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EXECUTIVE SUMMARY 

A key element in developing and maintaining a reliable and resilient freeway network is the ability to 

monitor and assess the travel-time reliability (TTR) and resilience at individual corridor levels under 

various operating conditions. The previous phases of this research developed and enhanced the Travel-

Time Reliability Estimation System (TeTRES), which had been applied to estimate the TTR and traffic-flow 

measures of the 48 directional corridors in the metro freeway network from January 2016 to September 

2020. In the current study, the metro-freeway network was reconfigured to have a total of 74 directional 

corridors, whose TTR and traffic-flow measures were continuously estimated until December 2023. The 

results from the individual-route analysis were used to determine the network-wide trends for the TTR 

and traffic-flow measures before and after April 2020, when the COVID-19 traffic-restriction started. The 

trends analysis showed that, after the sudden reduction in traffic flows in April 2020, the traffic flows in 

the metro freeway network have been slowly but continuously increasing; however, as of December 

2023, they had not reached the pre-pandemic level. As a result, the network-wide TTR measures after 

April 2020 showed continuously better reliability conditions than those of the pre-pandemic period in 

both morning and afternoon networks. Furthermore, the yearly level of route vulnerability, i.e., the 

overall reliability condition of each route combining the buffer and planning indices, was also 

determined, and the most vulnerable routes were identified for each year from 2018 until 2023. In 

addition, the effects of the route-wide geometric configuration, quantified with the geometric-friction 

index (G), on the TTR and traffic-flow measures of each route were also analyzed by examining the G-

TTR/traffic-flow measure relationships, which exhibited the expected patterns, i.e., the routes with low 

geometric friction handled higher traffic flows with less fluctuations in travel times than those with high 

friction. 

This study also enhanced the preliminary resilience model, developed in the previous phase, by adopting 

the route-wide space-mean speed as the measure of the system performance. The resulting enhanced 

model showed significantly better performance than those from the preliminary model in terms of the 

consistency in the daily estimates of the corridor-wide operational resilience (CORI) for the sample 

routes. Furthermore, the CORI-geometric friction index (G) relationships for the sample routes show clear 

patterns with strong correlations for both dry and rainy periods. The enhanced model was applied to 

estimate the CORI of 74 directional corridors and a group of the directional routes exhibiting consistently 

low-level of resilience were identified for both morning and afternoon-peak periods. The CORI-G 

relationships of the metro corridors indicated that the routes with efficient geometric structure in terms 

of handling through traffic showed strong resilience compared with those routes with high levels of 

geometric friction. Finally, the analysis of the relationships between CORI and the TTR/traffic-flow 

measures at directional corridors indicated that the routes with strong resilience also showed better 

productivity and reliability, e.g., higher VMT/mile with less variability in travel times, than those routes 

with low levels of resilience. 



  

 

The results from this research could provide the basis for geometric and operational improvements of 

the metro freeway corridors. Future research needs include the continuous assessment of the 

TTR/traffic-flow measures for the metro freeway network, the enhancement of the geometry-friction 

model by incorporating the connectivity and accessibility of a given route to adjacent corridors, and the 

study on the potential effects of heavy-vehicle flows on the corridor-wide operational resilience in the 

metro freeway network.
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Chapter 1:  Introduction 

1.1 Background and Research Objectives 

A key element in developing and maintaining a reliable and resilient freeway network is the capability to 

monitor and assess the travel-time reliability and resilience at individual corridor levels under various 

operating conditions. The previous phases of this research developed and enhanced the Travel-Time 

Reliability Estimation System (TeTRES), which has been applied to estimate and analyze the trends of the 

travel-time reliability and traffic-flow measures of the 48 directional corridors in the metro freeway 

network under different operating conditions from January 2016 to September 2020 [1, 2]. Furthermore, 

a preliminary model was developed to estimate the corridor-wide operational-resilience index (CORI), 

designed to quantify the inherent capability of a given corridor system in resisting and recovering from 

congestion. The prototype CORI model was tested with the sample data collected from 6 directional 

corridors in the metro area under dry weather conditions.  

This study continuously assesses the reliability trends of the metro freeway network with TeTRES. 

Specifically, the travel-time reliability (TTR) measures of the individual freeway corridors are estimated 

until December 2023 and their historical trends under various operating conditions are analyzed. 

Furthermore, the prototype resilience model, developed from the previous phase, is enhanced to reflect 

different weather conditions with an expanded data set, and applied to determine the operational 

resilience of the individual corridors in the metro network. The specific objectives of this study include: 

 Collection and processing of historical traffic and non-traffic data, required for travel-time 

reliability estimation, from multiple sources until December 2023, and population of the TeTRES 

database with the updated dataset. 

 Estimation of monthly and yearly TTR measures for the individual corridors in the metro freeway 

network under various operating conditions from January 2018 to December 2023. 

 Enhancement of the preliminary resilience model and estimation of the operational resilience of 

the individual corridors in the metro freeway network. 

 Assessment of the effects of operational resilience on traffic-flow performance at individual 

corridors. 

1.2 Report Organization 

Chapter 2 describes the process to collect the historical traffic and non-traffic data and to populate the 

TeTRES database, where the travel times of a new set of directional freeway corridors are calculated, 

stored and linked to various operating conditions until December 2023. In Chapter 3, the updated TeTRES 

database is applied to estimate the travel-time reliability and traffic-flow measures for the individual 

freeway corridors in the metro network. Chapter 4 enhances the preliminary model to quantify the 

operational resilience of individual directional corridors. Using the enhanced resilience model, the 
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operational resilience of individual directional corridors are estimated and assessed in Chapter 5. The 

effects of the operational resilience on the traffic-flow performance at individual corridors are also 

analyzed in Chapter 5. Finally, Chapter 6 summarizes conclusions, the benefits of the current study, 

potential implementation steps and future study needs.  
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Chapter 2:  DATA COLLECTION AND POPULATION OF 

TeTRES DATABASE FOR FREEWAY CORRIDORS 

2.1 Introduction 

This chapter summarizes the types of data collected and processed in this study to continuously estimate 

and assess the travel-time reliability and traffic-flow measures for the freeway corridors in the metro 

network. The following list shows the types and time periods of the data collected and processed in the 

previous phase of this study [2]:     

 Special- event data, including for both sport and non-sport events, from the venues located in the 
Twin Cities’ metro area (1/2012-3/2020) 

 Construction project location and time-period data on the metro freeways (4/2012 – 9/2020) 

 Winter road-surface condition data for the metro freeways (10/2012 – 4/2019) 

 Incident data from CAD, Computer-Aided-Dispatch system, Department of Public Safety, and IRIS, 
Intelligent Roadway Information System, MnDOT (1/2010 – 9/30/2020) 

 Weather data from NOAA, National Oceanic and Atmospheric Administration (NOAA: 1/2010 – 
9/30/2020) 

 Traffic-detector data from the metro freeways (stored separately in a local hard disk): (1/2010 – 
9/2020). 

In the current study, the same types of data in the above list were collected for the period from the end 

of the previous phase until December 2023. It can be noted that the traffic-detector data, necessary for 

calculating route-travel times, are separately stored in a local hard disk in a structured format, while all 

other types of non-traffic data are processed separately and stored in the TeTRES database (T-database) 

following the schema and table formats developed in the previous study [1]. Further, the weather data 

from NOAA has been automatically downloaded and stored in the T-database by the weather-data 

processing module in TeTRES, while all other types of non-traffic data are manually processed to a set of 

the Excel-formatted files, which are then batch-processed to populate the T-database using a set of the 

scripts specifically developed for each data type. In particular, the data for the non-sport events, e.g., 

concerts, were collected manually from the publicly available websites of each concert.  

