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Disclaimer Statement
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Transportation and the United States Department of Transportation in the interest of informa-
tion exchange. The State of Montana and the United States Government assume no liability of
its contents or use thereof.

The contents of this report reflect the views of the authors, who are responsible for the facts and
accuracy of the data presented herein. The contents do not necessarily reflect the official poli-
cies of the Montana Department of Transportation or the United States Department of
Transportation.

The State of Montana and the United States Government do not endorse products of manufac-
turers. Trademarks or manufacturers’ names appear herein only because they are considered
essential to the object of this document.

This report does not constitute a standard, specification, or regulation.

Alternative Format Statement

The Montana Department of Transportation (MDT) attempts to provide reasonable
accommodations for any known disability that may interfere with a person participating in any
service, program, or activity of the Department. Alternative accessible formats of this document
will be provided upon request. For further information, call (406)444-7693 or TTY (406)444-
7696.
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1.0 Introduction and Background

B 1.1 Goals and Study Objectives

Montana’s residents, employers and a host of public and private-sector stakeholders
regard transportation in general, and highways in particular, as a critical factor for the
state’s current and future economic vitality. The Montana Department of the
Transportation (MDT) initiated the Reconfiguration Study in response to this widespread
interest in the economic benefits of improving Montana's highways and to comply with a
resolution of the 2001 Montana Legislature that directed MDT to incorporate economic
factors into its planning processes. The focus of highway improvement was placed on
adding capacity to Montana’s two-lane state highways. In order to assure that the study
addressed a wide diversity of interests beyond those most directly involved in
maintaining and improving the state’s highways, MDT convened a steering committee
that drew heavily from economic development agencies, chambers of commerce, local
elected officials, and private businesses as well as state and federal agencies charged with
the stewardship of the state’s highway infrastructure. The Reconfiguration Study Steering
Committee (RSSC) was composed of the following 15 members:

1. Dan Rice, Transportation Commissioner, and Chairman of the RSSC;

2. Kent Coe, Vice President, Billings Chamber of Commerce;

3. Mark Cole, Dick Irvin, Inc.;

4. Robert Giordano, Missoula Institute for Sustainable Transportation;

5. Randall Gray, Mayor, City of Great Falls;

6. Duane Kurokawa, President, Great Northern Development Corporation;

7. Charity Watt Levis, Assistant Manager, Public Relations, AAA Mountain West;

8.  Janice Brown, Division Administrator, Federal Highway Administration (FHWA);
9. Vern Petersen, Commissioner, Fergus County;

10. Michael Sanderson, Vice President, Engineering Inc.;

11. Keith Tokerud, Chairman of the Board, Great Falls Chamber of Commerce;

12. Joe Unterreiner, President, Kalispell Area Chamber of Commerce;

13. Dave Galt, Director, Montana Department of Transportation;

14. Mark Simonich, Director, Montana Department of Commerce; and

15. Dave Gibson, Chief Business Officer, Governor’s Office of Economic Opportunity.
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The RSSC was given ultimate responsibility for the direction of the Study and the results it
would produce. Nevertheless, they also acted as spokespeople and conduits to a much
larger group of stakeholders. Their geographical and professional diversity ensured that
businesses, local officials, citizens and advocacy groups throughout the state would have
opportunities to learn about the Study’s progress, interim findings, pose questions, and
give feedback throughout the Study’s almost three-year duration.

The RSSC prepared a request for proposals (RFP) in 2001 and selected Cambridge
Systematics, Inc. as its consultant in March of 2002. The RFP asked consultants to develop
a software tool that would evaluate the economic benefits and costs of proposed highway
projects and develop and analyze several scenarios for highway reconfiguration. The eco-
nomic analysis tool would become part of MDT’s annual Performance Programming
Process (P?) analysis of prospective projects for Transportation Commission consideration
and inclusion in the Statewide Transportation Improvement Program (STIP). The inte-
gration of the economic analysis tool into P?> would also comply with the direction of the
House Joint Resolution 30 of the 2001 Legislature, which required MDT to consider eco-
nomic criteria in its programming process. The STIP provides a detailed list of specific
construction projects by phase to be undertaken in the next three years. Once fully tested,
MDT will apply and refine policies to incorporate economic development criteria into the
planning, funding apportionment, and project selection processes on an ongoing basis.
The initial policies are described in Section 5.1.

The original goal of this study was to evaluate the impact of reconfiguring Montana’s two-
lane highway network to a four-lane network on Montana’s economy. The RSSC devel-
oped the following three objectives to achieve this goal:

1. Identify which transportation investments will benefit specific Montana industries;

2. Provide MDT with an analytical toolbox to evaluate economic development impacts of
transportation improvements; and

3. Apply the analytical toolbox to quantify the economic impacts of transportation
improvement scenarios as part of MDT’s planning process.

The toolbox developed to accomplish these objectives became known as the Highway
Economic Analysis Tool (HEAT). HEAT also provides a much more detailed under-
standing of the relationship between specific changes in highway capacity and economic
development, provides data and models to quantify that relationship, and estimates the
likely economic impacts of a range of highway improvements within both a constrained
and unconstrained fiscal environment.

Finally, HEAT has more sophisticated methodology than used in existing benefit/cost
tools. The existing software tools do not often quantify the effects of roadway improve-
ments on business attraction. These benefits are often significant relative to the direct
benefits to highway users in rural areas, where low existing and future traffic volumes
produce modest aggregate benefits. HEAT includes a business attraction module and
adds these benefits as inputs into the benefit-cost calculation (see Section 2.4, page 2-19).

Cambridge Systematics, Inc. 1-2
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Ultimately, HEAT will provide MDT with an objective, efficient, and accurate way to
quantify the potential economic benefits of roadway improvements.

B 1.2 Overview of Approach and Study Objectives

The specific result that the RSSC and MDT require of the new software is a consistent and
rigorous comparison of a proposed transportation improvement to its estimated costs. In
addition, the RSSC, MDT, and public and private stakeholders intend this project to
address a variety of different goals and agendas. Throughout the study, MDT staff and
consultants have conducted detailed discussions with advocates of specific roadway pro-
jects, stakeholders from communities and industries across the State, and economic devel-
opment officials from Montana’s diverse regions. Their expectations regarding the
potential role highways can play in attracting new business and jobs vary widely. The
overarching goal of the study was to ensure the results would be credible and useful to
this diverse audience. Furthermore, MDT staff and consultants recognized the need to
provide transparent analysis that would allow a stakeholder to follow the steps used to
quantify the new jobs, higher incomes, and/or increased business output that a proposed
transportation improvement may generate.

A significant concern that emerged during the study and the development of HEAT
involved the economic benefits of preserving the existing roadway network. More spe-
cifically, MDT would like to measure the tradeoff between investing in additional capacity
and maintaining alternative levels of existing roadway conditions. Measuring this trade-
off, however, requires a different type of economic analysis methodology than that needed
to measure the tradeoff between alternative roadway capacity improvements. Thus, the
application of HEAT will not address MDT’s allocation of limited funds between new
capacity and preservation of the existing roadway network. Nevertheless, qualitative
comparisons will provide some insights and analytical methods are available, should
MDT want quantitative measurements at some later date.

Fostering economic development with targeted transportation investments is not as sim-
ple as some might believe. As the maturity of Montana’s transportation system grows,
there are fewer opportunities to unleash significant economic development by widening
roadways, expanding airports, or building new transit corridors. Furthermore, transpor-
tation projects in and of themselves are almost never the sole impetus for economic devel-
opment. Industrial location experts almost always cite quantity and quality of the labor
force, quality of life, proximity to markets, and access to raw materials as the most critical
determinants of a region’s attractiveness. These complicating factors, fewer opportunities,
and the critical bundling of non-transportation improvements, create a complex process

! The Highway Economic Recovery System (HERS) is widely regarded as the most capable tool
available for this purpose. HERS is maintained and continually updated by the Federal Highway
Administration (FHWA).
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for transportation planners trying to respond to project stakeholders and advocates who
may see transportation funding as one of the few remaining resources to further economic
development.

Given this complexity, the Reconfiguration Study applied a comprehensive framework
that was used to develop HEAT and ensuring that it can provide a comprehensive
assessment of the role of transportation in economic development. This framework (pic-
tured in Figure 1.1) recommends transportation policy-makers and planners think first
about the structure of the economy for their region, then how their economy uses logistics
to function. These logistics patterns exploit the transportation infrastructure, which
results in the traffic flows observed on Montana’s highways. All four levels of this proc-
ess are influenced by the transportation policies and the organization of the regulators,
transportation planners, shippers/receivers/carriers, and business owners. The opportu-
nities to use transportations polices in each level to improve economic growth is described
below.

Figure 1.1 Integrating Economic Policy to Transportation

Traffic Flows
Trucks, Planes, Rail Cars

Present

Transportation Infrastructure
Highways, Rail Lines, Ports, Access Roads

Industry Logistics Patterns
Supply Chains, Distribution Networks

Organization and Public Policy
Ownership, Regulation, Pricing

Economic Structure
Type of Industries, Number of Households

Source: Cambridge Systematics, Inc.

e Economic Structure - It is important to understand the key trade relationships
between the region and its trading partners. This requires quantifying the roles of
each major industry and assessing the local, national, and international economic fac-
tors that will drive each industry’s demand for goods movement. In one of the first
steps taken in this study, the consultant team worked with individual businesses, uni-
versity faculty and researchers, regional economic development authorities, the
Department of Commerce, and the Governor’s Office of Economic Opportunity to
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profile each major industry in Montana, including measurement of their performance
compared to their regional, national, and global competition. These industry profiles
provide trend analysis that helps to demonstrate how effective transportation invest-
ments may be, given the overall health of each industry being targeted.

¢ Industry Logistics Patterns -Given the State’s economic structure and industry mix
described above, HEAT applies goods movement data and forecasts of future goods
movement to the transportation system. Specifically, HEAT assigns the movement of
goods to the supply chains and distribution patterns for the key industries. These
goods movement patterns assume some degree of consistency in the locations of dis-
tribution centers, order rates and time sensitivity, transport/inventory cost tradeoffs,
and key technology trends. Major changes in current logistical patterns would require
revisions in the goods movement data and forecasts.

e Transportation Infrastructure - Montana’s current transportation infrastructure sup-
ports the current logistics patterns of its industries. Some characteristics of these
logistics patterns, however, are not affected by the quality or quantity of the
transportation infrastructure. These include long distances to customers or suppliers
(regardless of road width), empty back-hauls for a majority of trucking, lack of choice
for Class 1 railroads, interstate regulations limiting truck sizes and weights, and other
non-infrastructure constraints.> When these characteristics constrain an industry’s
competitiveness, improving the State’s goods movement infrastructure will not pro-
vide significant benefits to a target industry. HEAT is sensitive to these constraints
and will not produce economic benefits if the State’s transportation infrastructure is
not a binding constraint.

e Traffic Flows - Finally, HEAT applies the observed and forecast commodity flows,
traffic volumes, trip origins and destinations, congestion, accidents, etc. These flows
may be obtained from HEAT; and their volumes, composition, and locations may be
understood in a more informed and comprehensive context, given the three previous
steps. This context provides stakeholders with a more comprehensive understanding
for how traffic problems or roadway conditions may or may not affect economic
development.

The vertical bar that straddles all four layers in Figure 1.1 represents MDT’s opportunity
to solve problems that show up in each of these layers. The approach used in this study,
therefore, began with a task to understand how much each industry (both those currently
located in Montana and those targeted by economic development officials) depends on
ground transportation. Of those industries that have such a dependence, the next task
identified which ones need help and which of those would likely benefit from the pro-
posed transportation investment. In addition, the industry profiles identify what other
economic development efforts (i.e., collateral activities) must be included to assure that

2 The proposed widening of the Panama Canal, for example, could cause a significant shift from
grain moving west to Seattle to the Mississippi and Gulf ports, regardless of improvements to
roadway, river, or rail access to Seattle.
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the proposed transportation investment achieves its intended benefit. This approach
gives MDT a more selective role in an industry-based program, but avoids using trans-
portation investment to solve non-transportation problems (Figure 1.2). This study gener-
ated profiles of 13 key industries in Montana, which are included for reference within
HEAT.

Figure 1.2 Screening for Industries that Will Benefit from Improved
Ground Transportation

All Major & Emerging

Montana Industries

Successful Industries

Industries With . . Which Will Not
No Need of New Target Industries Paired Benefit from
Transportation With Transportation Transportation
Investments

J P
HOlISing JOb Trﬂining

Collateral
Activities
Paired With

Schools

Public Relations

Targeted Transportation
Investments

Source: Cambridge Systematics, Inc.

This industry-based perspective bores into the mantra: build it and they will come. The
approach used in this study first determines: who they are. It then evaluates the perform-
ance of each industry likely to benefit from the investments, filtering out those that have
little or no dependence on highway access to suppliers and customers or that are in steep
decline for reasons beyond any need for improved transportation. The target industries
that remain are goods movement-intensive industries that may perform better if they have
better access to their customers and suppliers. Improved access consists of improvements
to travel time; travel time reliability; likelihood of accidents; and operating costs related to
roadway conditions (grade, pavement condition). A critical constraint to improving
access for industries in Montana is their distance to markets (i.e., suppliers and custom-
ers). Many of Montana business interviewed in this study acknowledged that even
dramatic improvements to roadways would have very modest benefits, because they
would still be faced with long distances, no matter how good the roads. The degree that
transportation improvement will help, however, also depends on other economic condi-
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tions. Figure 1.3 presents the modest and highly interdependent role transportation plays

in stimulating the growth of goods movement-intensive industries.

Figure 1.3 Transportation and Other Conditions for Stimulation of

Economic Growth

Goods Movement Collateral
Dependent Industries Activities
Suppliers
1
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Source: Cambridge Systematics, Inc.

The left-hand diagram in Figure 1.3 is intended to portray the importance of the relation-
ship between goods movement-intensive industries and their suppliers, customers, and
supporting industries. This relationship dictates that industries select locations that opti-
mize their access. As described above, Montana’s goods movement-intensive industries
are often faced with long distances to customers, but regard their current location as opti-
mal, given their location confers more important advantages and transportation is only
one of many critical elements to their success. Thus, a comprehensive economic develop-
ment strategy must include other elements:

e Labor force characteristics, such as the quantity and quality of available labor, wage
rates, the mix of skilled labor, and the level of labor organization and activism.

e Economic development programs from state and regional economic development
organizations (EDOs) or chambers of commerce include business attraction efforts,
such as industrial and labor force recruitment (including recruitment of suppliers and
supporting industries that would improve access and, thus, reduce shipping costs and
improve reliability); job training programs, access to capital; and business develop-
ment centers (assistance with marketing, business plans, etc.).
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e Quality of life and cost of living, including schools, housing, and recreation.

e Other infrastructure improvements, including water, sewer, telecommunications
(band width), and power;

e Tax and regulatory environment, including the ease of building permits and the level
of community involvement.

