, is driven primarily by the
impact of discounting, whereby earlier spending under Scenario 4 (construction is assumed to
start in 2003 under that scenario, against 2005 for Scenario 3) reduces the impact of discounting,
and resultsin a net cost increase (of $11.4 million). Scenario 2 would have reduced total project
costs (relative to the Baseline) by about $25.5 million; Scenario 3 by $34.5 million.

The assumed distribution over time of direct project costs is shown in Figure 21; while Figure 22
shows a breakdown by major time-sensitive cost categories. Note that the estimates in Figure 22
arein dollars of Y ear-Of-Expenditure (Y OE).

Figure 21: Distribution of Project Costs over Time, 2003 - 2022
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Figure 22: Total Project Costs and Major Time-Sensitive Components
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Project Costs
Baseline (30-month design; 11-year build) $371.4 $88.5 $14.6 $64.9 $23.7
Scenario 2 (30-month design; 5-year build) $280.2 $49.9 $6.2 $27.6 $17.3
Scenario 3 (30-month design; 3-year build) $253.2 $38.7 $3.6 $16.2 $15.7
Scenario 4 (36 months overall) $236.0 $18.5 $3.5 $15.5 $195
Project Cost Savings
Scenario 2 vs. Baseline ($91.2) ($38.6) ($8.4) ($37.3) ($6.4)
Scenario 3 vs. Baseline ($118.2) ($49.8) ($11.0) ($48.7) ($8.0)
Scenario 4 vs. Baseline ($135.4) ($70.0) ($11.1) ($49.4) ($4.2)
Scenario 4 vs. Scenario 3 ($17.2) ($20.2) ($0.2) ($0.7) $3.8

Decumulative probability distributions for the project cost savings (in present discounted value,

as shown in Figure 20) are shown in Figure 23, below.

Figure 23: Project Cost Savings, Risk Analysis Outcomes
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As can be seen in the above charts, there is a 90 percent probability that the implementation of
Scenario 4 has led to at least a $7.5 million reduction in total project costs (in present value
terms) relative to the baseline scenario. Project cost savings from the implementation of
Alternative 4 may have reached up to $39.8 million (with a 10 percent probability).
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5.2 Macro-Economic Impacts

The study focuses on two major macro-economic impacts: changes in residential property values
and changesin retail sales during and after construction.

5.2.1 Residential Property Value Impacts

A number of empirical studies have demonstrated how residential property values can be
affected by highway construction projects, both during and after construction.®’ During
construction, housing values are expected to fall, or to grow at a lower rate than they normally
would, as a result of restrictions in access and/or a variety of nuisances brought about by
construction. After construction, improved access and reduced commute times may stimulate
housing demand and market prices.

Using data for the ROC 52 study area, it was found that opting for Scenario 4 is expected to
increase aggregate property values in the project corridor, by about $345.7 million (in present-
day dollars) relative to the Baseline (over the 20-year evaluation period). Scenario 2 is expected
to increase aggregate property vaues by nearly $231 million over the Baseline; Scenario 3 by
about $307.2 million.

Figure 24: Impacts on Residential Property Values, Summary

Change in Residential Property Value YQE| Discounted
Baseline $9.3) ($95.1) 1
Scenario 2 $3684 $1355 1
Scenario 3 $466.2 $212.1 ]
Scenario4 $517.8 $250.6 ]
Comparative Analysis - |
Scenario 2 vs. Basdline $377.7 $230.6 <
Scenario 3 vs. Baseline $4754 $307.2 & ‘ ‘ ‘
Scenario4 vs. Basdline $527.1 $345.7 it i LJ
Scenario 4 vs. Scenario 3 $51.6 $385 : 1

Interestingly, our simulation results also indicate that under Scenario 1, where construction spans
over half of the 20-year assessment period, the net impact of the ROC 52 project on housing
values is barely significant in year-of-expenditure dollars (-$9.3 million ) and largely negative
when accounting for the time value of money (-$95.1 million).

Impact projections of the different alternatives on residential property value in the study area
over the 20-year time period are displayed in Figure 25, on the next page.

