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9,458

4,031

Population 2004

 
 
 
 
 
 
 
 
 

Comparison of Station Area Populations Route 9 and Routes 11/11A (15 min drive time) 

Route 9 Route 11 Route 11A 

Minneapolis                               677,005 Minneapolis                               677,005 Minneapolis                             677,005 

Foley Blvd.                                414,036 White Bear Lake                        222,254 St. Paul                                    512,592 

Cambridge                                  24,253 North Branch                                 9,458 White Bear Lake                      222,254 

– – North Branch                               9,458 

Totals                                    1,115,294                                                   908,717                                               1,421,309 
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White Bear Lake vs
Cardigan Jct.

White Bear Lake vs Forest 
Lake North Branch vs Rush City

Population
White Bear Lake is slightly 
larger within 7 minutes 
drive.

White Bear Lake is larger 
within 15 minutes drive.

North Branch larger within 
15 minutes drive.

Trip Length to St. Paul or 
Minneapolis

White Bear Lake has longer 
Trip length.

Forest Lake has longer trip 
length but both more than 15 
miles to St. Paul and White 
Bear Lake is similar  to Foley 
Blvd which is 12 miles to 
Minneapolis.

Rush City has longer trip 
length but both more than 
40 miles and North Branch 
is similar to Cambridge.

Quality of Station Site Cardigan Jct. Problematic Both have good potential Both have good potential

Access to Highways

Both have Interstate 
Highway access. Cardigan 
Jct has east/west access in 
I 694, White Bear Lake has 
good north/south access 
in I 35E.

Both have good 
north/south Interstate 
Highway access - I 35. 
White Bear Lake also has 
good east/west access in 
Route 96 to West Ramsey 
County.

Both have good 
north/south Interstate 
Highway access - I 35. 
North Branch also has 
good east/west access in 
Route 95 to Cambridge.

Compatibility with Route 
9 Option

Cardigan Jct only 8 miles 
from St. Paul, White Bear 
Lake is 12 miles from St. 
Paul & Foley Blvd. is 12 
miles from Minneapolis.

Foley Blvd is 12 miles from 
Minneapolis which is 
comparable with White 
Bear Lake at 15 miles to St. 
Paul while Forest Lake is 26 
miles.

Cambridge is 45 miles 
from Minneapolis which is 
comparable with North 
Branch at 42 miles from 
St. Paul while Rush City is 
55 miles.

RECOMMENDATION Use White Bear Lake Use White Bear Lake Use North Branch
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From To 
Distance 
(miles) 

Time 
(minutes) 

Daily 
Frequency Fare Cost ($) 

Duluth(DLH) Minneapolis (MSP) 144 60 7 224 

Duluth (DLH) Detroit (DTW) 542 111 2 625 

Duluth (DLH) Chicago (CHI) 402 87 2 150 
 

 

Train 
Highest Speed 

(mph) Frequency(train/day) 
Time 

(minutes) Fare Cost ($/mile) 

Amtrak P42 79 2 170 0.22 
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Mode Data Source Data Enhancement Required 

Auto 

The Metropolitan Council 2008 Trip Data 
The Minnesota DOT AADT count  

Restoration of Intercity Passenger Rail Service in the 
Minneapolis-Duluth/Superior Corridor 2008 

Trip Simulation for Auto Flows Movement 
and AADT Counts 

Rail 
Amtrak Station Data 

Restoration of Intercity Passenger Rail Service in the 
Minneapolis-Duluth/Superior Corridor 2008 

Access/Egress Simulation 

Bus Bus Schedules 
Estimated Bus Loading Factors Access/Egress Simulation 

Air Bureau of Transportation Statistics 10% Ticket Sample 
Flight Schedules Access/Egress Simulation 
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Business Commuter Other (include Casino) Total 
3.17 7.57 11.42 22.16 

14.31% 34.16% 51.53% 100.00% 

 

Socioeconomic 

Data

Socioeconomic 

Data
Travel 

Attributes

Travel 

Attributes

Trip Matrix 

Simulation

Trip Matrix 

Simulation

Control Using Inter-

Station 

Volume/AADTS

Control Using Inter-

Station 
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Trip Matrix Trip Matrix 
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Socioeconomic 
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This chapter presents the passenger rail ridership and revenue forecast results obtained for 

Routes 9, 11 and 11A for the Duluth-Minneapolis corridor.  It should be noted that the model 

databases do not include special events (e.g., concerts or sporting events) and therefore, reflect 

conservative estimates of the ridership potential based only on regular, daily city interactions.  
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1 Sources: EIA - http://www.eia.doe.gov/oiaf/aeo/aeoref_tab.html and 
http://www.eia.doe.gov/dnav/pet/pet_pri_rac2_dcu_nus_a.htm 

2  Analysis developed by TEMS, Inc. for MARAD US DOT. Sources: 
http://tonto.eia.doe.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=mg_tt_us&f=a     and 
http://www.eia.doe.gov/dnav/pet/pet_pri_rac2_dcu_nus_a.htm 
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Segment Number Segment Limits Segment Length (miles) Owner 

1 Target Field to Minneapolis 
Junction 1.9  BNSF  

2 Minneapolis Junction to 
University Avenue 1.9  BNSF  

3 University Ave to Coon Creek 
Junction 9.2  BNSF  

4 Coon Creek Junction to Isanti 23.6  BNSF  

5 Isanti to Cambridge 6.1  BNSF  

6 Cambridge to Hinckley 34.9  BNSF  

7 University Ave. to Cardigan 
Junction 8.6  CP 

8 Cardigan Junction to Bald Eagle 6.7  CP  

9 Bald Eagle to Hugo 4.2  Minnesota Commercial Railway  

10 Hugo to North Branch 24.0 Public  

11 North Branch to Hinckley 35.5 St. Croix Valley Railway 

12 Minneapolis Junction to MN 
Transfer 3.2  BNSF  

13 MN Transfer to Fordson Junction 5.6 Minnesota Commercial Railway 
 / CP 

14 Fordson Junction to St. Paul 
Union Depot 1.5  CP  

15 St. Paul Union Depot to Soo 
Junction 3.0  BNSF  

16 Soo Junction to Cardigan 
Junction 5.3  CP  

17 Hinckley to Boylston 60.5  BNSF  

18 Boylston to Superior 8.5  BNSF  

19 Superior to Duluth 6.3 BNSF 
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Segment Number Segment Limits Segment Length (miles) Owner Segment Cost (1000’s)  Cost Per Mile (1000’s) 

1 Target Field to Minneapolis 
Junction 1.9 BNSF $8,221 $4,350 

2 Minneapolis Junction to 
University Avenue 1.9 BNSF $11,943 $6,319 

3 University Ave to Coon Creek 
Junction 9.2 BNSF $67,909 $7,357 

4 Coon Creek Junction to Isanti 23.6 BNSF $48,542 $2,059 

5 Isanti to Cambridge 6.1 BNSF $52,156 $8,607 

6 Cambridge to Hinckley 34.9 BNSF $289,338 $8,283 

17 Hinckley to Boylston 60.5 BNSF $190,702 $3,154 

18 Boylston to Superior 8.5 BNSF $68,022 $7,974 

19 Superior to Duluth 6.3 BNSF $84,654 $13,480 

Total 
 

152.9  $821,487 $5,372.71 



NLX TECHNICAL MEMORANDUM: 
FUNCTIONAL ANALYSIS OF ROUTES 9, 11 AND 11A (LEVEL 2 ANALYSIS) 

 

 Prepared by                           Transportation Economics & Management Systems, Inc.               December 2010 | Page 5-6 

 

 

 



NLX TECHNICAL MEMORANDUM: 
FUNCTIONAL ANALYSIS OF ROUTES 9, 11 AND 11A (LEVEL 2 ANALYSIS) 

 

 Prepared by                           Transportation Economics & Management Systems, Inc.                                                                                       December 2010 | Page 5-7 

Segment Number Segment Limits Segment Length (miles) Owner Segment Cost (1000’s)  Cost Per Mile (1000’s) 

