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INTRODUCTION

More and more of Minnesota's population and economic activities are locating in and

around regional centers. Travel along main corridors between these regional centers has

been increasing as people seek more diverse employment, shopping, health care,

educational service and recreational opportunities. Unfortunately, highway

improvements on these main corridors have not kept pace with economic growth and

development, and the public's travel expectations. Continued inaction on these important

corridors will reduce traveler safety and mobility and, ultimately, will impair the ability of

Minnesota's regional centers to compete in today's expanding global marketplace.

While the 1997 Statewide Transportation Plan supports investments that enhance safety

and timely travel between activity centers (regional trade centers), it defined the

Interregional Corridor System as the entire 5,200-mile principal arterial system. The

entire principal arterial system is too large as the interregional system to allow sufficient

focus on the key transportation corridors throughout the state. In addition, previous Plans

did not provide guidance on how these corridors should perform from a mobility

perspective. The result has been a lack of attention on some major corridors and some

inconsistencies between districts on how corridors are managed.

As a result, the Minnesota Department of Transportation (Mn/DOT) initiated the

Interregional Corridor Study to identify important economic corridors in the state. The

goal of the Interregional Corridor System is to maintain safe, timely and efficient
transportation services between regional centers. Providing good transportation service

to the main activity centers will improve or maintain productivity, reduce transportation

costs and support the interdependencies that exist between different areas of the state and

between Minnesota and other states and counties.

STUDY PROCESS

The overall study process was established at the outset of the study and is shown in

Figure 1. The six-step process focused on developing technical criteria for evaluating

corridors and establishing performance measures. The steps in the process are

summarized next, and are described in more detail throughout this report:

Step One - Regional Trade Center Hierarchy

Over 35 years ago, the University of Minnesota Center for Urban and Regional Affairs

(CURA) completed an economic study of the Upper Midwest for the Federal Reserve

Bank. This study developed a model for ranking regional trade centers. This model

defined an eight-level hierarchy of places from metropolitan areas to hamlets. The model

uses population and the number and diversity of businesses in an area to determine
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Regional Trade Center (RTC) rankings. These rankings provided one method to

categorize the relative economic activity of communities across Minnesota and the Upper

Midwest.

The regional trade center analysis was updated by CURA in 1989 and again in 1999. The
latest update was completed for this Interregional Corridor Study project. For this study,

fifty RTCs "Levels 0 to 3" were used (Figure 2) as an integral part in the process of

defining the Interregional Corridor System. Counties with one or more of these

50 centers represent over 90 percent of all economic activity within Minnesota. The

Twin Cities metropolitan area is the "Level 0" regional trade center in Minnesota, and

contains the widest variety of services and businesses. The next highest centers are

"Level 1" centers or primary centers (e.g., Duluth, St. Cloud and Rochester). The

secondary centers, "Level 2" centers, are centers such as Mankato, Brainerd, Willmar,

Bemidji and Marshall. The "Level 3" centers are considered full shopping centers (e.g.,

Little Falls, St. Peter, Wadena, Park Rapids).

The RTC model also provides a historical context for how centers' ranking have changed

over time (three different analyses over a 38-year period). This has proven to be a useful

tool for policymakers and researchers by providing insight into how towns and

communities grow, shrink, take on new roles and become more or less important in the

overall statewide economy. A copy of CURA's 7999 Update of Regional Trade Centers

of the Upper Midwest is provided in Appendix A.

Step Two - Corridor Evaluation

This step involved identifying potential evaluation criteria and then applying those
criteria to individual highway segments to obtain a score for each segment. The segments

were then separated into three groups reflecting: high-, medium-, and low-scoring

segments.

Step Three - Priority Comdors

Individual highway segments were combined into corridors that connected Regional

Trade Centers based on their technical evaluation score and a number of other factors

(e.g., status in district or metro plans, National Highway System designation, system

spacing).

Step Four - Performance Measures

Performance measures were identified that would measure the ability of the corridors to

provide timely and efficient transportation between trade centers. A methodology was

developed to estimate travel speeds based on posted speed limits, number of signals and

level of congestion. Performance targets were then established for each of the corridor

priority levels.

SRF Consulting Group, Inc. Page 3
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Step Five - Improvement Strategies

Both demand management and design strategies were identified to address performance

deficiencies. These strategies focus on demand reduction on the one hand, and capacity

and safety type improvements on the other.

Step Six - Investment Strategies

Investment strategies were developed for the Interregional Corridor System that focused

on corridor segments that were found to perform below target levels and/or segments that

exhibited a medium to high risk for signal proliferation.

PUBLIC AND AGENCY OUTREACH PROCESS

Developing an Interregional Corridor System that connects regional trade centers

throughout Minnesota has significant implications for many communities, as well as

agencies that are responsible for implementing the plan. As a result, an extensive public

participation effort was planned to obtain initial input during development of the plan and

to obtain feedback on the preliminary findings and recommendations.

The outreach process was separated into external outreach and internal outreach

activities. These activities are described in more detail below.

EXTERNAL OUTREACH

External outreach activities were designed to obtain input from a wide variety of interest

groups throughout the state, including:

• Small-group meetings with representatives of cities, counties, townships, employers,

colleges, freight carriers and shippers, chambers of commerce, agricultural interests,

metropolitan planning organizations, regional development commissions and

Mn/DOT staff. Fifty-five meetings were held in 25 cities throughout the state. Issues

and comments received at these meetings were documented and used to refine the

process and methodologies for the study.

• Telephone interviews and surveys were conducted with small-group invitees who

wanted to provide input and were unable to attend the initial scheduled meetings.

• Following the first round of small-group meetings, a letter was sent to all invitees,

encouraging them to visit the project's interactive Web site

(http://www.oim.dot.state.mn.us/projects/irc). The Web site included the

comments and information received at the small-group meetings, as well as

information regarding the background and development of the plan.

SRF Consulting Group, Inc. Page 5
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• Mn/DOT planning staff met with eight additional transportation organizations to

update them on the study and to obtain their input and feedback on the Interregional

Corridor Study (see Appendix B for list).

• A second round of small-group meetings (similar to the initial meetings) was held to

obtain feedback on the draft plan and the preliminary findings and recommendations.

Twenty-three meetings in 19 cities were held throughout the state. All members of

the State Legislature were invited to these meetings. Issues and comments received

were documented and used to further refine the analysis and study.

INTERNAL OUTREACH

Internal outreach activities were designed to obtain input from internal Mn/DOT

stakeholders (departments, divisions and districts) and other state agencies (e.g., DNR,

Minnesota Planning, Metropolitan Council, Department of Trade and Economic

Development and Department of Public Safety). Participation consisted of the following

activities:

• An Interregional Corridor Steering Committee was formed that included Mn/DOT

Assistant Commissioners, Mn/DOT Planning Staff, Minnesota Planning and

Department of Natural Resources (see Appendix B for list of members). Mn/DOT's

District Engineers and Metro Division Engineer were invited to attend these meetings

and provide input. The Steering Committee was the decision-making group for the

study. The committee met monthly to provide study direction, review materials and

input from the technical committee and other stakeholders, and to make study

decisions.

• A Technical Advisory Committee (TAC) was formed to provide input regarding

methodology, process and technical data and analysis. The TAC met monthly

throughout the development of the plan (see Appendix B for list of members). In

addition, a separate meeting with Mn/DOT traffic and pre-design engineers was held

to discuss the performance measure analysis.

• Three meetings were held with Mn/DOT District Engineers to review and discuss

public participation, the draft plan, technical methodology and performance targets.

Input from these meetings was discussed with the Steering Committee and was used

to refine the plan and process.

• Numerous internal meetings were held between the consultant and Mn/DOT's Office

of Investment Management staff (ODVI) to discuss the overall interregional corridor

process, data needs, analysis methodology, technical results, and findings and

recommendations.

SRF Consulting Group, Inc. Page 6
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A Policy Committee met once during development of the plan to review the overall

plan policies and framework. The Committee comprised Commissioners from the

Minnesota Department of Transportation, Department of Natural Resources,

Minnesota Planning, Minnesota Pollution Control Agency and the Metropolitan

Council Chair.

TECHNICAL EVALUATION

A technical evaluation process (Figure 3) was developed to examine the economic

importance of corridors on a statewide basis. The purpose of the technical evaluation was

to provide an objective, quantitative, replicable process for developing the Interregional

Corridor System. Potential evaluation factors were identified early in the study process

and discussed in initial public meetings throughout the state. These factors were then

screened based on availability (data had to be available for all corridor segments to be

considered admissible), accuracy and ability to reflect economic activity. The technical

process consisted of three principal components: regional trade center connection,

technical analysis and an additional non-technical refinement step. These are described in

detail below.

ROUTES ANALYZED

All state trunk highway principal arterial routes (with the exception of the I-494/I-694

beltway, routes within the beltway, and non-radial routes outside the beltway, terminating

within the metre area), were initially defined as the set of routes to be analyzed as part of

the Interregional Corridor Study. In addition, a few other principal arterial routes in the

metropolitan area (e.g., TH 77) were excluded because they carried predominantly intra-

regional trips. This initial list of principal arterial routes was expanded to include a

limited number of minor arterial routes. These minor arterials were identified as potential

interregional corridor candidates from the initial small-group meetings held throughout

the state. The minor arterial routes analyzed included:

• TH 7 (west of Hutchinson)
• TH 34 (Walker to Detroit Lakes)

• TH200(TH371toTH2)
• TH 19/5 (Redwood Falls to TH 212)
• TH72(BaudettetoTH71)
• TH 46 (TH 7 1 in Northome to TH 2 in Deer River)

• TH 64/200 (TH 1 0 in Motley to TH 71)
• TH 11 (Baudette to International Falls)
• TH 32 (Greenbush to TH 10)

• TH 101 (Rogers to Elk River)
• TH 55 (Plymouth to Buffalo)
• TH 65 (Blaine to Cambridge)

SRF Consulting Group, Inc. Page 7
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FACTORS ANALYZED

The principal arterial system and identified minor arterial routes were divided into

approximately 150 segments for which data was gathered from a variety of Mn/DOT

sources. The data variables were broken into three general categories that represented

facility usage, connectivity and growth trend.

Usage is recognized as one indicator of economic activity that can be measured in terms

of volume-based factors. The volume-based factors used were daily traffic volumes

(AADT), daily heavy commercial vehicle volumes (HCADT), seasonal peaking
characteristics (30th highest hour), and growth in traffic volumes (AADT growth trend).

These volume-based factors are described below:

1. Volume-Based Factors

A. Average Annual Daily Traffic (AADT) - Total Traffic Volume

One measure of economic importance is how much use a facility

experiences on a daily basis. The data for this variable is based on

1997 volumes from the traffic table in Mn/DOT's Transportation

Information System (TIS) database. AADT is based on actual counts

(48-hour counts are collected and then extrapolated to a yearly AADT

based on continuous counts from Automatic Traffic Recorder (ATR)

stations). Since the Interregional Corridor (BR.C) segments do not match

the segments used to report AADTs, a single-volume value was created for

each 1RC segment by weighting each of the volumes according to the

length of the segment it represents.

B. Heavy Commercial Average Daily Traffic (HCADT) - Truck Volume

Another measure of economic importance is the volume of truck traffic

that uses a facility on a daily basis. HCADT for 1997 was obtained from

the traffic table in the TIS database. Actual truck counts are collected

every six years. Factors are developed to estimate interim-year volumes

based on information from Weigh-in-Motion machines. Heavy trucks are

vehicles with three axles or more. Since the IRC segments do not match

the segments used to report HCADT, a single-volume value was created

for each IRC segment by weighting each of the volumes according to the

length of the segment it represents.

SRP Consulting Group, Inc. Page 9
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C. Seasonal Peaking

A significant amount of the state's activities are oriented toward tourism

and agriculture. These activities occur during a short summer or harvest

season. A seasonal peaking factor was developed to identify routes that

experience seasonal traffic. There are two components to the factor: fifty

percent of the factor is based on the percentage of AADT in the

30th highest hour of the year; the other 50 percent is represented by the

volume of vehicles in the 30th highest hour in excess of 10 percent.

Information on the 30th highest hour was extracted from the Sufficiency

Rating Table (1997 data).

D. Historical Traffic Growth Trends

Historic growth trends indicate future growth potential for a corridor and

whether use is expected to increase, stabilize or decrease over time.

Historic traffic volumes were extracted from the Mn/DOT Sufficiency

File. Weighted averages were then calculated for each IRC segment, and a

regression analysis was done to determine a 14-year growth rate and a six-

year growth rate. These growth rates were then converted to a number of

vehicles per year. The TAG decided to use a composite growth factor

based on a 50 percent weighting of the 14-year and six-year growth rates.