% See for example: “Impact of Highways on Property Values: Case Study of the Superstition Freeway Corridor,”
by Jason Carey; or “New Highways, House Prices, and Urban Development: A Case Study of Toll Roadsin Orange
County, CA,” by Boarnet and Chalermpong, 2001. See Appendix 2.
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Figure 25: Impacts on Residential Property Values, 2003 — 2022
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The decumulative probability distributions for the estimated residentia impacts of ROC 52,
shown in Figure 26 on the next page, suggest that Scenario 4 has increased aggregate home value
in the impact area by at least $192.8 million (lower 10 percent value, or 10" percentile), relative
to the baseline alternative.

Figure 26 also indicates that the 80 percent confidence interval for the incremental residential
impact of Scenario 4 relative to Scenario 3 ranges between $14.6 million and $63.3 million. In
other words, there is an 80 percent probability that the true value of the residential impact of
implementing Scenario 4 in lieu of Scenario 3 ranges between $14.6 and $63.3 million (in
today’ s dollars).

The 80 percent confidence intervals for the other three pairs of comparisons are as follows:
Scenario 2 vs. Baseline: [$128.8 million ... $344.0 million]
Scenario 3 vs. Baseline: [$171.6 million ... $456.6 million]

Scenario 4 vs. Baseline: [$192.8 million ... $516.6 million]

PAGE - 40



Figure 26: Impacts on Residential Property Values, Risk Analysis Outcomes
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5.2.2 Retail Sales Impacts

The impact of the project on local retail sales, under various staging aternatives, isillustrated in
Figure 27, below. As can be seen in the figure, over the fixed 20-year assessment period, the
baseline 13+ years scheduling scenario would have led to significant retail sales losses?
Accelerating the project to a 36-month period is expected to have led to an incremental $310.8
million (in present-day dollars) worth of sales over the Baseline; and an incremental $6.9 million
over Scenario 3. The elimination of funding restrictions under Scenario 2 (and the shortening of
the construction stage from 11 to 5 years), would have led to $225.9 million in extra sales over
the Baseling; the implementation of Scenario 3, an additional $303.9 million.

2 Dueto differences in scenario definitions, estimation techniques and assumptions, these findings are not directly
comparable to those reported in the 2001 retail impact analysis (by the McComb Group).
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Again, these net — incremental — changes reflect both lesser disruption effects (during
construction) and a longer period over which local businesses and shoppers can benefit from the
ROC 52 improvements. The two periods are broken down in Table 24 in Section 5.3.

Figure 27: Retail Sales Impacts, Summary

Change in Retail Sales Y.QE Discounted
Baseline ($2945) ($280.2)
Scenario 2 $67.9 ($54.3)
Scenario 3 $166.1 $23.6
Scenario 4 $188.6 $30.5

CGomparative Analysis
Scenario 2 vs. Baseline $362.4 $225.9
Scenario 3 vs. Baseline $460.6 $303.9
Scenario 4 vs. Baseline $483.1 $310.8
Scenario 4 vs. Scenario 3 $225 $6.9

The assumed retail sales impacts of the four build aternatives over the 20-year study period are
shown in Figure 28, below.

Figure 28: Retail Sales Impacts, 2003 — 2022
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Figure 29 provides risk analysis outcomes for the retail salesimpact assessment. It was estimated
that Scenario 4 would generate at least $143.9 million in incremental retail sales over the
Baseline, with a 90 percent probability. And there is a 10 percent probability that the retail
impact of Scenario 4 relative to the Baseline would exceed $518.7 million (10% probability of
exceeding).
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Figure 29: Retail Sales Impacts, Risk Analysis Outcomes

( 7 ( 7
( (
& &7 &5 &7
~ ~
@ @
< <
< <
( & ( ' & &
/ /
i# < LH# <
.6 " 44 % 79 < 6 44 3% 79 <
6" 44 $ 79 < 6 44 3% 79 <
( 7 ( (
. (
& & & &7
~ ~
@ @
< <
< <
&
/ /
# < H# <
.6 " 44 % 79 < 6 44 3% 79 < 5 6
6" 44 $ 79 < 6 44 % 79 <

Figure 29 also provides the 80 percent confidence interval for the Scenario 4 versus Scenario 3
comparison. The lower bound of the interval (90% Probability of Exceeding) being negative (-$6
million), one can infer that the relative impact of Scenario 4 on retail activity in the study areais
not statistically significant (more precisely, that the difference between Scenario 4 and Scenario
3interms of retail salesimpact is not significantly different from zero).
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5.3 Summary of Findings

Table 24, below, provides a summary of al the costs and benefits estimated in the study, during
and after construction. Also presented in the table (in the last block of rows) are estimates for the
economic impacts of construction expenditures and incremental maintenance spending (after
construction) brought about by the project. Table 25, on the next page, summarizes all the risk
analysis outcomes.