The rest of this chapter describes the main features of each type of data collected and processed in this 

study. The updated T-database populated with all the new data collected in this study is applied to 

estimate the travel-time reliability and traffic-flow measures of the metro freeway corridors in the next 

chapter. 

2.2  Collection and Processing of Special Event Data      

First, the data for the Twin Cities’ metro-area special events, whose attendance can affect the traffic 

conditions on the nearby freeways, are collected manually using the publicly available data sources for 
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the period of March 2020 until December 2023. Specifically, the data for both sport and non-sport 

events, such as music concerts, were collected from the relevant websites for each event. The collected 

data for each event includes event name, date/start/end times, attendance, and coordinates of an event 

location. The following list shows the names of the special event locations, and the sources of the sport-

event data collected for each location:     

 

● U.S. Bank Stadium:  

   Main Events: National Football League Games 

   Data Sources: https://www.pro-football-reference.com/boxscores/  

https://www.espn.com/nfl/team/schedule/_/name/min/  

● Target Center: 

     Main Events: National Basketball Association Games 

     Data Sources: https://www.basketball-reference.com/teams/MIN/ 

● Target Field:   

     Main Events:  Major League Baseball Games  

     Data Sources: https://www.baseball-reference.com/teams/MIN/ 

  https://www.espn.com/mlb/team/schedule/_/name/min/  

● Huntington Bank Stadium: 

     Main Events:  College Football Games 

     Data Sources: https://www.espn.com/nfl/team/schedule/_/name/min/ 

  https://gophersports.com/sports/football/schedule/2022?path=football  

● Xcel Energy Center: 

     Event: National Hockey League Games 

     Data Sources: https://www.hockey-reference.com/leagues/ 

https://www.nhl.com/gamecenter/  

  https://www.espn.com/nhl/team/schedule/_/name/min/season/2019 

             Event: Minnesota State Highschool League Hockey Games 

https://www.pro-football-reference.com/boxscores/
https://www.espn.com/nfl/team/schedule/_/name/min/
https://www.basketball-reference.com/teams/MIN/
https://www.baseball-reference.com/teams/MIN/
https://www.espn.com/mlb/team/schedule/_/name/min/
https://www.espn.com/nfl/team/schedule/_/name/min/
https://gophersports.com/sports/football/schedule/2022?path=football
https://www.hockey-reference.com/leagues/
https://www.nhl.com/gamecenter/
https://www.espn.com/nhl/team/schedule/_/name/min/season/2019
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   Data Source: https://www.mshsl.org/tournaments/state-tournament-archives/state-     

                                 tournament-archive-boys-hockey-2022 

 For the non-sport event data, e.g., music concerts, due to the lack of relevant data from the agencies 

managing those venues, the data for each event needed to be searched and collected manually from 

publicly available websites. For example, the following websites were identified by searching the internet 

and used to collect the attendance data for two concert events at Target Center, i.e., ‘Mercury Tour’ and 

‘Metallica-Worldwired Tour’: 

 https://en.wikipedia.org/wiki/Mercury_World_Tour 

 https://touringdata.wordpress.com/2019/07/18/metallica-worldwired-tour/ 

 Figure 2.2.1 shows a portion of the Special-Event data collected and organized in an Excel format for the 

2020-2022 events at the Huntington Bank Stadium in this task.  A portion of the non-sport event data 

from the Target Center is also shown in Figure 2.2.2.  

The special-event data collected and organized in an Excel format are then uploaded to the T-database 

using the script specifically designed to populate the T-database with the special-event data. Figures 2.2.3 

and 2.2.4 show the screenshot of the script and a portion of the T-database populated with the special-

event data collected in this study. The resulting T-database contains the sport-event data in the Twin 

Cities’ metro area for the period of 1/2012 – 12/2023, while the non-sport event data ranges from 2016 

to 2023.  

 

Figure 2.2.1 A Sample Organized Data Set for the Special Events at Huntington Bank Stadium 

 

https://en.wikipedia.org/wiki/Mercury_World_Tour
https://touringdata.wordpress.com/2019/07/18/metallica-worldwired-tour/
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Figure 2.2.2 A Sample Organized Dataset for the Non-Sport Events at Target Center 
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Figure 2.2.3 A Screenshot of the Script for Populating T-database with the Special-Event Data 

 

 

Figure 2.2.4 A Screenshot of the T-database Showing a Portion of Populated Special-Event Data 
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2.3 Collection and Processing of Work-Zone Data 

Figures 2.3.1 and 2.3.2 show the construction-project maps and a sample portion of the detailed 

information for each project, provided by the Metro District, MnDOT, for the 2020-2023 period in the 

metro freeway network. In this study, the raw work-zone data up to December 2023 are manually 

processed and organized into an Excel-formatted file, which is then used by the work-zone data script 

written for populating the T-database. Figure 2.3.3 shows a sample screenshot of the Excel-formatted, 

work-zone data file processed in this study. The entire set of the Excel-formatted work-zone data file 

processed in this task is attached in Appendix. The snippets of the script used for populating the T-

database are included in Figure 2.3.4. Finally, Figure 2.3.5 shows a portion of the T-database containing 

the work-zone data processed in this task. The updated T-database stores all the work-zone data in the 

metro freeways from 4/2012 to 12/2023. 

 

Figure 2.3.1 Construction-Project Maps in the Metro Freeway Network (Source: Metro District, MnDOT) 

 



9 

 

 

Figure 2.3.2 A Sample Screenshot of the Detailed Information for the Metro Construction Projects 

                           (Source: Metro District, MnDOT) 
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Figure 2.3.3 An Example Screenshot of the Excel-formatted Work-Zone Data File 
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Figure 2.3.4 The Snippets of the Script for Processing Work-Zone Data 
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Figure 2.3.5 A Screenshot of the T-database Showing a Portion of the Work-Zone Data 

2.4 Collection and Processing of Winter Road-Condition Data 

Figure 2.4.1 shows a portion of the metro-area snow-event data, for the period of April 2019 – April 

2022, provided by the MnDOT Metro District, which has also provided with the location of each snow-

plow route in terms of cross–street information. 

First, for each snow-plow route, the detector-station IDs at both starting/ending points were determined 

by examining the cross-street information and the detector-station map in TICAS, Traffic Information-

Condition Analysis System [3]. Figure 2.4.2 includes a portion of the metro-freeway snow-plow route data 

file with the detector-station IDs at start/end locations. Next, the specific snow-event data, provided by 

the MnDOT Metro District, for each of the snow-plow routes on the metro freeways were converted into 

the Excel-formatted, snow-event data file, whose pre-defined data structure includes date/time, route ID 

and bare-lane lost/regain times for each event. Figure 2.4.3 includes a portion of the Excel-formatted, 

2018-2019 snow-event data file for the metro-freeway snow-plow routes processed in this study. The 

Excel-formatted data file was then used by the snow-event data script, shown in Figure 2.4.4, to populate 

the T-database. Figure 2.4.5 shows a screenshot of the T-database populated with the snow-event data 

processed in this study. The updated T-database contains the winter road-condition data for the snow-

plow routes on the metro-freeways from 10/2012 until 12/2023.  
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Figure 2.4.1 A Portion of the Snow-Event Data for the Metro Freeways (Source: Metro District, MnDOT) 
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Figure 2.4.2 A portion of the Metro-Freeway Snow-Plow Route Location Data with Station IDs 

                     (Source: Metro District, MnDOT.  Start/End Point Detector-Station IDs added in this task) 

 