Composing an appropriate and realistic package of collateral activities to support eco-
nomic development, however, goes beyond the knowledge and resources of MDT. All of
the state agencies involved in economic development must work in concert with the local
economic development authorities to identify the specific collateral activities needed to
achieve economic progress.

HEAT is designed to estimate the full economic benefits of industries that will improve
their performance because of a particular highway improvement project (Figure 1.4 shows
the three basic components.).

Figure 1.4 Basic Methodology for Estimating Economic Benefits of
Transportation Investments

Commodity Flows Industry Analysis
: * Weight * Employment
Project B * Truck Trips * Growth trends
: * Origins- ] * Transportation
Proj ?Ct <€ Destinations Intensity
* Type of Goods ¢ Other Collateral
Project Z * Value of Goods Needs

Source: Cambridge Systematics, Inc.

More specifically, when a highway improvement is proposed, the economic evaluation
tool must first identify which industries will be impacted, and the flows of freight and
passenger traffic. This involves the following sequence of three analytical steps (within
the Commodity Flow analysis):

1. Locate the improvement on an electronic network map of Montana roadways stored
on a geographical information system (GIS). We have created an extensive GIS data-
base and linked it to the Montana highway network and the relevant regions
throughout North America.

2. Identify what commodities are being shipped and the passenger trips on the roadway
proposed for improvement, and forecast the growth of these traffic flows. HEAT uses
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detailed county-level commodity flow data for Montana, and we developed com-
modity flow forecasts within the tool.

3. Locate the origins and destinations of these freight and passenger trips and identify
the industries that are involved in shipping and receiving.

The second component (Industry Analysis) takes a closer look at these industries: This
second component involves the following three steps:

4. Identify 13 industry sectors in Montana that export their products and rely on surface
transportation for significant amounts of their inputs and/or outputs. We have com-
pleted focused profiles of each industry that summarizes their performance and
dependence of various modes of freight transportation.

5. Identify new industry sectors and new businesses that are not present in Montana,
but could be recruited if the conditions became attractive. We have relied on the
knowledge of Montana’s economic development officials to inform a business attrac-
tion model. This model is nested within the tool to quantify the potential for business
expansion and attraction due to highway improvements, and also is capable of esti-
mating the economic impacts from tourism (e.g., additional visitor days related to a
highway improvement, creating additional spending in the economy).

6. Estimate each industry’s direct benefits, including travel time reductions, operating
cost reductions, and safety benefits from the proposed transportation improvement
(Step 3), based on its industry profile (Step 4) and the change in its shipping and
receiving operations (Step 2).

The third component (Transportation Economic Benefit) involves estimating the job crea-
tion, growth in personal income, and changes in regional output generated from com-
pleting the project. This analysis component involves the following four steps:

7. Determine the health of the industry (Step 4) and its needs for other economic devel-
opment assistance (i.e., collateral support). This assessment will determine if the
businesses being helped are in industries that are declining or expanding. Thus, MDT
has an indication of how effective the transportation investment may be, given the
broader business climate.

8. Input each industry’s direct benefits (Step 6) plus the additional business location
estimated with the business attraction model (Step 5)into a multi-regional REMI
model. REMI is an economic model that will determine how direct improvements to
travel efficiency and business/ visitor attraction will ripple through the regional econ-
omy to create jobs, increase personal income, and expand the region’s gross product.
This result will provide MDT with an estimate of the full economic benefits associated
with a highway improvement.

9. Estimate the capital, maintenance, and operating costs of each proposed project using
a cost model, based on unit costs taken from similar projects recently completed in
Montana.
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10. Compare discounted benefits with discounted costs, based on the construction sched-
ule and 20 to 30 years of each project’s operation.

In summary, this approach provides a reasonably comprehensive methodology for evalu-
ating highway improvements with a consistent set of assumptions. These steps have been
bundled into HEAT, which allows MDT to conduct benefit/cost analysis on a routine
basis. HEAT also provides analysts and stakeholders access to the underlying data and
assumptions, which should help to explain the outcome and provide useful information
independent of the economic findings (e.g., commodity flow data, including forecasts,
traffic volumes, employment, output, income, etc.). Figure 1.5 presents these basic steps.

Figure 1.5 Benefit/Cost Analysis of Highway Investments

Direct Benefits

Speed
Distance > Economic Benefits Project Costs
Accidents
Operating Costs Gross State Product (GSP) Construction
Maintenance Costs Real Personal Income Operating & Maintenance
Employment
Tourism
Visitor Days
Pass-by Spending I
Benefit/Cost Ratio
Business Attraction Discounted GSP
Discounted Costs
Access to:
Customers Net Present Value (NPV)
Suppliers
Employees

Trans-shipment nodes

Source: Cambridge Systematics, Inc.

The economic benefit/cost analysis within HEAT is intended to perform a first approxi-
mation to determine the relative size of likely economic benefits and costs, which helps to
determine the economic feasibility of a project. While, the analysis techniques used above
embody the state-of-the-practice, they do not quantify all of the benefits and costs associ-
ated with highway investments. These omissions are explicitly accounted for in the envi-
ronmental review required for a project’s ultimate advancement to funding and
construction. Such omissions include the impacts a highway improvement may have on
environmental, cultural, and historic resources, traffic noise, quality of life, and other
qualitative impacts. While these impacts cannot be reliably quantified, they may consti-
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tute significant issues that should be included in a project evaluation. The lack of their
inclusion in HEAT is in no way an indication of their lack of importance.

Also deliberately left out of HEAT are the economic benefits of a project’s construction
activity. These benefits last only as long as the construction phase, and then disappear
entirely. While such employment is real and significant, it is not a durable benefit and
usually does not create benefits in excess of those generated if the public funds were spent
for some other purpose or left in the pocket of tax payers (i.e., the opportunity cost or next
best investment alternative). This is why these economic benefits should not be included
in transportation benefit/cost analyses.

Appendix Al provides a literature review of the well-researched and accurate analyses of
roadway investments intended to advance a region’s economic development. The scope
and scale of these case studies range from construction of bypasses around small cities to
the 13-state Appalachian region, which received over $1.4 billion in Federally-funded
roadway construction.

These case studies provide some useful background to the possible effects of roadway
improvements on Montana’s economic development, but they cannot be applied without
significant qualifications. Nevertheless, they describe the major types of economic
impacts that can be expected due to transportation investments, and provide examples
showing other states’ experiences with using transportation as part of an economic devel-
opment strategy, as well as their approaches for assessing economic benefits. Underlining
the importance of transportation to economic development efforts, the literature review
also summarizes the importance of highways and transportation infrastructure as a con-
sideration in the site selection process.

B 1.3 Structure of This Report

The remainder of this report is composed of eight sections, including a final section of five
appendices. The first seven sections, which form the body of the report, provide summa-
ries of the work accomplished. More detailed descriptions are provided in the five techni-
cal appendices. This report, however, is not a user manual for the HEAT software. A
separate user manual and help function within HEAT will be available for HEAT users.
Nevertheless, significant portions of this report provide a technical reference for HEAT
users or for others seeking information that would shed light on outcomes from HEAT
analyses.

The following brief descriptions summarize the content of the remaining seven sections of
this report:

Section 2.0 - Theory and Methodology - This section presents three topics that form an
intellectual foundation for the mathematical operations performed in HEAT.
Subsection 2.1 summarizes the economic theory underlying the role of highway infra-
structure in economic development. Subsection 2.2 presents the possible methods that
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could be used to calculate economic benefits. Subsection 2.3 presents the preferred
method chosen for HEAT.

Section 3.0 - Data Sources and Software - Subsection 3.1 provides an overview of the
data sources used in HEAT. Subsection 3.2 describes the GIS data, including the devel-
opment of the roadway network and the GIS tool development. Subsection 3.3 describes
the commodity flow data and Subsection 3.4 gives a brief overview of the commodity flow
forecast. Appendix A2 contains a detailed write-up of the forecasting methodology which
has been published by the Transportation Research Board (TRB). Subsection 3.5 gives an
overview of the industrial profiles, which are provided in full in Appendix A3.

Section 4.0 - Results - The first of three subsections summarizes the general conditions
under which HEAT would be more likely to provide a useful analysis. These general cri-
teria may be helpful to project stakeholders who are uncertain if their project has signifi-
cant potential for fostering economic development. This section goes on to summarize the
results from the application of HEAT to specific roadway improvements. The purpose of
this was two-fold. First, it was intended as a direct test of HEAT. As described in
Subsection 4.2, the scenario testing helped the consultant team and MDT determine the
accuracy of the analytical process, the degree of automation and need for manual or
exogenous analysis and data manipulation. In Subsection 4.3, results from four scenario
tests using HEAT are presented. These four are:

1. U.S. Highway 93 from Missoula to Polson;

2. U.S. Highway 2 from the North Dakota Stateline to the Idaho Stateline;
3. MT 3 from Great Falls to Billings; and

4. Secondary 323 (5-323) from South of Ekalaka to Alzada.

MDT selected these four improvement scenarios in part because they varied in length,
cost, location, and amount of traffic affected.

Section 5.0 - Implementation - This section presents the following four general topics
that MDT will most likely contend with as HEAT is implemented: 1) integration of HEAT
with MDT existing performance-based programming process (I?), 2) software installation
and training, 3) maintenance, and 4) software upgrades and enhancements.

This final report includes six appendices. These consist of the following:

e Appendix Al - A literature review which was completed as specified in Task 2 of the
consultant team scope of work.

e Appendix A2 - A TRB paper submitted on August 1, 2003, entitled A Comparison of
Commodity Flow Forecasting Techniques in Montana, by Janine M. Waliszewski,
Dike N. Ahanotu, and Michael J. Fischer, who were all members of the consultant
team. The paper describes for two methods of developing commodity flow forecasts
at a sub-state level of geography. The majority of the analysis in this paper is taken
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from the commodity flow freight forecast created for the Montana Department of
Transportation Highway Reconfiguration Study.

e Appendix A3 - Thirteen industrial profiles for each of the major industrial clusters
that have some degree of significant dependence on transportation in general and
goods movement in particular.

e Appendix A4 - A more detailed description of the business attraction model in HEAT
than is provided in the summary of this methodology in Subsection 2.4 (Analytical
Steps in HEAT). The material in the appendix lays out the methodology used to
determine how enhancing strategic connections between specific locations can attract
outside business activity and investment into the affected area.

e Appendix A5 - An overview of the methodology used to build the cost estimation
module in HEAT and a user manual.

e Appendix A6 - An overview of the research and methodology used to estimate values
of time by commodity type, trip length, time-of-day, and congested vs. free-flow

conditions.

e Appendix A7 - An extensive bibliography for this report.
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2.0 Theory and Methodology

This section presents three topics that form an intellectual foundation for the mathemati-
cal operations performed in the Highway Economic Analysis Tool (HEAT). The first
topic, presented in Section 2.1, summarizes the economic theory underlying the role of
highway infrastructure in economic development. Section 2.2 presents the possible meth-
ods that could be used to calculate economic benefits. Section 2.3 presents the preferred
method chosen for HEAT. Section 3.0 follow with an overview of the data sources neces-
sary and the software required to run HEAT.

B 21 Overview of Theory Linking Highway Investments to
Economic Development

There is fairly widespread acceptance of the major roles that transportation infrastructure
in general and roadway investment in particular play in all levels of economic activity. At
the national level, a well-maintained interstate highway system replaced the railroads as
the backbone of interstate commerce. Local transportation projects also can affect the eco-
nomic fortunes of regions and states by expanding customer or supplier markets;
increasing labor markets; reducing business operating costs through lower direct expenses
or increased economies of business operation; and increasing the volume, visibility, and
access of pass by traffic. These impacts contribute to overall economic productivity and
also local competitiveness.

The following list of five economic linkages provides a brief overview of some of the basic
ways that transportation investments affect the economic development of a state, region,
or city.!

e Industry competitiveness - Transportation efficiency improvements provide major
benefits for industries through reduced production and distribution costs. More spe-
cifically, properly-designed transportation investments increase access to varied and
specialized labor pools, improve connections to inventory and raw materials, and
expand customer bases. Impacts at an industry level are often concentrated in par-
ticular locations. Though they extend to the state and national level, these impacts are
a key example of how transportation investments impact a local economy. Growth of
a particular industry in a given area can yield extensive spill-over effects as the

! The literature review in Appendix A1l contains an extensive annotation of the theory and findings
linking highway investment to national and regional economic development.
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additional business and personal income generated create opportunities for other
businesses.

¢ Household welfare - Individuals and families benefit from a strong transport network
through increased access to new or better jobs, goods, and services. Well-maintained
roads also reduce personal vehicle repair costs; efficient public transport networks
reduce costs associated with driving and automobile ownership.

e Travel - Both business and leisure travelers depend on transportation infrastructure
for access to activities and destinations, such as conferences, trade shows, national
parks, beach resorts, and everyday business meetings and social events. Localized
travel impacts can occur if a particular area develops a major tourist or business
attraction. Business conference facilities, for example, can create the need for hotels,
restaurants, and other related facilities that can provide a base of economic growth for
an area. These facilities, however, may not be feasible in areas that do not already
attract business travelers.

e Reduced costs - Traffic accidents average $580 per capita in lost productivity, prop-
erty damage, and medical expenses each year. Similarly, congestion-related time
delays and fuel consumption cost $78 billion for major U.S. urban areas in 1999 (1).
Investments that improve safety and increase capacity mitigate accident losses and
benefit businesses and households alike. These costs may not directly impact eco-
nomic development in a particular area, but they decrease overall efficiency.

¢ Direct employment - Transportation investments provide employment in several
ways. First, construction spending provides employment in construction and support
industries, as well as increasing consumer spending due to increased earnings.
Second, nearly 11 million people are employed in for-hire transportation and
transportation-related industries in the United States. This includes some 236,000
people in the railroad industry; 147,000 school bus drivers; close to 1.9 million people
in motor freight; and nearly 1.3 million people in air transportation (2).

For the purpose of economic development of disadvantaged areas, some of these linkages
are more important than others. This study ties directly into the first factor, boosting
industry competitiveness. The timing and duration of benefits generated from each of
these connections will be different. The impacts of construction are short-lived and cannot
be considered equivalent to the subsequent impacts from industrial activity. If a trans-
portation facility is built, but underused, the increased benefit from industry and tourist
growth may lag the completion of the project for many years or never generate significant
benefits. The timeframe, therefore, becomes a critical element of evaluating potential
benefits.