Table 24. Summary of Impacts, During and After Construction, in Year-of-
Expenditure Dollars and Present Discounted Value
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Table 25: Summary of Risk Analysis Outcomes

IN YEAR-OF-EXPENDITURE DOLLARS

Project Cost Savings, 2003 - 2022, millions of dollars

Mean Expected Value

90% Probability of

10% Probability of

Exceeding Exceeding
Scenario 2 vs. Baseline $91.2 $74.3 $109.1
Scenario 3 vs. Baseline $118.2 $97.0 $140.6
Scenario 4 vs. Baseline $135.4 $110.0 $162.6
Scenario 4 vs. Scenario 3 $17.2 $8.4 $26.9

Highway User Cost Savings, 2003 - 2022, millions of dollars

Mean Expected Value

90% Probability of

10% Probability of

Exceeding Exceeding
Scenario 2 vs. Baseline $204.3 $168.7 $267.3
Scenario 3 vs. Baseline $259.4 $215.5 $335.2
Scenario 4 vs. Baseline $294.3 $244.5 $380.9
Scenario 4 vs. Scenario 3 $34.9 $28.9 $45.9

Impact on Housing Values, 2003 - 2022, millions of dollars

Mean Expected Value

90% Probability of

10% Probability of

Exceeding Exceeding
Scenario 2 vs. Baseline $377.7 $210.5 $563.2
Scenario 3 vs. Baseline $475.4 $266.2 $707.3
Scenario 4 vs. Baseline $527.1 $292.7 $785.3
Scenario 4 vs. Scenario 3 $51.6 $23.4 $81.6

Impact on Retail Sales, 2003 - 2022, millions of dollars

Mean Expected Value

90% Probability of

10% Probability of

Exceeding Exceeding
Scenario 2 vs. Baseline $362.4 $169.0 $594.5
Scenario 3 vs. Baseline $460.6 $215.8 $754.0
Scenario 4 vs. Baseline $483.1 $225.0 $800.9
Scenario 4 vs. Scenario 3 $22.5 $5.6 $51.9

IN PRESENT DISCOUNTED VALUE

Project Cost Savings, 2003 - 2022, millions of dollars

Mean Expected Value

90% Probability of

10% Probability of

Exceeding Exceeding
Scenario 2 vs. Baseline $255 $15.9 $35.8
Scenario 3 vs. Baseline $345 $21.9 $48.0
Scenario 4 vs. Baseline $23.1 $7.5 $39.8
Scenario 4 vs. Scenario 3 ($11.4) ($18.8) ($3.4)

Highway User Cost Savings, 2003 - 2022, millions of dollars

Mean Expected Value

90% Probability of

10% Probability of

Exceeding Exceeding
Scenario 2 vs. Baseline $128.2 $106.2 $167.1
Scenario 3 vs. Baseline $172.1 $143.6 $220.9
Scenario 4 vs. Baseline $200.9 $167.4 $259.2
Scenario 4 vs. Scenario 3 $28.7 $23.7 $38.4

Impact on Housing Values, 2003 - 2022, millions of dollars

Mean Expected Value

90% Probability of

10% Probability of

Exceeding Exceeding
Scenario 2 vs. Baseline $230.6 $128.8 $344.0
Scenario 3 vs. Baseline $307.2 $171.6 $456.6
Scenario 4 vs. Baseline $345.7 $192.8 $516.6
Scenario 4 vs. Scenario 3 $38.5 $14.6 $63.3

Impact on Retail Sales, 2003 - 2022, millions of dollars

Mean Expected Value

90% Probability of

10% Probability of

Exceeding Exceeding
Scenario 2 vs. Baseline $225.9 $105.5 $369.8
Scenario 3 vs. Baseline $303.9 $142.8 $495.2
Scenario 4 vs. Baseline $310.8 $143.9 $518.7
Scenario 4 vs. Scenario 3 $6.9 ($6.0) $30.5
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6. CONCLUSIONS

6.1 Summary of Findings

As documented in this report, and illustrated with data for the ROC 52 highway improvement
project, the acceleration of project delivery (through, for example, the alleviation of funding
constrains or the combination of the design and construction phases) is likely to generate
significant cost savings to the project sponsors, and tangible economic benefits to highway users
and communities.