Route From To MP Begin MP End Start Station End Station Subarea

TP5A0101 WB exit ramp to US 169 NB/MN 101 SB Creek, 1/2 way between Main St and 214.553 228.156 US10 EB S1214 S951 ANOKA

TP9D0101 Junction I35W NB/US910A US10 becomes CO with I694 238.393 240+01.183 US10 EB S2039 S1825 ARDEN HILLS

TP9D35W1 South end of Bridge 27897 over Industrial N jct I-35, N jct I-35E 21.507 41.743 I35W NB S573 S1561 ARDEN HILLS

TP9D6941 BR# 9389 under 5th Ave NW (Old Hwy 8) W end BR # 9209/9210 over Island 40.426 43.45 I694 EB S177 S1079 ARDEN HILLS

TP5H0941 Junction MNTH - 252 Hennepin/Ramsey County Line 224.977 236.319 I94 EB S240 S775 CAMDEN

TP5H35W1 Chicago Avenue in Minneapolis South end of Bridge 27897 over 17.129 21.507 35W NB S565 S573 CAMDEN

TP5H3941 Junction T.H. 100 in Golden Valley Washington Avenue North in 5.925 9.735 I394 EB S281 S291 CAMDEN

TP5J0621 West Junction USTH 212/Bri#27080 Junction of MN 55 105.867 115.982 62 EB S311 S1135 CEDAR 

TP5J0771 West 138th Street in Apple Valley BR# 27021 under MN 62 WB 0.898 11.403 77 NB S920 S531 CEDAR 

TP5J35W1 Junction I-494 in Bloomington Chicago Avenue in Minneapolis 8.741 17.129 35W NB S45 S565 CEDAR 

TP5J4941 East end of Bridge 27765 over 34th Avenue West Junction MNTH 5 in Eden Prairie 1.608 11.921 494 EB S474 S494 CEDAR 

TP5N0621 Junction I-494 in Eden Prairie W. junction US212/EB under US169 NB 103.592 105.867 62 EB S301 S311 EDEN PRAIRIE

TP5N1692 Pioneer Trail   CSAH 1 Junction T.H. 55 in Plymouth 118.682 130.940 169 NB S1143 S442 EDEN PRAIRIE

TP5N2121 Lyman Blvd overpass East junction MN 62 152.809 162.482 TH 212 EB S1379 S312 EDEN PRAIRIE

TP5N4941 West Junction US 212 in Eden Prairie Junction T.H. 7 westbound - Bridge 11.921 16.259 494 NB S484 S512 EDEN PRAIRIE

TP9B0351 North Junction I-35E and I-35W Washington-Chisago County Line 127.420 132.939 I35 NB S1591 S1511 FOREST LAKE

TP9B35E1 North end of bridge 9568 northbound over North Junction I-35 and I-35W 115.742 127.420 35E NB S1485 S1503 FOREST LAKE

TP5E0941 BR #27707 under Boone Ave Junction MNTH - 252 219.520 224.977 94 EB S223 S240 GOLDEN 

TP5E1001 Junction I494/Bridge #27V38 Junction I-694 in Brooklyn Center 0.000 16.158 TH 100 NB S375 S1614 GOLDEN 

TP5E6941 Junction I-94 in Brooklyn Center BR # 9389 under 5th Ave NW (Old Hwy 34.197 40.426 694 EB S2059 S179 GOLDEN 

TP9P35E1 South Junction I-35 / I-35W Bridge#19816 under Cliff Road 88.267 93.744 35 E NB S870 S879 LAKEVILLE

TP9P35W1 South Junction I-35 / I-35E, end Bridge # Junction I-494 in Bloomington/Bridge 0.000 8.741 35W NB S911 S43 LAKEVILLE

TP9P35SI SB exit ramp to MN 19 South Jct I-35E / I-35W 69.774 88.267 I35 NB S1585 S1096 LAKEVILLE

TP5B0941 Wright/Hennepin County line, NW end of BR #27707 under Boone Ave 205.367 219.520 I94 EB S1734 S223 MAPLE GROVE

TP5B1011 Junction Hennepin Co. Rd. 81 in Rogers Jct. Wright / Sherburne County Line (North 39.640 46.350 TH 101 NB S1430 S1435 MAPLE GROVE

TP5B1691 Junction T.H. 55 in Plymouth SB exit ramp to WB MN610 130.940 141.627 US 169 NB S442 S1799 MAPLE GROVE

TP5B4941 BR #27905 Under Fish Lake Road Junction I-94 (Fish Lake Interchange) 27.150 27.973 494 NB S730 S210 MAPLE GROVE

TP5B6101 Junction of I94 Jct SB 252, Bridge #27218 0.000 9.290 TH610 EB S1954 S2048 MAPLE GROVE

TP9F0361 Junction I-35W Northbound Bridge under CP Rail 0.000 4.825 36 EB S587 S599 MARYLAND

TP9F0521 S end BR#62026 over UP RR & Eaton St Junction I-94 129.414 131.014 52 NB S1176 S1180 MARYLAND

TP9F0611 Junction I-494 East Junction I-94 eastbound 130.450 135.550 61 NB S1039 S1944 MARYLAND

TP9F0941 East junction of I35E, St Paul Ruth St. in St Paul, bridge #9147 242.052 246.150 I94 EB S779 S1044 MARYLAND

TP9F2801 Junction I-94 Eastbound Junction I-35W Northbound 0.000 3.710 280 NB S1466 S1471 MARYLAND

TP9F35E1 At OH sign 92P35E "Exit 105 St Clair N end BR# 9568 NB over Goose Lake 105.909 115.742 35E NB S837 S1485 MARYLAND

TP9F6941 W end BR# 9209/9210 over Island Lake West Junction I-35E 43.450 46.449 694EB S1079 S1452 MARYLAND

TP9M0521 South Junction T.H. 55 S end BR#62026 over UP RR & Easton 117.383 129.414 TH52 NB S1166 S1179 MENDOTA 

TP9M35E1 Bridge 19816 under Cliff Road At OH sign 92P35E, "Exit 105 St Clair 93.744 105.909 I35E NB S879 S837 MENDOTA 
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Figure 2.4.3 A Sample Snow-Event Data for 2018-19 in Excel Format Processed for T-database 