1 Target Field to Minneapolis 
Junction 1.9 BNSF $8,221 $4,350 

2 Minneapolis Junction to 
University Avenue 1.9 BNSF $11,943 $6,319 

7 University Ave. to Cardigan 
Junction 8.6 CP $224,373 $26,090 

8 Cardigan Junction to Bald 
Eagle 6.7 CP $66,876 $10,057 

9 Bald Eagle to Hugo 4.2 Minnesota Commercial 
Railway $208,280 $49,709 

10 Hugo to North Branch 24 Public $217,138 $9,036 

11 North Branch to Hinckley 35.5 St. Croix Valley Railway $282,144 $7,950 

17 Hinckley to Boylston 60.5 BNSF $190,702 $3,154 

18 Boylston to Superior 8.5 BNSF $68,022 $7,974 

19 Superior to Duluth 6.3 BNSF $84,654 $13,480 

Total  158.1  $1,362,353 $8,617.03 



NLX TECHNICAL MEMORANDUM: 
FUNCTIONAL ANALYSIS OF ROUTES 9, 11 AND 11A (LEVEL 2 ANALYSIS) 

 

 Prepared by                           Transportation Economics & Management Systems, Inc.           December 2010 | Page 5-8 

 

 



NLX TECHNICAL MEMORANDUM: 
FUNCTIONAL ANALYSIS OF ROUTES 9, 11 AND 11A (LEVEL 2 ANALYSIS) 

 

 Prepared by                           Transportation Economics & Management Systems, Inc.                                                                                       December 2010 | Page 5-9 

 

Segment Number Segment Limits Segment Length (miles) Owner Segment Cost (1000’s) Cost Per Mile (1000’s) 

1 Target Field to Minneapolis 
Junction 1.9 BNSF $8,221 $4,350 

12 Minneapolis Junction to 
Minnesota Transfer 3.2 BNSF $24,694 $7,717 

13 Minnesota Transfer to 
Fordson Junction 5.6 Minnesota Commercial 

Railway / CP $90,486 $16,101 

14 Fordson Junction to St. Paul 
Union Depot 1.5 CP $47,939 $31,130 

15 St. Paul Union Depot to Soo 
Junction 3.0 BNSF $90,976 $30,325 

16 Soo Junction to Cardigan 
Junction 5.3 CP $112,828 $21,450 

8 Cardigan Junction to Bald 
Eagle 6.7 CP $66,876 $10,057 

9 Bald Eagle to Hugo 4.2 Minnesota Commercial 
Railway $208,280 $49,709 

10 Hugo to North Branch 24.0 Public $217,138 $9,036 

11 North Branch to Hinckley 35.5 St. Croix Valley Railway $282,144 $7,950 

17 Hinckley to Boylston 60.5 BNSF $190,702 $3,154 

18 Boylston to Superior 8.5 BNSF $68,022 $7,974 

19 Superior to Duluth 6.3 BNSF $84,654 $13,480 

Total  166.2  $1,492,960 $8,982.91 
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Route Route Length 
(miles) 

Capital Cost 
Infrastructure Stations Equipment Total Capital Cost 

9 152.9 $821,487 $9,766 $108,100 $939,356 

11 158.1 $1,362,353 $9,766 $108,100 $1,480,216 

11A 166.2 $1,492,960 $11,271 $108,100 $1,612,331 
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Trainset A B C A B C A B
Northbound #7000 #7002 #7004 #7006 #7008 #7010 #7012 #7014

MTI 7:05 8:45 11:10 13:35 16:00 17:20 19:45 22:10
Foley Blvd 7:20 9:00 11:25 13:50 16:15 17:35 20:00 22:25
Cambridge 7:46 9:26 11:51 14:16 16:41 18:01 20:26 22:51
Hinckley 8:12 9:52 12:17 14:42 17:07 18:27 20:52 23:17
Sandstone - - - - - - - -
Superior 9:11 10:51 13:16 15:51 18:06 19:26 21:51 0:16
Duluth Depot 9:24 11:04 13:29 16:04 18:19 19:39 22:04 0:29

Trainset B C A B C A B C
Southbound #7003 #7005 #7007 #7009 #7011 #7013 #7015 #7017

Duluth Depot 5:10 6:30 10:35 13:00 14:00 16:35 19:10 21:35
Superior 5:25 6:45 10:50 13:15 14:15 16:50 19:25 21:50
Sandstone - - - - - - - -
Hinckley 6:23 7:43 11:48 14:13 15:13 17:58 20:23 22:48
Cambridge 6:51 8:11 12:16 14:41 15:41 18:26 20:51 23:16
Foley Blvd 7:17 8:37 12:42 15:07 16:07 18:52 21:17 23:42
MTI 7:30 8:50 12:55 15:20 16:20 19:05 21:30 23:55

Equipment Rotations:
Train A: 7000,7007,7006,7013,7012 Starts at MTI, Ends at Duluth
Train B: 7003,7002,7009,7008,7015,7014 Starts at Duluth, Ends at Duluth
Train C: 7005,7004,7011,7010,7017 Starts at Duluth, Ends at MTI

1) #7011 need to get equipment back into Minneapolis as quickly as possible for evening rush, this is a lightly

used midday departure so meet opposing train #7006 (delaying #7006) in freight siding north of Sandstone.

2) #7008 is advanced to meet peak hour capacity requirement must meet opposing #7013 in freight sidings

north of Sandstone; delay opposing #7013 which will be less heavily loaded

3) Schedules of #7003 and #7010 have to be slotted in between Northstar Commuter Trains

  Schedule Locked due to Northstar Slot

  Meet Point with opposing NLX Train

AB C
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Trainset                 

Northbound #7000 #7002 #7004 #7006 #7008 #7010 #7012 #7014 

MTI 7:05 8:45 11:10 13:35 16:00 17:20 19:45 22:10 
White Bear 7:20 9:00 11:25 13:50 16:15 17:35 20:00 22:25 
North Branch 7:46 9:26 11:51 14:16 16:41 18:01 20:26 22:51 
Hinckley 8:12 9:52 12:17 14:42 17:07 18:27 20:52 23:17 
Sandstone - - - - - - - - 
Superior 9:11 10:51 13:16 15:51 18:06 19:26 21:51 0:16 
Duluth Depot 9:24 11:04 13:29 16:04 18:19 19:39 22:04 0:29 

         
Trainset                 

Southbound #7003 #7005 #7007 #7009 #7011 #7013 #7015 #7017 

Duluth Depot 5:10 6:30 10:35 13:00 14:00 16:35 19:10 21:35 
Superior 5:25 6:45 10:50 13:15 14:15 16:50 19:25 21:50 
Sandstone - - - - - - - - 
Hinckley 6:23 7:43 11:48 14:13 15:13 17:58 20:23 22:48 
North Branch 6:51 8:11 12:16 14:41 15:41 18:26 20:51 23:16 
White Bear 7:17 8:37 12:42 15:07 16:07 18:52 21:17 23:42 
MTI 7:30 8:50 12:55 15:20 16:20 19:05 21:30 23:55 
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Trainset                 

Northbound #7000 #7002 #7004 #7006 #7008 #7010 #7012 #7014 

MTI 6:42 8:22 10:47 13:12 15:37 16:57 19:22 21:47 
St. Paul 7:01 8:41 11:06 13:31 15:56 17:16 19:41 22:06 
White Bear 7:20 9:00 11:25 13:50 16:15 17:35 20:00 22:25 
North Branch 7:46 9:26 11:51 14:16 16:41 18:01 20:26 22:51 
Hinckley 8:12 9:52 12:17 14:42 17:07 18:27 20:52 23:17 
Sandstone - - - - - - - - 
Superior 9:11 10:51 13:16 15:51 18:06 19:26 21:51 0:16 
Duluth Depot 9:24 11:04 13:29 16:04 18:19 19:39 22:04 0:29 

         
Trainset                 

Southbound #7003 #7005 #7007 #7009 #7011 #7013 #7015 #7017 

Duluth Depot 5:10 6:30 10:35 13:00 14:00 16:35 19:10 21:35 
Superior 5:25 6:45 10:50 13:15 14:15 16:50 19:25 21:50 
Sandstone - - - - - - - - 
Hinckley 6:23 7:43 11:48 14:13 15:13 17:58 20:23 22:48 
North Branch 6:51 8:11 12:16 14:41 15:41 18:26 20:51 23:16 
White Bear 7:17 8:37 12:42 15:07 16:07 18:52 21:17 23:42 
St. Paul 7:36 8:56 13:01 15:26 16:26 19:11 21:36 0:01 
MTI 7:55 9:15 13:20 15:45 16:45 19:30 21:55 0:20 
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o 

o 

 