By shortening the construction period and associated traffic disruption, project acceleration
typically reduces highway user costs, and losses in housing values and retail sales in the
immediate vicinity of the construction project.

In the ROC 52 case study, when comparing the fastest staging alternative, Scenario 4
(design-build), to the 13.5 year Baseling,** this amounts to $59.3 million worth of
highway user cost savings, $153.8 million in added housing values, and $231.8
million in additional retail sales (in present-day dollars).?

When simply removing the funding constraints (under the 7.5 year staging plan in
Scenario 2), this amounts to $44.1 million in additional highway user cost savings,
$115.3 million in added housing values, and $173.7 million in incremental retail sales
relative to the Baseline.

When removing the funding constraints and assuming some form of project delivery
acceleration (under the 5.5 year staging plan in Scenario 3), this amounts to $59.5
million in incremental highway user cost savings, $153.6 million in added housing
values, and $237.5 million in additional retail salesrelative to the Baseline.

By bringing the completion of highway projects sooner, project acceleration generates real
economic value to highway users, avoiding congestion delays, highway accidents, and vehicle
operating costs. The early completion of highway improvements also brings upturns in retail
sales and home values sooner.

In the ROC 52 case study, when comparing the 3 year staging plan in Scenario 4 to
the 13.5 year Baseline, this amounts to $141.5 million worth of incremental highway
user benefits, a $191.9 million increase in aggregate house value, and a $79.0 million
increase in retail sales.

Assuming the remova of funding constraints and a project duration of 7.5 years
instead of 13.5 (Scenario 2 vs. Baseline) leads to $84.1 million worth of additional

% The Baseline is defined as 30-month design stage and 11-year construction stage; Scenario 2: 30-month design

stage and 5-year construction stage; Scenario 3: 30-month design stage and 3-year construction stage; Scenario 4:
36-month design and construction stage (combined).

% Note that these three estimates are not additive, as some of the highway user benefits are typically “captured” as
changesin real estate values.
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highway user benefits, $115.3 million in increased residential property value, and
$52.3 million in additional retail sales.

When comparing Scenario 3 (5.5 year delivery program) to the Baseline, incremental
highway user benefits amount to $112.6 million, additional home valuation to $153.7
million, and incremental retail salesto $66.3 million.

Finally, through inflation avoidance and ancillary project cost savings, project acceleration is
expected to reduce construction spending.

The ROC 52 case study indicates that the fastest staging alternative (Scenario 4)
might have reduced total project costs by over $135 million in year-of-expenditure
dollars relative to the Baseline, or over $23 million in present-day (discounted)
dollars.

The implementation of Scenario 2 (funding restrictions removed), would have saved
$91.2 million in year-of-expenditure dollars relative to the Baseline (about $25
million discounted).

The implementation of Scenario 3 would have led to $118.2 million (Y OE) or $34.5
million (discounted) saving compared to the Baseline.

6.2 The Business Case for Project Acceleration, including Design-
Build

As documented above, the public benefits of project acceleration can be significant. But how do
these benefits compare with the premium typically paid by a public agency (such as the
Minnesota Department of Transportation) to transfer the project risks (cost and schedule risks) to
the design-build firm?

Table 26 on the next page relates the ROC52 Project Bid Price ($236 million) to estimates of the
public benefits under the four project acceleration options. Scenario 2 vs. Baseline; Scenario 3
vs. Baseline; Scenario 4 vs. Baseline; and Scenario 4 vs. Scenario 3.

Conservatively, the public benefits are restricted to estimates of the highway user cost savings
(since adding the retail sales and residential property value impacts estimated in the study would
lead to — some — double counting).

Table 26: ROC 52 Project Bid Price vs. Incremental User Benefits
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As can be seen in the table, under the first comparison (Scenario 2 versus Baseline), incremental
public benefits represent over 54 percent of total project costs. Under the second comparative
assessment (Scenario 2 versus Baseline), incremental user benefits would exceed 72 percent of
project costs.

To isolate the benefits of design-build over an aggressive acceleration scenario, one may
consider Scenario 4 vs. Scenario 3 (since both have a similar construction stage of three years).
One may also argue, however, that the design-build option not only alows combining the design
and construction stages, but also allows shortening the construction stage itself. Hence, in what
follows, we discuss both Scenario 4 vs. Scenario 3, and Scenario 4 vs. the Baseline.