Event Start Event End Affected Routes Lane Lost Time Lane Regain Time

11/28/2018 2:00:00 PM 11/29/2018 3:45:00 AM TP5A0101 11/29/2018 1:00:00 AM 11/29/2018 5:00:00 AM

12/1/2018 4:00:00 PM 12/2/2018 11:00:00 AM TP5A0101 12/1/2018 5:00:00 PM 12/1/2018 6:00:00 PM

12/26/2018 8:30:00 PM 12/27/2018 6:00:00 AM TP5A0101 12/26/2018 9:30:00 PM 12/27/2018 4:30:00 AM

12/27/2018 8:45:00 PM 12/28/2018 6:00:00 AM TP5A0101 12/27/2018 9:30:00 PM 12/28/2018 4:30:00 AM

1/27/2019 6:30:00 PM 1/28/2019 8:00:00 AM TP5A0101 1/27/2019 8:00:00 PM 1/28/2019 10:00:00 AM

2/5/2019 8:30:00 AM 2/5/2019 8:00:00 PM TP5A0101 2/5/2019 9:30:00 AM 2/5/2019 3:00:00 PM

2/6/2019 8:00:00 PM 2/7/2019 8:30:00 PM TP5A0101 2/6/2019 8:20:00 PM 2/7/2019 3:00:00 AM

2/10/2019 7:00:00 AM 2/10/2019 5:30:00 PM TP5A0101 2/10/2019 9:30:00 AM 2/10/2019 7:30:00 PM

2/11/2019 11:30:00 PM 2/12/2019 4:30:00 PM TP5A0101 2/12/2019 1:00:00 AM 2/12/2019 5:30:00 PM

2/20/2019 4:00:00 AM 2/21/2019 12:00:00 AM TP5A0101 2/20/2019 4:40:00 AM 2/21/2019 1:00:00 AM

2/23/2019 2:00:00 AM 2/23/2019 7:00:00 AM TP5A0101 2/23/2019 2:30:00 AM 2/23/2019 8:00:00 AM

2/23/2019 8:30:00 PM 2/24/2019 4:00:00 AM TP5A0101 2/23/2019 10:30:00 PM 2/24/2019 11:00:00 PM

2/26/2019 11:30:00 PM 2/27/2019 5:30:00 AM TP5A0101 2/26/2019 12:30:00 PM 2/27/2019 7:30:00 AM

3/1/2019 10:30:00 AM 3/1/2019 4:00:00 PM TP5A0101 3/1/2019 11:15:00 AM 3/2/2019 8:00:00 AM

12/27/2018 10:30:00 PM 12/28/2018 2:00:00 AM TP5H0941 12/28/2018 1:00:00 AM 12/28/2018 4:30:00 AM

12/26/2018 7:00:00 PM 12/27/2018 1:00:00 AM TP5H0941 12/26/2018 8:00:00 PM 12/27/2018 4:00:00 AM

12/22/2018 10:00:00 PM 12/23/2018 1:30:00 AM TP5H0941 12/22/2018 11:00:00 PM 12/23/2018 3:00:00 AM

3/1/2019 9:00:00 AM 3/1/2019 9:00:00 PM TP5H0941 3/1/2019 10:00:00 AM 3/2/2019 3:00:00 AM

2/23/2019 1:30:00 AM 2/24/2019 3:00:00 AM TP5H0941 2/23/2019 2:00:00 AM 2/24/2019 7:00:00 AM

2/20/2019 3:00:00 AM 2/20/2019 11:30:00 PM TP5H0941 2/20/2019 3:30:00 AM 2/20/2019 9:00:00 PM

12/27/2018 10:30:00 PM 12/28/2018 2:00:00 AM TP5H35W1 12/28/2018 1:00:00 AM 12/28/2018 4:30:00 AM

12/26/2018 7:00:00 PM 12/27/2018 1:00:00 AM TP5H35W1 12/26/2018 8:00:00 PM 12/27/2018 4:00:00 AM

12/22/2018 10:00:00 PM 12/23/2018 1:30:00 AM TP5H35W1 12/22/2018 11:00:00 PM 12/23/2018 3:00:00 AM

3/1/2019 9:00:00 AM 3/1/2019 9:00:00 PM TP5H35W1 3/1/2019 10:00:00 AM 3/2/2019 3:00:00 AM
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Figure 2.4.4 The Snippets of the Script for Populating T-database with Snow-Event Data 
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Figure 2.4.5 Screenshot of T-database with a Portion of Populated Snow-Event Data 

2.5 Collection and Processing of Incident Data 

Figure 2.5.1 shows the structure of the incident data processing module developed in the previous phase 

of this study. As noted in the figure, the current process for populating the T-database with the metro-

freeway requires the incident data from two external sources, i.e., IRIS (Intelligent Road Information 

System) from RTMC, MnDOT, and CAD (Computer-Aided Dispatch) system from the Department of Public 

Safety. After both IRIS and CAD incident-database files are imported and integrated in a combined data 

format, the Incident-Impact data, i.e., lane-closure status, and the Lane-type information are extracted 

from the IRIS-Incident database and merged onto the data from the CAD system, which is considered as 

the main data source for incidents. The integrated-incident data is then stored in the T-database. Figure 

2.5.2 includes the snippets of the incident-data script, designed to read the imported database files, and 

to populate the T-database with the extracted data from both databases. 
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Figure 2.5.1 Structure of the Incident Data Reader/T-Database Population Module 

 

 

Figure 2.5.2 Snippets of the Script for Populating T-database with Incident data 

In this study, after examining both IRIS and CAD-incident database files, it was noticed that the formats of 

both database files were changed from those used in the previous phase of this study. As shown in Figure 

2.5.3, the CAD database used in the previous phase had 11 columns, while the CAD database provided by 

RTMC, MnDOT, for the current study, has 16 columns. Further, the recent database from IRIS, i.e., tms 

database, was noted to have one more schema, named as ‘cap’, than the 2020-version of the tms 

database. Therefore, in this study, those additional columns and schema were deleted from the recent 

IRIS and CAD databases, so that the current script can be applicable for populating T-database with the 

new data sets. Figure 2.5.4 shows a portion of the T-database populated with the new set of the incident 
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data. The updated T-database contains the incident data for the metro freeways from 1/2010 until 

December 2023. 

 

Figure 2.5.3 Format Changes in CAD and IRIS Incident Databases 

 

 

Figure 2.5.4 A Screenshot of T-database Showing a Portion of Populated Incident Data 

2.6 Collection and Processing of Weather Data 

As noted previously, in TeTRES, the weather data is directly downloaded from the data archive of the 

NOAA, National Oceanic and Atmospheric Administration, to the T-database. Figure 2.6.1 shows the 

script used for downloading the weather data for the period of 11/2020 – 12/2023. from the weather-
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data stations in the metro-freeway network and for populating the T-database. A screenshot of the 

sample weather data downloaded into the T-database is shown in Figure 2.6.2.  

 

 

Figure 2.6.1 The Snippets of Script for Downloading Weather Data and Populating T-Database 

 

Figure 2.6.2 A screenshot of T-Database Showing a Portion of Populated Weather Data 
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2.7 Summary 

 As described in the previous sections, in this study, the TeTRES database was populated with a new set 

of data to continuously cover the period from the end of the previous phase until December 2023. The 

resulting, updated TeTRES database contains the following data sets:  

 Special-event data: Sport-Events for 1/2012-12/2023, Non-Sport Event for 2016 - 2023 

 Work-zone data from 4/2012 – 12/2023 

 Winter-road condition data for Metro Freeway-Plow Routes from 10/2012 – 12/2023 

 Weather data from NOAA for 1/2010 – 912/2023 

 Incident data from CAD/IRIS database for 1/2010 – 12/2023 

 Traffic-detector data (stored separately in a local hard disk): 1/2010 – 12/2023. 

The TeTRES database updated with the above datasets is applied for estimating the travel-time reliability 

and traffic-flow measures at the metro freeway corridors in the next chapter.    
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Chapter 3:  ESTIMATION AND ANALYSIS OF TRAVEL-

TIME TTR MEASURES AND TRENDS FOR THE METRO 

FREEWAY CORRIDORS AND NETWORK  

3.1 Introduction 

In this chapter, the updated TeTRES database, populated with the new sets of the traffic and non-traffic 

data up to December 2023, is applied to estimate the travel-time reliability (TTR) and traffic-flow 

measures of the freeway corridors in the metro network. Figure 3.1.1 shows a total of 37 corridors with 

76 directional routes, whose monthly and yearly TTR and traffic-flow measures of effectiveness (MoE) are 

estimated during morning or afternoon peak periods from January 2018 to December 2023. It needs to 

be noted that each corridor has two directional routes for morning and afternoon peak periods, while the 

I-94 Corridor between St. Paul and Minneapolis downtowns have a total of 4 directional routes, i.e., each 

direction has both morning and afternoon peak periods. It is further noted that the boundaries of each 

directional route have been determined in cooperation with the technical advisory panel of this study. 