 

 

 

                                                 
1 This corridor has no planned feeder bus services for which the rail service is financially responsible, and the treatment of 
operator profit will be discussed in parallel to Service Administration. 
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Drivers Cost Categories 

Train Miles 

Equipment Maintenance 

Energy and Fuel 

Train and Engine Crews 

Onboard Service Crews 

Passenger Miles Insurance Liability 

Ridership and 
Revenue 

Sales and Marketing 

Ridership 

Fixed Cost 

Service Administration 

Track and ROW Maintenance 

Station Costs 
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2 See: http://www.gao.gov/highlights/d04240high.pdf 
3 Zeta-Tech, a subsidiary of Harsco (a supplier of track maintenance machinery) is a rail consulting firm who specializes in development of track 
maintenance strategies, costs and related engineering economics.  
4 For 110-mph service, the level of infrastructure improvements to the corridor called for in this study should provide enough capacity to allow superior 
on-time performance for both freight and passenger operations. It is believed that the capacity improvements proposed in the Engineering evaluation 
provide a reasonable planning basis for establishing costs for this study; but needs to be confirmed by a detailed capacity analysis. The recommended 
strategy for 110-mph service is to provide enough up-front capital improvement to mitigate not only freight delays, but also the need for providing 
additional operating incentives that could adversely affect the passenger system’s ability to attain a positive operating ratio.

http://www.gao.gov/highlights/d04240high.pdf
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development

 

Year % of Capital 
Maintenance Year % of Capital 

Maintenance 

0 0% 11 50% 

1 0% 12 50% 

2 0% 13 50% 

3 0% 14 50% 

4 20% 15 75% 

5 20% 16 75% 

6 20% 17 75% 

7 35% 18 75% 

8 35% 19 75% 

9 35% 20 100% 

10 50%   
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5 The Ohio Hub is a proposed 1,244 mile intercity passenger rail system that would serve over 22 million people in five 
states and southern Ontario, Canada. Seven rail corridors with 44 stations would connect twelve major metropolitan areas, 
and many smaller cities and towns. For more information see: http://www.ohiohub.com 
6 In the MWRRS cost model, call center costs were built up directly from ridership, assuming 40 percent of all riders call 
for information, and that the average information call will take 5 minutes for each round trip. Call center costs, therefore, 
are variable by rider and not by train-mile. Assuming some flexibility for assigning personnel to accommodate peaks in 
volume and a 20 percent staffing contingency, variable costs came to 57¢ per rider. These were inflated to 67¢ per rider in 
2010 dollars. 

http://www.ohiohub.com/
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Train Crew, 12.65%

OBS, 9.16%

Equipment, 26.41%

Fuel, 12.56%

Track, 19.39%

Insurance, 4.78%

Call Ctr Variable + 
Travel Agent and 

Credit Card 
Commision, 5.42%

Stations, 5.03%

Admin and Mgt, 
4.59%

Route 9 
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Category Basis Type Route 9  
Cost  

Route 11 
Cost 

Route 11A 
Cost 

Train Crew Train Miles Variable $4.66 

OBS Train Miles + 
OBS Revenue Variable $1.81 (labor) + 50% OBS Revenue 

Equipment 
Maintenance Train Miles Variable $7.78 for 200-seat DMU 

 

Energy/Fuel Train miles Variable $2.63 for a 200-seat DMU 

Track/ROW Train Miles Fixed 

 
$5,464,338 

 

 
$7,895,190 

 

 
$8,114,456 

 

Station Costs Passenger Fixed $1.4 million 
$1.99 million, 
Higher due to 
St Paul station 

Insurance Pass-miles Variable $0.013 

Sales/Mktg/Admin Passenger + 
Ticket Revenue 

Both Fixed and 
Variable 

Allocation of $5 fixed per train mile,  plus $1.69  
variable per train mile, 67¢ per rider and 2.8% of 

revenue 
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7 1997 Amtrak costs adjusted for inflation to 2010, excluding depreciation. Source: Intercity Passenger Rail: Financial 
Performance of Amtrak’s routes, U.S. General Accounting Office, May 1998. This validation chart was included in the 
MWRRS report that was published in 2004. 
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Th

 

 

 

Types of Benefits Types of Costs Financial Performance 
Measures 

Revenues 
Operating Cost and         
Maintenance Cost 
 

Operating Ratio 
 
Net Present Value 

                                                 
1 U.S. Federal Railroad Administration, High-Speed Ground Transportation for America, pp. 3-7 and 3-8, September 1997 
2 As defined in the Commercial Feasibility Study, a positive operating ratio does not imply that a passenger service can 
attain “commercial profitability.” Since “operating ratio” as defined here does not include any capital-related costs, this 
report shows that the proposed Ohio Hub network meets the requirements of the Commercial Feasibility Study by covering 
at least its direct operating costs and producing a cash operating surplus. 
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Types of Benefits Types of Costs Measures of 
Economic Benefits 

Consumer surplus 
 
System revenues 
 
Benefits for users of other modes 
 
Resource benefits 

Capital investment needs 
 
Operations and maintenance 
expenses 

Benefit-cost ratio 
 
Net Present Value 

                                                 
3 U.S. Federal Railroad Administration, High-Speed Ground Transportation for America, pp. 3-7 and 3-8, September 1997 
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∑

t

 

 

 

                                                 
4 The discount rate used in this Study is based on Guidelines and Discount Rates for Benefit-Cost Analysis of Federal 
Programs, Circular N. A-94, issued by the Office of Management and Budget. 

t
t
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1 2 1 1 2 2 1

1 2 1

1 2 2 1

1 2 1 1 2 2 1

1

2

1

2

 

C1 = Generalized Cost users incur 

before the implementation of the 

system 
C2 = Generalized Cost users incur 

after the implementation of the 

system 
T1 = Ridership without the system 
T2 = Ridership with the system 

 
Generalized  

Cost 

C1 

C2 

Consumer  

Surplus 

A B 

Trips T1 T2  0 
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Pollutant Dollars per Ton 
(2010 dollars) 

Average Emission 
per Mile (gram) 

CO $     510.33 25 

NOx $39,658.09 1.3 

VOC $28,393.09 1.05 

PM $  8,560.89 0.09 

CO2 $       22.74 607 

                                                 
5 High-Speed Ground Transportation for America, Federal Railroad Administration, September 1997 
6 US Code of Federal Regulations, 40 CFR Parts 85, 89 and 92.
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3.5

0.70 0.80 0.90 1.00 1.10 1.20
Operating Ratio for Year 2025 and 2040 

Route 9

Route 11

Route 11a

 

Financial Analysis Route 9 Route 11 Route 11A 

Revenue $590.59 $562.75   $575.19 

Operating Cost $568.75   $669.54   $700.77 

Operating Surplus   $21.84  ($106.79)   $(125.58)  

Operating Ratio Route 9 Route 11 Route 11A 

2025 Operating Ratio 1.02  0.82  0.80 

2040 Operating Ratio 1.14 0.92  0.90 
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 Route 9  Route 11 Route 11A 

Benefits to User (Present Value Discount at 3%) 

    System Passenger Revenues $541.82 $516.28 $527.70 

    Advertising Revenues  $5.42 $5.16 $5.28 

    OBS Revenue  $43.35 $41.30 $42.22 

Total Operating Revenues $590.59 $562.75 $575.19 

    Users Consumer Surplus $718.71 $650.59 $600.15 

Total User Benefits $1,309.29 $1,213.33 $1,175.34 

Benefits to Public at Large    

    Highway Congestion Delay Savings $590.22 $533.64 $540.85 

    Highway Reduced Emissions $46.28 $36.46 $51.56 

    Highway Fuel Savings $210.47 $190.29 $192.84 

    Total Public at Large Benefits $846.98 $760.39 $785.25 

Total Benefits $2,156.28 $1,973.72 $1,960.59 

    