This decision was based on the desire to be sensitive to the most recent

growth trends (six-year trend), but also providing some stability and

consistency from the longer trend (14-year trend).

2. Regional Trade Center Connectivity

The inclusion of a corridor connectivity factor is based on the "tributary flow"

concept. Just as brooks flow together to form streams and streams flow together

to form larger rivers, highway corridors connect smaller centers with larger

centers. These connections form overlapping travelsheds. Corridors that connect

many centers or regions are considered more important, in terms of statewide

economic flow of goods and people, than corridors that serve few centers.

A factor was established for comparing different segments of the transportation

system based on the connectivity to the Twin Cities Metropolitan Area "Level 0"

and/or to primary regional trade centers "Level I." Corridors that did not connect

or serve as a conduit to a larger center were considered to have a zero value in this

category.

Point weightings were established for connections to the metro and primary

regional trade centers from "Level 3" regional trade centers and above. The RTC

weights are as follows:

SRF Consulting Group, Inc. Page 10
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RTC Level Trade Center Point Weighting

0 Metropolitan Area 4

1 Primary Center 3
2 Secondary Center 2

3 Shopping Center 1

Corridors were established based upon input received from the small-group

meetings and judgement of the logical travel paths to the Twin Cities or to "Level

1" centers. The RTC weighting points, shown above, were totaled along the

corridors based upon the number and level of regional trade centers that they

connected. The total number of points was divided by the total miles in the

corridor to obtain the number of weighted points per mile.

3. Future Population Growth (2025)

The final evaluation factor is future population growth. This variable was

supported by the TAG and added to the analysis to take into account the location

and magnitude of future population changes within Minnesota. The TAG felt that

future population changes are an important consideration for developing the

Interregional Corridor System. The future population factor was calculated based

on the projected county population increases, from 1997 to 2025, taken from the

State Demographer's Office in June of 1998.

Of the 150 IRC roadway segments evaluated, about half are totally contained

within single counties. For these segments, the value of the population variable is

the projected increase in that county's population from 1997 to 2025. For the

remaining IRC segments, which traversed two or more counties, the value was

calculated by first determining the percentage of total segment miles within each

county. Each county's projected population increase/decrease was then weighted

by the percentage of total segment length within the county. Finally, all weighted

population increases/decreases for each of the counties were summed to determine

the population growth value for the entire segment.

SRF Consulting Group, Inc. Page 11
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DATA ANALYSIS

The evaluation factors were analyzed and used to develop a technical basis for grouping

and ranking corridors. As a beginning point, the study's Steering Committee determined

that a tier system approach would be used to provide geographic equity in evaluating the

corridors (otherwise, the Twin Cities Metro area would ovenvhelm the corridor rankings

because of the higher volumes and overall activity). In addition, the Steering Committee

determined that the interstate routes should be automatically selected as interregional

corridors because they are part of the national transportation system that links Minnesota

to other states. Therefore, the interstate routes were not included in the technical analysis

of individual corridor segments.

Data for each of the corridor segments was assembled and analyzed. A six-step process

was employed to determine how each of the segments would rank among other segments

in the same tier.

1. Metro Link Tier and Greater Minnesota Tier

The DR.C Steering Committee determined that the routes extending out from the

Twin Cities metropolitan area into the 12 adjacent ring-counties should be

analyzed separately from routes in greater Minnesota. This policy decision was

established based on the need to develop a statewide system that would link the

metropolitan area to less urbanized areas. An analysis boundary was established

for what is referred to as the "Metro Link Tier." The Metro Link Tier

incorporates the seven-county metropolitan area (outside the I-494/I-694 ring), as

well as portions of the 12 surrounding counties (Figure 4). The border between

the Metro Link Tier and Greater Minnesota Tier is identified by TH 14 on the

south, TH 15 on the west, TH 23 on the north and the Minnesota/Wisconsin

border on the east. The remaining area of the state is referred to as the "Greater

Minnesota Tier."

After collecting data for each of the factors on each of the 150 segments

throughout the state, the segments were organized into either the Metro Link Tier

or Greater Minnesota Tier, depending upon their location. In this way, roads in

Greater Minnesota would be evaluated against one another and roads in the metro

or more urbanized area would be evaluated against one another.

2. Statistical Analysis

After separating the segments into the two tiers, statistical values (low value, high

value, mean, standard deviation) were calculated for each of the six data variables.

Table 1 and Table 2 show the statistical values associated with each variable for

the Metro Link Tier and the Greater Minnesota Tier.
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TABLE 1
METRO LINK TIER (1)

Low Value

High Value

Mean

Standard
Deviation

Daily
Traffic

Volumes

4,389

52,719

19,357

11,050

Daily
Truck

Volumes

444
3,123

1,483

631

Seasonal

Peaking
(Percent)

9.9

22.0

13.7

2.8

Seasonal

Peaking
Volume(2)

-11

2,784

663

595

Historical
Traffic

Growth(3)

15
1,540

443

356

RTC
Connectivity

.085

.179

.123

.031

Future

Population
Growth<4)

710
138,955
49,725

39,510

TABLE 2
GREATER MINNESOTA TIER (1)

Low Value

High Value

Mean

Standard
Deviation

Daily
Traffic

Volumes

697
20,797

5,451

4,154

Daily
Truck

Volumes

76
2,116

542

420

Seasonal

Peaking
(Percent)

10.5

26.9

13.9

2.3

Seasonal

Peaking
Volume (2)

207
1,176

18

202

Historical
Traffic

Growth(3)

-150

405
50

62

RTC
Connectivity

.031

.112

.066

.021

Future

Population
Growth(4>

-11,079

17,440

1,200

5,820

Notes (Tables 1 and 2):
(1) Does not include interstate routes

(2) Additional hourly volume over and above 10 percent of AADT
(3) Combination ofsix-year growth trend and 14-year growth trend
(4) County population growth between 1997 and 2025

3. Standardizing Factors

After computing the statistical values for each of the variables within the two

tiers, the data for each of the segments was standardized for each of the six

factors. The purpose of standardizing the factors was to place them on an equal

scale so that the factors could be summed to provide a total score for the segment.

A standardized score for a segment was assigned based on the number of standard

deviations from the minimum value in the data set. For example, if an individual

segment score was 8, the minimum score was 2 and the standard deviation of the

data set was 3. The standardized score for the individual segment (single factor)

would be 2 because the individual score is 2 standard deviations from the

minimum score of the data set.

SRF Consulting Group, Inc.
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4. Total Segment Scores

After standardizing the values for each segment, a total score for each segment

was calculated by summing each of the scores for the six factors. Table 3 shows

an example of how a total score was calculated for segment US 212-5.

TABLE 3
CALCULATION OF TOTAL SEGMENT SCORES

Segment
US 212-5
Adjusted
Standard
Deviations

Daily
Traffic

Volumes

1.7

Daily
Truck

Volumes

2.7

Seasonal

Peaking (1)

.15

Historical
Traffic

Growth

4.3

RTC
Connectivity

3.0

Future

Population
Growth

.9

Total
Score

23.75

Notes:

(1) Seasonal peaking score was based on a 50 percent weighting of 30th highest hour as a percentage of
AADT and a 50 percent weighting of the volume of vehicles represented by the 30th highest hour
above ten percent of AADT.

5. Corridor Ranking

Segments were then placed into high-, medium- or low-score groups based on

their total score. The clustering was done through a Geographic Information

System (GIS) feature called "natural breaks." The natural breaks function divided

the segments into three groups by minimizing the variance in each of the groups.

The result of this analysis is shown on Figure 5. The technical analysis forms a

solid basis from which refinements were made based on a number of

supplementary factors and public input.

6. IRC System Refinement

The technical analysis identified high-activity highway segments; however, these

individual segments required refinement into longer corridors. This was done through

an iterative process, which involved input from the study's Steering Committee and

Technical Committee, and input from several meetings with the District Engineers.

Documentation of the decisions and rationale for developing the final draft IRC

System is included in Appendix C. The following factors were considered when

determining the final status of the corridor segments:

• Regional Trade Center System

• National Highway System (NHS) designation

SRF Consulting Group, Inc.
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• District Plan Priority

• Metropolitan Plan Priority
• System spacing and travelshed size, ability to have statewide impacts

• Previous Mn/DOT commitments and established corridor vision

The draft IRC system plan shown in Figure 6 shows all state highways with respect to the

main trade centers in Minnesota. The objective of establishing an Interregional Corridor

(IRC) system is to maintain safe, timely and efficient transportation services between

regional centers or regions. Corridors within metropolitan areas were not considered

interregional corridors, such as the I-494/I-694 beltway and all routes interior to the

beltway.

The state highway system shown in Figure 6 is broken into two categories: inten-egional

corridors and regional corridors. The Interregional Corridor System connects larger

regional trade centers and provides transportation services to large travelshed areas. This

category has been subdivided into high-priority interregional corridors (HPI) and
medium-priority interregional corridors (MPI). The HPI are identified in red and connect

all "Level 1" centers. These routes consist of the interstate system and a few other main

transportation connections that serve large travelsheds and population centers. The

medium-priority interregional corridors are shown in green and also connect large

travelshed areas; however, these routes did not rise to the level of HPI corridors due to

lower levels of activities.

Routes that did not rise to the level of an interregional corridor were identified as high-

priority regional routes (HPR). These routes are shown in either a solid blue line

(principal arterial routes) or a dashed blue line (minor arterial routes). These routes

typically play significant roles in providing regional transportation services to

communities. They connect smaller centers with "Level 1" or "Level 2" centers and may

connect directly to the Twin Cities metropolitan area.

The draft Interregional Corridor System map was presented and discussed at all second-

round small-group meetings. Numerous comments were received from agencies,

communities and the public. One of the comments received throughout the state was the

need for connections to states and trade centers beyond Minnesota's borders. Significant

comments on system elements were noted and additional information was compiled to

assist the Steering Committee in determining what system refinements should be made.

After careful consideration, the Steering Committee modified the Interregional Corridor

System. These changes are documented in Table 4.
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TABLE 4
AUGUST/SEPTEMBER IRC SYSTEM CHANGES

Route

TH 212

TH 60

TH 63

TH 8

TH 53

TH 336

TH 169

TH 36

TH 18

Termini

TH 23 to Minnesota/
South Dakota border

1-90 to Minnesota/Iowa

border

1-90 to Minnesota/

Iowa border

1-35 to Minnesota/

Wisconsin border

Virginia to
International Falls

TH 10 to 1-94

1-494 to TH 19

1-694 to St. Croix River

TH 169 to TH 210

Miles

51

10

31

20

87

-2

0

7

0

Rationale

Provides connection to South Dakota and is only

western connection between 1-90 and 1-94. Route is

on NHS system; it connects to 1-29 a major north-

south interstate route.

Provides southern connection between 1-35 and 1-29;

connects to Sioux City, Iowa (Level 1 Trade Center);

Iowa is in process of completing four-lane

improvement; TH 60 in on NHS system.

Provides southern connection east of 1-35; connects

Rochester to Cedar Falls Waterloo, Iowa (Level 1

Trade Center); TH 63 is on NHS system.

Provides eastern connection north of 1-94; and NHS

route that serves the travelshed to northwest

Wisconsin; route connects to Rice Lake (Level 2

Trade Center); route is one of few St. Croix river

crossings.

Provides northern international connection between

1-29 and TH 61. This corridor has been designated in

TEA-21 as a Congressional High Priority Corridor.

Recommend change of TH 10 to regional route west

of TH 336 (into Moorhead per discussion with MPO)
and MPI route to 1-94 on TH 336. Results in net loss

of two miles.

Recommend change of this segment from MPI to HPI.

This is consistent with other routes through urban

growth area (TH 19 is at Scott County Line).

TH 36 is one of the major routes into Wisconsin and

serves as a primary connection to the Stillwater area.

Change TH 18 to HPR per District 3 request. TH 18
provides the main connection from TH 169 into

Brainerd Lakes Area.
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The final Interregional Corridor System map is shown in Figure 7. The final IRC system

map is 2,926 miles in length, or about 56 percent of the existing principal arterial system.

Approximately one-third of these miles (1,007) are in the high-priority (HPI) category
and two-thirds (1,919) are in the medium-priority (MPI) category. The IRC system serves

all of the regional trade centers "Level 2" and above and provides accessibility to most of

the other trade centers in the state.

As the final Interregional Corridor System neared completion, there were many

discussions about additional routes (e.g., a route has significant truck traffic or a route

provides important recreational connections). However, the Steering Committee and the

TAG felt strongly that the credibility of the study would be diminished if many other
potential routes were added. In addition, the Committee felt that the total number of

miles that were identified, approximately 50 percent of the principal arterial system, was

a number that could be defended as a reasonable number of miles for the Inten-egional

Corridor System.