Table 3.1.1 includes the detector-station IDs at the boundaries of each directional route. 
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Figure 3.1.1 Freeway Corridors defined for TTR and Traffic-Flow MoE Estimation 

 

Table 3.1.1 Start/End Stations of Each Corridor Directional Route 

Corridor Description Start End 
Length 
(Miles) 

I-394 (EB) I494 to TH169 S269 S274 2.7 

I-394 (EB) TH169 to MPLS DT S274 S290 5.5 

I-494 (SB) I694 to TH212 S209 S473 15.5 

I-494 (WB) I94 to I35E S1029 S864 12.4 

I-494 (WB) I35E to I35W S864 S119 7.8 

I-494 (WB) I35W to TH212 S119 S483 5.9 

I-694 (NB) I94 to TH36 S1027 S1418 4.9 

I-694 (WB) TH36 to I35E S1419 S1459 6.5 

I-694 (WB) I35E to TH10 S1461 S1089 3.8 

I-694 (WB) TH10 to TH252 S1089 S144 5.5 

I-94 (EB) Rogers to I494 S1115 S211 9.1 
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I-94 (EB) MPLS DT to SP DT S110 S499 8.4 

I-94 (EB) MPLS DT to SP DT S110 S499 8.4 

I-94 (EB) SP DT to I694 S499 S2151 7.3 

I-94 (EB) I694 to TH95 S2151 S1358 9.2 

I-94 (EB) I494 to TH252 S211 S170 8 

I-94 (EB) TH252 to MPLS DT S170 S110 8.1 

I-94 (WB) I494 to Rogers S208 S1112 8.4 

I-94 (WB) SP DT to MPLS DT S500 S1943 8.5 

I-94 (WB) SP DT to MPLS DT S500 S1943 8.5 

I-94 (WB) TH95 to I694 S1359 S1062 9 

I-94 (WB) I694 to SP DT S1062 S500 7.5 

I-94 (WB) MPLS DT to TH252 S76 S159 8 

I-94 (WB) TH252 to I494 S159 S216 7.1 

T.H.10 (EB) TH169 to TH610 S940 S954 7.5 

T.H.10 (EB) TH610 to I694 S954 S1825 7.3 

T.H.100 (SB) I694 to I394 S1615 S405 6.8 

T.H.100 (SB) I394 to I494 S405 S421 7.7 

T.H.36 (WB) I35E to I35W S609 S618 4.4 

T.H.36 (WB) I694 to I35E S1425 S608 6.4 

T.H.52 (NB) TH55 to SP DT S1166 S1178 8.2 

T.H.610 (EB) I94 to TH10 S1954 S966 11.7 

T.H.62 (WB) I35W to I494 S127 S369 6.7 

T.H.62 (WB) TH55 to I35W S330 S127 4.2 

T.H.77 (NB) 127th to TH62 S799 S531 6.1 

U.S.169 (SB) TH610 to I394 S1795 S448 10.9 

U.S.169 (SB) I394 to TH13 S448 S1626 16.2 

 

For each directional route of the individual corridors shown in Figure 3.1.1, the TTR measures, based on 

the travel times calculated every 5-minute interval for each route, were estimated using TeTRES under 

different operating conditions, and their monthly and yearly trends were analyzed. It needs to be noted 

that, in this analysis, only regular non-holiday weekdays, i.e., Tuesdays, Wednesdays, Thursdays, were 

included for estimating TTR measures. In addition, a set of the commonly used traffic-flow MoEs were 

also estimated and presented for each route. The specific measures and operating conditions used in this 

analysis are as follows: 

Travel-time TTR Measures:  

       Buffer Index (BI, 95th %ile) = (95th %ile Travel Time – Average Travel Time)/(Average Travel Time) 

       Planning Index (PI, 95th %ile) = 95th %ile Travel Time / Free-Flow Travel Time 
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       Travel Rate (TR, 95th %ile, minutes/mile) = 95th %ile Travel Time / Route Length   

 

Operating Conditions 

       Weather:  All, Dry, Rain, Snow 

       Incident: All, No-Incident (N), Property Damage Only (PD), Severe/Fatal (INJ, FA) 

       Work Zone: All, No-Work Zone (N), Light Impact-WZ (L), Medium-Heavy Effect WZ (M, H) 

      Special Event: No-Event, Small (< 20,000 attendees), Medium-Large (≥ 20,000 attendees) events 

Peak Periods: Morning: 6:00 – 9:00 a.m.  Afternoon: 3:30 – 6:30 p.m. 

Traffic-Flow Measures of Effectiveness: VMT (Vehicle-Miles Traveled), VHT (Vehicle-Hours Traveled),  

DVH (Delayed Vehicle-Hours) 

Further, the monthly and yearly values of the network-wide, weighted-average TTR measures, using the 

VMT of each route as the weight, under ‘All’ conditions were calculated to analyze the network-wide TTR 

trends for both morning and evening routes. For example, the ‘network-wide average buffer index’ is 

calculated as follows:    

Network-wide Average Buffer Index (BI) =  
𝑹𝟏 𝑽𝑴𝑻∗𝑹𝟏 𝑩𝑰+𝑹𝟐 𝑽𝑴𝑻∗𝑹𝟐 𝑩𝑰+ −−−−−  + 𝑹𝒏𝑽𝑴𝑻∗𝑹𝒏 𝑩𝑰

𝑹𝟏 𝑽𝑴𝑻+𝑹𝟐 𝑽𝑴𝑻+ −−−−−−  +𝑹𝒏 𝑽𝑴𝑻
 

                  where Ri VMT = VMT of Route i,   

                              Ri BI = Buffer Index of Route i 

Also, the monthly and yearly total values of the traffic-flow MOEs for morning and afternoon routes were 

estimated to observe the network-wide traffic-flow trends. The rest of this chapter summarizes the 

monthly and yearly variation trends of the travel-time reliability and traffic-flow MOE values, estimated 

under all conditions, for both morning and afternoon networks from January 2018 to December 2023.  

Further, the yearly vulnerability trends of the individual routes are analyzed by combining the yearly 

estimates of the buffer index and the travel rate of each route. In addition, the effects of the geometric 

configuration of each route on its TTR and traffic-flow MoEs are also assessed by analyzing the 

relationships between the geometric friction factor, defined in the previous phase of this study, and the 

TTR and traffic-flow MoEs of each route. The monthly and yearly trends of the TTR and traffic-flow MOEs 

of each directional route under different operating conditions are included in the Appendix.  
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3.2 Network-wide Traffic-Flow Performance and Travel-Time 

Reliability Trends 

NETWORK-WIDE TRENDS OF TRAFFIC-FLOW MEASURES OF EFFECTIVENESS (MOE) 

Figure 3.2.1 shows the monthly variations of the network-wide traffic-flow measures of effectiveness 

(MoE), which consisted with Vehicle-Miles-Traveled (VMT), Vehicle-Hours-Traveled (VHT) and Delayed-

Vehicle-Hours (DVH), for both morning and afternoon routes. The yearly variations of the same traffic-flow 

MoEs are shown in Figure 3.2.2. As can be noted in this figure, both morning and afternoon VMT and VHT 

values substantially dropped in April 2020, when the state-wide traffic-restriction started because of 

COVID-19, resulting in substantial reduction of DVH. It can be also seen that all those three measures have 

been slowly, but continuously increasing since April 2020, however, as of December 2023, all the traffic-

flow measures show significantly lower values than those of the pre-pandemic period. It is also noted that, 

while the overall traffic-flow patterns in the afternoon network are similar to those in the morning network, 

the afternoon network exhibits significantly higher DVH values than those of the morning network, which 

is consistent with the pre-pandemic period.     
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Figure 3.2.1 Network-wide Monthly Variations of Traffic-Flow Measures of Effectiveness 
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Figure 3.2.2 Network-wide Yearly Variations of Traffic-Flow MoEs for Morning and Afternoon Routes 