    Capital Cost $810.53 $1,277.22 $1,389.92 

    Operating Cost $568.75 $669.54 $700.77 

    Cyclic Maintenance $30.38 $44.50 $45.67 

    Fleet Expansion $32.44 $32.44 $32.44 

Total Costs $1,442.11 $2,023.70 $2,168.80 

Benefits Less Costs $714.17 ($49.98) ($208.21) 

Project Benefit/Cost Ratio 1.5 0.98 0.9 
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 Route 9 Route 11 Route 11A 

Benefits to User (Present Value Discount at 7%) 

    System Passenger Revenues $258.47 $246.23 $251.49 

    Advertising Revenues  $2.58 $2.46 $2.51 

    OBS Revenue  $20.68 $19.70 $20.12 

Total Operating Revenues $281.73 $268.39 $274.13 

    Users Consumer Surplus $342.43 $309.90 $285.67 

Total User Benefits $624.16 $578.29 $559.80 

Benefits to Public at Large    

    Highway Congestion Delay Savings $266.77 $241.22 $244.54 

    Highway Reduced Emissions $22.26 $17.46 $24.75 

    Highway Fuel Savings $91.48 $82.71 $83.85 

    Total Public at Large Benefits $380.50 $341.40 $353.13 

Total Benefits $1,004.67 $919.69 $912.93 

    

    Capital Cost $670.77 $1,056.98 $1,150.25 

    Operating Cost $278.21 $327.91 $343.22 

    Cyclic Maintenance $11.85 $17.35 $17.81 

    Fleet Expansion $19.17 $19.17 $19.17 

Total Costs $980.00 $1,421.42 $1,530.45 

Benefits Less Costs $24.67 ($501.73) ($617.52) 

Project Benefit/Cost Ratio 1.03 0.65 0.6 
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APPENDIX A: SOCIOECONOMIC DATA 

The study corridor is divided into 123 zones. The following table shows the base year socioeconomic data  for each zone. 

  

Zone Centroid Name County State 
2010 

Population 
2010 

Employment 
2010 Per Capita 

Income 
1 Duluth Downtown St. Louis MN 19,299 15,159 $34,436 
2 Duluth Heights St. Louis MN 34,324 15,940 $38,680 
3 Bloomington Hennepin MN 82,512 108,592 $62,706 
4 Eden Prairie Hennepin MN 57,863 60,974 $81,135 
5 Richfield Hennepin MN 189,526 76,604 $42,074 
6 St. Louis Park - Edina Hennepin MN 166,628 142,410 $72,792 
7 Minneapolis Downtown Hennepin MN 24,137 153,619 $63,234 
8 N. Minneapolis - St. Anthony Hennepin MN 71,554 78,373 $40,579 
9 Brooklyn Center-Robinsdale Hennepin MN 107,867 42,612 $41,717 

10 Roseville Ramsey MN 58,676 74,052 $42,793 
11 Shoreview - North Oaks Ramsey MN 35,160 11,232 $66,250 
12 White Bear Lake Ramsey MN 36,477 22,376 $50,674 
13 Maplewood - North St. Paul Ramsey MN 137,837 66,503 $37,653 
14 Inner Grove Heights Dakota  MN 34,790 18,100 $48,972 
15 Burnsville Dakota  MN 71,856 48,023 $53,336 
16 Cottage Grove Washington MN 54,501 13,764 $44,557 
17 Woodbury Washington MN 46,773 24,944 $58,602 
18 Columbia Heights Anoka MN 23,620 14,299 $38,186 
19 Fridley Anoka MN 29,235 30,985 $39,650 
20 Chisago Chisago MN 27,699 15,241 $43,460 
21 Chanhassen Carver MN 33,350 16,655 $68,152 
22 Shakopee Scott MN 44,672 20,931 $40,106 
23 Hutchinson Mcleod MN 38,930 21,344 $36,078 
24 Buffalo Wright MN 136,110 41,214 $37,215 
25 Big Lake Sherburne MN 101,560 26,847 $34,318 
26 Cambridge Isanti MN 10,958 16,697 $42,789 
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Zone Centroid Name County State 
2010 

Population 
2010 

Employment 
2010 Per Capita 

Income 
27 Milaca Mille Lacs MN 17,224 6,557 $33,372 
28 Aitkin Aitkin MN 17,050 4,627 $29,527 
29 Cloquest-Scanlon Carlton MN 36,950 14,782 $31,663 
30 City of Hinckley Pine MN 5,114 1,427 $25,478 
31 Ashland Ashaland, Bayfield WI 16,114 4,658 $30,091 
32 Hayward Rusk, Sawyer, Washburn WI 51,230 21,929 $28,501 
33 Hudson St. Croix WI 87,123 32,788 $40,661 
34 Ellsworth Pierce WI 41,695 11,923 $34,589 
35 Red Wing Goodhue MN 48,030 25,388 $39,003 
36 Menomonie Dunn, Pepin WI 52,336 22,821 $29,650 
37 Chippewa Falls Chippewa WI 63,413 26,120 $32,679 
38 Mora Kanabec MN 4,084 4,994 $33,282 
39 Arlington Sibley MN 15,370 4,331 $29,973 
40 Winona Winona MN 49,430 29,474 $33,855 
41 Rochester Olmsted MN 148,130 101,339 $46,170 
42 Fairbault Rice MN 66,420 27,334 $32,746 
43 Le Sueur Le Sueur MN 29,910 9,772 $35,295 
44 Mankato Blue Earth, Nicollet MN 100,420 58,632 $35,878 
45 Willmar Kandiyohi, Meeker MN 66,470 34,194 $34,935 
46 St. Cloud Benton, Sterns MN 43,730 18,465 $34,102 
47 Brainerd Crow Wing, Morrison MN 99,700 45,835 $31,697 
48 Wadena Cass, Todd, Wadena MN 70,350 26,053 $30,193 
49 Grand Rapids Itasca, Koochiching MN 59,300 24,435 $31,462 
50 Two Harbors Lake MN 11,480 4,600 $35,673 
51 St. Croix Falls Polk MN 31,850 14,532 $30,806 
52 Superior Douglas WI 25,754 14,881 $29,651 
53  Arcadia Buffalo, Trempealeau WI 43,126 21,069 $33,627 
54 Wabasha Wabasha MN 22,940 8,309 $36,893 
55 Min-St. Paul Int. Airport Hennepin MN 1,175 42,250 $41,430 
56 Duluth International Airport St. Louis MN 72 2,748 $36,094 
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Zone Centroid Name County State 
2010 

Population 
2010 

Employment 
2010 Per Capita 

Income 
57 Grand Casino Hinckley Pine MN 52 1,902 $25,478 
58  Owatonna Dodge, Steele, Waseca MN 79,810 39,134 $35,667 
59 Duluth West St. Louis MN 29,231 12,299 $34,368 
60 Hermantown St. Louis MN 23,419 5,299 $39,265 
61 Virginia - Giants Ridge Ski Resort St. Louis MN 51,542 29,431 $34,787 
62 Pine City Pine MN 4,126 1,099 $31,949 
63 Crossing Rd. 2 & Rd. 53 Douglas WI 13,364 2,744 $29,254 
64 Coon Rapids Anoka MN 54,466 22,962 $39,716 
65 Blaine Anoka MN 60,576 23,980 $45,766 
66 Andover Anoka MN 89,764 29,914 $44,367 
67 Crossing Rd. 65 & Rd. 22  Anoka MN 29,729 5,050 $47,788 
68 Waconia Carver MN 67,480 21,898 $47,196 
69 Lakeville Dakota  MN 79,879 21,332 $49,009 
70 Apple Valley-Rosemont Dakota  MN 77,873 22,195 $48,652 
71 Castle Rock Dakota  MN 8,829 1,934 $41,480 
72 Mendota Heights Dakota  MN 13,172 11,047 $75,291 
73 Savage Scott MN 61,666 17,387 $48,788 
74 Jordan Scott MN 25,783 7,659 $33,030 
75 Stillwater Washington MN 41,128 21,007 $58,769 
76 Lakeland Shores Washington MN 15,461 3,050 $54,740 
77 Oakdale Washington MN 36,074 11,670 $46,891 
78 St. Paul Downtown Ramsey MN 77,182 98,880 $32,416 
79 Crystal-New Hope-Golden Valley Hennepin MN 58,494 47,248 $50,880 
80 Plymouth Hennepin MN 106,015 81,752 $72,905 
81 Brooklyn Park-Maple Grove-Champlin Hennepin MN 143,476 78,622 $50,187 
82 Minnetonka-Hopkins Hennepin MN 52,235 50,635 $78,012 
83 Long Lake-Minnetonka Beach Hennepin MN 53,393 20,511 $92,945 
84 Spencer Brook Isanti MN 4,783 594 $40,830 
85 Eagan Dakota  MN 60,922 46,498 $55,717 
86  Southwest St. Paul Dakota  MN 37,923 22,186 $41,510 
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Zone Centroid Name County State 
2010 