Monetary benefits to households also are important, but tend to occur when industrial
growth increases the incomes of residents in an affected area through direct employment
opportunities and the secondary and tertiary spending generated from business activity.
Nevertheless, benefits to residents of an economically depressed area may lag significantly
behind the transportation investments, and may provide more benefits to new residents
rather than existing ones. Stimulating business activity that can hire local residents may
require job training; public subsidies (e.g., welfare-to-work); and other non-transportation
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interventions to ensure some of the original benefit from these investments flow to the
target population.

The five economic linkages describe the direct connections between transportation
investments and economic development. Given Montana’s relatively small population
and uncongested roadways, the most relevant of the direct connections listed above are
reduced transportation costs, better service, or both, of freight movement. All Montana
firms engaged in the manufacture and distribution of goods benefit from a reduction of
their per-mile cost of goods movement and reduced travel times, because their factories or
distribution centers can serve existing clients more efficiently, and serve a wider market
area, with potential gains from scale efficiencies. It also means a factory can draw sup-
plies from a wider area with potential gains in terms of the cost and/or quality of parts
and materials coming to the factory.

In addition to the lower costs to shipping-intensive industries, decreases in transit time
and/or improvements in reliability will allow firms to manage their inventories and sup-
ply chains more efficiently. Improved travel time reliability, for example, reduces the
amount of inventory a firm holds to buffer its production activity against late deliveries of
supplies. Higher speeds for trucks and/or shorter travel time benefit factories or distri-
bution centers, especially when a firm can gain improved access to an air freight terminal
or a second railroad, thus, forcing the railroads to compete on price and service for the
firm’s business.

These adjustments to improved roadway access to customers, suppliers, and trans-
shipment points are not nearly as well understood or quantified as the responses to lower
transportation costs. In fact, very recent economic theory has posited that the cost of
transportation has been decreasing for most industries (measured as a share of their
value-added costs) (3). The argument most relevant to the theory underlining the analyti-
cal methods used in HEAT is that transportation costs do not need to be accounted for in
determining the location of future cities in the U.S. Thus, much of a firm’s response to
transportation improvements may be reorganization of its logistics. It will move goods
longer distances, using fewer warehouses, and carrying less inventory for a given level of
production. It may actually buy less trucking and other transportation or use more trans-
portation, because improved logistics allow it to reorganize its production to improve
productivity (rather than just lowering costs). These changes may lead to product or ser-
vice improvements and give the firm a larger market share. These medium-term (one to
five years) or long-term (three or more years) adjustments that may emerge from trans-
portation improvements are treated differently in the analysis. Although the state-of-the-
practice has not fully accounted for these benefits, the following classification scheme for
benefits and other effects helps to understand the potential for a full accounting (4).
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¢ First-order benefits - Immediate cost reductions to carriers and shippers, including
gains to shippers from reduced transit times? and increased reliability.

e Second-order benefits - Reorganization-effect gains from improvements in logistics®.
Quantity of firms’ outputs changes; quality of output does not change.

e Third-order benefits - Gains from additional reorganization effects such as improved
products, new products, or some other change.

e Other effects: Effects that are not considered as benefits according to the strict rules of
benefit/cost analysis, but may still be of considerable interest to policy-makers. These
could include, among other things, increases in regional employment or increases in
rate of growth of regional income.

When all these effects are taken into account, some roadway improvements that benefit
freight flows may propagate benefits through all the economic sectors that produce or
distribute goods. While economic theory and logistics practices suggests that these bene-
fits may create productivity improvements beyond the direct cost savings, the compre-
hensive impacts of freight improvements are not yet understood, let alone incorporated
into benefit/cost analysis methodology.

Therefore, most academic research and project specific studies on transportation and eco-
nomic development have been focused on the direct benefits of travel time savings from
highway investments. Much of the initial impetus was the desire to measure the eco-
nomic benefits of building the interstate highway system. The research typically has been
divided into two methods: macroeconomic and microeconomic.

The alternative methodologies and approaches for conducting benefit/cost analysis of
highway investments may be grouped into three categories: macroeconomic, microeco-
nomic, and overall benefit/cost analyses. The estimation of parameters is a critical com-
ponent of all three. Researchers and practitioners have employed all of these
methodologies to assess the productivity impacts of transportation investments. A brief
review of their theoretical underpinnings includes some of their applications, strengths,
and weaknesses.

2 Carrier effects include reduced vehicle operating times and reduced costs through optimal
routing and fleet configuration. Transit times may affect shipper in-transit costs such as for
spoilage, and scheduling costs such as for intermodal transfer delays and port clearance. These
effects are non-linear and may vary by commodity and mode of transport.

’ Improvements include rationalized inventory, stock location, network, and service levels for
shippers.
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Macroeconomic Analysis

Macroeconomic analysis attempts to measure the national-level productivity enhancing
benefits of transportation infrastructure using complex statistical modeling (Aschauer [5],
Munnell [6], and Nadiri [7]). Macroeconomic models sometimes group all modes of
transportation infrastructure into a single measure of public capital, including roads, rail,
air, water, sewer, seaports, etc. While macroeconomic models have been used at the state
level (see Maryland example in Appendix Al - Literature Review), it is not a common
approach for projecting the benefits of new highway investments at the sub-national level.

Nevertheless, macroeconomic models are frequently cited by transportation economists as
the theoretical foundation for understanding the evolving role of roadway investments in
economic growth. The most recent and often cited empirical research is that being done
by Professor Ishaq Nadiri at New York University. Professor Nadiri has been involved
with a number of investigations into the links between transportation and U.S. economic
growth. His most often cited study demonstrates a statistically valid relationship between
highway capital and industry productivity growth, which connects to overall growth in
national productivity (7).

The study examines the contributions of total highway capital and non-local highway
capital to the output growth and productivity of 35 industry sectors that comprise the U.S.
economy, providing empirical evidence of the positive benefits of public highway capital
on private sector costs of production. For example, the study found relatively large cost
reductions (associated with an increase in highway capital) in such industries as food and
kindred products, trade, construction, and transportation and warehousing. In addition
to a “productivity effect,” the study also found an “output effect” resulting from the cost
reductions. The cost reductions permit products to be sold at lower prices which, in turn,
can be expected to lead to output growth. The cost saving productivity gains from high-
way capital investments appear to “finance” a substantial portion of the higher total pro-
duction costs associated with the output expansion effect.

In a comprehensive review of the published literature, Bilkis Khanam examines the
impact of public capital stock of various types on the output and productivity of different
economic sectors. He concludes that the evidence from these studies shows a positive
relationship between public highway capital and private sector output and productivity;
and the estimated size and significance of this relationship is very diverse and depends to
a large extent on the approach followed. The results, expressed as output elasticities,
range from 0.04 to 0.56; in some models, the estimates are statistically insignificant (from
zero) or negative and compares results (output elasticities) obtained using Cobb-Douglas
and Translog models (8).

Macroeconomic analysis uses econometric models with large historical and cross-sectional
databases to measure the correlation between transportation investment (typically meas-
ured as new highway capacity denominated in construction dollars) and gross domestic
product (GDP). Academic studies by and for the FHWA, Office of Policy Development
have documented the effects of public highway capital on logistics system and commer-
cial sector economic performance.
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In addition to Nadiri’s 1996 study described above, examples include the following:

e Bell (1997) reviews macroeconomic analyses of the linkages between transportation
investments and economic performance (9).

e Xin (1996) uses an input/output model to study regional economic benefits of trans-
portation system projects (10).

¢ Duffy-Deno models the relationship between capital stock of public infrastructure and
per capita income as an economic development indicator (11).

¢ Khanam examined empirical work on the relationship between highway capital stock
and the output and productivity of goods-producing industries in a comprehensive
review (8).

e Keeler (1988) uses a translog cost function econometric model for an analysis of the
benefits of Federal-aid highway infrastructure investments in the United States on the
costs and productivity of firms in the highway freight transport industry. The average
sum of marginal benefits across all industries is about 0.294. This means that a $1.00
increase in net capital stock generates approximately $0.3 of cost saving producer
benefits per year.* These benefits continue over the design life of the road improve-
ment (12).

Macroeconomic methods are applied primarily at the national-level and most researchers
and practitioners do not regard their application at a state or regional level as reliable or
practical. Nevertheless, these methods provide an essential foundation for the method-
ologies that focus on more local impacts, and they provide a quantitative range for
impacts that can help bracket the expected outcomes for regional and local roadway
investments.

A final note on the economic theory underlying the linkages between transportation and
economic growth sheds light on the effects of more than 50 years of interstate investments.
Nadiri’s research and the more recent work of Glaeser and Kohlhase show a significant
decline in the role of highway investment in the nation’s output. Over the 20t century,
the costs of moving goods have declined by over 90 percent in real terms, and there is lit-
tle reason to doubt that this decline will continue. The average cost of moving a ton a mile
in 1890 was 18.5 cents (in 2001 dollars). Today, this cost is 2.3 cents. At their height, the
transportation industries represented nine percent of GDP. Today, if we exclude air
travel, they represent two percent of the national product. Two factors have acted to
decrease the importance of transportation costs for goods. First, the technologies designed
for moving goods have improved. Second, the value of goods lies increasingly in quality,

* Mohring (13) and Forkenbrock (14) argue that productivity enhancements are not an additional
benefit to that already captured by the benefit-cost analysis framework, but that they are another
useful measure of impact of highway investment.
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rather than quantity; so that we are shipping far fewer tons of goods relative to GDP than
we have in the past (3).

Microeconomic Analysis

The second method of economic analysis focuses on the regional competitiveness and
productivity benefits of improving the highway system as demonstrated through tradi-
tional user benefit measures and microeconomic indicators, often combining state or
regional transportation models with regional economic impact models. This method
includes benefit/cost analysis (used in HEAT) and is considered by most practitioners as
cost-effective and sensitive to the economic geography of the region most affected by the
highway investment being studied.

Microeconomic Theory as Applied to Transportation

Microeconomic analysis examines how individual firms respond to changes in their
transportation choices and costs. Their responses range from short-term adjustments in
output, changes in the various inputs used (factors of production), and logistics. These
responses were summarized in the section of theory above. This methodology also
examines the longer-term adjustments in their logistical arrangements in response to
lower costs of freight movement (13).° Typically, such adjustments would involve fewer
warehouses and more miles of truck movement as shippers take advantage of lower
freight costs to consolidate storage facilities and reduce inventory costs. These effects are
the principal source of benefits not captured in the conventional approach to benefit/cost
analysis. One example of this method demonstrates that the magnitude of indirect bene-
fits can be in the order of 12 percent of direct benefits (11).

Microeconomic methods can offer robust measurements of direct, indirect, and full social
cost accounting estimates of benefits. Their use in understanding the comprehensive
benefits of transportation investments has helped researchers develop more robust models
for regional and local analysis. Nevertheless, the methodology does not include costs of
construction or maintenance and usually does not discount the cost and benefit streams to
a net present value. This disadvantage would frustrate most state and regional transpor-
tation agencies that need a single metric that may be used across investment alternatives
that vary in scale, mode, and timeframe.

Benefit/Cost Analysis Applied to Transportation

This section provides a brief overview of the research and recent findings in the use of
benefit/cost analysis to evaluate and understand the economic impacts of transportation
investments. The mechanics of benefit/cost analysis will be described in Section 2.2 -
Alternative Methods. Montana may expect two types of benefits from corridor highway

® The study was the first formal analysis of what has been termed reorganization benefits.
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investments: reductions in transportation costs and increases in economic activity (14).
Simple tabulation of road user benefits is seldom the basis for decisions of whether or not
to invest public funds to upgrade highways, especially in rural corridors or states like
Montana with little or no congestion. Other indicators to consider include pavement con-
dition and safety. In addition, the State’s policy-makers are often petitioned to invest in
wider, better highways because proponents believe these investments will lead to eco-
nomic development, a.k.a. “build it and they will come.” This expectation discounts the
notion that a corridor’s current volume of travel or its existing industrial base portends
what the future would hold if a wider, faster, safer roadway where built in its place.

Thus, the task of estimating the future benefits should take into account whether the
investments will lead to business attraction, expansion, and retention benefits for the
locally-affected area (with a transfer of future economic activity from other regions). In
economic theory, this type of benefits has been called positive network externalities,
where the change in location decision is only made because the firm is actually better off
and more productive in this new location. While it is often regarded by theorists, practi-
tioners, and policy analysts as speculative, the phenomenon has been measured for other
types of infrastructure, such as telecommunications. Recent research has attempted to
reduce the speculative nature of business attraction analysis for new highways (15). These
examples lend support for government investment to correct for an undersupply of high-
way infrastructure, but only where there may be positive network externalities (16).

B 22 Alternative Methods

Immediately after the Reconfiguration Study Steering Committee (RSSC) selected the con-
sultant team, the scope of work for the Highway Reconfiguration Study evolved. Instead
of a general analysis of the economic benefits of widening two-lane highways throughout
Montana, the RSSC and MDT asked for a leave-behind, analytic tool that MDT would use
on an ongoing basis to evaluate specific highway investments. The consultant team pro-
posed a suite of analytic tools that could be integrated into a single software platform.
This approach reduced the choices of alternative methods that could be used for each
module of the software, since the functionality of each module was dictated by the inputs
from the previous. Furthermore, the RSSC and MDT impressed upon the consultants that
the methodology must withstand persistent challenges from project stakeholders. The
consultant team included experts in the state-of-the-practice and recent experience in
evaluating alternative methods.

In particular, the consultant team considered the guidance from the NCHRP 2-19(2) Final
Report, Guidance on Using Existing Economic Analysis Tools for Evaluating Transportation

¢ Capello and Rietveld found that logistics-oriented telecommunications systems are characterized
by positive externalities in the adoption process and, given the high-fixed costs of acquisition,
government regulation may ensure the economically optimal critical mass of users.
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Investments (17). This report grouped all of the relevant analytic tools into four categories
designed to address specific questions, or provide specific information to decision-makers:

e User impact tools - These models make assessments of direct user benefits gained
from transportation projects of all modes. These benefits may include, for example,
the monetary cost of travel, travel time, safety, comfort and reliability, and ease of
access. Most user impact models tend to also be benefit/cost models, and some are
used as inputs to regional economic models, such as REMI. They are sketch-planning
tools and include MicroBENCOST, StratBENCOST, STEAM, HDM 4, NET_BC, and
HERS.

e Regional economic impact tools - These models address the direct and indirect/
induced economic impacts of a transportation investment for both users and non-users
of the improvement. For businesses, for example, there can be direct economic effi-
ciency benefits in terms of product costs, quality, or availability - often stemming from
possible changes in access to labor markets, ease of obtaining production inputs, or
changes in the cost of bringing a good to market. Indirect and induced economic
impacts within a region can include business growth, shifts in population and busi-
ness location patterns, land use/land value patterns, and even government costs and
revenues. Specific impacts that can be evaluated include employment, personal
income (wages), property value, business sales volume, value-added, and business
profit (18). They may be divided into input-output models (IMPLAN, RIMS II, and
PC-1/0) and dynamic equilibrium models (REMI and Global Insight, formally DRI).