SYSTEM PERFORMANCE

The goal of the Interregional Corridor System is to support the economic vitality of the

state by maintaining safe and efficient transportation connections between regional trade

centers. The development of an Interregional Corridor System Plan will promote

economic growth only if performance standards are developed to assess where

investments are needed and to measure how well the transportation goals are being

achieved. The following section addresses how performance targets were established for

the Inten-egional and Regional Corridor Systems.

The Minnesota Department of Transportation developed a list of measures to help

improve performance of the state highway system. Mn/DOT has already used some of

these performance measures in updating their District Plans. These performance

measures included those for ride quality, bridge and pavement condition. These measures

should continue to be used to evaluate the performance of all state highways, including

the IRCs.

The initial performance targets outlined for the Districts did not include measures for

mobility (time/directness), even though mobility is critically important to the function of
all principal arterial routes and many minor arterial routes. The desired outcome for

routes that connect regional trade centers (i.e., IRCs) is to provide predictable and

acceptable travel times for route users. Initial performance targets were established for

each system priority and are shown in Table 5.

SRF Consulting Group, Inc. Page 20
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TABLE 5
INITIAL MOBILITY PERFORMANCE MEASURES

IRC
System

HPI
Range

MPI
Range

HPR
Range

System Priority

Above target

At target
Slightly below target
Below target

Above target

At target
Slightly below target
Below target

Above target
At target
Slightly below target
Below target

Performance Target(l>

(Speed - mph)

> 66
60-65
57-60

< 57

> 61
55-60
52-55

< 52

^51
45-50
42-45

< 42

(1) Performance targets are for peak hour on an average weekday

Developing the performance targets was a difficult task. Mobility is not easy to quantify,

since motorists use these corridors for different travel purposes and have varying opinions

on acceptable travel speeds and the number of stops. In addition, the transportation

corridors are dynamic. There is a wide range of trips, driving characteristics/habits and

driver acceptance levels. What is acceptable for one motorist many not be acceptable for

another. However, the general consensus from the outreach meetings is that motorists

using the IRCs want higher travel speeds and a minimum number of interruptions or

stops, especially on longer trips between centers.

Establishment of the performance targets was primarily a policy decision; however,

strong consideration was given to the predominant type of facilities identified in each

group and their current posted speed range, as well as actual running speed. Minimum

target levels were initially proposed at approximately 85 to 90 percent of the posted speed

limit. For example, the majority of routes in the HPI category are freeway facilities with

posted speeds of 70 mph. The minimum target was therefore established at 60 mph

(approximately 85 percent of 70 mph). These initial performance targets were then

presented to the TAG, Steering Committee and the public.

Based on public input and additional discussions, the HPR performance range was

increased to a minimum of 50 mph. The final mobility performance measures are shown

in Table 6.

SRF Consulting Group, Inc.
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TABLE 6
FINAL MOBILITY PERFORMANCE MEASURES

IRC
System

HPI
Range

MPI
Range

HPR
Range

System Priority

Above target

At target
Slightly below
Below target

Above target

At target
Slightly below target
Below target

At and/or Above target

Slightly below target
Below target

Performance Target')

(Speed - mph)

> 66
61-65
57-61

< 57

> 61
56-60
52-55

< 52

>51
47-50

< 47

(1) Performance targets are for peak hour on an average weekday

One of the major issues facing transportation officials is the ability to prevent further loss

of mobility and/or improve mobility on corridors that are not performing adequately.

This is a difficult task given the level of growth and private investment being made in

many areas throughout the state. To identify which routes are performing well versus

poorly, travel speeds were estimated for each corridor segment and compared to the

perfonnance targets (methodology is described in Appendix D).

The overall mobility performance for the Interregional Corridor System and high-priority
regional routes can then be measured by assessing the miles of highway that are

performing below target levels. Speeds (travel times) were then estimated for existing

volumes, future volumes (2020), and future volumes (2020) with ten-year fiscally

constrained improvements. These estimated speeds for each of the segments were then

compared to the performance targets for their respective categories. The results of this

comparison are shown in Figures 8, 9 and 10, and the mileage summarized in Table 7.
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TABLE 7
MOBILITY PERFORMANCE RESULTS()

IRC
System

HPI
Routes

MPI
Routes

HPR
Routes

System Priority

Above target
At target
Slightly below target
Below Target

Above target
At target

Slightly below target
Below Target

At or Above target

Slightly below target
Below Target

Existing
Performance

(miles)

724
Ill
15

157

338
1,199
189
193

2,493
15

131

Future (2)

Performance

(miles)

622
10
0

375

306
1,048
143
422

2,344
47

248

Future (3)

Performance

(miles)

622
10
0

375

408
1,070
130
311

2,354
47
238

(1) The future performance analysis does not estimate the number of future signals that may be installed on
corridors. These would further reduce the performance levels. See discussion on signal proliferation

and signal risk.

(2) Future volumes (2020) with no system improvements assumed.

(3) Future volumes (2020) with planned system improvements for the next ten years. System
improvements are from major investment category and are fiscally constrained. These projects are

either in the three year STIP, work program or study plan. A list of these projects is provided in
Appendix E.

The analysis shows that 85 percent of the interregional corridor facilities are meeting the

mobility performance measures during the peak hour for the existing condition. The

regional facilities are meeting the mobility performance measures on over 90 percent of

the facilities. Without major improvements and assuming no additional signals, the

mobility on the Interregional Corridor System will decrease by at least ten percent so that

approximately 25 percent of the interregional corridor mileage will be under-performing

the identified mobility targets. Based on the current level of investment and major

projects in the planning stages, no gains in performance would be made on the high-

priority interregional system and only marginal gains in performance would be made on

the medium-priority interregional system.
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SIGNAL PROLIFERATION RISKS

The above performance analysis assesses the mobility of the system with existing signals

and stops, as well as increased congestion due to future traffic volume increases. It does

not address additional delays due to future signals. Signals provide important traffic

safety and side-street benefits; however, they have negative impacts to mainline users in

terms of mobility. Many concerns were voiced during the public input process about the

proliferation of signals and the negative impact it has on mobility between regional

centers.

As a management tool and a way to focus resources, it is important to identify which

facilities are subject to greater signal proliferation and manage these corridors

accordingly. The study sought to identify routes that currently have or could potentially

have signal proliferation problems due to the volume of traffic they carry.

Traffic volumes and vehicle crashes are two of the key determinants for justifying

installation of a traffic signal. Since it is difficult, if not impossible, to predict locations

of future safety problems, the analysis focused on identifying future signal locations

based on volumes. Signal warrants are typically based on threshold volumes for both

mainline and a cross-street volume. Volume data was not available for cross-streets

throughout the state, and therefore a simplified approach was developed using mainline

volumes to assess signal risks. Mn/DOT used this method in the late 1960s prior to the

development of sophisticated computer modeling programs to analyze the need for signal

installations. This method establishes volume thresholds based on design type to assess

the ability to meet signal warrants. These volume thresholds are shown in Appendix F.

The risk for signal proliferation was categorized as high-, medium- or low-risk based on a

comparison of corridor volumes to the table of threshold volumes. This comparison was

done based on projected 2020 volumes. The results of this analysis are shown in

Figure 11. Corridors that were placed in a high-risk category are under the greatest

pressure for additional signals, and lower cross-street volumes are required to meet signal

warrant criteria. It should be noted that signal risks increase as one approaches urban

areas because of increased traffic volumes. The risk can be minimized by doing some or

all of the following:

• Increase the capacity (thresholds are higher for multi-Iane facilities)

• Separate traffic to reduce conflicts between movements

• Spread out traffic so that it does not concentrate at a single location

• Reduce demand for access at side street locations

• Construct grade-separate approaches

• Local community through-traffic by-pass

• Land use management and development ordinances

SRF Consulting Group, Inc. Page 28
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SAFETY EVALUATION

Minnesota has been a national leader in transportation safety. It will continue to be a top

priority for the Department, as well as individual Mn/DOT Districts. The Minnesota

Department of Transportation continually monitors safety characteristics on all of

Minnesota's transportation facilities. The number of crashes statewide has stayed

relatively stable (100,000 crashes per year for the last ten years2), even though the number

of vehicle-miles traveled has risen steadily. This means that the number of vehicle

crashes per miles driven has decreased overall. There are many factors that have

contributed to this trend, including demographics, enforcement, vehicle design and

roadway design/improvements. Some key crash facts for Minnesota's entire roadway

system are listed below:

• There were 600 deaths in vehicle-related crashes in 1997. This represents about one-

half to one percent of all crashes. Highway crashes are the leading cause of death for

the age group of 1-34. Vehicle death rates have historically declined from a high in

the late 60s of 5.3 fatalities per 100 million vehicle miles (MVM) to the current rate

of 1.3 fatalities per 100 MVM.

• Alcohol was involved in 30 percent of fatalities. Alcohol-related deaths have been

declining and are at the lowest number in decades. In approximately the 60s and 70s,

the proportion was as high as 50 percent.

• The total number of injury crashes has been around 45,000 for a number of years and

was 46,064 in 1997. The number of severe-injury crashes, where physical

impairment takes place, has been declining for the past ten years. In 1997, the

number of severe-injury crashes declined to less than 3,000.

• Fatal and non-fatal crashes tend to peak at "rush hour." The greatest number of fatal

crashes occur during the afternoon peak travel times. There are also more fatal

crashes during peak summer travel months.

• There is a strong relationship between crash severity and location. Sixty-three percent

of the fatal crashes are located in rural areas. These crashes typically involve higher

speeds. In addition, mral areas may be further from emergency services. The first

hour after the crash is critical in terms of reducing fatality risk.

• Of all of the factors that contribute to vehicle crashes, roadway features are

contributory in approximately 27 percent of total crashes.

• Total crash costs in property losses, medical expenses and insurance are estimated at

$1.5 billion per year.

"1998Crash Facts," Minnesota Department of Public Safety.
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As part of the Interregional Corridor Study, the number of vehicle crashes on the HPI,

MPI and HPR systems for each of the last ten years was investigated. The number of

crashes was graphed for each year and is shown in Figure 12. Two important conclusions

can be drawn from this information:

• The number of crashes on the HPI, MPI and HPR systems has remained relatively

stable over the last 10 years.

• The number of crashes on the HPI and MPI is similar to HPR, even though the HPI

system represents only 18 percent of the 2,926 miles and the MPI system represents

34 percent of the miles.

Traffic volume, or the amount of traffic that travels over a facility, is another important

factor in evaluating safety. An average volume per mile was computed for each system

over a ten-year period. These volumes were then graphed to show traffic volume trends

(Figure 13). From this graph one can conclude:

• The volumes on the HPI system are substantially higher than the volumes on the MPI

and HPR systems. HPI volumes average over three times the MPI volumes and over

four times the HPR volumes. The MPI volumes average 40 percent higher than HPR

volumes.

• The average volumes on the HPI system have risen from an average of 14,000 to

21,500 vehicles per day. This is an increase of 850 vehicles per day each year over

ten years.

• The average volumes on the MPI system have risen from 4,900 to 6,500 vehicles per

day. This is an increase of 160 vehicles per day each year over ten years.

• The average volumes on the MPI system have risen from 3,100 to 3,900 vehicles per

day. This is an increase of 80 vehicles per day each year over ten years.

The combination of increasing volumes and a relatively stable number of crashes results

in a declining crash rate for each of the three systems (Figure 14). Three important

conclusions can be drawn from this graph.

• Crash rates for all of the systems have been declining over the past ten years.

However, the HPI crash rate over the last seven years has leveled out substantially.

• The crash rate trends have been relatively consistent, which leads to the conclusion

that future rates can be predicted.
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• In 1989, the crash rates for the MPI and HPR systems averaged 50 to 80 percent

higher than the HPI system. Over time, this difference has been reduced to 30 to

40 percent higher.

The safety objective is to continue to reduce crash rates while improving mobility

between regional trade centers. Safety will be addressed on these corridors by reducing

and separating vehicle conflicts, reducing severity of crashes and improving guidance and

communication to driver to reduce driver error. Some of the less expensive safety

improvements are listed below:

Separating and Reducing Conflicts

• Shoulder widening

• Access management

• Turn lanes/bypass lanes

• Passing lanes

• Pavement repair/skid treatments

• Signals/traffic controls

Reducing Crash Severity

• Roadside clearzone (inslope flattening)

• Flattening approaches, Founding ditches

• Obstacle removal/shielding (guardrail)
• Enforcement issues (speed, DWI)

• Emergency response

Reducing Dnver Error (Positive Guidance)

• Signing and striping
• Lateral mmble strips

• Lighting

If substantial safety problems are present in conjunction with other mobility and structural

problems, the solution may require more significant investments, including:

• Reconstruction (improved horizontal and vertical alignment)

• Reconstruction (add capacity)

• Reconstruction to divided highway facility

• Change to limited access facility
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IMPROVEMENT STRATEGIES

General improvement strategies are proposed for improving corridor performance.