NETWORK-WIDE TRENDS FOR TRAVEL-TIME RELIABILITY   

Figure 3.2.3 shows the monthly variations of the network-wide, weighted average TTR values, including 

buffer index, planning index and travel rate, for both morning and afternoon networks. The yearly trends 

of these indices are shown in Figure 3.2.4. As can be seen in these figures, there is a clear difference in 

those TTR trends before and after April 2020, when the COVID-19 traffic restriction started. I.e., the 

network-wide travel-time reliability was significantly improved after April 2020, i.e., those TTR measures 

show substantially lower values than those of the before-pandemic period. It’s also noted that, the yearly 

TTR values of the morning network show slowly but continuously increasing trends from 2020 to 2023, 

while the afternoon network in 2023 has slightly lower TTR values than those of the 2022 afternoon 

network. However, as of December 2023, all the network-wide reliability indices for both morning and 

afternoon networks are significantly lower than those of the pre-pandemic period. Further, in 2023, the 

buffer index of the afternoon network has smaller value than that of the morning network, while both 

planning index and travel rate show higher values than those in the morning network. This indicates the 

overall higher level of congestion in the afternoon network, resulting in less fluctuations in travel times 

than the morning network, in 2023.    
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The above analysis of the network-wide trends for both Travel-Time Reliability and Traffic-Flow MoEs 

indicates that, as of December 2023, the traffic-flows in the metro freeway network are still in the 

process of recovery from COVID-19.    
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.  

Figure 3.2.3 Monthly Network-wide TTR Trends for Morning and Afternoon Routes 
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Figure 3.2.4 Yearly Network-wide TTR Trends for Morning and Afternoon Routes 
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3.3 Yearly Trends of Travel-Time Reliability on Individual 

Directional Routes   

In this section, the yearly TTR trends of each directional route are analyzed with the TTR measures 

estimated under all operating conditions. First, to assess the overall reliability status of each route, the 

Vulnerability Level of a given route is determined with two travel-time TTR measures, i.e., Buffer Index (BI) 

and Travel Rate (TR), whose formula are shown below: 

BI = 
(95𝑡ℎ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒−𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒)

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒
 

TR (min/mile) = 
(95𝑡ℎ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑎𝑙 𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒)

(𝑅𝑜𝑢𝑡𝑒 𝐿𝑒𝑛𝑔𝑡ℎ)
 

As indicated in the above formula, BI quantifies the variability of travel times, while TR measures the 

excessiveness of travel times for a given route during a given period. By plotting each route’s BI and TR 

values in a BI—TR space, as shown in Figure 3.3.1, the combined reliability, defined as vulnerability (VI), 

level of each route in terms of the variability and excessiveness of travel times can be assessed and 

compared with those of other routes.  

In this study, 5 VI levels are defined in the BI-TR space, as shown in Figure 3.3.1, and each route’s VI level 

was determined with the BI and TR values from 2018 to 2023. Figures 3.3.2 - 3.3.13 show the yearly BI-TR 

relationships of the morning and afternoon routes from 2018 until 2023. Further, Tables 3.3.1 - 3.3.4 

include the BI and TR values, and the resulting VI levels, of each route, from 2018 to 2023. It can be noted 

that the slope-steepness of the data points in the BI-TR space could indicate the overall congestion and 

reliability status of each period, i.e., a low slope indicates higher level of congestion with lower fluctuations 

in travel times than those with high slopes. For example, the BI-TR relationships of the afternoon routes 

generally show lower slopes, i.e., higher congestion, than those of the morning routes, consistent with the 

network-wide TTR and traffic-flow MoE trends discussed in the previous section. Finally, Table 3.3.5 and 

Figure 3.3.14 summarize the yearly variation trends of the VI levels for both morning and afternoon routes 

from 2018 to 2023.  

As can be seen from the above figures and tables, the overall vulnerability conditions of both morning and 

afternoon routes exhibit clear improvements in 2020, i.e., during the pandemic period, compared to those 

in 2018 – 2019, while the 2021-2023 VI trends indicate the traffic conditions of the metro freeway routes 

have not reached the pre-pandemic level. 
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Figure 3.3.1 Vulnerability Level Definitions in a BI-TR Space 

 

Figure 3.3.2 BI-TR Relationship - 2018 Morning Routes 
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Figure 3.3.3 BI-TR Relationship - 2019 Morning Routes 
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Figure 3.3.4 BI-TR Relationship - 2020 Morning Routes 
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Figure 3.3.5 BI-TR Relationship - 2021 Morning Routes 

 

Figure 3.3.6 BI-TR Relationship - 2022 Morning Routes 
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Figure 3.3.7 BI-TR Relationship - 2023 Morning Routes 
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Figure 3.3.8 BI-TR Relationships – 2018 Afternoon Routes 
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Figure 3.3.9 BI-TR Relationships – 2019 Afternoon Routes 
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Figure 3.3.10 BI-TR Relationships – 2020 Afternoon Routes 
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Figure 3.3.11 BI-TR Relationships – 2021 Afternoon Routes 

 

Figure 3.3.12 BI-TR Relationships – 2022 Afternoon Routes 
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Figure 3.3.13 BI-TR Relationships - 2023 Afternoon Routes 

 

 

 

 

 

 

 

 

 

 

 

 



43 

 

 

 

Table 3.3.1 Yearly BI-TR and VI Levels for Morning Routes (2018-2020) 

2018 Morning       2019 Morning       2020 Morning       

Route BI TR 
VI 

Level 
Route BI TR 

VI 
Level 

Route BI TR 
VI 

Level 

I-394 (EB):  169 - MPLS DT   0.76 2.59 4 I-35W (NB):  I35 - 494   0.83 2.61 4 I-35W (NB):  494 - MPLS DT   0.52 1.73 3 

I-694 (WB):  TH10 - I94   0.76 3.29 4 I-494 (WB):  I94 - I35E   0.76 1.99 4 I-394 (EB):  169 - MPLS DT   0.66 1.72 3 

T.H.62 (WB):  Hiawatha - I35W   0.76 2.97 4 I-694 (WB):  TH10 - I94   0.86 2.76 4 I-694 (NB):  I94 - 36   0.73 1.84 3 

I-35E (NB):  494 - SPL DT 0.76 2.3 3 I-94 (WB):  694 - SPL DT 0.9 2.95 4 I-35E (NB):  494 - SPL DT 0.39 1.49 2 

I-35E (SB):  694 - SPL DT 0.76 2.07 3 T.H.100 (SB):  694 - I394   0.79 2.37 4 I-35E (SB):  694 - SPL DT 0.29 1.38 2 

I-35W (NB):  I35 - 494   0.76 1.86 3 T.H.36 (WB):  I35E - I35W   0.78 2.81 4 I-35W (NB):  I35 - 494   0.29 1.31 2 

I-35W (SB):  I35 - 694   0.76 1.69 3 T.H.62 (WB):  Hiawatha - I35W   0.82 2.79 4 I-35W (SB):  694 - MPLS DT   0.34 1.37 2 