Under the third comparison (Scenario 4 vs. Baseline), incremental public benefits represent over
85 percent of total project costs. Under the fourth and final comparison (Scenario 4 vs. Scenario
3), they represent over 12 percent of project costs.

Therefore, based on highway user cost savings aone, this analysis indicates that the business
case for design-build would be positive if the risk premium paid by the ROC 52 project owner
(the Minnesota Department of Transportation) was less than 12 percent, under a conservative
view of project duration (assuming that design-build would not shorten the build phase); and less
than 85 percent under a more aggressive stance (considering the actual duration of the ROC 52
project, i.e., Scenario 4, relative to a conventiona 11-year build stage).

Figures 30 and 31, below, provide a decumulative probability distribution for the threshold
premium estimated under both sets of comparison (Scenario 4 vs. Baseline and Scenario 4 vs.
Scenario 3).

Figure 30: Threshold Premium Estimates, Scenario 4 vs. Baseline

100%
90% |-
80% |
70% |
60% |-
50% |-
40% |-
30% |-
20%
10% -

0% 1 1 1 1 1 \
60% 70% 80% 90% 100% 110% 120% 130%

Probability of Exceeding

Threshold Premium Estimates

PAGE - 48



Figure 31: Threshold Premium Estimates, Scenario 4 vs. Scenario 3
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APPENDIX 1: ADDITIONAL MODELING ASSUMPTIONS

Appendix Table 1: Impact Area Definition

PROJECT IMPACT AREA

Impact area radius, miles

0.5

Topography, grade of road segment under reconstruction, %

2.0

Length of maximum vertical grade, miles

0.0

Length of construction zone, miles

10.9

Sources: HDR; Mn/DOT.

Appendix Table 2: Cost of Temporary Roadways, Bridges and Signals

TEMPORARY COSTS MEDIAN LOWER 10% UPPER 10%
Cost of temporary roadways, $/m? 28.4 25.4 31.4
Cost of temporary bridges, $/m? 215.0 180.0 240.0
Cost of temporary signal systems, $/location 50,000.0 45,000.0 55,000.0

Sources. HDR; Mn/DOT. Ranges derived by HDR|HLB.

Appendix Table 3: Scope of Temporary Construction

SCOPE OF TEMPORARY CONSTRUCTION MEDIAN LOWER 10% UPPER 10%

Square meters of temporary roadways, m?

Alternative 1 272,648 272,648 272,648

Alternative 2 220,128 220,128 220,128

Alternative 3 217,128 217,128 217,128

Alternative 4 259,598 259,598 259,598
Square meters of temporary bridges, m?

Alternative 1 4,719 4,719 4,719

Alternative 2 3,547 3,547 3,547

Alternative 3 3,547 3,547 3,547

Alternative 4 8,023 8,023 8,023
Locations with temporary signal systems

Alternative 1 3 3 3

Alternative 2 3 3 3

Alternative 3 2 2 2

Alternative 4 3 3 3

Sources: HDR; Mn/DOT.
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Appendix Table 4: Average Annual Daily Traffic

AADT MEDIAN LOWER 10% UPPER 10%
Baseline year AADT 19,000 18,000 20,000
AADT average annual growth rate, 2003-2022 % 1.9 1.7 2.1
Sources. HDR; Mn/DOT. Ranges derived by HDR|HLB.
Appendix Figure 1: BPR Speed-Flow Curve
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Appendix Table 5: BPR Curve Coefficients
BPR COEFFICIENTS MEDIAN LOWER 10% UPPER 10%
Coefficient 0.15 0.1 0.2
Exponent 4.0 3.0 5.0

Sources. Bureau of Public Roads. Ranges derived by HDR|HLB.

Appendix Table 6: MTC Curve Coefficients

MTC COEFFICIENTS MEDIAN LOWER 10% UPPER 10%
Coefficient 0.20 0.15 0.25
Exponent 10.00 9.00 11.00
Source: California Metropolitan Transportation Commission. Ranges derived by HDR|HLB.
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Appendix Table 7: Updated BPR Curve Coefficients

UPDATED BPR COEFFICIENTS MEDIAN LOWER 10% UPPER 10%
Coefficient 0.05 0.02 0.08
Exponent 10.00 9.00 11.00

Source: Bureau of Public Roads. Ranges derived by HDR|HLB.