Population 
2010 

Employment 
2010 Per Capita 

Income 
87 Hastings Dakota  MN 28,876 13,140 $42,112 
88 Cedar Lake Scott MN 22,389 1,331 $50,084 
89 Forest Lake Washington MN 47,053 10,953 $49,901 
90 Loretto Hennepin MN 34,415 19,739 $62,636 
91 Isanti - draw boundaries Isanti MN 12,145 1,508 $37,203 
92 Sandstone Pine MN 5,154 1,624 $29,076 
93 Willow River Pine MN 8,636 1,624 $27,923 
94 Fond-Du-Lutheran Casino  St. Louis MN 1,739 14,694 $18,281 
95 Arnold-Lakewood St. Louis MN 17,604 2,273 $39,584 
96 Ely St. Louis MN 19,023 6,764 $36,793 
97 Spirit Mountain Ski Resort St. Louis MN 1,757 380 $32,470 
98 Solon Springs Douglas WI 5,396 967 $31,147 
99 Grand Casino Mille Lacs (Onamia) Mille Lacs MN 3,719 2,462 $23,085 

100 Eau Claire Eau Claire WI 101,148 64,838 $34,146 
101 Rice Lake Barron WI 48,399 25,436 $31,693 

102 Redwood Falls 
Redwood, Renville, 

Brown MN 59,120 31,191 $33,541 
103 Siren Burnett WI 17,098 5,559 $29,130 
104 Grand Marais Cook MN 5,570 3,203 $37,917 
105 Macalester - Groveland Ramsey MN 73,188 80,572 $47,264 
106 Roseville East Ramsey MN 58,512 26,174 $38,807 
107 Mounds View Ramsey MN 29,503 20,216 $48,159 
108 Centerville Anoka MN 27,661 3,470 $47,738 
109 St. Francis Anoka MN 20,219 2,810 $42,646 
110 Linwood Anoka MN 9,839 1,240 $49,287 
111 Weber Isanti MN 4,349 540 $39,747 
112 Stanfield Isanti MN 3,560 442 $36,921 
113 Taylors Falls Chisago MN 3,108 1,710 $37,220 
114 North branch Chisago MN 11,710 6,443 $40,203 
115 Dalbo Isanti MN 4,159 517 $37,621 
116 Harris Chisago MN 7,140 3,929 $33,300 
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Zone Centroid Name County State 
2010 

Population 
2010 

Employment 
2010 Per Capita 

Income 
117 Rush Point Chisago MN 4,452 2,450 $40,642 
118 Rock Creek Pine MN 3,850 1,026 $35,780 
119 Pine City (West) Pine MN 3,887 1,036 $35,886 
120 Brunswick Kanabec MN 5,411 6,617 $33,905 
121 Ogilvie Kanabec MN 4,234 5,177 $34,034 
122 Woodland Kanabec MN 3,727 4,557 $30,927 
123 Wahkon Mille Lacs MN 6,318 2,405 $32,360 
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APPENDIX B: COMPASS™ MODEL AND CALIBRATION 

The COMPASS™ Model System is a flexible multimodal demand-forecasting tool that provides 
comparative evaluations of alternative socioeconomic and network scenarios. It also allows input 
variables to be modified to test the sensitivity of demand to various parameters such as 
elasticities, values of time, and values of frequency. This section describes in detail the model 
methodology and process using in the Duluth-Minneapolis Corridor Study. 

 
B.1 DESCRIPTION OF THE COMPASS™ SYSTEM 

The COMPASS™ model is structured on two principal models: Total Demand Model and 
Hierarchical Modal Split Model. For this study, these two models were calibrated separately for four 
trip purposes, i.e., Business, Commuter, Casino, and Other. Moreover, since the behavior of short-
distance trip making is significantly different from long-distance trip making, the database was 
segmented by distance, and independent models were calibrated for both long and short-distance 
trips. For each market segment, the models were calibrated on origin-destination trip data, 
network characteristics and base year socioeconomic data. 

The models were calibrated on the base year data. In applying the models for forecasting, an 
incremental approach known as the “pivot point” method was used. By applying model growth 
rates to the base data observations, the “pivot point” method is able to preserve the unique travel 
flows present in the base data that are not captured by the model variables. Details on how this 
method is implemented are described below. 

 
B.2 TOTAL DEMAND MODEL 

The Total Demand Model, shown in Equation 1, provides a mechanism for assessing overall growth 
in the travel market. 

Equation 1:  

 T
ijp = 

e0p(SE
ijp
)1pe2p Uijp  

 Where, 

 T
ijp
 = Number of trips between zones i and j for trip purpose p 

 SE
ijp
 = Socioeconomic variables for zones i and j for trip purpose p 

 U
ijp 

= Total utility of the transportation system for zones i to j for trip 
purpose p 

  
0p 

, 
1p 

, 
2p
 = Coefficients for trip purpose p 

 

As shown in Equation 1, the total number of trips between any two zones for all modes of travel, 
segmented by trip purpose, is a function of the socioeconomic characteristics of the zones and the 
total utility of the transportation system that exists between the two zones. For this study, trip 
purposes include Business, Commuter, Casino, and Other. Socioeconomic characteristics consist of 
population, employment and per capita income. The utility function provides a logical and 
intuitively sound method of assigning a value to the travel opportunities provided by the overall 
transportation system. 
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In the Total Demand Model, the utility function provides a measure of the quality of the 
transportation system in terms of the times, costs, reliability and level of service provided by all 
modes for a given trip purpose. The Total Demand Model equation may be interpreted as meaning 
that travel between zones will increase as socioeconomic factors such as population and income 
rise or as the utility (or quality) of the transportation system is improved by providing new facilities 
and services that reduce travel times and costs. The Total Demand Model can therefore be used to 
evaluate the effect of changes in both socioeconomic and travel characteristics on the total 
demand for travel. 

 
B.2.1 SOCIOECONOMIC VARIABLES 

The socioeconomic variables in the Total Demand Model show the impact of economic growth on 
travel demand. The COMPASS™ Model System, in line with most intercity modeling systems, uses 
three variables (population, employment and per capita income) to represent the socioeconomic 
characteristics of a zone. Different combinations were tested in the calibration process and it was 
found, as is typically found elsewhere, that the most reasonable and stable relationships consists 
of the following formulations: 

 Trip Purpose       Socioeconomic Variable 

 Business  E
i 
E

j 
( I

i 
+ I

j 
) / 2 

  Commuter                         (P
i
E

j
+P

j
E

i
) / 2 (I

i
+I

j
) / 2 

 Other,Casino  P
i 
P

j 
( I

i 
+ I

j 
) / 2 

The Business formulation consists of a product of employment in the origin zone, employment in 
the destination zone, and the average per capita income of the two zones. Since business trips are 
usually made between places of work, the presence of employment in the formulation is 
reasonable. The Commuter formulation consists of all socioeconomic factors; this is because 
commuter trips are between homes and places of work, which are closely related to population 
and employment. The formulation for Casino and Other consists of a product of population in the 
origin zone, population in the destination zone and the average per capita income of the two 
zones. Casino and Other trips encompass many types of trips, but the majority is home-based and 
thus, greater volumes of trips are expected from zones from higher population and income 

 
B.2.2 TRAVEL UTILITY 

Estimates of travel utility for a transportation network are generated as a function of generalized 
cost (GC), as shown in Equation 2: 

Equation 2:  
 U

ijp
 = f(GC

ijp
) 

 Where, 

 GC
ijp
 = Generalized Cost of travel between zones i and j for trip purpose p 

Because the generalized cost variable is used to estimate the impact of improvements in the 
transportation system on the overall level of trip making, it needs to incorporate all the key modal 
attributes that affect an individual’s decision to make trips. For the public modes (i.e., rail, bus and 
air), the generalized cost of travel includes all aspects of travel time (access, egress, in-vehicle 
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times), travel cost (fares, tolls, parking charges), schedule convenience (frequency of service, 
convenience of arrival/departure times) and reliability. 