Strategies were divided into two groups. The first, System Management, primarily

enhances corridor performance in congested areas by reducing travel demand. These

strategies are more applicable to larger urban areas than to rural areas. The improvement

strategies in this group are as follows:

• Improvement of parallel routes

• Develop parallel transit routes, including commuter rail

• Metering access to facilities

• Peak-period pricing of facilities (value pricing)

• Urban growth management

• Travel demand management (TDM - telecommuting, park-and-ride)

• Intelligent transportation systems (FTS - reduce congestion, incident management)

The second group of improvement strategies focuses on infrastmcture and access-related

improvements in order to preserve or enhance safety and mobility. These design-related

strategies are applicable to both rural and urban areas and are as follows:

• Corridor access management

• Providing passing opportunities and reducing conflicts (super-two)

• Developing grade-separated crossings at key intersections

• Construction of interchanges in lieu of traffic signals

• Construction of urban bypasses with limited or no access

• Additional capacity (lane addition)

The objective of this section is not to identify what strategies should be used for specific

corridors, but to identify a general list of optional strategies that would be examined and

decided through more detailed corridor studies. To achieve mobility and safety

objectives, multiple strategies may need to be employed on specific corridors.
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STUDY RECOMMENDATIONS

Development of the Interregional Corridor System Plan accomplished a number of

objectives. For example, a better understanding of the principal arterial system was

reached and community support for protecting and enhancing these corridors was

developed through an extensive public outreach process. In addition, Mn/DOT districts

benefited from the discussion of local and regional goals versus statewide goals that the

interregional system is trying to achieve. The following recommendations are the result

of the technical analysis and public outreach process:

1. M.n/DOT should adopt the Interregional Corridor System Plan and incorporate it into

the update of the Statewide Transportation Plan. The IRC System Plan was approved

by the Steering Committee on September 23, 1999 and is being incorporated into the

State Plan.

2. Mn/DOT should adopt the mobility performance measure (speed targets) based on

corridor priority and incorporate this measure as part of its family of measures. The

K.C performance measures were approved by the Steering Committee on

September 23, 1999.

3. Mn/DOT should develop a system for verifying, monitoring and updating the mobility

performance of interregional corridors with the goal of maintaining efficient

connections between trade centers.

4. Mn/DOT should develop clear guidelines on how these corridors should operate and

then develop an administrative structure that can effectively make decisions and

provide the necessary support to implement the overall plan. For example:

A. High-priority interregional (HPI) Corridors should function at a "free-flow"

level of operation, with a minimum of 60-mph speeds and minimal conflicts and

interruptions to traffic flow. It is recommended that:

• Corridor management policies be put in place to severely limit additional

signals and direct access to these corridors. Consideration of additional

signals should only be done after exhausting all other feasible alternatives to

resolve safety problems including closure, geometric modifications, and

signing. If it is determined that signals must be installed for safety purposes,

they should be considered "temporary." Whenever "temporary" signals are

installed, agreements with local jurisdictions should spell out conditions

under which the temporary signal will be removed. In addition, plans should

be prepared for replacing the signal with a future interchange, including a

plan for preserving the right-of-way needed for developing the interchange.

• Corridor management plans should be developed that identify future access

locations and management/improvement strategies that will address long-
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term mobility and safety issues. These plans should be developed in

partnership between Mn/DOT, counties, cities, and townships. They should

also identify agency implementation roles and responsibilities, and the final

plan should be adopted by each of the corridor management partners.

B. Medium-priority interregional (MPI) Corridors should operate at a minimum of

55-mph speeds, limit the number of conflicts and have minimal interruptions to

traffic flow. It is recommended that:

• Corridor management policies be put in place that discourage additional

signals, as well as direct access to these corridors. If signals must be

installed for safety reasons, they should be spaced to preserve the mobility of

the corridor. In areas where there are substantial volumes (approaching the

capacity of expressways), signals should be considered temporary.

Whenever "temporary" signals are installed, agreements with local

jurisdictions should spell out conditions under which temporary signals will

be removed. In addition, plans should be prepared for replacing the signal

with a future interchange, including preserving the right-of-way needed for

developing the interchange.

• Corridor management plans should be developed that identify future access

locations and management/improvement strategies that will address long-

term mobility and safety issues. These plans should be developed in

partnership between Mn/DOT, counties, cities, and townships. They should

also identify agency implementation roles and responsibilities and the final

plan should be adopted by each of the corridor management partners.

C. High priority regional (HPR) Corridors should operate at a minimum of 50-mph

speeds (depending upon proximity to urban centers), limit conflicts and avoid

interruptions to traffic flow. It is recommended that:

• Corridor management policies limit the number of signals, as well as direct

access to these corridors. Signals should be spaced to promote mobility for

regional corridors.

• In areas where significant growth is anticipated, corridor plans should be

developed that identify future access locations and improvement strategies

that will address long-term mobility and safety issues. These plans should be

developed in partnership between Mn/DOT, counties, cities, and townships.

They should also identify agency implementation roles and responsibilities,

and the final plan should be adopted by each of the corridor management

partners.

5. The interstate beltway around the Twin Cities Metropolitan area is a critical link that

interconnects many of the interregional corridors. Even though this beltway was not
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included as part of the Interregional Corridor Study, this facility should distribute

interregional corridor trips and function at a level similar to the interregional

corridors it connects.

6. Mn/DOT should focus additional funding on IRCs that have current or anticipated

performance deficiencies and/or on corridors that have been identified as having a

medium to high signal proliferation risk (Figure 15).

7. Mn/DOT should continue to develop a set of recommended access classification and

spacing guidelines that reflect the policies and performance targets established as

part of the Interregional Corridor Study. Consistency of guidelines across counties

in conjunction with model-development ordinances would help provide a uniform

playing field and provide better tools to effectively limit the number of access points.

5. Mn/DOT should work with the Association of Counties, the League of Minnesota

Cities and the Association of Minnesota Townships to develop incentives and cost-

sharing policies that encourage responsible development that works toward, and is

consistent with, the corridor plans.

9. Mn/DOT should continue to work in collaboration with Minnesota Planning and

local governments to develop example land use planning guidelines, model-

development ordinances and educational materials (best practices handbook) that

support the Interregional Corridor System. These tools should advocate a logical

network of arterials and local streets that support the desired land use and have

properly spaced connections to the interregional system. Educational materials

should demonstrate, using real examples, the benefits of corridor management, and

depict the negative consequences of inadequate planning for right-of-way

preservation and access. These materials should be disseminated to all Mn/DOT

districts and RDCs, and they should be made available to the counties and cities.

10. It is recommended that Mn/DOT conduct follow-up studies or analysis in the

following areas:

A. Maior River Crossings

Minnesota has a number of major rivers that affect connectivity among regional

trade centers. While the IRC study did not focus on river crossings, several

crossings were brought to our attention by both the public and agencies during the

public outreach process. Rivers tend to concentrate traffic at crossing points and,

as a result, are more susceptible to congestion and mobility problems.
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The major river crossings that have long been discussed as needing improvements

were identified as follows:

• I-94/TH 10: Mississippi River Crossing (Becker to St. Cloud)
• TH212/TH169: TH 41 Minnesota River Crossing
• TH 61: Hastings Bridge

These crossings are in areas that are undergoing substantial development, and

preliminary studies should be undertaken to determine their feasibility, right-of-

way requirements, impacts and costs. Failure to act will reduce opportunities and

undoubtedly increase future costs as development continues.

It is recommended that Mn/DOT pursue an update of the 1989 Metro Area Major

River Crossings Study. This study reviewed and ranked all of the major river

crossings in the Twin Cities area. It is recommended that this study be broadened

to include the entire Metro Link Tier.

B. Routes in Regional Centers

The Interregional Corridor Study focused primarily on connections between

regional trade centers and therefore excluded some important routes within trade

centers. One of the most important is the I-494/I-694 beltway. From the point of

view of interregional travel, this route acts as a metro area bypass, distributing

trips around the area and connecting the interregional corridors to each other.

In addition to the beltway, there are other regional routes that serve an important

interregional connection-distribution function. For example, TH 13, which

connects TH 169 to the river terminals near Savage, is an important freight

corridor. These types of routes need to function adequately to support the

Interregional Corridor System. For example, providing a high performance level

on an interregional corridor coming into the I-494/I-694 ring will be

counterproductive if the ring is not capable of distributing the traffic to other

interregional corridors or regional highways.

C. Metro Area Bypass

Many comments were received from the public about the limited ability of the

1-494,1-694 ring to adequately handle movements around the western side of the

metropolitan area. Traffic projections indicate that this facility will continue to

function marginally, even after being upgraded to a six-lane freeway. The highest

growth outside of the metropolitan area is in southeast Minnesota and north

central Minnesota. It was suggested that TH 14 in combination with TH 15 serve

as a potential bypass of the metropolitan area. While these facilities do not

currently provide this function, there is a significant effort to improve TH 14 from
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Rochester to New Ulm. It is suggested that this bypass be studied to determine its

ability to divert traffic from the metropolitan ring system.

11. The Interregional Corridor Study should be updated each time the Statewide

Transportation Plan is updated. It is recommended that future IRC updates consider

the following refinements:

A. Improve Traffic Count Data

Additional traffic count data should be collected and analyzed to better determine

the seasonal peaking characteristics of both recreational and freight traffic.

Traffic information was limited to existing volume counts and automatic traffic

recorder (ATR) information. A more thorough analysis of trends is needed to

better understand how corridors are functioning today and how conditions may

deteriorate over time.

A decision must be made about continuing to include commuter traffic in the

evaluation of the importance of interregional corridors. Some have argued that,

given the relatively limited travelshed of most commuting trips, they should be

excluded from the corridor performance evaluation. This would require better

commuter travel data if extraction were desired.

An alternative approach would rely on trip length, where the higher the trip length

in a corridor the higher its IRC ranking would be. This would require some type

of origin-destination survey.

B. Quantify Importance of Addressing Seasonal Peak Plows and Tourism

How should corridors perform during seasonal peaks? Do corridors with seasonal

peaks provide an important enough function, in terms of moving agricultural

products or providing access to tourism areas, that they should have higher design

or performance levels? These are difficult questions to answer because there is no

established policy or sufficient background information to determine if the

performance level should be raised. The performance levels used in the final

analysis are based on average annual daily traffic and therefore do not account for

summer or peak recreational flows. This can significantly affect performance on

many corridors. It is recommended that additional work be done in this area to

establish a policy for performance on routes with seasonal peaking.

C. Freight Movements

Many questions were raised and comments made regarding the importance of

freight movements on interregional corridors. The study used little broad, facility-

level freight information other than commercial vehicle counts. Mn/DOT is

conducting a freight flow study; however, this information was not available in
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time for this report. Knowing the weight and value of freight would be important

information that could affect the interregional corridor designation. Information

of this type should be reviewed as part of the next IRC Study update. As part of

this review, truck trip length (ton-miles) should be examined as a potential factor.

D. No-Passing Zone Information

The inability to pass was brought up as a critical concern for two-lane facilities.

Operating speed, sight distance (highway alignment), traffic volumes and vehicle

mix (percentage of trucks and recreational vehicles) influences passing

opportunities. Lack of consistent data on the above factors prevented the current

analysis from sufficiently accounting for these variables. Additional data and

analysis are needed to better determine the mobility and safety needs of these
facilities.

E. Segmentation (spot locations)

As part of the initial work, study segments were defined based on logical termini,

connections with regional centers and significant changes in traffic volume.

Because of the statewide nature of the study, it was agreed to keep the number of

segments at a manageable level. As the study became more refined and analysis

was done to identify segments that were performing below target levels, some

spot location problems were not captured due to the length of the study segments.

Prior to updating the IRC Study, some discussion should occur regarding the level

of detail (length of segments) that the study should track or how to deal with spot
problems.

F. Method for Estimating Speed Performance

The speed performance estimation methodology used in the IRC Study relies on

posted speeds, adjusted for signal delay, speed changes and congestion. It is

suggested that this speed estimation method be validated with actual speed runs

and/or use of probe vehicles with GPS/AVL tracking.