I-494 (SB):  I694 - TH212   0.76 1.64 3 I-35E (NB):  494 - SPL DT 0.65 2.46 3 I-35W (SB):  I35 - 694   0.16 1.07 2 

I-494 (WB):  I35e-I35W   0.76 2.22 3 I-35E (NB):  I35 - 494   0.52 1.4 3 I-494 (WB):  I35e-I35W   0.39 1.31 2 

I-494 (WB):  I35W-212   0.76 1.97 3 I-35E (SB):  694 - SPL DT 0.52 2.24 3 I-494 (WB):  I35W-212   0.23 1.22 2 

I-94 (EB):  TH252 - MPLS DT   0.76 2.09 3 I-35E (SB):  I35 - 694   0.54 1.43 3 I-694 (WB):  36 - I35W   0.09 1.03 2 

I-94 (WB):  SPL DT - MPLS DT   0.76 2.36 3 I-35W (NB):  494 - MPLS DT   0.5 2.14 3 I-694 (WB):  I35W - TH10   0.10 1.06 2 

I-94 (WB):  694 - SPL DT 0.76 2.46 3 I-35W (SB):  694 - MPLS DT   0.66 2.43 3 I-694 (WB):  TH10 - I94   0.38 1.38 2 

T.H.10 (EB):  47 - TH610   0.76 1.54 3 I-35W (SB):  I35 - 694   0.72 2.28 3 I-94 (EB):  MPLS DT - SPL DT 0.10 1.08 2 

T.H.100 (SB):  694 - I394   0.76 2.05 3 I-394 (EB):  169 - MPLS DT   0.72 2.49 3 I-94 (EB):  TH101 - I494   0.28 1.33 2 

T.H.100 (SB):  I394 - 494   0.76 1.97 3 I-494 (SB):  I694 - TH212   0.56 1.76 3 I-94 (EB):  TH252 - MPLS DT   0.49 1.61 2 

T.H.36 (WB):  I35E - I35W   0.76 2.47 3 I-494 (WB):  I35e-I35W   0.6 2.13 3 I-94 (WB):  SPL DT - MPLS DT   0.40 1.53 2 

U.S.169 (SB):  TH610 - 394   0.76 2.06 3 I-494 (WB):  I35W-212   0.51 1.7 3 I-94 (WB):  694 - SPL DT 0.31 1.36 2 

I-35E (NB):  I35 - 494   0.76 1.17 2 I-694 (NB):  I94 - 36   0.55 1.63 3 I-94 (WB):  95 - 694   0.09 1.10 2 

I-35E (SB):  I35 - 694   0.76 1.16 2 I-694 (WB):  36 - I35W   0.64 1.87 3 T.H.10 (EB):  TH610 - 694   0.26 1.16 2 

I-35W (NB):  494 - MPLS DT   0.76 1.7 2 I-94 (EB):  TH252 - MPLS DT   0.51 2.32 3 T.H.100 (SB):  694 - I394   0.25 1.23 2 

I-35W (SB):  694 - MPLS DT   0.76 1.91 2 I-94 (WB):  SPL DT - MPLS DT   0.67 2.43 3 T.H.100 (SB):  I394 - 494   0.19 1.22 2 

I-394 (EB):  494 - 169   0.76 1.3 2 T.H.10 (EB):  47 - TH610   0.6 1.55 3 T.H.36 (WB):  I35E - I35W   0.36 1.31 2 

I-494 (WB):  I94 - I35E   0.76 1.33 2 T.H.10 (EB):  TH610 - 694   0.5 1.79 3 T.H.36 (WB):  I694 - I35E   0.06 1.03 2 

I-694 (NB):  I94 - 36   0.76 1.39 2 T.H.100 (SB):  I394 - 494   0.58 2.13 3 T.H.62 (WB):  Hiawatha - I35W   0.46 1.48 2 
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I-694 (WB):  36 - I35W   0.76 1.46 2 T.H.36 (WB):  I694 - I35E   0.61 1.86 3 T.H.62 (WB):  I35W - I494   0.47 1.78 2 

I-694 (WB):  I35W - TH10   0.76 1.3 2 T.H.62 (WB):  I35W - I494   0.53 2.2 3 T.H.77 (NB):  TH13 - TH62   0.11 1.02 2 

I-94 (EB):  MPLS DT - SPL DT 0.76 1.3 2 U.S.169 (SB):  TH610 - 394   0.57 2.31 3 U.S.169 (SB):  394 - 101   0.16 1.11 2 

I-94 (EB):  TH101 - I494   0.76 1.52 2 I-394 (EB):  494 - 169   0.42 1.34 2 U.S.169 (SB):  TH610 - 394   0.27 1.31 2 

I-94 (EB):  I494 - TH252   0.76 1.22 2 I-694 (WB):  I35W - TH10   0.38 1.43 2 I-35E (NB):  I35 - 494   0.04 0.86 1 

I-94 (WB):  95 - 694   0.76 1.37 2 I-94 (EB):  MPLS DT - SPL DT 0.37 1.42 2 I-35E (SB):  I35 - 694   0.07 0.85 1 

T.H.10 (EB):  TH610 - 694   0.76 1.67 2 I-94 (EB):  TH101 - I494   0.47 1.52 2 I-394 (EB):  494 - 169   0.11 0.96 1 

T.H.36 (WB):  I694 - I35E   0.76 1.52 2 I-94 (EB):  I494 - TH252   0.45 1.39 2 I-494 (SB):  I694 - TH212   0.12 0.99 1 

T.H.52 (NB):  TH55 - SPL DT 0.76 1.1 2 I-94 (WB):  95 - 694   0.43 1.55 2 I-494 (WB):  I94 - I35E   0.08 0.99 1 

T.H.610 (EB):  I94 - TH10   0.76 1 2 T.H.52 (NB):  TH55 - SPL DT 0.35 1.16 2 I-94 (EB):  I494 - TH252   0.09 0.93 1 

T.H.62 (WB):  I35W - I494   0.76 1.98 2 T.H.610 (EB):  I94 - TH10   0.26 1.15 2 T.H.10 (EB):  47 - TH610   0.09 0.94 1 

T.H.77 (NB):  TH13 - TH62   0.76 1.29 2 T.H.77 (NB):  TH13 - TH62   0.36 1.45 2 T.H.52 (NB):  TH55 - SPL DT 0.09 0.89 1 

U.S.169 (SB):  394 - 101   0.76 1.5 2 U.S.169 (SB):  394 - 101   0.46 1.61 2 T.H.610 (EB):  I94 - TH10   0.09 0.96 1 

 

Table 3.3.2 Yearly BI-TR and VI Levels for Morning Routes (2021-2023) 

2021 Morning       2022 Morning       2023 Morning       

Route BI TR 
VI 

Level 
Route BI TR 

VI 
Level 

Route BI TR 
VI 

Level 

I-694 (NB):  I94 - 36   0.91 2.03 4 I-694 (WB):  TH10 - I94   0.96 2.54 4 I-694 (WB):  TH10 - I94   1.00 2.90 5 

I-694 (WB):  TH10 - I94   0.61 1.69 3 I-394 (EB):  169 - MPLS DT   0.60 1.78 3 I-94 (WB):  95 - 694   0.91 2.56 4 

I-94 (WB):  694 - SPL DT 0.62 1.79 3 I-494 (WB):  I35e-I35W   0.63 1.76 3 T.H.62 (WB):  Hiawatha - I35W   0.78 2.29 4 