The generalized cost of travel is typically defined in travel time (i.e., minutes) rather than dollars. 
Costs are converted to time by applying appropriate conversion factors, as shown in Equation 3. 
The generalized cost (GC) of travel between zones i and j for mode m and trip purpose p is 
calculated as follows: 

Equation 3:  

pm

mjipm

mjiijmmp

mp

mp

ijmp
ijmijmp

VOT

OTPVOR

CFVOT

OHVOF
+

VOT

TC
TT=GC

)exp(
  

 

 Where, 

 TT
ijm

 = Travel Time between zones i and j for mode m (in-vehicle time + station 
wait time + connection wait time + access/egress time + interchange 
penalty), with waiting, connect and access/egress time multiplied by a 
factor (greater than 1) to account for the additional disutility felt by 
travelers for these activities 

 TC
ijmp

 = Travel Cost between zones i and j for mode m and trip purpose p (fare + 
access/egress cost for public modes, operating costs for auto) 

 VOT
mp

 = Value of Time for mode m and trip purpose p 

 VOF
mp

 = Value of Frequency for mode m and trip purpose p 

 VOR
mp

 = Value of Reliability for mode m and trip purpose p 

 F
ijm

 = Frequency in departures per week between zones i and j for mode m 

 C
ijm

 = Convenience factor of schedule times for travel between zones i and j for 
mode m 

 OTP
ijm

 = On-time performance for travel between zones i and j for mode m 

 OH = Operating hours per week 

Station wait time is the time spent at the station before departure and after arrival. Air travel 
generally has higher wait times because of security procedures at the airport, baggage checking, 
and the difficulties of loading a plane. Air trips were assigned wait times of 45 minutes while rail 
trips were assigned wait times of 30 minutes and bus trips were assigned wait times of 20 
minutes. On trips with connections, there would be additional wait times incurred at the 
connecting station. Wait times are weighted higher than in-vehicle time in the generalized cost 
formula to reflect their higher disutility as found from previous studies. Wait times are weighted 
70 percent higher than in-vehicle time for Business trips and 90 percent higher for Commuter, 
Casino and Other trips.  

Similarly, access/egress time has a higher disutility than in-vehicle time. Access time tends to be 
more stressful for the traveler than in-vehicle time because of the uncertainty created by trying to 
catch the flight or train. Based on previous work, access time is weighted 30 percent higher than 
in-vehicle time for air travel and 80 percent higher for rail and bus travel. 

TEMS has found from past studies that the physical act of transferring trains (or buses or planes) 
has a negative impact beyond the times involved. To account for this disutility, interchanges are 
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penalized time equivalents. For both air and rail travel, each interchange for a trip results in 40 
minutes being added to the Business generalized cost and 30 minutes being added to the 
Commuter, Casino and Other generalized cost. For bus travel, the interchange penalties are 20 
minutes and 15 minutes for Business and Other, respectively. 

The third term in the generalized cost function converts the frequency attribute into time units. 
Operating hours divided by frequency is a measure of the headway or time between departures. 
Tradeoffs are made in the stated preference surveys resulting in the value of frequencies on this 
measure. Although there may appear to some double counting because the station wait time in the 
first term of the generalized cost function is included in this headway measure, it is not the 
headway time itself that is being added to the generalized cost. The third term represents the 
impact of perceived frequency valuations on generalized cost. TEMS has found it very convenient 
to measure this impact as a function of the headway. 

The fourth term of the generalized cost function is a measure of the value placed on reliability of 
the mode. Reliability statistics in the form of on-time performance (i.e., the fraction of trips 
considered to be on time) were obtained for the rail and air modes only. The negative exponential 
form of the reliability term implies that improvements from low levels of reliability have slightly 
higher impacts than similar improvements from higher levels of reliability. 

 
B.2.3 CALIBRATION OF THE TOTAL DEMAND MODEL 

In order to calibrate the Total Demand Model, the coefficients are estimated using linear 
regression techniques. Equation 1, the equation for the Total Demand Model, is transformed by 
taking the natural logarithm of both sides, as shown in Equation 4: 

Equation 4:          

   )()log()log( 210 ijppijpppijp USET    

Equation 4 provides the linear specification of the model necessary for regression analysis. 

The segmentation of the database by trip purpose and trip length resulted in four sets of models. 
Trips that would cover more than 170 miles are considered long-distance trips. Some previous 
studies show the traveler’s behaviors are different, but in this study, as shown in the following 
exhibits, the difference of long distance trips and short distance trips are small. The t-test of the 
long distance and short distance model also shows the coefficients are not significantly different. 
However, two models calibrated for long and short distance are more accurate to describe the 
relationship between trips and socioeconomic variables and utilities than one model without 
distance differentiation does.  It should be noted that most of trips in our study area fall into the 
short distance range since the distance between Minneapolis and Duluth is only about 150 miles. 
The long distance trips to casino are less than 1 percent of total casino trips, so only the short 
distance casino trips model are calibrated. The results of the calibration for the Total Demand 
Models are displayed in Exhibit B-1. 
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Exhibit B-1: Total Demand Model Coefficients (1) 
Long-Distance Trips (trip length greater than 170 miles) 
Business log(Tij) =  -25.17+ 1.08 Uij + 1.12 log(SEij) R2=0.94 
      (45)  (132) 
 where  )( *01.0*89.059.2 AutoPublic GCU

ij eeLogU    for Business 
Commuter log(Tij) =  -18.59+ 0.99 Uij + 0.75 log(SEij) R2=0.93 
      (127)  (75) 
  where )( *02.0*99.046.1 AutoPublic GCU

ij eeLogU    for Commuter 
Other  log(Tij) = - 17.45 + 1.02 Uij  + 0.83 log(SEij) R2=0.94 
      (104)  (91) 
 where  )( *01.0*97.024.5 AutoPublic GCU

ij eeLogU    
Short-Distance Trips (trip length less than 170 miles) 
Business log(Tij) =  -27.75+ 1.17 Uij + 1.15 log(SEij) R2=0.70 
      (30)  (60) 
 where  )( *01.0*93.056.1 AutoPublic GCU

ij eeLogU    for Business 
Commuter log(Tij) =  -10.67+ 0.99 Uij + 0.53 log(SEij) R2=0.65 
      (57)  (26) 
  where )( *03.0*98.057.1 AutoPublic GCU

ij eeLogU    for Commuter 
Casino   log(Tij) =  0.68+  1.07 Uij + 0.57 log(SEij) R2=0.94 
      (402)  (129) 
 where )( *04.0*88.032.2 AutoPublic GCU

ij eeLogU    for Casino 
Other  log(Tij) = - 20.52 + 1.15 Uij  + 0.54 log(SEij) R2=0.55 
      (37)  (29) 
 where  )( *02.0*95.007.7 AutoPublic GCU

Total eeLogU    for Other 

(1)t-statistics are given in parentheses. 

In evaluating the validity of a statistical calibration, there are two key statistical measures: t-
statistics and R2. The t-statistics are a measure of the significance of the model’s coefficients; 
values of 2 and above are considered “good” and imply that the variable has significant 
explanatory power in estimating the level of trips. The R2 is a statistical measure of the “goodness 
of fit” of the model to the data; any data point that deviates from the model will reduce this 
measure. It has a range from 0 to a perfect 1, with 0.4 and above considered “good” for large data 
sets. 