G. Update Trade Center Analysis

The trade center methodology that was used as a basis for the Interregional

Corridor Study was consistent with previous trade center studies in 1963 and

1990. Questions were raised about the methodology adequately capturing the

economic activities of today's economy (e.g., e-commerce, other service

industries). The trade center methodology should be reviewed and refined as part

of the next update.

H. Interregional Corridor Connections to Adiacent States
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In future update of the rRC Study, it is recommended that a more detailed

evaluation be made of corridor connections to RTCs in adjacent states. This

evaluation would help prioritize these connections based on their importance.
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Trade Centers of the Upper Midwest
1999 Update

June, 1999

Prepared By William Casey
Center for Urban and Regional Affairs

Background

More than 35 years ago, Trade Centers and Trade Areas of the Upper
Midwest described the system of central places that characterized an
important region of the U.S. Geographically, its definition centered on
Minnesota, but the region also included Montana, North and South Dakota,
and part of Wisconsin. Its taxonomy of trade centers defined an eight-level
hierarchy of places, with metropolitan areas at the top and hamlets at the
base. This taxonomy has since proved valuable to policy makers and
researchers.

Using the 1963 study as a starting point, another report, Trade Centers of the
Upper Midwest: Changes from 1960 to 1989, increased the scope and
updated the picture of what was happening economically in the region.
Underpinning its analytical model were computerized data sets describing a
seven-state region (Iowa, Minnesota, Montana, Nebraska, North Dakota,

South Dakota, and Wisconsin). These data, acquired from outside sources,
detailed types of business establishments and demographic information, all
collected at the zip code level.

When aggregated and analyzed, the data described a complex system that
was continuing to evolve. Dramatic economic and spatial changes had
occurred across the region, and the report portrayed these changes in several

John R. Borchert and Russell B. Adams, Trade Centers and Trade Areas of the Upper Midwest, Upper

Midwest Economic Study, Urban Report No. 3, CURA, University of Minnesota (1963).

Thomas L. Anding, John S. Adams, William Casey, Sandra de Montille, and Miriam Goldfein, Trade
Centers of the Upper Midwest: Changes from 1960 to 1989, Center for Urban and Regional Affairs,
Publication No. CURA 90-12, University of Minnesota (1990).
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different ways: as measurable shifts in the importance of particular cities and

towns, as changes in the role of entire levels in the overall system, and as
maps reflecting movements toward centralization.

Models of this sort can .be valuable in documenting distributions of economic
activity across a region and describing the importance of individual cities or
groups of cities. Beyond that, gaining insight into the changing structure of
towns and cities—as they grow or shrink, take on new roles, and become

more or less economically significant in a larger, overall system—can also be

beneficial.

There is no single way to assess the robustness of a place or a region in its
many dimensions, regardless of how many measures are collected and

analyzed. The method employed here, though, goes beyond simply looking
at population to assessing as well levels of economic activity based on the
number of local businesses and their mix.

This Update—Using 1998 Data

Working in cooperation with the Minnesota Department of Transportation
(MnDOT), the University of Minnesota's Center for Urban and Regional
Affairs (CURA) acquired 1998 demographic data from the Claritas Corp.
and 1998 business data files from Dun & Bradstreet. These served as a
starting point for the 1999 update to the trade centers structure documented
in the 1990 analysis. Throughout the study, references to specific data refer
to these 1998 data sets.

MnDOT's primary interest in the new study is in identifying those Minnesota

trade centers serving relatively large geographic areas (i.e., Levels 0 - 3);
consequently, the analysis does not focus on settlements at the bottom of the
trade center hierarchy (i.e.. Level 6 Convenience Centers and Level 7

Hamlets). Nevertheless, the data acquired allowed analysis of all levels of the
hierarchy for the entire seven-state study area. Table 1 identifies all eight
levels of the hierarchy, shows the number of cities at each level, and lists
example communities in each level.
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Table 1

Examples of Regional Trade Center Communities

Level 7

Hamlet

Level 6
Minimum

Convenience

Center

Levels

Full
Convenience

Center

Level 4
Partial

Shopping
Center

: Levels

Complete

Shopping
Center

^Utvel^K
Secondary
Wholesale/

Retail

Center

%:S.t;eveH! ^.^'

Primary
Wholesale/

Retail

Center

, Level 0

Major
Metro
Area

Number of Cities

2036* 1049* 260 239 132 103 18 8
Example Cities

Brews ter

(MN)
Bigelow

(MN)

Frost (MN)

Goodhue (MN)

Montrose (MN)

Tower (MN)

Mahnomen (MN)

Central City (IA)

Flandrau (SD)

Blue Earth
(MN)

Eldridge (IA)

Spooner (Wl)

Wahpeton

(ND)
Montevideo

(MN)
Livingston

(MT)

Bemidji (MN)

Mankato (MN)

Iowa City (IA)

Duluth (MN)

Fargo (ND)

Cedar Rapids

(IA)

Twin Cities
(MN)

Milwaukee

(Wl)
Des Moines

(IA)

*1989 Data

The methodology produces a hierarchy based on population and the
numbers and types of business establishments. Changes over time are
measured by comparing indices established in previous studies (1963 and
1990) with those derived from the current effort.

The methodology uses nine variables to determine the level in the hierarchy of

each community in the seven states (see Table 2).

Table 2

Demographic and Business Variables

Variable :

Population

Construction Establishments

Commercial Service Establishments

Manufacturing Establishments

Professional Service Establishments

Retail Establishments

Transportation Establishments

Wholesale Establishments

Total Establishments

Descrlpfion--,^^:/^;:'':1,1:::..1.::,;;.1^

Population of Regional Trade Center zip code(s)

Number of establishments in SIC 15,16,17

Number of establishments in SIC 70-80, 82-84, 87-88

Number of establishments in SIC 20-39

Number of establishments in SIC 60-67, 81, 86, 89

Number of establishments in SIC 52-59

Number of establishments in SIC 41-49

Number of establishments in SIC 50 and 51

Sum of all establishments

Note: SIC codes 7, 8, 9,10,13, and 14 were not included in the study
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Data Acquisition and Methods

The 1998 Dun & Bradstreet data contained nearly 300,000 individual records.

Each record details the number of businesses with a particular four-digit
Standard Industrial Classification (e.g., "201 1—Meat packing plants,"
"5945—Hobby, toy and game stores," and "8062—General medical and

surgical hospitals") located in a specific zip code across the seven-state
study area. Their data records also indicate the sizes of business
establishments reported, based on the number of employees at the site.
Unfortunately, a high proportion of the data reports size of business as
"unavailable," so size affirms could not be considered in this analysis.

Claritas Corporation supplied a data set describing each zip code in the
United States in terms of selected demographic variables. This data set also
included boundary information for each zip code, allowing the use of
mapping software programs.

The approach in using these new data sets was to update the previous
models in a manner as consistent as possible with the analyses of 1963 and

1990. In other words, this work does not introduce, or attempt to introduce,
new methodologies into the process of determining the hierarchy of trade

centers. At the same time, it has been a priority to document carefully

methodological and operational issues as they arose and to prepare a set of
guidelines to assist future researchers with any subsequent analyses—whether
next year or a decade from now.

Data Operations and Analysis—1999

At a very general level, there are six steps in dealing with the new data sets.
Each step noted below has, in most instances, numerous sub-steps.

1) Derive Zip Tables—Zip code master tables for the Upper Midwest
were derived from the U.S. data files supplied by Claritas.

2) Validate Establishment Records—Dun & Bradstreet's business

establishment records were examined for legal zip codes as determined
above. Other integrity checks on these records were carried out as
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well. The number of business establishments in each state in the
seven-state study area is listed in Table 3.

Table 3

Number of Business Establishments by State

(1999 Update)

State
Iowa

Minnesota
Montana

Nebraska
North Dakota

South Dakota

Wisconsin
TOTAL

Number of Establishments
143,713
216,610
47,314

72,703
34,658
38,842

194,109

747,949

3) Define Zip/Place Geography—The geography of the study region
was established at the zip code level, which is the lowest geographic
unit at which business data are available. This process involved
identifying all places in the seven states that might be made up of more

than one zip code. Because zip codes are ill behaving in several
respects, any or all of several factors had to be considered when
making this decision.

The Postal Service name for a place is the starting point in this process
of evaluating small cities and towns. Zip codes were automatically
aggregated if they had the same Post Office name. A Minnesota
example is Mankato, which is the Post Office name for zip codes
56001 and 56003. As zip codes do not normally follow municipal
boundaries, the aggregated areas typically do not correspond to
municipal entities.

In some cases, though, additional zip codes surrounding a Regional
Trade Center appeared to be candidates for inclusion into the trade

center, even though their postal names were different. The matter of
surrounding areas was an issue whether the trade center consisted of

one zip code or several aggregated ones.
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The presumption was not to aggregate surrounding zip code(s)

unless there was a strong case to do so. Such a strong case would

be the presence of contiguous, continuous built-up areas that make
one trade center hard to distinguish from a neighboring trade center
with a different zip code.

Three general criteria were used to decide whether or not to consider
zip codes with different Post Office names as one area:

a. Zip codes were aggregated if the built-up area from one zip
code merged with the built-up area of another zip code.

This was the primary determinant in deciding whether

to aggregate zip codes. Strip development along major
highways often contributes to continuous, built-up urbanized
areas.

b. Zip codes were considered for aggregation if a trade center's
municipal boundary "splashed" over into a neighboring zip
code AND

(1) the neighboring zip code represented more than ten
percent of the firms in the trade center (conversely,
when the number of businesses was less than five

percent, the outlying zip code was not aggregated)

AND

(2) the physical area of the outlying zip code was smaller
rather than larger so that the centroid of the
neighboring zip code was not too far from the trade
center.

c. Zip codes were less likely to be candidates for aggregation
when they were separated by a river. Rivers may act as
natural barriers to the free flow of cars and economic
activity, especially in smaller places.
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Decisions about aggregation were informed further by information

derived from GIS mapping (i.e., zip code boundaries, highways,
municipal boundaries, and urbanized areas) and aerial photos.
Applying these decision rules in conjunction with the factors
previously noted resulted in relatively few zip code aggregations; in
fact, only 56 of the 760 Regional Trade Centers in the seven-state
study area included two or more zip codes.

In Minnesota, the list of Regional Trade Centers with more than one
zip code includes:

• Brainerd (added: Baxter)
• Detroit Lakes (2 zip codes with Detroit Lakes Post Office name)
• Duluth (11 zip codes with Dulufh Post Of&ce name)
• Mankato (2 zip codes with Mankato Post Office name)
• Moorhead (3 zip codes with Moorhead Post Office name)

• Rochester (4 zip codes with Rochester Post Office name)

• St. Cloud (3 St. Cloud zip codes plus Sartell, Sauk Rapids, and Waite Park)
• Twin Cities Metro Area (157 aggregated zip codes)

4) Update Control Tables—Not all businesses are included in this

model. Data records were culled on the basis of their SIC codes, and

those included were aggregated into one of several groups. Data
tables delineating the boundaries of the seven-county Minneapolis-St.
Paul Metropolitan Area also were reexamined because zip code
boundaries shift over time.

5) Reduce Data—A series of procedures starts with the preprocessed

Dun & Bradstreet data. Dun & Bradstreet selects and aggregates
establishment counts into one of the seven categories of SIC codes
(i.e., construction, commercial services, manufacturing, professional

services, retail, transportation, and wholesale). This yields the
cornerstone data set on which the rating of places is carried out. The
data for the 1999 update included 540,918 establishments in the 760
Level 0 - 5 Regional Trade Centers.

6) Rate Places in the Trade Hierarchy—The starting point for each

community is its assigned 1990 level. Then, using the Dun &
Bradstreet business data and the Claritas demographic data, averages
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and standard deviations are calculated for each variable for each level.

Each community is then compared to the average of that level in the
hierarchy for each offhe nine variables and given a value of-1 (if it is
more than one standard deviation below the average), +1 (if it is more
than one standard deviation above the average), or 0 (if it is within one
standard deviation of the average).

Ashland, WI can be used as an example of this ranking system. Ashland, a
Level 3 trade center, has a population of 13,287. The average population for
a Level 3 trade center is 11,037, and the range of populations within one
standard deviation of this average is 7,564 to 14,509. Therefore, Ashland
received a score of 0 for the population category because it falls within one

standard deviation of the mean. In the professional services category,
Ashland's number of firms (112) is larger than the range of firms that fall
within one standard deviation of the mean (71 to 111), so Ashland received a

score of 1 for this category. In the wholesale category, Ashland's number of
firms (16) falls below the range affirms that are within one standard deviation
of the mean (17 to 36), so it received a score of-1 for this category.