¢ Fiscal impact tools - These models address specific issues relating to estimated public
revenues and expenditures generated over the life of a project. They may include con-
struction and maintenance spending impacts of these specific projects, the cost of
capital, etc. Many of these fiscal models are not necessarily transportation-project-
specific, which tends to limit their use by transportation professionals. The RSSC and
MDT did not specify this type of analysis as part of its scope of work. Nevertheless,
proponents of transportation spending often cite the large share of Montana’s state-
wide employment that may be linked to its roadway construction and maintenance.
FDISCALS is the leading and most available example.

¢ Mixed and other societal impact tools - This category highlights models that address
various other types of impacts, such as air quality or social issues, and models that
address more than one of the above categories, or mixed models. MCIBAS, by the
Indiana DOT, integrates travel demand, benefit/cost, and general equilibrium tools to
analyze economic impacts in Indiana highway corridors.
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B 2.3 Preferred Method

The distinguishing feature of the preferred method is that it recognizes the viewpoint of
industry and economic development. Specifically, the tool:

e Represents a consistent, analytically rigorous approach to assess benefits of
improving, expanding, or building new highways within the State’s highway net-
work; and

¢ Helps maximize the effectiveness of Montana’s highway investments in assisting eco-
nomic development for both urban and rural areas.

HEAT is designed to integrate a number of transportation and economic modeling tools
described above. To achieve this integration, all of the models must be capable of distin-
guishing impacts of highway system reconfiguration alternatives, including two- to four-
lane widening, expansion of shoulders, limited access schemes, “Super 2” configurations
for two-lane expressways, various schemes for mixed two/four-lane roads (with passing
sections where applicable), etc. Nevertheless, because of the limitations on many of the
necessary data and analytical models, this sensitivity cannot go below the county level.
Fortunately, for a large dispersed state with many counties, this level of detail is sufficient
to capture highway trips and traffic volumes that will impact economic development with
statewide significance.

HEAT has been designed to build upon findings from the theory and methodology pre-
sented in Sections 1.0, 2.1, and 2.2 and the literature review in Appendix Al. In this
regard, HEAT integrates state-of-the-practice methods for newly-emerging perspectives
for evaluating benefits of highway investments. It is centered on three key themes that are
becoming central to the economic analysis of transportation in general, and are especially
critical in its application to Montana.

¢ Recognizing the value of freight delivery time - There is a need to recognize the real
value of freight movement, as well as passenger vehicle movement. A recent spurt of
research has been focusing on freight-related planning and investment decision-
making. An important element of that research is a finding that the real value of travel
time savings for a full truck can be much more than that of an empty truck - where the
value of time reflects vehicle operating and driver time. The emerging literature is
showing that many manufacturing processes also depend on freight scheduling, reli-
ability, and logistics handling, which increase the value of highway improvements
that reduce travel time and/or increase travel time reliability. By recognizing these
freight cost factors, the economic evaluation system can better represent factors
affecting business market access, operating cost, and related competitiveness factors.
In addition, the value of time for freight movements can vary by commodity,
depending on the value of goods being shipped, and this variance in value of time cor-
responds to the detailed commodity flow data used in this project.
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e Equal treatment for rural highway investment - There is a need to assess both urban
and rural highway investments in a consistent way. Recent research has shown that
accessibility is a key motivation factor for highway improvements that underlies both
urban and rural highway needs. Research on urban areas is showing that, while a
failure to adequately invest in highways can lead to road congestion, the ultimate
result is a reduction in accessibility to/from some locations. Research on rural areas is
also showing that a failure to adequately invest in highways can increase relative lev-
els of isolation and effectively limit accessibility to markets. Thus, by keying on rela-
tive changes in accessibility, it is possible to assess the impact of both urban and rural
areas within the same framework.

¢ Focus on behavioral factors - There is a need to calculate highway investment bene-
fits in a way that recognizes the types of business activity linkages that they support.
The traditional engineering analysis of highway needs has focused on investment to
maintain system flow or throughput, in terms of speed and safety. But the literature
on economic impacts is demonstrating that people and businesses rely on highways
not for the sake of travel alone, but rather as a means to access jobs, materials and
other activities. At the same time, a line of economic analysis has focused on the rela-
tionship between highway investment spending or capital stock and subsequent eco-
nomic growth. The literature on business location and economic growth is
demonstrating that business activity comes not as a result of highway spending
(“build it and they will come”), but rather as a result of increasing market access and
the productivity of locations. These findings underscore the importance of assessing
highway system improvements in terms of how they affect the economic attractive-
ness and competitiveness of locations by changing accessibility.

The focus on these three themes give HEAT its capability to translate improvements in
travel time (i.e., the traditional engineering metrics) into factors that directly affect the
creation of jobs and income for Montana residents. This approach can be understandable
to both planners and the broader public, because it is behavioral - recognizing that the
benefit of highway investments depends on where the highways are going and the extent
to which they actually improve access linking people and businesses. It addresses the
concern that the present use of a roadway (i.e., the current amount and mix of traffic)
should not be the sole driver of what benefits may accrue if the roadway is improved.

This approach follows the new economic geography concept in economic development -
in which competitive advantage arises and clusters of related businesses develop, because
of economies of scale that come from access to broader input markets (labor and natural
resources); output markets (delivery and customer access); and intermediate access points
(airports, national trucking routes, intermodal, and rail facilities).

Finally, it should be stressed that HEAT’s design focuses on identifying how and when
highways can affect the retention, growth, and attraction of the economic base for Montana,
and, hence, the generation of income benefits for Montana residents. Economic base refers
to firms that tend to export their goods or services outside the State. This means that mere
shifts in the distribution of consumer retail and services businesses within Montana are not
(by themselves) considered to be a net economic gain or loss.
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B 24 Analytical Steps in HEAT

HEAT software is composed of six linked modules that are illustrated in Figure 2.1. While
these modules execute specific analytical and database management functions, the fol-
lowing descriptions of six analytical steps provides a more focused and easier explanation
of the underlying methodology used in HEAT.

Figure 2.1 HEAT Analytical Modules
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Source: Cambridge Systematics, Inc.

Step 1. Define GIS-Based Transportation and Economic Network

Transportation network - The first step is to define the highway network, including
travel times, travel distances, accident rates, origin-destination patterns, reliability /delay,
volumes of cars and trucks (i.e., a trip table) between zones within Montana (most likely
counties) and to/from other areas of the U.S. and abroad. The truck flows should reflect
volumes of freight, broken down by major industry or commodity.

Economic network - This task should be developed as part of the statewide highway
network modeling effort, building upon the GIS system to represent the spatial relation-
ship and pattern of car and truck flows among the zones. The GIS system should also
include measures of each zone’s (county’s) population, employment (by major industry

Cambridge Systematics, Inc. 2-12



Montana Highway Reconfiguration Study
Final Report

group), and inflow/outflow of freight (consistent with our available county-level
IMPLAN economic models). In addition, the system should plot the location (within
Montana and immediately adjacent areas) of commercial airports, major air freight facili-
ties, intermodal (container) rail facilities, bulk rail loading facilities, river port facilities,
major national highway routes, and commercial border facilities.

Step 2. Calculate Transportation and Market Access Changes for
Alternative Scenarios

Alternative scenarios - The second step is to use the GIS-based network model from
Step 1 to calculate changes in travel times, travel distances, accidents, reliability/delay,
and volumes of cars and trucks between zones. The scenarios include: 1) the current
highway network, 2) future conditions under a baseline assumption, and 3) one or more
illustrative alternatives that further improves the statewide highway network. One of the
most important steps is defining and coding the highway network improvement to be
analyzed (e.g., changing highway segments from two lanes to four lanes). Often times,
this is referred to as the “build” scenario and a detailed understanding of the differences
between the baseline future highway conditions (i.e., no build) and the alternative sce-
nario is essential for a sound assessment of impacts.

User benefit and reliability factors - As part of the statewide highway network analysis,
the impacts of alternative scenarios on travel times and distances will be directly trans-
lated into user benefits that include vehicle operating costs, driver/passenger value of
time, and cargo value of time. The value of changes in business-related travel time for
people are viewed as a change in business operating costs, while the value of personal
travel time is viewed as not affecting the flow of dollars in the economy. In addition, the
value of freight time reflects the time value of cargo delivery as a business user cost.

HEAT also includes a reliability factor that relates travel time reliability to the ratio of vol-
ume to capacity along the route being improved. Thus, if a roadway has volume to
capacity ratios approaching one, this functionality allows HEAT to quantify benefits
associated with reducing non-recurrent delay. HEAT assigns the value of travel time
savings associated with reducing non-recurrent delays compared to recurrent delay. The
consultant team investigated a second type of reliability factor that could explicitly iden-
tify parts of the network where there are periodic or sporadic slowdowns, because of traf-
fic congestion, rail crossing delays, traffic lights or other intersection delays, high accident
rates, or slow vehicle without passing issues. After significant empirical research on the
frequency and severity of these slowdowns, results indicated these were not significant
and would not contribute sufficient sensitivity to benefit calculations to warrant the effort
and additional complexity to be added to HEAT.”

7 This functionality could be added at some future time. For each project being evaluated, a
reliability penalty factor could be assigned to the calculation of estimated travel time along those

(Footnote continued on next page...)
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Access - Once the travel performance factors have been developed, the GIS analysis sys-
tem is applied to estimate each zone’s effective change in access to markets and interme-
diate transportation facilities, including the following;:

¢ Change in the amount of population or workforce within a 60-minute access time;

e Change in the amount of business activity (measured by employment) within the
nearest major markets/cities; and

e Changes in travel time to the nearest commercial air, rail, highway, and border
facilities.

Step 3. Calculate Impacts on Market Access and Operating Cost by
Industry

Business sensitivity to highway changes - The third step is to assess the extent to which
various industries in Montana are sensitive to (and hence depend on) various types of
market access levels and costs as factors in their economic viability and competitiveness.
HEAT relies on an industry screening model that adapts and builds upon the Hwy-OPPS
model that was originally developed for the Appalachian Regional Commission as a tool
to identify business opportunities created by highway system improvements. For this
application, HEAT split that model into two elements.

The first element of the industry screening model is industry factors - reflecting how vari-
ous industries differ in their relative reliance on various factors - skilled labor, truck
deliveries, rail deliveries, air deliveries, pass-by traffic, or customer visitation. It makes
use of the following sources:

1. Input-output tables which show how much each industry relies on labor and obtains
goods and services from other industries;

2. Transportation Satellite Accounts (TSAs) developed by the U.S. Department of
Commerce and Bureau of Transportation Statistics as an appendage to input-output
tables, showing how much each industry ships by truck (for hire and in-house ser-
vices), rail, air, and water transportation; and

3. Logistics/scheduling tables developed by Economic Development Research Group to
reflect the extent to which each industry depends on time-sensitive deliveries.

This factor model makes it possible to identify how highway reconfiguration scenarios
may improve access for some industries to key input factors, thus, increasing their pro-
ductivity and growth potential.

routes where there should be some indicator of the type, frequency, and typical extent of delay
based on the locations of delay points along the highway network (in the GIS system).
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The second element of the industry screening model is industry trend profiles - reflecting
how patterns and trends of business activity differ among industries and locations in
Montana. This analysis uses the GIS system and separate industry profile analyses (see
Appendix A3) to identify where various industries are locating in Montana and to show
how those industries are performing at various locations in Montana (relative to statewide,
western, and/or U.S. trends). The purpose of this industry trend analysis is to recognize
that there are fundamental reasons why some existing industries are located where they
are, which cannot be changed by highways alone. This includes factors such as proximity
to certain water, mineral or agricultural resources; cheap hydropower; universities; inter-
national borders; Indian reservations; or national parks. The location and trend analysis
allows us to identify industries that prefer or stay away from Montana locations for these
other reasons, so that the market access opportunities identified from the preceding analy-
sis will only be applied for locations where the specific industries appear to be viable.

Impacts of access changes on specific industries and locations - HEAT applies the
industry screening model (which reflects sensitivity to access changes by industry) to the
results of Step 2 (estimates of access changes by location and scenario). The result is a
series of measures of how each alternative scenario affects the operating cost and size of
the accessible market for different industries at different locations within Montana. This
can also be viewed as measures of how each roadway improvement scenario will affect
the travel time and cost of different commodity flows within Montana. HEAT incorpo-
rates two different elements of analysis: 1) user benefits and 2) business attraction. This
latter element is described in Step 4 (below).

The user benefits are generated by saving travel time (i.e., vehicle hours of delay or VHD),
reducing operating costs, and avoiding accidents for shippers, receivers, carriers, com-
muters, tourists, and households. Furthermore, this analysis differentiates the user bene-
fits according to the type of commodity being shipped according to its value of time and
by the purpose of the trip (i.e., on-the-clock, home-based work (commute) or other (e.g.,
pleasure, shopping, school, etc.). Finally, HEAT distinguishes between the value of time
when delay is caused by normal road conditions or congestion (i.e., recurrent VHD) and
unexpected delay caused by accidents (i.e., non-recurrent VHD). Table 2.1 presents the
current values used in HEAT to differentiate between VHD by commodity type or trip
purpose and recurrent versus non-recurrent delay.

HEAT also recognizes impacts on travel time or cost that applies to the personal travel of
individuals. These personal user benefits are valued based on the estimates shown in, as
shown in the last line in Table 2.1. HEAT tracks these impacts separately, because per-
sonal travel benefits affect the economy differently. Personal savings in transportation
costs (due to travel time savings, operating costs, and accidents) effectively increase the
disposable income of individuals, which is in itself a direct benefit and also leads to
increased sales for local consumer goods and services. HEAT accounts for personal sav-
ings in travel time (due to faster effective speeds or shorter distances) as a true societal
benefit that increases the quality of life of individuals and the value of locations, but does
not immediately create any additional money in people’s pockets that affects the flow of
dollars in the economy.
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Table 2.1 Value of Time Delay in HEAT

(2002 Dollars Per Hour)
Dollars Per Vehicle Hour of Delay
Commodity Type or Trip Purpose Recurrent Non-Recurrent
Non-durables manufacturing goods $53 $0
Durables manufacturing goods $66 $159
Agriculture $41 $198
Mining & wood resources $39 $123
Misc. transport services $42 $117
Drayage & warehousing $40 $126
Non-freight (service delivery) $38 $120
Auto - work $13 $76
Auto - non-work $6 $26

Source: Highway Economic Requirements System (HERS) by Cambridge Systematics, Inc.;
Montana ES-202 wage statistics; and industry cost economic analysis model by Economic
Development Research Group, Inc. (incorporating a Meta study of time benefits associ-
ated with logistics and just-in-time processing).