Based on these two measures, the total demand calibrations are good. The t-statistics are very 
high, aided by the large size of the Duluth-Minneapolis data set. The R2 values imply very good fits 
of the equations to the data. 

As shown in Exhibit 1, the average socioeconomic elasticity values for the Total Demand Model is 
0.69 for short distance trips and 0.90 for long distance trips, meaning that each one percent 
growth in the socioeconomic term generates approximately a 0.69 percent growth in short 
distance trips and a 0.90 percent growth in long distance trips. 

The coefficient on the utility term is not exactly elasticity, but it can be used as an approximation. 
Thus, the average utility elasticity of the transportation system or network is almost same for 
short-distance trips and long-distance trips, with each one percent improvement in network utility 
or quality as measured by generalized cost (i.e., travel times or costs) generating approximately a 
1.03 percent increase for long-distance trips and a 1.10 percent increase for short trips. The 
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slightly higher elasticity on short trips is partly a result of the scale of the generalized costs. For 
short trips, a 30-minute improvement would be more meaningful than the same time 
improvement on long-distance trips, reflecting in the higher elasticity on the short-distance 
model. 

The positive intercepts for casino trips means as a special generator zone, the trips to Hinckley 
casino cannot be fully explained by socioeconomic and network utilities. That is to say with the 
similar level of population, income or employment and similar transportation costs; Hinckley will 
generate more trips than common zones. This is also why Hinckley and casino should be treated 
differently than other zones in this study.  

 
B.2.4 INCREMENTAL FORM OF THE TOTAL DEMAND MODEL 

The calibrated Total Demand Models could be used to estimate the total travel market for any 
zone pair using the population, employment, per capita income, and the total utility of all the 
modes. However, there would be significant differences between estimated and observed levels of 
trip making for many zone pairs despite the good fit of the models to the data. To preserve the 
unique travel patterns contained in the base data, the incremental approach or “pivot point” 
method is used for forecasting. In the incremental approach, the base travel data assembled in the 
database are used as pivot points, and forecasts are made by applying trends to the base data. 
The total demand equation as described in Equation 1 can be rewritten into the following 
incremental form that can be used for forecasting (Equation 5): 

Equation 5: 

 

  

 Where, 

 

 Tf

ijp
 = Number of Trips between zones i and j for trip purpose p in forecast year f 

 Tf

ijp 
= Number of Trips between zones i and j for trip purpose p in base year b 

 SEf

ijp
 = Socioeconomic variables for zones i and j for trip purpose p in forecast 

year f 

 SEb

ijp 
= Socioeconomic variables for zones i and j for trip purpose p in base year b 

 Uf

ijp
 = Total utility of the transportation system for zones i to j for trip purpose p 

in forecast year f 

 Ub

ijp 
= Total utility of the transportation system for zones i to j for trip purpose p 

in base year b 

 

In the incremental form, the constant term disappears and only the elasticities are important. 
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B.3 HIERARCHICAL MODAL SPLIT MODEL 

The role of the Hierarchical Modal Split Model is to estimate relative modal shares, given the Total 
Demand Model estimate of the total market. The relative modal shares are derived by comparing 
the relative levels of service offered by each of the travel modes. The COMPASS™ Hierarchical 
Modal Split Model uses a nested logit structure, which has been adapted to model the intercity 
modal choices available in the study area. As shown in Exhibit B-2, three levels of binary choice 
are calibrated. 

Exhibit B-2: Hierarchical Structure of the Modal Split Model 

 

The main feature of the Hierarchical Modal Split Model structure is the increasing commonality of 
travel characteristics as the structure descends. The first level of the hierarchy separates private 
auto travel – with its spontaneous frequency, low access/egress times, low costs and highly 
personalized characteristics – from the public modes. The second level of the structure separates 
air – the fastest, most expensive and perhaps most frequent and comfortable public mode – from 
the rail and bus surface modes. The lowest level of the hierarchy separates rail, a potentially faster, 
more reliable, and more comfortable mode, from the bus mode. 

 
B.3.1 FORM OF THE HIERARCHICAL MODAL SPLIT MODEL 

The modal split models used by TEMS derived from the standard nested logit model. Exhibit B-3 
shows a typical two-level standard nested model. In the nested model shown in Exhibit B-3, there 
are five travel modes that are grouped into two composite modes, namely, Composite Mode 1 and 
Composite Mode 2. 
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Exhibit B-3: A Typical Standard Nested Logit Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each travel mode in the above model has a utility function of U
j
, j = 1, 2, 3, 4, 5. To assess modal 

split behavior, the logsum utility function, which is derived from travel utility theory, has been 
adopted for the composite modes in the model. As the modal split hierarchy ascends, the logsum 
utility values are derived by combining the utility of lower-level modes. The composite utility is 
calculated by 

log exp( )
k k k

k

N N N i
i N

U U  


                        (1) 

where 

     N
k
 is composite mode k in the modal split model, 

     i is the travel mode in each nest, 

     U
i
 is the utility of each travel mode in the nest, 

      is the nesting coefficient. 

The probability that composite mode k is chosen by a traveler is given by 

 

exp( / )
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The probability of mode i in composite mode k being chosen is  

exp( )( )
exp( )k

k

i
N

j
j N

U
P i

U









                                     (3) 

A key feature of these models is a use of utility. Typically in transportation modeling, the utility of 
travel between zones i and j by mode m for purpose p is a function of all the components of travel 
time, travel cost, terminal wait time and cost, parking cost, etc. This is measured by generalized 
cost developed for each origin-destination zone pair on a mode and purpose basis. In the model 
application, the utility for each mode is estimated by calibrating a utility function against the 
revealed base year mode choice and generalized cost. 

Using logsum functions, the generalized cost is then transformed into a composite utility for the 
composite mode (e.g. Surface and Public in Exhibit 2). This is then used at the next level of the 
hierarchy to compare the next most similar mode choice (e.g. in Exhibit B-2, Surface is compared 
with Air mode). 

 
B.3.2 DEGENERATE MODAL SPLIT MODEL  

For the purpose of Duluth-Minneapolis Corridor Study (and other intercity high speed rail 
projects), TEMS has adopted a special case of the standard logit model, the degenerate nested 
logit model [Louviere, et.al., 2000]. This is because in modeling travel choice, TEMS has followed a 
hierarchy in which like modes are compared first, and then with gradually more disparate modes 
as progress is made up the hierarchy, this method provides the most robust and statistically valid 
structure. This means however, that there are singles modes being introduced at each level of the 
hierarchy and that at each level the composite utility of two modes combined at the lower level 
(e.g. the utility of Surface mode combined from Rail and Bus modes) is compared with the 
generalized cost of a single mode (e.g. Air mode). It is the fact that the utilities of the two modes 
being compared are measured by different scales that creates the term degenerate model. The 
result of this process is that the nesting coefficient is subsumed into the hierarchy and effectively 
cancels out in the calculation. That is why TEMS set  to 1 when using this form of the model in 
COMPASSTM. 

Take the three-level hierarchy shown in Exhibit 2 for example, the utilities for the modes of Rail 
and Bus in the composite Surface mode are 

Rail Rail Rail RailU GC                                                         (4) 

Bus Bus BusU GC                                                                  (5) 

The utility for the composite Surface mode is 

)]exp()log[exp( BusRailSurfaceSurfaceSurface UUU          (6) 

The utility for the Air mode is  

log[exp( )]Air Air Air Air AirU GC GC                                (7) 

Then the mode choice model between Surface and Air modes are 
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                          (8) 

It can be seen in equation (7) that Air Air AirU GC , the term of exp( / )AirU  in equation (8) 

reduces to exp( )Air AirGC , thus that the nesting coefficient   is canceled out in the single mode 

nest of the hierarchy. As a result,   loses its statistical meaning in the nested logit hierarchy, and 
leads to the degenerate form of the nested logit model, where  is set to 1 

 
B.3.3 CALIBRATION OF THE HIERARCHICAL MODAL SPLIT MODEL 

Working from the bottom of the hierarchy up to the top, the first analysis is that of the rail mode 
versus the bus mode. As shown in Exhibit B-4, the model was effectively calibrated for the four 
(three for long distance trip) trip purposes and the two trip lengths, with reasonable parameters 
and R2 and t values. All the coefficients have the correct signs such that demand increases or 
decreases in the correct direction as travel times or costs are increased or decreased, and all the 
coefficients appear to be reasonable in terms of the size of their impact.  