If a community is more than one standard deviation above the average for at

least six. variables, it becomes a candidate for moving up one level. If it is
more than one standard deviation below the average for at least six variables,

it becomes a candidate for moving down one level. The communities that are
candidates for moving up are then compared to the averages for the next
highest level. If they fall within one standard deviation of the mean for at
least four of the variables, they are promoted. The candidates for moving
down are compared to the next lowest level. If they fall within one standard
deviation of the mean for at least four of the variables, they are moved down

one level. Figure 1 illustrates the scoring system.
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Figure 1

Illustration of Scoring System for Each Variable

Scorcsi -I for
variable

ft I

Stiindnrd Dt'vintion

Scores +1 for
vnriiible

As a result of this analysis, levels for 1999 were established for all 760

cities. Table 4 shows the average population and average number of
businesses for Level 0, 1, 2, and 3 Regional Trade Centers in the seven-state

study area.

Table 4

Profile of Level 0, 1,2, and 3 Regional Trade Centers
(1999 Update)

Average Population

Average Number of Businesses

Construction

Commercial Services

Manufacturing
Professional Services

Retail

Transportation

Wholesale

Total Businesses

^ogSS
653,352

1,340

7,479

1,684
6,167

4,302

848
1,828

23,649

giSiSg
102,504

281
1,349

217
1,002

906
195
321

4,270

28,142

81
375

70
255
269

52
76

1,178

g£®i3;:as^:
11,036

35
147
29
91

107
22
27

458
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Dun & Bradstreet's count of firms in specified industries was used to
calculate a trade center's place in the regional hierarchy. Sales and reliable

employment data might be better indicators, but comprehensive data are not
available for all communities in die stidy area or the data are not available by

zip code, the geographic unit on which the Regional Trade Center analysis is
based.

Inherent in the methodology is that breadth in an economy is rewarded over
depth in one or two industries. That is, it is better to have firms in a variety

of industries than a few very large employers. For example, a place with an
abundance of manufacturing facilities compared with others at the same level
is able to advance to the next highest level only when it also has a significant
retailing, wholesaling, and service presence.

The Appendix includes a state-by-state listing of Level 0-5 Regional Trade
Centers in the study area along with their level in the 1990 stidy; level in the

1999 update; population; number of establishments by SIC code; and total
number of establishments.

Evaluating the 1999 Regional Trade Centers System

The 1999 analysis identified 760 Level 0 to Level 5 Regional Trade Centers in
the Upper Midwest (see Map 1, page 11, for Level 0 to Level 3 centers).
Eight cities were classified at Level 0 (IVIajor Metropolitan Areas), followed
by 18 Level 1's (Primary Wholesale/Retail Centers); 103 Level 2's
(Secondary Wholesale/Retail Centers); 132 Level 3's (Complete Shopping
Centers); 239 Level 4's (Partial Shopping Centers); and 260 Level 5's (Full
Convenience Centers).

Overall, there is a stable framework of Upper Midwest places. Table 5
shows that the total number of Level 0 - 3 Regional Trade Centers has

remained fairly consistent, increasing by only 16 over the nearly 40 years of
the study. However, within this overall stability is the change that has

occurred as specific trade centers move up or down in the hierarchy of
places.
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Table 5
Number of Trade Centers by Level

Seven State Study Area

1963, 1990, 1999

Level; fcGentersttSeSgi MSierrtensaisacSBk s®mtersH999Jift

Total 0 - 3 245 244 261

0

18 13 18

34 60 103

189 167 132

Considering the 1999 ranking of the Level 0 - 5 places identified in 1990, 525
(68 percent) remained at the level reported in 1990. Of those places changing
level, 156 (about 20 percent) moved to a higher level in the hierarchy while
the remainder moved down. The majority of places that moved down (88 of
94) during the nine-year period were smaller places (Levels 4 and 5). By
contrast, the upward movement of trade centers in the hierarchy occurs more

uniformly across the range of trade center sizes.
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Map 1

Level 0-3 Regional Trade Centers
Seven-State Area

1999 Update

Legend

Regional Trade Centers

LevdO

Levdl

Levd2

Level 3

Interstate s

.Snurcu: a'ntur forUrbun un ti Regional Atl'tirs. U.ufMinn, 1 W'J

The 1999 analysis identified 180 places in Minnesota at a Level 5 or higher in
the hierarchy. The seven-county Twin Cities Metro Area was identified as
the state's only Major Metropolitan Area. Successive levels of the hierarchy
identified three Level 1's; 24 Level 2's; 22 Level 3's; 65 Level 4's; and 65

Level 5's. Map 2 (page 12) indicates the location of Minnesota's 50 Level 0,

1, 2, and 3 Regional Trade Centers.
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Map 2

Level 0-3 Regional Trade Centers

1999 Update

Legend

Regional Trade Centers

Twin Cities (Level 0)

• Level 1

• Level 2

0 Level 3

Canadian Centa-s

Trunk Highway
PrindpalArterials

?T
Ahcrt Lcu]^ I Austirf

LnCm«.-
LuCrmaint
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Over the past 40 years, the story of shifting trade center patterns in
Minnesota and the Upper Midwest has involved consolidation, expansion,
and growth in higher level centers. This has been coupled with erosion and
loss of share in small places. The 1990 report noted:

The trade center hierarchy as a whole shifted, with higher and lower

order places moving away from each other.. .The lowest three classes of

trade centers.. .occupy a less important position withm the regional

economic system than they did a generation ago.

The current analysis suggests that in Minnesota's trade center hierarchy a
good portion of the growth in cities of modest size and larger appears to be
at the expense of smaller places. These findings point to a continuation—
and perhaps even acceleration—of the trend previously identified. This is

most evident in the robust growth observed among stronger shopping and
regional centers. But because this study set aside most lower level places
(i.e., the Level 6 Minimum Convenience Centers and Level 7 Hamlets), some
data needed for a further analysis of this aspect of change are not available.

Potentially more fascinating in Minnesota is the proposition that the growing
phalanx of Regional Trade Centers is gaining a share of its growth from the
Twin Cities—the state's traditional economic super-magnet. This could be
the case, at least to a limited degree. To gain an additional longitudmal view,
the Dun & Bradstreet data sets used in this study were supplemented by
similar County Business Patterns data from the U.S. Census. These data

indicate that the number of Minnesota business establishments grew 17 per
cent in the seven years from 1989 to 1996 (the most recent data available),
but it is interesting that the Metro Area's share of total business

establishments in Minnesota remained nearly the same in both years (about 54
per cent).

Future Studies

Over the course of the more than 30 years since the trade center concept was
first developed, there have been significant changes in local, regional, and
national economies and in the global marketplace; in the availability of data;
and, most recently, the reorganization of the Standard Industiial
Classification system into the North American Industry Classification

System. These changes suggest that future studies should explore how the
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eight-level hierarchy might be improved using the new industrial
classifications and whether additional information (such as sales tax data)
might enrich the analysis.
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UMW Trade Centers Analysis - Minnesota 1999 Edition
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UMW Trade Centers Analysis - Minnesota 1999 Edition
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UMW Trade Centers Analysis - Minnesota 1999 Edition
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UMW Trade Centers Analysis - Minnesota 1999 Edition
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UMW Trade Centers Analysis - Montana 1999 Edition
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City

Victor

Whitefish

Whitehall
Wolf Point

<u

s
co

MT
MT
MT
MT

e0\

1
5
3
5
4

0\
a\
fly

^
5
3
5
4

e
0

+.11

eg

3
d.
0

&.

3,668

11,932

3,179

4,649

E"

Ill**3
u .c
3 m
•s -a
e -s
_G in
0 y

25
55
15
8

s

u3 2 .2
E 8 3

> a
5 b %
-i en y

34
170
45
59

ec j2
£ '£

II0 -c
•s -s.
3 Z
c a
5 •K
§ 6d

16
49

6
5

s

1 I
0 .._ "G!

•I s ^I s I
's 't i
L. U M
a< ec id

18
145
25
49

£
w
E

JS
(n

ja
3 S"s "s

at u

35
139

19
53

5 S
.2 c
•s *>

IIlis- ^
S "5

-w
fc- in
^ (d

4
21

5
8

s
<u

£ |
5 £

IItn
^ M

8
21
17
10

10
+^
c
a*
E
.=
<n

•Q
-s s
o a
h- 6d

140
600
132
192

Mont Level 5 and up.xls DBdB Appendix A-26



UMW Trade Centers Analysis - Nebraska 1999 Edition

City

Ainsworth

Albion

Alliance

Ashland

Atkinson

Auburn

Aurora

Beatrice

Bellevue

Blair
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Columbus

Cozad

Crete

Fairbun

Falls City

Fremont

Geneva

Gibbon

Gordon

Gothenburg

Grand Island

Gretna

Hastings

Holdrege

Imperial

Kearney

Kimball

Lexington

Lincoln

Madison

Me Cook

Milford

Minden

Mitchell

Nebraska City

Norfolk

North Platte

Ogallala

Omaha

Oneill

<u
-^
5
GO

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
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NE
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NE
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§
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5
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3
5
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4
3
2
3
4
5
4
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5
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5
3
1
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4
5
5
5
4
2
2
4
0
4
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i
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5
5
3
5
5
4
4
2
2
3
4
5
4
2
4
4
4
4
2
5
5
5
4
2
4
2
3
5
2
4
3
0
5
3
5
4
5
3
2
2
3
0
4

e
0

+d
a
3
a.
0
0-

2,719

3,106

11,369

3,550

2,407

4,588

5,683

14,583

25,914
11,109

5,205

3,911

6,863

24,837

5,676

6,406

5,122

5,551

26,002

2,649

2,604

3,051

4,779

45,431

4,258

25,673

7,263

2,493

28,432

3,183

11,158
220,508

3,667

9,304

3,361

4,076

3,694

8,187

27,758

27,272

6,555

498,241

5,949

s

itN I
I 3
c -s
_o wi
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8
9

29
14
12
7

17
31
56
35
15
10
24
81
20
18
14
20
60
12
6
6

21
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17
81
21

7
96
10
22

543
5

31
14
13
15
29
94
94
21

1,182

18

£

LiIllm3 (%
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56

155
48
51
66
98

210
242
154
105
58

115
335
100
83
82
91

357
61
27
48
75

584
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113
49
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67
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37
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32
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37
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144
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u -c
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7
9

30
11

8
9
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17
5
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14
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7
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76
32
17
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29
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25
18
54
68
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67
36
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38
68
76
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32
17
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City

Papillion

Pierce

Plattsmouth

Saint Paul

Schuyler

Seward

Sidney

South Sioux City

Stanton

Superior

Valentine

Wahoo

Wayne

West Point

York
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City

Belcourt

Beulah

Bismarck-Mandan

Carrington

Devils Lake

Dickinson

Fargo

Grafton

Grand Forks

Hazen

Hettinger

Jamestown

Lisbon

Minot

New Town

Oakes

Rugby
Valley City
Wahpeton

Williston

s
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ND
ND
ND
ND
ND
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ND
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ND
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0o'\

0

!_
4
5
2
5
3
3
1
4
2
5
x

3
5
2
5
5
5
4
3
3

s
<u

!_
5
5
1
5
3
2
1
4
2
5
5
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177
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8
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22
84
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c
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E
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%

City
Aberdeen

Belle Fourche

Beresford

Black Hawk

Box Elder

Brandon

Britton

Brookings

Canton

Chamberlain

Custer

Dell Rapids

Flandreau

Hartford

HptSpring^
Huron

Lead

Lennox

Madison

Milbank

Miller

Mitchell

Mobridge

y^TjLllAfj?!^._^Ifi—
Pierre

Platte

Rapid City
Redfield

Sioux Falls

Sisseton

Spearfish

Sturgis

Vermillion

Wagner

Watertown

Webster

Winner

Yankton

u
+d

5
Wl

SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD

SD
SD
SD
SD
SD
SD
SD
SD
SD

SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD

i
»
>
<y

2
4
5
4
4
4
5
3
5
5
4
5
5
5
4
3
4
5
4
4
5
3
5
4
3
5
2
5
1
4
3
4
3
5
2
5
4
3

§
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2
4
5
5
5
4
5
2
5
5
4
5
5
5
4
2
5
5
3
4
5
2
4
4
2
5
1
5
1
4
3
3
3
5
2
5
4
2

e
0
+J
VS

3
a.
p
a.