Step 4. Calculate Relative Profitability and Productivity of Locations

The fourth step is to calculate the extent to which highway system improvements can
affect both a) the profitability and income-generation of existing business activity retained at
various locations, as well as b) the potential attractiveness of expanded or new business at
various locations in Montana. Figure 2.2 shows these two independent analytical steps
require inputs from the highway network assignment routine in HEAT, and are then
translated through a bridge routine into the REMI economic model.
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Figure 2.2 Economic Impact Analysis System Elements
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Business Productivity
HEAT applies the results of Step 3 to develop three measures:

1. The dollar value of the savings in production costs for each existing industry at various
locations in Montana. This represents the potential cost savings benefits for existing
businesses in Montana. The expense savings for households are also calculated in a
similar manner.

2. The relative cost competitiveness for each existing major industry in various locations in
Montana. This is measured as the ratio of business operating cost in Montana relative
to the national average - measured with and without highway improvements under
alternative scenarios.

3. The change in potential business markets for each existing major industry in various loca-
tions in Montana - measured as the additional sales revenue potentially achievable if
businesses were able to compete and grow in proportion to the expansion in size of
their markets for customers and supplier access.

The preceding measures of business impact are calculated on the basis of a GIS system for
various industries in each zone (i.e., county) within Montana. HEAT, however, distin-
guishes between a) impacts that merely shift activity within Montana from b) impacts that
also attract new investment and income to Montana. Both can have some value for public
policy, though the former is a matter of intrastate equity, while the latter is a matter of
statewide efficiency. Any package of highway improvements will affect some locations
within Montana more than others. Nevertheless, even if there are shifts of future eco-
nomic expansion between areas of the state, this disproportionate expansion is not a zero-
sum game as long as there is a net business profitability or productivity improvement for
the State.

To forecast long-term economic impacts, the analysis framework in HEAT applies an eco-
nomic forecasting model that assesses how changes in regional and statewide industry
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cost and competitiveness will affect future economic growth (through business expansion
or attraction). The REMI economic model for Montana is designed specifically for this
purpose. It compares how different regions of Montana compare to the rest of the U.S. in
terms of cost competitiveness, and it forecasts how each industry will grow over the next
35 years within regions of Montana, as well as outside of Montana. The zonal structure of
the REMI model has been set to the five MDT districts, so it will generate sufficient detail
of shifts and growth among regions, but still provide robust results when it compares
costs, performance, and opportunities among the five regions of Montana, and compared
to elsewhere in the U.S.

Business Attraction

The Business Attraction Module in HEAT focuses on how enhancing strategic connections
between specific locations can attract outside business activity and investment into the
affected area. This impact is dependent on the location of highway investments, the link-
ages such investments create, and the effect of such investments on the market reach of
businesses located in affected areas. These estimates of direct impacts on business attrac-
tion are analyzed independently, and then input to the economic simulation model in
order to calculate the total (direct, indirect, and induced) impacts on the economy
analysis.

The business attraction module embedded in HEAT is designed to consider how highway
investments will influence business location decisions, given that a variety of other (non-
highway) factors also affects business location decisions. The analysis utilizes a combina-
tion of inputs, including data on highway and non-highway business location attraction
factors and trends in the local and national economies (see Step 3). The information is
then used as a basis for calculating potential highway impacts on business attraction.
HEAT includes the automated business attraction analysis tool to conduct these calcula-
tions. That tool formalizes a series of calculations, each consistent with accepted economic
development analysis practices. Figure 2.3 shows the sequence of steps the business
attraction analysis uses to generate benefits.
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Figure 2.3 Business Attraction Methodology
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The estimates of potential business attraction are based on the following calculations:

1. The existence of a potential for business attraction to the affected areas is determined
by identifying industries that are under-represented in the affected areas, yet well-
represented in comparison areas, (i.e., the states surrounding Montana). Industries
that are under-performing in the affected area, but performing well elsewhere, may
also represent potential categories for business attraction. This calculation process
assumes that there is no additional business attraction potential for a particular
industry if that particular type of business is already highly represented in the affected
area and growing at typical rates for that industry.

2. The module assesses the magnitude of the business attraction potential for the affected
area - for each industry - through a process of adding or subtracting “weights” associ-
ated with the affected area’s relative advantages or disadvantages. These are defined
on the basis of: 1) costs and availability of labor; 2) materials, utilities, tax, and trans-
portation costs; and 3) the sensitivity of each industry to 1) and 2).

3. Given a potential for business attraction to the study area, the business attraction
impact from the highway project is estimated for each industry in the affected area on
the basis of: 1) the highway project’s impact on access to labor, customer, and/or just-
in-time delivery markets; 2) the highway project’s impact on access to intermodal
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connections; and 3) the sensitivity of each industry to market size and transportation
availability.

4. The industry trend analysis results are then compared to the direct growth opportu-
nity (Step 3) to determine the direct business attraction impact by industry, by county
measured in new jobs. The comparison uses the lower value of the two estimates so
that the highway project impact can never be larger than the industry analysis results
(to assure reasonably sized impacts).

The analysis framework prepares inputs for the REMI model through a process that esti-
mates new jobs by industry by county, aggregating to the regional level (for business
attraction), and reductions in production costs by industry based on business travel user
benefits (existing business savings).

Step 5. Run Regional Model and Develop Estimates of Benefit and
Compare to Costs

The final step in estimating benefits is to run the REMI model and make use of its results,
together with other direct impact calculations. In addition to more straight-forward
input-output calculations performed for the business attraction inputs, REMI also converts
business travel user benefits (reduction in costs) to industry competitiveness and eco-
nomic growth terms so that the results are based on tangible economic development fac-
tors. The REMI model forecasts how alternative scenarios will affect levels of jobs,
personal income, and business output by industry and by region within Montana, on a
year by year basis to 2035. This has two primary uses:

1. Economic development analysis - The economic model results demonstrate how
alternative highway reconfiguration scenarios will affect economic growth among
various regions of Montana, and for the State as a whole. The value of these changes
can be compared to a base case scenario for any specific future year(s) between the
completion of construction and the year 2035.

2. Benefit/cost analysis - The stream of additional income and business output from eco-
nomic growth (measured by gross state product - GSP) that results from highway
improvements can be summed and summarized in terms of a discounted net present
value of economic growth benefit for Montana. That can be interpreted as the benefit
for the economy. To that, HEAT adds the dollar valuation of personal auto user bene-
fits (largely travel time savings), which do not directly affect the economy, but are not
considered in the economic model. The sum of the two can be considered a measure
of societal benefit (though a full measure of societal benefit may also adjust for any
additional environmental impacts).

These benefits for the economy and society can also be compared to direct measures of
the user benefits - based on the Step 1 measures of changes in vehicle miles of travel
(VMT) and vehicle hours of travel (VHT), with adjustments for cost and delay factors
as identified in Step 2.
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Step 6. Estimate Costs and Compare to Economic Benefits

HEAT includes a cost estimation model designed to assist planning staff in comparing
approximate probable costs to construct various project alternatives. While allowing the
flexibility to change roadway widths and typical section thicknesses, the spreadsheet
model performs quantity calculations and incorporates them into MDT’s standard cost
estimation spreadsheet format utilizing the most common standard bid item numbers. In
the future, unit bid prices may be modified to match more current versions of MDT’s
average price items catalog or district-specific bid tabulations. A separate maintenance
and operating cost worksheet is also included which performs a cost analysis over a 30-
year default time period, based on inputs for construction dates and unit operation and
maintenance costs.

The cost model requires the user to specify the start and end dates of construction and to
allocate costs over this time period. HEAT then applies a discount rate to discount the
stream of construction expenditures into a present value. This figure may then be com-
pared to a present value of future benefits calculated in Step 5 (above) to generate a bene-
fit/cost ratio and net present value (NPV). A detailed description of the methodology,
data, parameters, and other technical specifications of this cost model are documented in
Appendix A5.
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3.0 Data Sources and Software

This section describes the data and the commercial software programs imbedded in
HEAT. Subsection3.1 provides an overview of the data sources used in HEAT.
Subsection 3.2 describes the GIS Data, including the development of the roadway network
and the GIS tool development. Subsection 3.3 describes the commodity flow data and
Subsection 3.4 gives a brief overview of the commodity flow forecast methodology.
Appendix A2 contains a detailed write-up of the forecasting methodology which has been
published by the Transportation Research Board (TRB). Subsection 3.5 gives an overview
of the industrial profiles, which are provided in full in Appendix A3.

B 3.1 Overview of Data Sources

HEAT includes four major types of data and two commercially sold software programs.
The data sources are divided into four categories:

1. Geographical Information System (GIS) data repository, network development, and
GIS tool development;

2. Commodity flows and commodity forecasts;
3. Industrial profiles; and

4. Economic data (described in Section 2.3).

The two software programs are the ArcGIS platform for network assignment and data
manipulation and display, and the REMI dynamic economic impact and forecasting
model.

B 3.2 GIS Data Repository, Network Development, and GIS
Tool Development

The consultant team developed a GIS database and a set of GIS-based analytical tools to
store and analyze the project’s various sets of data. A GIS environment lends itself to
normalizing data from disparate sources by creating a structure from which to store, view,
and analyze many kinds of data under one platform. HEAT utilizes spatial data, such as
transportation networks, transportation facilities or infrastructure, locations of economic
concentrations or points of employment and socioeconomic data related to spatial
boundaries, such as census tracts and counties. HEAT also analyzes spatial events or
patterns that describe the movement of people and goods across transportation facilities.
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The data comes from many sources, both public and private, such as the U.S. Census, the
State of Montana, Bureau of Transportation Statistics (BTS), private data collection com-
panies such as Reebie, Woods & Poole, and Info USA. Together, these data describe how
changes to the physical transportation networks, and the resulting changes to the demand
for transportation services affect the economic environment of the State.

HEAT includes a number of tools either in the GIS environment or invoked from the GIS
environment that visually orient a user for mapping data and reporting results in a more
user-friendly format. These tools add to the understanding of the relationships between
transportation supply and economic development by modeling the flows of goods over
time and the effects they have on economic activity.

Data Acquisition and Compilation

The first step in HEAT’s modeling process is collecting the proper data and organizing it
into useful formats and accessible database compartments. These data consist of:

¢ Road network data,

¢ Rail network data,

e Other transportation GIS layers,
¢ Employment data, and

e Socioeconomic data.

Road Network Data

There are several sources of road network data available in HEAT. MDT has provided a
GIS road base map that it maintains and continually updates. This base map has a linear
referencing system that can be used on which to map Highway Performance Monitoring
System (HPMS) data. Other data sets, such as accident databases and trip count data-
bases, have also been mapped to the GIS base map via the linear referencing system. The
base map itself does not have attributes describing the level of service or other typical
transportation planning information (e.g., number of lanes or capacity). Nevertheless, the
HPMS data set does have that type of information and it can be joined to the GIS road
base map.

The MDT road base map is probably the most positional-accurate road base map data
source publicly available. It is updated via Global Positioning System (GPS) data collec-
tion. It is not, however, a data set that can be used for a travel demand model network
because its topology is not directly appropriate for model networks. Traditional model
networks require what is called link node topology, which requires that the endpoint of a
link overlap or be the same point as the nearest endpoint of the next or adjacent link.
Model networks do not require exact positional accuracy - or accuracy relative to the
actual ground measurements; however, they do require relative accuracy, or accuracy of
links with respect to other links in the network. Thus, the MDT GIS base map is actually
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more accurate and precise than most modeling networks with respect to ground position.
Its link endpoints, however, do not always end up in the right position with respect to
other link positions, in effect causing disconnects in the network. These disconnects can
only be seen when the base map is zoomed into a very localized area like to the scale of an
intersection. In order to be used as a traditional model network, the base map had to be
altered, cleaned, and connected.

Another source of road network data is the National Highway Planning Network
(NHPN). This is a less detailed road network that was designed for planning and mod-
eling purposes. It also has a linear referencing system and is populated with HPMS data.
It also has attributes describing physical roadway features, such as number of lanes and
capacity. It can be used directly in a transportation model.

HEAT has utilized both sources of road network data. Some analyses require the more
detailed MDT base map and some require a fully connected modeling network. The fol-
lowing data fields are required for a modeling network:

e Number of lanes,

e Capacity,

e Speed,

e Travel time,

e Distance, and

e Functional classification.

More information about the methodology that was used to develop the road network is in
Subsection 2.3.

Rail Network Data

A rail network was assembled from publicly available national sources such as the BTS.
HEAT uses the network primarily to provide context to maps and analyses. Freight flows
along the rail network are not modeled.

Other Transportation GIS Layers

There are many other GIS layers that are collected, compiled, and integrated into the
database for HEAT. HEAT uses these layers primarily for illustrative purposes; to pro-
vide context and detail to maps and analyses. The data are all obtained from Federal
sources such as BTS, and free, published data from private companies like Greyhound and
Amtrak. The GIS database has spatial data on the following types of trip producing
nodes:

e Airports, including freight and passenger terminals and facilities;

e Truck terminals;
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e Rail freight terminals, including bulk freight and intermodal facilities;
e Major grain elevators (110 shuttle car facilities) and rail connections;
e Border crossing locations; and

e Surface passenger terminals, including intercity bus stops, passenger rail bus stops,
and any multimodal passenger terminals that may exist.

Attributes to describe economic activity and capacity at these nodes are also stored in the
GIS.

Socioeconomic Data

Census data at the block scale has been collected and stored as attributes in Census block
boundaries in the GIS. Census block polygons nest in block group boundaries, tracts, and
counties; and these boundaries with more aggregate data will also be stored and utilized
in the GIS. HEAT incorporates 2000 Census data describing population, households, and
travel patterns (to the extent that it has been released). The data are used in the accessibil-
ity analyses. The data is free.

Employment Data

HEAT stores two types of employment data in the GIS database. Establishment-level
employment data is stored in a point layer. HEAT includes Info USA addresses for all
places of manufacturing, mining, and agriculture employment that employ more than
10 people. These addresses are mapped and stored in the GIS database. Employment
data at the Census tract and county level is also stored in the GIS database for accessibility
analyses. The cost to obtain the year 2002 Montana Info USA database for this project was
approximately $450, which should be similar to the costs to update the data.