Exhibit B-4: Rail versus Bus Modal Split Model Coefficients (1) 

Long-Distance Trips (trip length greater than 170 miles) 
Business log(PRail/PBus) = 2.95  - 0.01 GCRail + 0.01GCBus  R2=0.70 
                              (33)     (25) 
Commuter log(PRail/PBus) = 4.10  - 0.02 GCRail +0.02 GCBus R2=0.93 
        (118)    (88) 
Other  log(PRail/PBus) = 2.52 -0.01 GCRail +0.01GCBus R2=0.90 
        (45)    (72) 
Short-Distance Trips (trip length less than 170 miles) 
Business log(PRail/PBus) = 3.39  - 0.01 GCRail + 0.01GCBus  R2=0.92 
                             (154)     (83) 
Commuter log(PRail/PBus) = 3.60  - 0.03 GCRail +0.04 GCBus R2=0.96 
        (361)    (300) 
Casino  log(PRail/PBus) = -1.41  - 0.01 GCRail + 0.01 GCBus R2=0.88 
        (20)    (22) 
Other  log(PRail/PBus) = 2.49 - 0.02 GCRail + 0.03GCBus R2=0.93 
        (286)    (199) 

(1) t-statistics are given in parentheses. 

The constant term in each equation indicates the degree of bias towards one mode or the other. 
For example, if the constant term is positive, there is a bias towards rail travel that is not 
explained by the variables (e.g., times, costs, frequencies, reliability) used to model the modes. In 
considering the bias it is important to recognize that small values indicate little or no bias, and 
that small values have error ranges that include both positive and negative values. However, large 
biases may well reflect strong feelings to a modal option due to its innate character or network 
structure.  The terms of Business Commuter and Other trips are positive in all the market 
segments; this means that there is a bias towards rail travel. The constant term of casino is 
negative. It is because, in the base rail network, the Hinckley casino is connected by a shuttle bus 
service and rail service (frequency is 2 trains/day and speed is 79mph) is not attractive to gambler 
and tourists. 
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For the second level of the hierarchy, the analysis is of the surface modes (i.e., rail and bus) versus 
air. Accordingly, the utility of the surface modes is obtained by deriving the logsum of the utilities 
of rail and bus. As shown in Exhibit B-5, the model calibrations for both trip purposes are all 
statistically significant, with good R2 and t values and reasonable parameters. As indicated by the 
constant terms, there are biases towards the air mode for both long and short distant trips. The 
biases for short distant trips are relatively smaller and this is understandable since travelers for 
long distance trips prefer air travel to travelers for short distance trips. 

Exhibit B-5: Surface versus Air Modal Split Model Coefficients (1) 

 

Long-Distance Trips (trip length greater than 170 miles) 
Business log(PSurf/PAir) = -0.30 + 0.99USurf  +  0.01GCAir R2=0.95 
        (2973)       (11) 
  where  )( *01.0*01.095.2 BusRail GCGC

Surface eeLogU    for Business 
Commuter log(PSurf/PAir) = -8.83 + 0.99USurf  +  0.01 GCAir R2=0.92 
        (101)        (44) 
  where   )( *02.0*02.010.4 BusRail GCGC

Surface eeLogU    for Commuter  
Other  log(PSurf/PAir) = -2.12+  0.99 USurf  +  0.03 GCAir R2=0.96 
        (5892)        (169) 
  where  )( *01.0*01.052.2 BusRail GCGC

Surface eeLogU    for Other 
Short-Distance Trips (trip length less than 170 miles) 
Business log(PSurf/PAir) = -0.20 + 0.98USurf  +  0.01 GCAir R2=0.88 
        (77)        (17) 
  where  )( *01.0*01.039.3 BusRail GCGC

Surface eeLogU    for Business 
Commuter log(PSurf/PAir) = -8.23 + 0.99USurf  +  0.03 GCAir R2=0.95 
        (227)        (110) 
  where   )( *04.0*03.060.3 BusRail GCGC

Surface eeLogU    for Commuter 
Casino  log(PSurf/PAir) = -6.23 + 0.98USurf  +  0.02 GCAir R2=0.94 
        (10)         (4) 
  where  )( *01.0*01.041.1 BusRail GCGC

Surface eeLogU    for Casino 
Other  log(PSurf/PAir) = -1.99 + 0.96 USurf  +  0.01 GCAir R2=0.92 
        (149)       (42) 
  where  )( *03.0*02.049.2 BusRail GCGC

Surface eeLogU    for Other 
 (1)t-statistics are given in parentheses. 

The analysis for the top level of the hierarchy is of auto versus the public modes. The utility of the 
public modes is obtained by deriving the logsum of the utilities of the air, rail and bus modes. 

As shown in Exhibit B-6, the model calibrations for both trip purposes are all statistically 
significant, with good R2 and t values and reasonable parameters in most cases. The constant 
terms show that Business, Commuter trips have a bias toward for public mode, while Casino and 
Other trips prefer auto mode. A reason for why the R2 value for the short-distance model is a bit 
lower than in the rest of the model is due to the fact that local transit trips are not included in the 
public trip database, causing some of the observations to deviate significantly from the model 
equation.  
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Exhibit B-6: Public versus Auto Hierarchical Modal Split Model Coefficients (1) 

Long-Distance Trips (trip length greater than 170 miles) 
Business log(PPub/PAuto) = 2.59 +  0.89 UPub  +   0.01 GCAuto R2=0.95 
(298)    (28) 
where  )( *01.0*99.030.0 AirSurface GCU

Public eeLogU    
Commuter  log(PPub/PAuto) = 1.46 +  0.99 UPub  +   0.02 GCAuto R2=0.94 
(110)  (44) 
where  )( *01.0*99.083.8

AirSurface GCU
Public eeLogU    

Other  log(PPub/PAuto) =   -5.24 +  0.97 UPub+   0.01 GCAuto R2=0.96 
(1265)    (47) 
where  )( *03.0*99.012.2

AirSurface GCU
Public eeLogU    

Short-Distance Trips (trip length less than 170 miles) 
Business log(PPub/PAuto) = 1.56+  0.93 UPub  +   0.01 GCAuto R2=0.94 
(2652)      (32) 
where  )( *01.0*98.020.0

AirSurface GCU
Public eeLogU    

Commuter  log(PPub/PAuto) = 1.57+  0.98 UPub  +   0.03 GCAuto R2=0.85 
(119)    (45) 
where  )( *03.0*99.023.8

AirSurface GCU
Public eeLogU    

Casino  log(PPub/PAuto) = -2.32 +  0.88 UPub  +   0.04 GCAuto   R2=0.86 
(303)    (2) 
where  )( *02.0*98.023.6 AirSurface GCU

Public eeLogU    
Other  log(PPub/PAuto) =   -7.07 +  0.95 UPub +  0.02 GCAuto  R2=0.84 
(1212)    (45) 
where  )( *01.0*96.099.1

AirSurface GCU
Public eeLogU    

 

 (1)t-statistics are given in parentheses. 

 
B.4 INCREMENTAL FORM OF THE MODAL SPLIT MODEL 

Using the same reasoning as previously described, the modal split models are applied 
incrementally to the base data rather than imposing the model estimated modal shares. Different 
regions of the corridor may have certain biases toward one form of travel over another and these 
differences cannot be captured with a single model for the entire system. Using the “pivot point” 
method, many of these differences can be retained. To apply the modal split models incrementally, 
the following reformulation of the hierarchical modal split models is used (Equation 6): 

Equation 6: 
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For hierarchical modal split models that involve composite utilities instead of generalized costs, 
the composite utilities would be used in the above formula in place of generalized costs. Once 
again, the constant term is not used and the drivers for modal shifts are changed in generalized 
cost from base conditions. 

Another consequence of the pivot point method is that it prevents possible extreme modal 
changes from current trip-making levels as a result of the calibrated modal split model, thus that 
avoid over- or under- estimating future demand for each mode. 
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