Appendix Table 8: Segment Length

SEGMENT MEDIAN LOWER 10% UPPER 10%
Segment 1: 85th St NW to TH 14 West 6.6 6.6 6.6
Segment 2: TH 14 West to TH 14 East 1.7 1.7 1.7
Segment 3: TH 14 Eastto TH 63 2.6 2.6 2.6
Total 10.9 10.9 10.9

Source: Mn/DOT.

Appendix Table 9: Change in Number of Accidents during Construction

DURING CONSTRUCTION

MEDIAN

LOWER 10%

UPPER 10%

Change in number of accidents, %

35.0%

26.0%

88.0%

Source: Mn/DOT. Ranges derived by HDR|HLB.

Appendix Table 10: Accident Cost Estimates

ACCIDENT COSTS MEDIAN LOWER 10% UPPER 10%
Property damage only, $2002/accident 200.0 170.0 230.0
Injury, $2002/accident 108,600 98,600 118,600
Fatal, $2002/accident 3,723,700 3,323,700 4,123,700

Source: AASHTO. 2003. "User Benefit Analysis for Highways." August 2003.

Appendix Table 11a: Alternative Accident Cost Estimates

$2000/accident

ACCIDENT COSTS MEDIAN LOWER 10% UPPER 10%
Fatal accident, $2000/accident 3,569,483 3,269,483 3,869,483
Injury accident - Type A, $2000/accident 272,960 250,019 294,797
Injury accident - Type B, $2000/accident 58,791 54,087 63,494
Injury accident - Type C, $2000/accident 28,346 26,078 30,613
Property damage only accidents, 4,199 3.899 4,499

Source: Mn/DOT. "TH 14/52 Construction Staging Economic Analysis, Traveling Public Impact", 2001, p. 6

Appendix Table 11: Expected Safety Improvements Post-Construction

AFTER CONSTRUCTION

MEDIAN

LOWER 10%

UPPER 10%

Change in number of accidents, %

-25.0%

-40.0%

-10.0%

Source: HDR|HLB.
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Appendix Table 12: Vehicle Operating Costs by Vehicle Type, in dollars of 2002

VEHICLE OPERATING COSTS MEDIAN LOWER 10% UPPER 10%

Car

Fuel, $2002 / gallon 0.98 0.84 1.20

Oil, $2002 / quart 4.14 3.52 4.96

Tire, $2002 / tire 73.00 62.00 87.00

M & R, $2002 / average M&R cost 118.00 101.00 142.00

Depreciation, $2002 / vehicle depreciable value 21.00 18.00 25.00
Truck

Fuel, $2002 / gallon 0.63 0.52 0.75

Oil, $2002 / quart 1.68 1.44 1.99

Tire, $2002 / tire 527.90 439.73 633.70

M & R, $2002 / average M&R cost 276.75 230.53 331.61

Depreciation, $2002 / vehicle depreciable value 91.32 77.09 110.30
Bus

Fuel, $2002 / gallon 0.63 0.52 0.75

Oil, $2002 / quart 1.68 1.44 1.99

Tire, $2002 / tire 527.90 439.73 633.70

M & R, $2002 / average M&R cost 267.13 222.51 320.09

Depreciation, $2002 / vehicle depreciable value 209.89 177.18 253.50

Source: StratBENCOST.
Appendix Table 13: Emission Costs
EMISSION COSTS MEDIAN LOWER 10% UPPER 10%

Hydrocarbon, $1995/ton 6,072 1,117 12,025
Carbon Monoxide, $1995/ton 3,045 393 6,258
Nitrogen Oxide, $1995/ton 3,394 1,730 5,939

Source: Federal Highway Administration. 2000. “ Highway Economic Requirements System Technical Report, U.S.

Department of Transportation.” December 2000.
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APPENDIX 2: SUPPORTING DATA TABLES

Appendix Figure 2: ROC 52 Design-Build Project Fact Sheet
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Appendix Figure 3: Facility Maintenance Costs

PAGE - 55



Appendix Figure 4:

Base Case Retail Sales; Impact Area by Type of Business, in thousands of dollars, 2000
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Appendix Figure 5: Number of Business Establishments in the Impact Area, 2000
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Appendix Figure 6: Ratio of Retail Sales to Number of Business Establishments in the Impact Area, 2000
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Appendix Figure 7: Impact of Highway Construction on Property Values:
Superstition Freeway Corridor
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Appendix Figure 8: Impact of Highway Construction on Property Values: Orange

County, CA
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