HEAT uses employment data in its industrial profiles and some analytical tools to illus-
trate the industries that are affected by specific roadway projects and to calculate changes
in accessibility that may occur due to roadway projects. In addition, county-level industry
employment data from IMPLAN is used as part of the business attraction module to esti-
mate industry competitiveness factors.

Data Integration

Once the data was obtained, each layer had to be normalized to the other layers. A pro-
jection was chosen for the GIS database and each layer made consistent with this map
projection. Metadata will be compiled into a metadata catalog for the project, so that field
definitions and source information are readily available. New fields that are created in the
analysis process will also be documented in the metadata.
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Methodology for Assigning Transportation Flows to Network Links

HEAT describes, quantifies, and models the flows of transportation in the State in order to
analyze the effects that transportation projects and improvements have on economic
activity. This is done by developing origin-destination trip tables and assigning them to a
statewide network. HEAT segments trip tables by two modes - passenger autos and
trucks - and then the truck trip tables are further segmented by commodity or industry.
Segmentation of the trip table allows us to quantify the number of vehicles on links in the
network by type and cargo.

Network Development

The roadway data described above was used to build a network for trip assignment pur-
poses. The network was checked and enhanced to ensure that it has the following:

e Full connectivity of links and nodes,
e Centroid connectors, and

e Fields required in the modeling process as listed in the Road Network Data section.
Passenger Trip Table Development

Statewide passenger trip tables do not exist in Montana, nor does the scope of the study
include development of a full-fledged passenger model. But in order to estimate passen-
ger traffic, a trip table must be estimated and assigned to the network. One way of doing
this and the methodology used in this project is to perform an Origin-Destination Matrix
Estimation (ODME). ODME is a procedure that estimates a background daily auto trip
table. ODME iteratively creates a realistic trip table from a seed probability matrix, based
on alternating an equilibrium assignment of the seed matrix and matching estimated vol-
umes to observed traffic counts. This section outlines the steps involved in performing the
ODME procedure.

5. Create a network, zone system, and centroid connectors:
a. The network is derived from the NHPN and contains functionally-classed roads

that are collectors and higher.

b. The zone system is made up of county boundaries in the State (and subcounty
regions as required), as well as external stations as needed.

The centroids are the geographic center of each county and the external stations.

d. There are one to four centroid connectors per zone to allow for adequate connec-
tion to the network. The connections are made to nodes on the lesser classes of the
functional class system.
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6. Obtain the data necessary for inputs to the ODME procedure:

a. The traffic counts are the average annual daily traffic (AADT) in the HPMS linear
referencing database. The counts can be joined in an automatic way to the net-
work using the HPMS linear referencing system (LRS). The counts should be dis-
tributed evenly throughout the network, and there should be counts at links
crossing zone boundaries. The counts may have to be smoothed for consistency as
ODME works best with consistent counts. Smoothing the traffic counts ensures
that trips are balanced, such that the volume of traffic that enters a highway seg-
ment is approximately equal to the volume of traffic leaving that same highway
segment - in transportation modeling terms, it is referred to as the “law of the con-
servation of cars.”

b. Counts should also be estimated for centroid connectors. This is done so the
ODME procedure can allocate trips from the centroids as required, thus, achieving
an even assignment. Counts can be estimated for centroid connectors by doing an
informal gravity evaluation in TransCAD and assignment of the resulting origin-
destination matrix. In order to do this, approximate productions and attractions
for three purposes - home-based-work (HBW), home-based-other (HBO), and non-
home-based (NHB) - must be calculated based on national rates. The assignment
resulting from the gravity evaluation compares total assigned volumes to total
counts for all links with HPMS counts. Friction factors in the gravity evaluation
can be adjusted, as needed, to match total assigned volumes to total counts. Then
the assigned volumes on the centroid connectors are taken and used as counts in
the ODME process. Running the gravity evaluation and subsequent assignment is
additionally beneficial, because it reveals any network connectivity problems.

c. Estimating trip productions and attractions requires the following traffic analysis
zones (TAZ) level data: population, autos, and employment broken down into
retail employment and non-retail employment categories.

7. Prepare the network and calculate necessary link attributes:

a. Rid the network of stub links and disconnects.
b. Obtain or calculate the following link attributes:
1) Length - Taken from NHPN database;
2) Functional class - taken from NHPN or HPMS databases;

3) Area type - can be derived from population density of Census block group
that link is in;

4) Number of lanes - Use NHPN or HPMS databases;
5) Facility type (one- or two-way) - Taken from NHPN or HPMS databases;
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6) Speed - Derived from Speed lookup table (Table3.1), representing an
“average” speed to generate trip tables and not as fully specified as the speed
values discussed below and used in the assignment procedure;

7) Capacity - Derived from Capacity lookup table (Table 3.2); and
8) Free flow link time - Calculated from length and speed.

Table 3.1 Speed Lookup Table (Miles Per Hour)

Functional Class”

Area Type 1 2 3 4 5 6 8
1- CBD** 50 40 40 30 25 25 41
2 - Fringe 50 45 45 35 30 25 41
3 - Urban 55 45 45 35 30 25 31
4 - Suburban 55 50 50 45 40 25 36
5 - Rural 70 60 60 60 60 35 50

Source: Cambridge Systematics, Inc.

* Functional classes are 1 = interstate, 2 = expressway, 3 = principal arterial, 4 = minor arterial, 5 =
major collector, 6 = ramps, and 8 = centroid connectors. **CBD is short for central business
district.

Table 3.2 Capacity (Vehicles Per Lane Per Hour) Lookup Table

Functional Class*

Area Type 1 2 3 4 5 6 8

1-CBD 1,700 1,280 750 460 400 1,100 9,000
2 - Fringe 2,000 1,280 935 500 500 1,100 9,000
3 - Urban 2,000 1,160 875 615 550 1,100 9,000
4 - Suburban 2,000 1,280 875 750 600 1,100 9,000
5 - Rural 2,000 1,350 955 940 880 1,110 9,000

Source: Cambridge Systematics, Inc.

* Hourly capacity = Lane capacity x number of lanes, where functional class 1 = interstate, 2 =
expressway, 3 = principal arterial, 4 = minor arterial, 5 = major collector, 6 = ramps, and 8 = cen-
troid connectors.
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8. Create the seed matrix input for ODME. A travel time matrix (zone-to-zone skim of
free-flow time) is used as the seed input matrix for the ODME procedure. The travel
time matrix is the inverse of the relative probabilities of travel to and from zones. It
gives the most weight to the zones’ pairs farthest away. This is important, since the
resulting trip table from ODME essentially stores the relative probability of a trip
between two zones. Using the travel time matrix as a seed matrix makes long-distance
trips more probable than short-distance trips and offsets ODME’s propensity to give
more weight to the shortest trips. The National Personal Travel Survey (NPTS) may
also be consulted to get average trip lengths for long trips between the TAZs - and the
seed matrix could be adjusted accordingly. Intrazonals in the seed matrix should be
set quite high as the TAZs are large county-sized zones.

9. Run the ODME. The ODME is run with the user equilibrium method constrained by
capacity and free flow time. The field storing the counts must be specified.

10. Evaluate the results of the ODME. The results of the ODME procedure are evaluated
by assigning the resulting trip table to the network and comparing the assigned vol-
umes to the counts on links with HPMS counts. The comparison can be broken down
by functional class, area type, and screenline. ODME results should be evaluated so
that the network can be improved as necessary, ODME is then rerun, and the results
evaluated again. The process is iterative and results in assigned volumes being within
10 percent of actual counts.

Truck Trip Table Development

Freight trip tables were developed from origin-destination (OD) data and a GIS version of
the Vehicle Inventory and Usage Survey (VIUS) tool by mode and commodity group.!
The VIUS factors convert annual tonnage into annual trucks. This database provides
detailed information on the physical and operational characteristics of the U.S. truck
population, based on a mail survey of approximately 154,000 private and commercial
truck companies. Individual state and national estimates for physical characteristics
include model year, body type, empty weight, truck type, axle arrangement, length, and
engine size. Operational characteristics include major use, products carried, annual and
lifetime miles, area of operation, miles per gallon, operator classification, and hazardous
materials transported.

This database is the only source of comprehensive truck data classified by their physical
and operational characteristics that also provides microdata records. A microdata record
contains complete information of each sampled record, as well as expansion factors to
allow statistically valid information about an entire population to be developed. The
microdata records are modified to avoid disclosure of a sampled vehicle or operating
company. The survey has been conducted at approximately five-year intervals beginning
in 1963. Prior to 1997, the survey included only commercial truck information and was

! Conducted by the U.S. Bureau of the Census every five years.
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known as the Truck Inventory and Usage Survey (TIUS). The survey now includes pri-
vate trucks and trucks transporting passengers. For HEAT, only the VIUS records for
Montana were used in calculating payload factors.

The VIUS microdata includes the gross vehicle weight rating (GVWR); the empty weight
of the vehicle; the average loaded weight of the vehicle; expansion factors based on the
miles traveled; the percentage of the miles that the vehicle’s trip falls in one of five differ-
ent distance-classes; the percentage of the miles the vehicle is empty; and, when full, the
percentage of the miles that the vehicle is used to carry 31 distinct product classes.

There were two classes of vehicles established based on GVWR: 1) medium-heavy duty
trucks (GVWR of 14,001 to 33,000 pounds) and 2) heavy-heavy duty trucks (GVWR of
33,001 pounds and more). For medium-heavy duty trucks, average payloads were calcu-
lated by two distance-classes established in VIUS: 1)local (less than 50-mile trips) and
2) other trips (over 50-mile trips). For heavy-heavy duty trucks, average payloads were
calculated by three VIUS distance-classes: 1) local (less than 50-mile trips); 2) medium (50-
to 500-mile trips); and 3) long (over 500-mile trips). The payloads are calculated by
distance-class, because the average payloads and truck size varied by distance-class.
Shorter-distance trips tend to be dominated by single unit trucks, which carry smaller
average payloads. Longer-distance trips are dominated by combination tractor-trailer
trucks, which carry larger average payloads.

The product classes used by the VIUS and the two-digit STCC commodity classes estab-
lished for TRANSEARCH are similar. The VIUS survey records the percentage of the
mileage that a truck is carrying certain products, equipment, materials, etc. “No Load” is
treated by VIUS as a separate product category. VIUS also includes buses and service
trucks in the survey. Thus, certain VIUS product categories have no correspondence to
the STCC commodity classes. A correspondence between the VIUS product classes and
the STCC 2-digit commodities was developed. Passenger and service truck product
classes (e.g., Craftsmen’s Tools or Household Possessions) not included in the commodity
data were excluded.

The weighted annual mileage for each VIUS product carried by distance-class and gross
vehicle weight rating was calculated for each record in the Montana VIUS database. That
mileage was multiplied by the average payload for that record to obtain the weighted,
annual ton-miles by gross vehicle weight rating, product class, and by distance-class for
each record. The weighted, annual ton-miles, and the weighted annual miles were
summed over all records. The average payload for each commodity by distance-class and
weight rating is average annual ton-miles divided by average annual miles.

Calculating payloads by two-digit STCC commodity class is the first step in developing
factors to convert tonnage to trucks. This payload does not include the percentage of
mileage that a truck travels empty. This percentage of empty mileages by two-digit STCC
commodity can also be calculated from the VIUS “No Load” product class. The factor
used to covert from annual tonnage to annual trucks accounts for the average payload,
including percentage of empty trucks, in each STCC commodity class (values by STCC
two-digit and distance-class are given in Table 3.3 below).
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Table 3.3 Tons Per Truck by Commodity and Distance Range*

Gross Vehicle Weight Rating (in Pounds)
Less than  14,001- 14,001- Over
14,000 33,000 33,000  Over 33,000 Over 33,000 33,000
Distance Class

STCC Commodity All
Class Distances <50 miles >50 miles <50 miles 50-500 miles >50 Miles
1 Agriculture 1.14 416 478 15.83 13.92 17.73
8 Forest Products 1.65 1.67 2.75 13.77 16.92 5.64
9 Fish 0.46 3.90 2.56 5.43 13.38 15.95
10 Metallic Ores 0.75 2.81 4.28 18.75 22.22 22.54
11 Coal 0.75 2.81 4.28 18.75 22.22 22.54
13 Crude Petroleum 0.20 3.50 3.13 14.83 17.48 17.32
14 Nonmetallic 0.75 2.81 4.28 18.75 22.22 22.54
Minerals
19 Ordnance 1.52 5.94 542 943 6.38 17.90
20 Food 0.46 3.90 2.56 5.43 13.38 15.95
21 Tobacco 1.52 4.49 491 15.51 14.25 17.49
22 Textiles 0.64 3.82 3.45 12.18 13.03 15.86
23 Apparel 0.64 3.82 3.45 12.18 13.03 15.86
24 Lumber 2.30 2.48 3.40 10.38 13.52 19.87
25 Furniture 0.22 2.03 3.45 12.18 13.03 10.07
26 Paper 0.85 5.20 3.36 12.18 13.03 12.56
27 Printed Goods 0.85 5.20 3.36 12.18 13.03 12.56
28 Chemicals 0.85 3.73 3.45 14.73 10.98 21.07
29 Petroleum 0.20 3.50 3.13 14.83 17.48 17.32
30 Rubber/Plastics 0.43 3.31 5.03 12.47 12.95 17.58
31 Leather 0.64 3.31 5.03 12.47 14.25 17.58
32 Clay, Concrete, 1.88 2.69 5.11 11.20 16.63 19.70
Glass
33 Metal 1.25 3.24 3.60 12.47 14.25 22.64
34 Metal Products 1.25 1.10 5.03 12.47 15.92 18.44
35 Machinery 2.04 3.84 5.77 14.84 16.61 15.94
36 Electrical 2.04 3.84 5.77 14.84 16.61 15.94
Equipment
37 Transportation 1.25 1.35 5.03 11.18 11.50 13.82
Equipment
38 Instruments 0.98 451 5.03 13.10 15.73 16.23
39 Misc. Mfg 0.75 5.87 4.89 12.70 8.05 17.89
Products
46 Misc. Mixed 1.52 5.94 5.42 9.43 6.38 17.90
Shipments

Sources:  Vehicle Inventory and Usage Survey (VIUS) (1) and Cambridge Systematics, Inc.
" Includes empty miles.

After the conversion of annual tons to annual trucks, the resulting annual truck trip table
is converted into a daily truck trip table. The Highway Capacity Manual (2) suggests that
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an average truck working week consists of five weekdays at full capacity and two
weekend days at 44 percent of capacity. This equates to 306 truck working days per year.
In addition, there are six Federal holidays that should be excluded from working day
calculations. The annual truck trips are divided by 300 average weighted truck working
days to calculate daily truck trips (recognizing that although trucks do move 365 days a
year on the highway, an average number of working days is approximately 300).