29,410

6,795

3,009

5,200

4,426

6,691

2,682

20,100

3,916

3,369

5,088

4,008

3,824

4,316

5,400

15,410
4,526

3,062

8,206

4,765

2,643

16,661

3,986

4,991

14,811

2,610

76,552

4,036

121,065
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12,745

8,931
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6
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46
13
11
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7
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7
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9
36
36
22

3
77

8
15
58

s

1.1Ill
lit
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434
97
46
44
34
66
29

250
42
84
92
59
38
23
95

228
57
39

115
80
49

244
67
61
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42
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131
101
34
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51
74
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S 5
'3 -e

i2 ^
3 3
e a
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S y
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15
10
5
5
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7

35
12
4

28
8
7
7
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32

8
7
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12
2
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6

16
19
6
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4
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24
15
3

70
13
4
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il

Eft

e

I E
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i" A> <n
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64
38
22
17
44
30

199
36
48
49
28
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22
67
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30
26
84
60
25

182
53
46

239
41
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43
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116
85
85
18
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38
58
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t»

e
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E
c
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S 5'3 'S
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72
31
33
31
32
18
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42
53
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33
19
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33
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72
33
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22

5
8
7
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5

34
9
9
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8
5

13
6

34
4
3
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19
4
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16
9

33
7

131
16
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6

23
21
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11
55

8
13
37
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e
&>

il5 s
I!
S -s

Ed
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29

9
7
5

12
11
40
11
12
6
9
7
8
8
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6
4
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18
11
54
17
10
41
13

230
11

444
15
17
23
11
10

101
11
17
54
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e
<u
E
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llG in
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1,353

322
145
149
105
208
107
786
169
219
265
172
128
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266
733
147
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a

City

Abbotsford

Adams

Algoma

Amery

Amherst

Antigo

Appleton

Arcadia

Ashland

Athens

Augusta

Baldwin

Baraboo

Barren

Bayfield
Beaver Dam

Belleville

Beloit

Berlin

BigBend
Birnamwood

Black Creek

Black River Falls

BIoomer

Bonduel

Boscobel

Brillion

Bristol

Brodhead

Brookfield

Burlington

Cadott

Caledonia

Cambridge

Cameron

Campbellsport

Cedar Grove

Cedarburg

Chetek

Chilton

Clear Lake

Clinton

Clintonville

Colby
Colfax

s
eg

+rf
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WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
WI
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WI
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WI
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WI
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WI

001
u

^
5
5
4
4
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3
1
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3
4
5
5
3
4
5
3
5
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4
4
5
5
4
4
5
4
4
4
4
3
2
4
5
5
5
4
5
3
4
4
5
4
4
5
5

§
ui
5
5
4
4
5
3
1
4
3
4
5
4
2
4
5
2
5
2
3
4
5
5
3
4
5
4
5
4
4
2
2
5
5
4
5
4
5
2
4
4
5
5
3
5
5

e
0
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s
0.
0
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3,397

3,736

5,530

6,219

2,956

14,121

155,863
4,646

13,287

4,709

3,151

4,363

16,752

5,909

2,868

19,348

4,303

47,134

9,346

4,693

3,031

4,088

8,430

6,631

3,465

4,925

4,983

5,148

6,149

19,456

24,183

4,636

3,802

4,382
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City

Colgate
Columbus

Cornell

Cottage Grove

Crandon

Cross Plains

Cuba City

Cudahy

Cumberland

Darlington

De Forest

Deerfield

Delafield

Delavan

Denmark

Dodgeville

Dousman

Durand

Eagle^

Eagle River

East Troy

Eau Claire-Chippewa Falls

Edgerton

Elkhart Lake

Elkhorn

Ellsworth

Elm Grove

Elroy

Evansville

Fall Creek

Fennimore

Florence

Fond Du Lac

Fort Atkinson

Franksville

Frederic

Fredonia

Fremont

Friendship

Galesville

GenqaCity

Germantown

Gillett

Grafton

Grantsburg
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4,157
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6,616
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4,823
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8,956

106,671
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3,781

14,233

5,687
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3,217

6,976

3,945
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APPENDIX B

OUTREACH COMMITTEES AND MEETINGS



POLICY COMMITTEE

Elwyn Tinklenberg, Commissioner of Transportation

Dean Barkley, Minnesota Planning Director

Alan Garber, Commissioner of Natural Resources

Gerald Carison, Commissioner of Trade and Economic Development

Ted Mondale, Chairman of the Metropolitan Council

SRF Consulting Group, Inc. Appendix B-l
November 1999



STEERING COMMITTEE

Randall K Halvorson, Mn/DOT Assistant Commissioner, Committee Chairman

Patrick Hughes, Mn/DOT Assistant Commissioner

Doug Weiszhaar, Mn/DOT Deputy Commissioner/Chief Engineer

Margo LaBau, Mn/DOT Commissioner's Chief of Staff

Dave Ekem, Mn/DOT Assistant Commissioner

Julie Skallman, Mn/DOT Assistant Commissioner Local Governments

Natilio Diaz, Metropolitan Council Transportation Planning Director

Craig Rapp, Metropolitan Council Director of Community Development

Kurt Ulrich, DNR Assistant Commissioner

Debra Pile, Minnesota Planning

SRF Consulting Group, Inc. Appendix B-2
November 1999



TECHNICAL ADVISORY COMMITTEE

Cecil Selness, Mn/DOT, Director of Special Studies, Chairman

Dick Bautch, Mn/DOT District 7

Scott Bradley, Mn/DOT Office of Environmental Services

Rick Dalton, Mn/DOT Office of Technical Support

Norman Foster, Mn/DOT Office of Investment Management

Cathy Gillaspy, Mn/DOT Office of Investment Management

Tim Henkel, Mn/DOT Metro Division

Terry Humbert, Mn/DOT District 3B - St. Cloud

Abby McKenzie, Mn/DOT Office of Investment Management

Peggy Reichert, Mn/DOT Office of Access Management

Otto Schmid, Mn/DOT Metro Division

Keith Shannon, Mn/DOT Bridge Office

Linda Zemotel, Mn/DOT Office of Investment Management

Patrick Weidemann, Mn/DOT, District 8 - Willmar

Carl Ohrn, Metropolitan Council

Wes Judkins, Region 9 Development Commission - Mankato

Charlie Reiter, Rochester/Olmsted COG

Dave Montebello, SRF Consulting Group, Inc.

Ferrol Robinson, SRF Consulting Group, Inc.

SRF Consulting Group, Inc. Appendix B-3
November 1999



INITIAL PUBLIC OUTREACH MEETINGS

APRIL/MAY 1999

CONDUCTED BY MN/DOT AND SRF CONSULTING GROUP, INC

April 12th,Hutchinson, Willmar (5 meetings)

April 13th, Willmar, Marshall (2 meetings)

April 14th, Red Wing, Winona, Rochester (5 meetings)

April 15th, Owatonna (2 meetings)

April 19th, Buffalo, Elk River, St. Cloud (5 meetings)

April 20th, Brainerd (3 meetings)

April 26th, Grand Rapids, Virginia (2 meetings)

April 27th, Duluth (4 meetings)

April 28th, Thief River, International Falls (2 meetings)

April 29th, Bemidji, Park Rapids (3 meetings)

May 3rd, Mankato, Windom (2 meetings)

May 4th, Metro (6 meetings)

May 5th, Metro (6 meetings)

May 5th, Morris, Fergus Falls, (2 meetings)

May 6th, Moorhead, Detroit Lakes (3 meetings)

Total Meetings = 55

Total Attendance = 246 persons

SRF Consulting Group, Inc. Appendix B-4
November 1999



SECOND ROUND OF PUBLIC OUTREACH MEETINGS

AUGUST 1999

CONDUCTED BY MN/DOT AND SRF CONSULTING GROUP, INC

April 9th, Detroit Lakes - 2 meetings

August 10th, Bemidji - 3 meetings

August llth, Rochester - 3 meetings

August 13th, Mankato - 2 meetings

August 16th, Metro - 4 meetings

August 16th, Willmar - 3 meetings

August 17th, Brainerd - 3 meetings

August 18th, Duluth - 3 meetings

Total Meetings = 22

Total Attendance = 249 persons

SRF Consulting Group, Inc. Appendix B-5
November 1999



MEETINGS CONDUCTED BY MN/DOT STAFF

Metropolitan Council

League of Minnesota Cities

Association of Minnesota Counties

Transportation Alliance

City Engineers Association

County Engineers Association

Minnesota Association of Townships

Freight Advisory Committee

SRF Consulting Group, Inc. Appendix B-6
November 1999



APPENDIX C

CHRONOLOGY OF IRC SYSTEM DECISIONS



DOCUMENTATION OF IRC SYSTEM MODIFICATIONS (TlMELINE)

1. April 1,1999 Began development and collection of data for technical

analysis.

2. May 13, 1999 The use of the Tier System was confirmed at the TAG

meeting.

3. May 13, 1999 Presented results of draft technical analysis to TAC

(AADT-based variables only). TAG suggested that SRF
develop additional variables for to value RTC and future

population. In addition, they suggested that we look at

NHS, spacing and interstates outside Minnesota (1-29).

TAG also supported decision to remove interstate

freeways from mix of routes in the technical analysis (high

volumes skew statistical averages). All interstate

freeways would all be rated as high-priority interregional

corridors.

4. May 1999 Developed RTC connectivity and future population data

and assembled data for all minor arterial routes that had

been suggested during public meetings.

5. June 8, 1999 Presented results of technical analysis (six variables) to

District Engineers. TH, TH 23 from 1-90 to Willmar,

TH 15 from New Ulm to St. Cloud and TH 212 from
TH 15 to TH 23 were shown as potential IRC routes.

Need to consider spacing and other factors more strongly.

Subsequent comments from District Engineers indicated a

desire to connect all "Level 2" RTCs on IRC system.

6. June 10, 1999 Modified map to show potential IRC routes as medium-

priority IRC routes (included TH 2, TH 23, TH 15 and
TH 212). Presented refined results of technical evaluation

(six variables) to TAG. No major modifications in

process suggested (need to document rationale for adding

routes to system due to other considerations such as NHS,

spacing and district priorities/plans).

7. June 18, 1999 Steering Committee meeting suggested continued focus

on connecting all RTC "Level 2" centers. Also,

committee suggested that rationale be strengthened for

decisions that deviate from technical analysis. Based on

this input, connections were added to Winona, Red Wing,
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Northfield, Buffalo, Ribbing. TH 15 between New Ulm
and St. Cloud and TH 8 from I-35W to Wisconsin border

were changed to high-priority regional routes. TH 15 was

changed because it was not ranked medium or high on the

technical map and it lacked sufficient other factors (NHS,

district plans, etc.) to elevate it to an IRC corridor. Also,

TH 52 to Rochester was changed from medium-priority

ER.C to high-priority ERC to account for RTC connectivity

(only "Level 1" not connected by high priority route).

TH 10 from Fargo/Moorhead to Detroit Lakes was

changed from high-priority IRC to medium-priority IRC
(based on lower rated connection with RTC-system map

and more consistency with status of remaining part of

TH 10).

8. July 8, 1999 Presented map changes since June 10 to TAG. District 7

presented letter suggesting that TH 60 from TH 15 to Iowa

border should be considered as IRC route versus TH 15.

TH 60 issue was discussed and Committee felt that TH 60

to 1-90 could be justified based on district plans, NHS and

similar volume data. They did not change TH 60 from

Iowa border to 1-90 based on the fact that study was

directed toward in-state centers. For these same reasons,

the Committee supported the change of TH 8 (1-35 to

Wisconsin border) to a high-priority regional corridor.

9. July 9, 1999 Presented map changes to all District Engineers at weekly

operations meeting. TH 60 was discussed and most felt

recommendation to Steering Committee should be to

include TH 60 as D?.C route and designated TH 15 as

high-priority regional route. Discussion of short

connections to "Level 2" RTCs near metro area did not

result in any recommendations for changes. TH 169 north

of TH 23 was questioned as high-priority IRC. The IRC
for this route will be reviewed prior to July 16th Steering
Committee meeting.

10. July 16, 1999 Presented map changes to IRC Steering Committee.

Changes include maintaining TH 169 as a medium-

priority IRC north of Zimmerman. This would make it

more consistent with RTC-system and more consistent

with general usage that increases on approach to major

centers. Since the July 9th meeting with the District

Engineers, additional modifications were requested by

District 3. This letter included requests for HPI corridor
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status on TH 371 to Brainerd, maintaining HPI status on

TH 169 to Garrison, HPR status on TH 18 to Brainerd and

TH 10 between Clear Lake and Elk River. The Steering

Committee discussed these changes, but did not suggest

that any action or changes be made as a result. The

committee recommended that the map be changed as

follows and distributed for public review:

• Change TH 60 to MPI from TH 15 to 1-90.

• Change TH 169 from HPI to MPI north of
Zimmennan to Garrison.

• Recommended to not accept requested changes from
District 3 due to lack of technical information to

support changes and request could result in a
"domino" of other changes.