Assignment Procedure Methodology

A GIS-based assignment procedure assigns the trip tables to the network. The link-based
assignment results are stored as attributes on links. The assignment procedure is an all-
or-nothing procedure, but is sensitive to congested travel times stored as a function of
volume-to-capacity ratios on links.

The assignment procedure works directly from the GIS, which makes it user-friendly, and
is used to test highway projects. When HEAT tests the benefits of potential roadway
improvement projects, the user codes the project(s) into the network and the trip tables are
reassigned. Results of each scenario assignment are compared to the base case (i.e., no-
project) assignment done on the network, which represents present day existing highway
conditions with forecasted traffic volumes. Benefits of these test scenarios are determined,
based on travel time, travel distance, and accessibility improvements. HEAT analyzes and
maps the scenarios’ effects on the Montana economy.

It should be noted, that absent congestion, the only types of improvements that will pro-
vide savings in VMT and vehicle hours traveled (VHT) are enhancements to design speed,
new roads (which have shorter distance between significant origins and destinations), and
enhancements that promote the functional classification of the roadway. For this reason,
estimating an accurate change in average speed between an existing roadway and the
improved version is critical to the amount of direct benefit generated by proposed high-
way improvements. This estimation procedure is described in the next section.

Speed Estimation Methodology

HEAT includes a speed module that was developed under the guidelines of the 2000
Highway Capacity Manual (HCM 2000). The speeds resulting from the speed model are
free-flow speeds that are not constrained by congestion. They are used as inputs to the
HEAT’s assignment module. Subsequent modules calculate benefits based on congested
speed. The speed model does not reflect actual or observed speed. Nevertheless, the
speeds are meant to be accurate with respect to each other and have proper relative
impact on the system based on functional class with adjustments determined by seven
other variables.
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The speed module in HEAT determines the average speed on each roadway segment
using the seven following variables:

Functional class;

Area type (rural vs. urban);

Terrain (level, rolling, mountainous);

Pavement (paved vs. unpaved);

Lanes;

Access type (divided vs. undivided); and

N o ok N =

Two-lane type (pre-World War II, Normal, Improved, Super 2).

Functional class plays the largest role in the speed module. Each functional class has an
upper bound below which the speed is constrained. Depending on the values of the seven
other variables, the speed is then adjusted down or up by functional class-specific mar-
ginal values (estimated from HCM 2000). The resulting speed is compared to a functional
class-specific lower bound. If the resulting speed is less than the lower speed, it is
replaced by the lower bound speed.

Tables 3.4 to 3.10 present the parameters (i.e., values) used for each of the seven variables
in the speed module. Table 3.4 shows the upper and lower speed bounds for each
functional class.

Table 3.4 Speed Boundaries by Roadway Functional Class

High Low
Functional Class Speed Speed
1. Rural Interstate 75 45
2. Rural Principal Arterial 65 35
6. Rural Minor Arterial 55 30
7. Rural Major Collector 50 30
11.  Urban Interstate 68 40
12.  Urban Freeway/Expressway 55 30
14.  Urban Principal Arterial 40 25
16.  Urban Minor Arterial 40 25

Source: Highway Capacity Manual (HCM 2000), FHWA, 2000.

The parameters for the specific area type adjustments by functional class are shown in
Table 3.5.
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Table 3.5 Speed Boundaries by Functional Class and Area Type

Functional Class Rural Urban
1.  Rural Interstate 0 -2.5
2. Rural Principal Arterial 0 -5

6.  Rural Minor Arterial 0 -5

7. Rural Major Collector 0 =5

11. Urban Interstate 0 0

12. Urban Freeway/Expressway 0 0

14. Urban Principal Arterial 0 0

16. Urban Minor Arterial 0 0

Source: Highway Capacity Manual (HCM 2000), FHWA, 2000.

The adjustments for the three types of terrain (i.e., level, rolling, and mountainous) by
functional class are shown in Table 3.6.

Table 3.6 Speed Boundaries by Functional Class and Terrain

Functional Class Level Rolling Mountainous
1.  Rural Interstate 0 -1.5 -4.5
2. Rural Principal Arterial 0 -2.4 -3.2
6.  Rural Minor Arterial 0 -2.4 -3.2
7. Rural Major Collector 0 24 -3.2
11. Urban Interstate 0 -1.5 -4.5
12. Urban Freeway/Expressway 0 -2.4 -3.2
14. Urban Principal Arterial 0 -2.4 -3.2
16. Urban Minor Arterial 0 24 -3.2

Source: Highway Capacity Manual, FHWA, 2000.

The adjustments for the two types of roadway surface (i.e., paved and unpaved) by func-
tional class are shown in Table 3.7.
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Table 3.7 Speed Boundaries by Functional Class and Roadway Surface

Functional Class Paved Unpaved
1.  Rural Interstate 0 -15
2. Rural Principal Arterial 0 -15
6.  Rural Minor Arterial 0 -5
7. Rural Major Collector 0 =5
11. Urban Interstate 0 -15
12. Urban Freeway/Expressway 0 -15
14. Urban Principal Arterial 0 -5
16. Urban Minor Arterial 0 -5

Source:  Highway Capacity Manual (HCM 2000), FHWA, 2000.

The adjustments for the number of lanes (i.e., two-, four, and six-lane) by functional class
are shown in Table 3.8.

Table 3.8 Speed Boundaries by Functional Class and Number of Lanes

Functional Class 2-Lanes 4-Lanes 6-Lanes 8-Lanes
1. Rural Interstate -3 0 0 0
2. Rural Principal Arterial -3 0 0 0
6. Rural Minor Arterial -3 0 0 0
7. Rural Major Collector =& 0 0 0
11. Urban Interstate -2.7 0 0 0
12. Urban Freeway/Expressway -2.7 0 0 0
14. Urban Principal Arterial -2.7 0 0 0
16. Urban Minor Arterial -2.7 0 0 0

Source: Highway Capacity Manual, FHWA, 2000.

The adjustments for the two access types (i.e., divided and undivided) by functional class
are shown in Table 3.9.
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Table 3.9 Speed Boundaries by Functional Class and Access Type
(Divided vs. Undivided)

Functional Class Divided Undivided
1. Rural Interstate 0 0

2. Rural Principal Arterial 0 -1.6

6. Rural Minor Arterial -1.6 -1.6

7. Rural Major Collector -1.6 -1.6

11. Urban Interstate 0 0

12. Urban Freeway /Expressway 0 -1.6

14. Urban Principal Arterial -1.6 -1.6

16. Urban Minor Arterial -1.6 -1.6

Source: Highway Capacity Manual, FHWA, 2000.

The adjustments for the four types of two-lane configurations (i.e., pre-World War 1II,
Normal, Improved two-lane, and Super 2) by functional class are shown in Table 3.10.

Table 3.10 Speed Boundaries by Functional Class and Two-Lane

Configuration
Improved Normal Pre-World
Functional Class 2-Lane Super 2 2-Lane War II
1.  Rural Interstate 2.7 52 0 -3.7
2. Rural Principal Arterial 2.7 52 0 -3.7
6.  Rural Minor Arterial 2.7 52 0 -3.7
7. Rural Major Collector 27 52 0 -3.7
11. Urban Interstate 2.7 52 0 -3.7
12. Urban Freeway/Expressway 2.7 52 0 -3.7
14. Urban Principal Arterial 27 52 0 -3.7
16. Urban Minor Arterial 27 5.2 0 -3.7

Source: Highway Capacity Manual, FHWA, 2000.

Using the parameters shown in the tables above, the following two examples demonstrate
how the speed module is implemented. An existing, mountainous, undivided, rural,
paved, two-lane principal arterial would have a modeled free-flow speed of:
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65 miles per hour (mph) for a rural principal arterial (high boundary)
+ 0 mph adjustment for rural

- 3.2 mph adjustment for mountainous

- 0 mph adjustment for paved

- 3 mph adjustment for 2-lanes

- 1.6 mph adjustment for undivided

- 0 mph adjustment for not being a Super 2

- 0 mph adjustment for not being an Improved 2

= 57.2 mph.

If it were upgraded to a mountainous, divided, rural, paved, Super 2 lane, principal arte-
rial it would have a modeled free-flow speed of:

65 miles per hour (mph) for a rural principal arterial (high boundary)
+ 0 mph adjustment for rural

- 3.2 mph adjustment for mountainous

- 0 mph adjustment for paved

- 3 mph adjustment for 2-lanes

- 0 mph adjustment for divided

+ 5.2 mph adjustment for being a Super 2

= 64.0 mph.

The current roadway network database accessed by the speed module does not contain
the year of construction for each segment or what design standards were adhered to in its
construction. Thus, the module does not have, at present, any means of distinguishing
between speeds on unimproved two-lane roads that were constructed prior to World
War II (WWII) (before modern design standards were applied) and after. While it does
allow a user to manually override the speed parameters, such adjustments to selected
segments within a larger network may create distortions that could generate spurious
results. Possible refinements could include lowering the speed for all unimproved two-
lane roads statewide, based on the approximate mix of unimproved two-lane roads con-
structed after WWIL. A more accurate but time consuming solution would assign a new
variable to each existing unimproved two-lane road segment, indicating if is built
according to pre-WWII design standards and add it to the speed model as a constraint.

Post-Processing Tools

HEAT has the capability to add other GIS-based analytical tools or give access to interme-
diate data and analysis that the model produces, but does not display in its current ver-
sion. This additional capability may be added as users and stakeholders gain more
knowledge of HEAT’s basic functionality. Examples of additional functionality include
addressing the following types of questions:

e What are the population characteristics that are affected by the potential roadway
project?

e What are the origins and destinations of the vehicles affected by the projects?
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e To what extent does the project benefit the affected population(s) or industries and
how are the benefits measured?

e To what extent does the project attract new industries, and how are these benefits
measured?

e  Which commodities are affected by the project and what are their value and volume?

B 3.3 Commodity Flow Data

Brief Description of Overall Approach

Commodity flow data has been purchased from Reebie Associates as the starting point in
the development of the commodity flow database. The consultant team has supple-
mented and verified Reebie data using several additional data sources, including data on
non-manufactured goods transported by trucks available from state regulatory and
monitoring agencies. For agricultural goods, county-level crop and livestock production
were developed from data available through the U.S. Department of Agriculture National
Agricultural Statistical Service. Additional data sources, such as the Commodity Flow
Survey (CFS) and IMPLAN data have been used to verify commodity flow data on manu-
factured goods. The 1997 Economic Census Data on Wholesale Trade were used to disag-
gregate the secondary flows (flows from distribution centers and warehouses) into specific
commodities in the commodity flow database.

Forecasts of the commodity flow database were created using a combination of Woods &
Poole industry growth projections at the county level, and statewide commodity forecasts
from FHWA’s Freight Analysis Framework (FAF). The consultant team used the FAF
data to estimate the percentage growth for each commodity and allocated the growth to
the county-level based on the Woods & Poole employment projections to determine flows
in future years.

List and Descriptions of Data Elements

The consultant team purchased calendar year 2001 TRANSEARCH data from Reebie
Associates for use in HEAT. The study area is the State of Montana and the database has
county-to-county commodity flows with two-digit Standard Transportation Commodity
Classification (STCC) detail for the truck mode. For each county in Montana, the database
contains records for truck flows moving into, out of, or through the county. Origins and
destinations outside of Montana are assigned to five external regions to enable routing
onto major highways and interstates, which helps in capturing the impact of through-trips
on Montana’s roadways. Regions external to Montana are divided into five geographies
based on the five main interstates into and out of the State. Non-interstate highway trips
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with external origins and/or destinations are allocated to external regions based on the
nearest grouping listed below. Currently, the geographies are divided into:

1. Western Canada - Everything west of Manitoba Province. This represents truck traf-
fic on I-15 north of Montana and includes non-interstate highway trips on parallel
roadways.

2. Northwest U.S. - Northern Idaho, Washington, Oregon. This represents truck traffic
on [-90 west of Montana and includes non-interstate highway trips on parallel
roadways.

3. Western U.S. - Southern Idaho, California, Nevada, Utah, Arizona. This represents
truck traffic on I-15 south of Montana and includes non-interstate highway trips on
parallel roadways.

4. North Central U.S. - North Dakota, Minnesota, Eastern Canada. This represents truck
traffic on 1-94 east of Montana and includes non-interstate highway trips on parallel
roadways.

5. Rest of U.S.- All other states in the contiguous U.S. not mentioned in four other
regions. This represents truck traffic on 1-90 south of Montana and includes non-
interstate highway trips on parallel roadways.

The final commodity flow database includes goods transported by truck and specified for
three submodes: private trucks, less-than-truckload trucks, and truckload trucks. Data
are reported in tonnage based on the STCC code system at the two-digit level. Truck data
also include information on secondary flows, the truck portion of intermodal flows, and
the truck portion of barge-truck flows. Data are stored in Microsoft Access format. These
data can be updated on an annual basis. Based on the robustness of the model and the
estimated accuracy of the commodity flow data, however, a more efficient update cycle is
likely to be closer to five years. Select data with high variability, such as air cargo, may
need to be updated annually (see Section 6.3, HEAT Maintenance). The forecast data are
also available on an annual basis. These data should also be updated on a cycle closer to
five years.

Comparison with Alternate Methodologies

The other major source of commodity flow data is the CFS produced by the BTS. This
survey, however, is problematic for use in Montana for many reasons. First, data are
available only for the entire State rather than on a county basis. Also, the commodity
definition is limited for certain modes due to a lack of statistical significance based on the
survey sample size. Additionally, identifying a process for updating a commodity flow
database derived from CFS data is not possible, because the survey is undergoing major
changes in the 2002 version, including a reduction in the amount of surveys taken and
possibly a supply chain based survey process.
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B 3.4 Commodity Flow Forecast

Overview of Methodology

HEAT calculates the benefits and costs of highway investments once the roadway
improvement has been completed and businesses, shippers, receivers, carriers, residents,
and other economic players have had sufficient time to adapt to the improved roadway.
This adjustment process requires modeling the impacts in the future. HEAT is currently
set to project impacts out to year 2025. In order to make these projections, the current
commodity flows described in Section 3.3 must be forecast out to year 2025.

The consultant team used an enhanced forecasting technique that takes into account the
relative growth rates of different industries at the county level, as compared to simply
applying state-level commodity forecasts to all county-level flows. The state-to-state
commodity flow forecasts make use of the recent FHWA Freight Analysis Framework
(FAF). The FAF growth rates can effectively be applied to county-to-county base year
commodity flow data to make it possible to develop commodity flow trip tables for
sketch-planning freight forecasting models like HEAT. Furthermore, the approach used
in the HEAT commodity flow forecast enhance this methodology with employment fore-
cast information at the county level and the embedded input-output tables. This
improved the forecasting capabilities in HEAT significantly to capture variations in
county-level commodity growth rates.?

Internal and Outbound Truck Trips

The enhanced forecasting methodology uses county-level economic and demographic
data to geographically allocate future year tonnages estimated from the FAF data to each
of the counties. Forecasted growth in tons statewide is estimated for each commodity
using the percentage growth in the FAF data. The forecasted growth in tons is used as
control totals for the geographic allocation procedure. For the Montana freight forecast,
the estimated state-level growth was allocated to counties using county-level employment
and population data.

Employment data was obtained from Woods & Poole and are summarized for each
county in Montana by 13 industry categories from 1970 to 2025. For each county in the

2 The forecast of passenger/auto trips onto the network applied the FHWA Freight Analysis
Framework (FAF) forecasts for autos and non-freight trucks. The growth in these forecasts was
constant for all non-freight (autos and trucks) for all of Montana, approximately 1.8 percent per
year. Although it is recognized that regions within Montana - and thus non-freight traffic - are
growing at different rates, this uniform growth assumption provides a baseline projection, which
could be altered for sensitivity testing. Furthermore, the impact of this assumption is small, given
the absence of significant intercity non-freight traffic congestion over the next 10 to 20 years.
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State, the change in employment for each industry over the study period was calculated.
There are far fewer industry categories in the Woods & Poole employment data relative to
the two-digit STCC codes in the commodity flow tables. Therefore, a conversion table was
created to match each of the commodities in the truck trip table to one of the 13 industry
categories in the employment data. The conversion table was created based on the pri-
mary commodities produced by each of the industries. Applying this conversion table to
the existing employment data resulted in a distribution of employment for each commod-
ity across each county.

The distribution of employment for each commodity across each county is then used to
distribute the forecasted tons of each commodity to each county. A conceptual example of
this process is shown in Table 3.11. The 300 tons of growth in outbound production of
STCC A are distributed to each county, based on the distribution of employment in
STCC A. The process is performed separately for outbound and internal trips.

Table 3.11 Calculation of Future Outbound Flows with Enhanced
Forecast - Conceptual Example

Change from Allocation of  Base Year Future Year
2001 to 2025 STCC A Statewide FAF (2001) Tons (2025)
Employment Employment Growth for for STCC Forecast for

County for STCCA Distribution STCC A! A STCC A

1 40 20% 60 200 260

2 100 50% 150 600 750

3 60 30% 90 50 140

4 0 0% 0 150 150

Totals 200 100% 300 1,000 1,300

Source: Cambridge Systematics, Inc.
1 Use 300 tons of total statewide growth for allocation, equal to the calculated conceptual statewide
FAF total.

It should be noted that the mechanics of this forecast process occasionally produce nega-
tive forecast tons for cases when the growth in a commodity is negative. In this case, a
correction was applied to set the lowest negative forecast to zero, and proportionally
adjust all of the positive flows for that commodity (for either internal or outbound trips).
This eliminated any negative commodity flow forecasts, and ensured that the growth in
tonnage was consistent with the control totals in the statewide FAF data.
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Inbound Truck Trips

For commodity trips coming into Montana, a modified methodology was applied to take
into account the fact that the inbound goods are consumed in the State rather than pro-
duced in the State. A particular commodity is often consumed by multiple industries and
sometimes by individual consumers. As noted above, for internal and outbound flows,
each commodity was matched to a single producing industry. For inbound flows, for each
commodity, the distribution of this commodity to its consuming industries (and personal
consumption) must be created. Therefore, the first step in the forecast process for inbound
flows is to determine what share of an inbound commodity is consumed by each of the
consuming industries and by personal consumption. These consumption shares can be
calculated using IMPLAN economic input-output (I/O) data.

In Montana, a one-digit industry I/O table was used to develop the distribution for each
commodity. For each commodity, there is a matching consuming industry and consump-
tion percentage. For example, if 20 percent of all STCC 1 inbound flows are consumed by
the Agriculture Industry, then this percentage will be used to convert the total inbound
commodity flows.

After allocating each commodity to consuming industries, the distribution of each
inbound commodity to each county was calculated based on county-level employment
data similar to the internal and outbound procedure described in the previous section.
The commodities assigned to personal consumption were allocated to counties based on
the relative growth in population from each county based on Woods & Poole population
forecasts. The Woods & Poole population data came in the same format as the employ-
ment data, for consecutive years between 1970 and 2025, where 2001 and 2025 data were
used to determine growth rates.

Appendix A2 contains a detailed description of this methodology, including a comparison
between the enhanced method used here and a simplified methodology more commonly
used.

B 3.5 Industrial Profiles

As part of the Highway Reconfiguration Study, the consultant team prepared industrial
profiles which incorporated standard data analysis and industry surveying. The indus-
trial profiles report three types of background information: 1)industry trends, 2) non-
transportation local advantages and disadvantages, and 3) transportation access or
mobility issues. The preparation followed a three-step procedure:

1. The consultants selected major industries present in Montana that could be expected
to benefit in some way from improved transportation based on the two-digit Standard
Industrial Classification (SIC) codes and minimum thresholds on size (measured in
output and employment). The industrial profiles focused on industries that are part of
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Montana’s economic base (i.e., those that tend to export goods and/or services outside
the State). This selection process netted industries accounting for 16 percent of
Montana’s employment and output.

2. The consultant team performed extensive research on each industry’s competitive
position in the global, national, multi-state regional, and state level; and included these
findings in each industry profile.

3. Consultant team members were assigned individual industry groups and economic
development regions throughout the State and conducted face-to-face and telephone
interviews with business leaders, lead agency personnel, and other economic stake-
holders to synthesize the strengths, weaknesses, opportunities and threats to each
industry, considering both transportation and non-transportation factors.

The resulting industrial profiles were used to provide guidance regarding the business
attraction model and its parameters, and are also available to users of HEAT through the
user interface for industry trend context while performing an economic impact evaluation
of a highway improvement.

Industry Identification

The consultant team used in-state employment and number of firms according to the two-
digit SIC to determine which Montana industries should be profiled. The consultant team
sought the review and advice of the RSSC, MDT, and the economic development agencies
throughout the State of Montana. On the final selection, the consensus was to limit the list
to the industries listed in Table 3.12. This ranking scheme identified 13 preliminary major
industry groups, and was subsequently supplemented by a profile of the military industry
in Montana.

Some additional industries were dropped, such as printing and publishing (which does
include some large companies in Montana), because their sales were limited to major
urban areas and not dependent on out-of-state roadway transportation. The list of poten-
tial, smaller industries included the following with the approximate number of establish-
ments in parenthesizes:

e Chemicals (42),

e Rubber/plastics (30),

e Printing/publishing (253),

e Paper products (5),

e Leather products (17), and

e Apparel/textiles (53).
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Table 3.12 Major Industry Groups in Montana

Output in Number
Industry Groups Millions Employment of Firms
Mining (coal, metal, and non-metal) $800 3,700 56
Oil (petroleum products and extraction) $191 1,561 78-84
Food processing $818 2,654 162
Industrial machinery $368 2,018 46
Lumber/wood products (include forestry) $1,417 8,991 ~154
Fabricated metal products $92 1,023 130
High-tech products (electrical/electronic $9 863 ~96
equip. and instruments)
Furniture manufacturing $69 815 84
Primary metals products $263 1,107 26
Farming (livestock and grain); $2,365 32,112 n/a
Stone, glass & clay products $218 1,306 90
Transportation equipment $110 581 33
Tourism $1,767 57,741 n/a

Source: IMPLAN 1998 and 2000 (3), except tourism, which is from ICF Consulting.

Industry Trends and Competitive Analysis

Before conducting its fieldwork, the consultant team researched each industry group
based on available economic analysis literature and databases. The result was a set of lay-
ered trend analyses which helped interview teams understand the context of each busi-
ness interviewed. The three-layered trends analysis consisted of:

1. National and global trends - Recent historical data (at least five years, but longer if
necessary) on geographical concentration of production/activity, including historical
or current shifts, reasons for this concentration with other not easily quantifiable
industry trends highlighted (i.e., competition, trading patterns, location of significant
suppliers and markets (customers)).

2. State/regional trends - These include size of industry (i.e.,, employment, output, and
share of national/global market), recent performance, etc. and location of primary
suppliers and markets. It also includes employment by sub-industry if appropriate,
average wages, location quotients, and regional concentrations.
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3. Montana firms - This analysis determined what percentage specific firms’ account for
the total industry in Montana and identified which firms are more successful relative
to the global, national, and state/regional trends.

Using a combination of interviews, literature, and statistics, the consultant team profiled
the local (non-transportation) advantages and disadvantages for each industry group.
These determinations addressed why the industry located in Montana and the benefits of
their location. This effort also identified other types of economic development invest-
ments, initiatives, and programs that are needed to improve the industry in the State (i.e.,
collateral activities). This information was usually verified with economic development
authorities.

Finally (and most important), the consultant team evaluated each industry’s transporta-
tion access/mobility issues. This analysis included:

e What are the primary modes used by the industry to transport goods (inbound and
outbound shipments)? Are the industry’s transportation costs higher than the U.S.
average?

e Assessments of the transportation access issues/problems facing the industry,
including multimodal and intermodal, and border crossing issues.

e Determining what transportation improvements would benefit the industry. While
the focus of the Reconfiguration Study is on highways, it was deemed useful and
important to identify other transportation infrastructure that would be most critical to
an industry or would be needed in addition to highway improvements in order to
realize the benefits assumed with the highway investments (e.g., airports, rail, inter-
modal, cross-boarder or regulatory changes, etc.).

e Describing the business owner’s expectations and the consultant’s conclusions

regarding the degree to which improved highway(s) would improve the competitive-
ness of the industry and potentially lead to business relocations.

Data Gathering

The profiles in general, and the structured interviews in particular, helped identify
local and regional concerns and expectations related to highway improvement and its
impact on business expansion, attraction, and development. General topics covered in the
interviews include:

e Access to customers, suppliers, and workers;

e Business impacts of proposed or potential highway improvements;

e Factors influencing business location decisions;

e Strengths and weaknesses of the highway corridor as a place to do business;
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e Major trends in the regional economy;
e Factors contributing to or impeding business growth;
e Related economic development programs (collateral activities);

e Characteristics of the regional tourism market and its reliance on the highway corridor
for tourist trips; and

e Marketing and outreach efforts.

Prior to the actual interviews, the consultant team members prepared an interview guide
that emphasizes topics, such as industry mix, transportation investment programs, collat-
eral economic development activities, socioeconomic trends, etc. This guide (which varied
depending on the audience) was then used to document each industry’s current condi-
tion, outlook, and dependence on transportation. HEAT contains a profile for each of
these industries.

The first interviews were with local economic development and tourism experts. These
economic development officials provided an important perspective concerning:

e Theregion’s degree of success in retaining, expanding, and attracting business;

e Factors enhancing or constraining economic development success, especially how non-
transportation activities could be coupled to- or used in lieu of - transportation
investments to facilitate economic growth;

e The relative importance of transportation infrastructure/access for Montana firms; and

e The sources of any business attraction (i.e., whether gains in the study region are offset
by losses in other regions), and industries that regions of Montana are targeting for
growth opportunities.

The industrial profiles document the critical points from the interviews of economic
development officials, and were then used to set up personal or telephone interviews with
business representatives. Business owners are in the best position to determine the rela-
tive role of transportation and other factors in affecting their business expansion, contrac-
tion, or location decisions. Interviews with business owners provided information on the
role of transportation, among other factors, regarding;:

e Business ratings of the regional factors constraining or enhancing their continuation
and expansion opportunities;

e The extent of reliance on roadways and other transportation services for labor access,
supplier access, or customer deliveries;

e Transportation needs or deficiencies (if any) in Montana that constrain economic
opportunities; and
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e The non-transportation constraints that would need to be resolved to allow transporta-
tion investments to provide the maximum benefit.

Summary of Findings

On the whole, business leaders were less likely to claim that new transportation invest-
ments were critical to their growth when they face larger impediments. They may
acknowledge that the likely success of transportation investments to spur development
will also depend on enabling collateral activities, such as private investment and business
attraction. Many industries felt that highways are generally strong and sufficient for their
needs, but limitations tend to be based on: 1) distance to markets; 2) labor force quality
and quantity; and 3) other non-highway factors such as global market competition, scale
economies, lack of rail competition, etc. Nevertheless, there are some instances of high-
way deficiencies that could improve economic opportunities.

The complete industry profiles are contained in Appendix A3. The following summaries
provide a brief synopsis of the potential transportation constraints to each industry group.
The context for these findings is provided in the full profile for each industry.

Mining (Coal, Metal, and Non-Metal)

Interviews with mining firms suggest that transportation is generally not an impediment
to industry growth in the State. The future prospects of the mining industry are largely
determined by world mineral prices and the development of new resources. Mining
industry sub-sectors, however, vary considerably in their use of transportation services.
Most important coal mines have direct access to rail transportation and ship all mined coal
by rail, although a few smaller mines use trucks to move coal to rail terminals. According
to the 1997 Commodity Flow Survey, 99 percent of coal shipments originating in the State
move by rail. Interviews with coal mining industry executives suggest that the cost and
reliability of rail transportation is an important transportation issue for the industry (4).
Some in the industry believe that the lack of competition causes high prices for rail
services.

Precious metals firms often ship product by expedited delivery service (such as FedEXx).
Input supplies are frequently brought in by truck. Some Montana firms believe that they
pay higher freight rates than their out-of-state competitors, and this price differential is
due in part to the fact that they are more distant from their suppliers. Industry executives
also note that their freight rates often include a transportation fuel surcharge, assessing
them an additional fee for the cost of fuel in Montana and the low density of freight traffic
in the area. Montana metals mining firms suggest that the inability of workers to get to
work sites during bad weather can have significant effects on the cost of doing business.
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Oil (Petroleum Products and Extraction)

Interviews suggest that most Montana firms regard the transportation system as currently
serving their needs well. All output of the industry is moved by pipeline, and transporta-
tion is not viewed as a major impediment to the ability of the industry to grow. The most
important factor affecting industry prospects is the price of oil and gas in world markets.
Potential for industry growth in the near term appears robust as uncertainty in the Middle
East and OPEC supply curtailment has increased world prices.

Highway transportation is most important to the industry for the movement of small
quantities of input supplies, such as pipes or drilling equipment. It also affects the costs of
deploying teams into the field. A significant amount of this travel occurs on private prop-
erty or on local roads in remote areas.

Food Processing

Interviews with Montana firms suggest that freight costs in the State often hinder access to
markets and supplies. Several firms report that transportation costs account for as much
as 25 percent of total pro