• Recommended that minor arterial routes in HPR

category be shown as dashed line. Other minor

arterial routes that are shown on IRC system should be

foot noted.

11. August 20, 1999

The Committee directed that the map should be presented

to the public as the draft IRC system (based on a technical
analysis), not as the final system map. The Steering

Committee acknowledged that the public outreach process

will likely result in some changes to the map after the

August meetings.

A summary of the August public meeting comments was

presented to the Steering Committee. The primary

concerns were on connections to other states (TH 212,

TH 60, TH 63, and TH 8) and on TH 53, which is
designated as a Congressional Trade corridor. The

committee directed SRF to develop a recommendation on

these changes, but was inclined to accept these routes as

medium-priority interregional corridors. Subsequent

informal meeting was held to approve the changes as

follows:

• The following routes were added to the system as

medium-priority interregional corridors to connect

with adjacent states:
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12. September 14, 1999

TH 212 from TH 23 to Minnesota/South Dakota
border
TH 60 from 1-90 to Minnesota/Iowa border

TH 63 from 1-90 to Minnesota/Iowa border

TH 8 from 1-35 to MinnesotaAVisconsin border

• TH 53 from Virginia to International Falls was added

to the system as a medium-priority interregional

corridor due to its designation as a Congressional

Trade corridor.

The following change was recommended to be consistent

with planned improvements. This change was passed by

the FM-COG without objection.

• A modification was made to TH 10 near

Fargo/Moorhead after discussions with the regional

planning agency. The medium-priority interregional

corridor was changed to follow TH 10 to TH 336 to
1-94. This resulted in TH 10 from TH 336 to the west

being designated as a high-priority regional corridor.

This change will be consistent with proposed changes

to TH 10 and TH 336.

The Steering Committee met to discuss final changes to

IRC system map and performance targets. The

Committee recommended the following changes:

• Extend TH 212 high-priority designation from Chaska
out to Cologne.

• TH 36 be added to system as medium-priority IRC

• Extend TH 169 high-priority designation from Jordan
to TH 19.

13. September 23, 1999 Steering Committee met and approved final map.
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APPENDIX D

EVALUATION OF CORRIDOR SPEEDS



EVALUATION OF CORRIDOR SPEEDS (TRAVEL TIME)

Speed is one of the most important factors to the traveler in selecting alternate routes

or transportation modes. The value of a transportation facility in carrying people and

goods is judged by its convenience and economy, which are directly related to its

speed".3 Travel times are affected by a number of design/management factors, including

posted speeds, urbanized areas, signals and stops, level of congestion, vehicle mix,

parking, pedestrians, roadway alignment and turn lanes. In addition, they are affected by

a number of uncontrollable factors such as weather, driver behavior and vehicle operating

characteristics such as acceleration and deceleration. Travel speeds were selected as the

principal measure of performance for interregional corridors.

The following methodology was used to develop an estimate of the current and future

corridor speed, and make comparisons to the performance targets.

Step One: Posted speeds were obtained from the TIS database for all study segments.

Because the segments could include both urban and rural areas, the posted speeds were

weighted based on individual lengths of each posted speed area as compared to the

overall length of the segment. The weighted-speeds were then adjusted to account for

driver behavior (average running speed is higher than posted speeds by ten percent on

most two-lane facilities). Therefore, weighted speeds for two-lane segments throughout

the state were increased by ten percent (increased based on information obtained from

Minnesota's Speed Monitoring Program). This means that the average mnning speed on a

rural two-lane roadway would be 60 mph (posted 55 mph).

Step Two: Base travel times were computed for each of the segments using the weighted

speed values calculated in step one. The travel times reflect unimpeded or free How

times.

Step Three: This step sought to identify routes that currently have or could potentially

have capacity problems (capacity-risk) based on the roadway's ability to accommodate a

stream of moving vehicles. The capacity/risk was categorized as high-, medium- or low-

risk based on a comparison of either current or future corridor volumes to a table of

threshold volumes (see Table Dl). If the threshold volumes are exceeded, the ability of

the roadway to service the volume or demand is reduced (speeds are reduced and backups

may occur).

3 A Policy on Geometric Highway Design of Highways and Streets, 1990 "Green Book"
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The steps in assessing the capacity/risks are as follows:

• Existing Average Annual Daily Traffic (AADT) values for each of the corridor
segments were divided by the number of lanes for that segment to get an AADT

volume per lane.

TABLE D1

CORRIDOR CAPACITY-RISK ANALYSIS

:ity Index Table(1) ;,,^ ;:^^^' •.- .,'., .Lf: ^':^..^^^A^^^^^
•^•.-•:^. 'W^^^S^y'^iSSSiK^

Type of Facility

Freeway

Freeway

Freeway

Rural Expressway

Rural Expressway

Rural Expressway

Urban Expressway

Urban Expressway
\

Urban Expressway

Two-lane

Two-lane

Two-lane

Volume Threshold

(AADT per Lane)

< 15,000
15,000 - 20,000

> 20,000

< 8,000

8,000-11,000

> 11,000

< 5,000
5,000 - 7,000

> 7,000

< 4,500
4,500 - 7,500

> 7,500

Congestion Risk Index

1 Low

2 Medium

3 High

1 Low
2 Medium

3 High

1 Low

2 Medium

3 High

1 Low
2 Medium

3 High

(1) Volume thresholds developed based on experience and values developed by TTI for the

Urban Mobility Study

• The AADT-per-lane values for each segment were compared to the corresponding

volume threshold for the facility type. The comparison determined if the corridor

volume was in the high-, medium- or low-risk category.

• The AADT values for each corridor segment were factored to future 2020 volumes

using a growth factor that was developed by Mn/DOT's Traffic Office. The 20-year

growth factors were developed for principal arterial highways in each county. For

corridors extending through multiple counties, a weighted averaged was developed

based on the percentage of the length in each county. (A final adjustment was made

to extend the growth factor from the year 2017 to 2020 by using a factor of 1.15).
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The 2020 volumes were compared to the threshold volumes in the table. Adjustments

to the number of lanes were made to segments where capacity improvements are

planned through 2010 (list of improvements is provided in Appendix E).

• A reasonableness check was made of the results by plotting the risk levels and then

checking the results against previously published transportation plans and corridor

information. Based on this check, the majority of the results were consistent with

previously published information. Some minor inconsistencies were found; however,

these could be explained by some lane configuration details that are not represented at

the level of detail for this statewide corridor analysis.

Step Four: Adjustments to the unimpeded travel time were made to account for signal

and stop delays. These adjustments (time penalties) were calculated as follows:

Industry Square Tables from the Texas Transportation Institute

Initial Speed Auto Delay (1) Truck Delay (1)

55 mph 21 seconds 105 seconds

60 mph 22.5 seconds 112 seconds

65 mph 24 seconds 120 seconds

(1) Estimate of acceleration/deceleration delay for vehicles that are required to stop. Passenger car and
truck delay for deceleration of vehicles to stop; then acceleration from stop to posted speeds. Truck
acceleration was assumed to be five times slower based on acceleration tables.

• Assuming ten percent trucks and a 60 mph speed, the average delay for the traffic

stream was computed. Average delay = 90 percent autos * (22.5 seconds) +

10 percent trucks * (112 seconds) or 31.5 seconds (non-stopped delay). If one

assumes that 40 percent of the mainline traffic is interrupted, this will equate to an

average delay of 12.6 seconds per vehicle for the entire traffic stream (round to

13 seconds per vehicle).

• To calculate the stopped delay, the following assumptions were used. A 75-second

signal cycle length for Greater Minnesota Tier and 120-second signal cycle length for

the Metro Link Tier were assumed. In addition, it was assumed that 60 percent of

cycle length is allocated to mainline and 40 percent to side street traffic (mainline

traffic is impacted 40 percent of the time). Therefore, 40 percent of 75 is 30 seconds

and 40 percent of 120 seconds is 48 seconds. The 30 and 48 seconds assume that all

of the stopped traffic would arrive at the beginning of the cycle and be delayed the

full length of the stop phase. Vehicles normally arrive at random (rural or suburban

intersections spaced more than one mile); therefore, assume random arrivals so that

average length of stopped delay is 50 percent of this time or 15 seconds and

24 seconds, respectively.
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If a roadway is not a capacity risk, the total delay is calculated by summing the

stopped delay and the delay due to acceleration/deceleration. This corresponds to a

28-second and 37-second delay for Greater Minnesota and for the Metro Link Tier,

respectively.

If a segment has a moderate/capacity-risk and the segment contains signals, there is a

greater risk for delay (at a minimum, a greater portion of the vehicle stream will have

to stop). As a result, additional delay time was assumed (assumed all vehicles would

stop for full cycle time). This would result in a total delay of 43 seconds and

61 seconds for Greater Minnesota Tier and Metro Link Tier, respectively. If a

segment has a high/capacity risk, the signal delay is increased by an additional

50 percent of stopped delay for a total delay of 50 seconds and 73 seconds,

respectively. This would account for some vehicles not clearing the intersection on

the first cycle. These delay assumptions are summarized in Table D2.

TABLE D2
ASSUMED SIGNAL DELAY PER VEHICLE

Location Uncongested

Greater Minnesota Tier( ) 28 Seconds

Metro Link Tier(2) 37 Seconds

Moderate

Congestion

43 Seconds

61 Seconds

Severe

Congestion

50 Seconds

73 Seconds

(1) Based on a 75-second cycle length, acceleration and deceleration time, assumes 10 percent trucks, and

40 percent stops

(2) Based on a 120-second cycle length, acceleration and deceleration time, assumes 10 percent trucks, and

40 percent stops

• The calculation for a stop-controlled intersection is similar to signalized intersection,

with the exception that all mainline vehicles are required to stop. Therefore, the total

delay is assumed to be 31.5 seconds (same acceleration/deceleration delay without

reduction for percentage of stopping traffic) plus 4.5 seconds for observing vehicle

clearance, for a total of 36 seconds.

Step Five: Adjustments to the unimpeded travel time were made to account for capacity

problems. These adjustments (time penalties) were calculated as follows:

• A check was made to determine if the segment was in a high- or medium-capacity

risk area by checking if the segment volumes exceed thresholds shown in Table Dl.

If the segment fell into a high-risk category, the base travel time was increased by

50 percent. If it was a medium-risk category, the base travel time was increased by

30 percent. These percentages were derived based on the speed/volume-to-capacity
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ratio chart that shows that speed is reduced by approximately 50 percent when the v/c

ratio is close to one.

Step Six: A new estimated travel time was computed for each segment based on the

weighted posted speed, stop/signal delay and capacity limitations. This was then

converted into a final estimated travel speed for the segment.

Step Seven: The average travel speed for each segment was compared to the travel speed

targets for each of the different classes of interregional and regional corridors. For

example, all HPI segment speeds were evaluated against the performance targets for HPI

corridors. Based on the evaluation, the segments were placed into one of four

performance categories and the number of miles tallied for each:

• Above target

• At target

• Slightly below target
• Below target
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Improvement Assumptions for Future Performance Analysis (D

Route Termini

TH 14

TH 371

TH 23

TH 23

TH 60

TH 371

TH 169

TH 60

TH 61

Kasson to Mankato

Little Falls to Brainerd

TH71"Y"toNewLond

Richmond to 1-94

1-90 to Windom

North of Baxter to Pine ]

Onamia to Garrison

Worthington to Windom

Wakota Bridge

Major Improvement

Two lanes to four lanes

Two lanes to four lanes

Two lanes to four lanes

Two lanes to four lanes

Two lanes to four lanes

Two-lanes to four lanes

Two-lanes to four lanes

Two-lanes to four lanes

Four-lane Expressway to freeway

(1) Project assumptions are based on constrained funding scenario. Projects must be in STIP, Work
Plan and/or Study Plan, and must provide mobility improvements to the corridor segment
(reconstruction, pavement rehabilitation, spot improvements type projects not included).

SRF Consulting Group, Inc.
November 1999

Appendix E-l



APPENDIX F

SIGNAL PROLIFERATION RISKS



TABLE F-1

SIGNAL PROLIFERATION RISK ANALYSIS0)

Type of Facility Volume Threshold Signal Risk Index

(Two-way AADT)

Rural Expressway <, 10,000 1 Low

Rural Expressway 10,000-20,000 2 Medium

Rural Expressway > 20,000 3 High

Two-lane < 8,000 1 Low

Two-lane 8,000 -14,000 2 Medium

Two-lane > 14,000 3 High

(1) Volumes thresholds developed based on SRF practice and values developed as part of Investigation
TAU 390, "Guide to Estimating Traffic Signal Warrants and Tests of ADT Estimates," Minnesota

Highway Department, June 1965.
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