I-35E (NB):  494 - SPL DT 0.21 1.24 2 I-94 (EB):  TH101 - I494   0.54 1.61 3 I-394 (EB):  169 - MPLS DT   0.57 1.84 3 

I-35E (SB):  694 - SPL DT 0.16 1.20 2 I-94 (WB):  SPL DT - MPLS DT   0.64 1.92 3 I-494 (WB):  I35e-I35W   0.61 1.91 3 

I-35W (NB):  494 - MPLS DT   0.28 1.37 2 I-94 (WB):  694 - SPL DT 0.58 1.96 3 I-94 (EB):  TH101 - I494   0.60 1.82 3 

I-35W (NB):  I35 - 494   0.19 1.08 2 T.H.36 (WB):  I35E - I35W   0.58 1.73 3 I-94 (WB):  SPL DT - MPLS DT   0.55 1.94 3 

I-35W (SB):  694 - MPLS DT   0.14 1.12 2 T.H.62 (WB):  Hiawatha - I35W   0.65 1.86 3 I-94 (WB):  694 - SPL DT 0.65 1.96 3 

I-394 (EB):  169 - MPLS DT   0.26 1.26 2 I-35E (NB):  494 - SPL DT 0.35 1.53 2 T.H.36 (WB):  I35E - I35W   0.68 1.91 3 

I-494 (WB):  I35e-I35W   0.41 1.32 2 I-35E (SB):  694 - SPL DT 0.38 1.53 2 I-35E (NB):  494 - SPL DT 0.43 1.63 2 

I-494 (WB):  I35W-212   0.10 1.06 2 I-35W (NB):  494 - MPLS DT   0.33 1.47 2 I-35E (NB):  I35 - 494   0.25 1.08 2 

I-694 (WB):  36 - I35W   0.14 1.04 2 I-35W (NB):  I35 - 494   0.35 1.29 2 I-35E (SB):  694 - SPL DT 0.38 1.53 2 
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I-694 (WB):  I35W - TH10   0.31 1.31 2 I-35W (SB):  694 - MPLS DT   0.41 1.46 2 I-35W (NB):  494 - MPLS DT   0.39 1.65 2 

I-94 (EB):  MPLS DT - SPL DT 0.21 1.26 2 I-35W (SB):  I35 - 694   0.36 1.20 2 I-35W (NB):  I35 - 494   0.26 1.21 2 

I-94 (EB):  TH101 - I494   0.41 1.56 2 I-494 (SB):  I694 - TH212   0.16 1.02 2 I-35W (SB):  694 - MPLS DT   0.46 1.59 2 

I-94 (EB):  TH252 - MPLS DT   0.29 1.37 2 I-494 (WB):  I94 - I35E   0.35 1.25 2 I-35W (SB):  I35 - 694   0.26 1.11 2 

I-94 (WB):  SPL DT - MPLS DT   0.13 1.19 2 I-494 (WB):  I35W-212   0.28 1.28 2 I-394 (EB):  494 - 169   0.22 1.03 2 

I-94 (WB):  95 - 694   0.07 1.05 2 I-694 (NB):  I94 - 36   0.44 1.38 2 I-494 (SB):  I694 - TH212   0.25 1.11 2 

T.H.10 (EB):  TH610 - 694   0.25 1.14 2 I-694 (WB):  36 - I35W   0.27 1.23 2 I-494 (WB):  I94 - I35E   0.20 1.07 2 

T.H.100 (SB):  694 - I394   0.11 1.01 2 I-694 (WB):  I35W - TH10   0.24 1.22 2 I-494 (WB):  I35W-212   0.33 1.36 2 

T.H.100 (SB):  I394 - 494   0.11 1.09 2 I-94 (EB):  MPLS DT - SPL DT 0.23 1.30 2 I-694 (NB):  I94 - 36   0.33 1.25 2 

T.H.36 (WB):  I35E - I35W   0.32 1.27 2 I-94 (EB):  I494 - TH252   0.18 1.01 2 I-694 (WB):  36 - I35W   0.31 1.29 2 

T.H.36 (WB):  I694 - I35E   0.10 1.05 2 I-94 (EB):  TH252 - MPLS DT   0.35 1.56 2 I-694 (WB):  I35W - TH10   0.38 1.39 2 

T.H.62 (WB):  Hiawatha - I35W   0.37 1.41 2 I-94 (WB):  95 - 694   0.18 1.20 2 I-94 (EB):  MPLS DT - SPL DT 0.27 1.33 2 

T.H.62 (WB):  I35W - I494   0.36 1.57 2 T.H.10 (EB):  47 - TH610   0.17 1.05 2 I-94 (EB):  I494 - TH252   0.31 1.16 2 

T.H.77 (NB):  TH13 - TH62   0.10 1.01 2 T.H.10 (EB):  TH610 - 694   0.41 1.32 2 I-94 (EB):  TH252 - MPLS DT   0.33 1.61 2 

U.S.169 (SB):  394 - 101   0.09 1.01 2 T.H.100 (SB):  694 - I394   0.25 1.19 2 T.H.10 (EB):  47 - TH610   0.33 1.24 2 

U.S.169 (SB):  TH610 - 394   0.37 1.46 2 T.H.100 (SB):  I394 - 494   0.22 1.23 2 T.H.10 (EB):  TH610 - 694   0.39 1.38 2 

I-35E (NB):  I35 - 494   0.08 0.88 1 T.H.36 (WB):  I694 - I35E   0.27 1.25 2 T.H.100 (SB):  694 - I394   0.43 1.41 2 

I-35E (SB):  I35 - 694   0.06 0.83 1 T.H.62 (WB):  I35W - I494   0.49 1.92 2 T.H.100 (SB):  I394 - 494   0.27 1.28 2 

I-35W (SB):  I35 - 694   0.08 0.95 1 T.H.77 (NB):  TH13 - TH62   0.41 1.47 2 T.H.36 (WB):  I694 - I35E   0.33 1.33 2 

I-394 (EB):  494 - 169   0.06 0.89 1 U.S.169 (SB):  394 - 101   0.22 1.15 2 T.H.610 (EB):  I94 - TH10   0.17 1.05 2 

I-494 (SB):  I694 - TH212   0.07 0.93 1 U.S.169 (SB):  TH610 - 394   0.42 1.55 2 T.H.62 (WB):  I35W - I494   0.41 1.82 2 

I-494 (WB):  I94 - I35E   0.06 0.93 1 I-35E (NB):  I35 - 494   0.17 0.98 1 T.H.77 (NB):  TH13 - TH62   0.32 1.41 2 

I-94 (EB):  I494 - TH252   0.14 0.97 1 I-35E (SB):  I35 - 694   0.23 0.99 1 U.S.169 (SB):  394 - 101   0.23 1.16 2 

T.H.10 (EB):  47 - TH610   0.10 0.95 1 I-394 (EB):  494 - 169   0.14 0.95 1 U.S.169 (SB):  TH610 - 394   0.47 1.65 2 

T.H.52 (NB):  TH55 - SPL DT 0.09 0.87 1 T.H.52 (NB):  TH55 - SPL DT 0.12 0.91 1 I-35E (SB):  I35 - 694   0.20 0.98 1 

T.H.610 (EB):  I94 - TH10   0.07 0.95 1 T.H.610 (EB):  I94 - TH10   0.12 0.99 1 T.H.52 (NB):  TH55 - SPL DT 0.18 0.98 1 

 

  



46 

 

Table 3.3.3 Yearly BI-TR and VI Levels for Afternoon Routes (2018-2020) 

2018 Afternoon       2019 Afternoon       2020 Afternoon       

Route BI TR 
VI 

Level 
Route BI TR 

VI 
Level 

Route BI TR 
VI 

Level 

I-494 (EB): 212 - I35W  0.55 3.55 4 T.H.36 (EB):I35W - I35E  0.87 4.53 5 I-494 (EB): 212 - I35W  0.86 2.28 4 

I-94 (WB):SPL DT -  MPLS DT  0.61 3.09 4 I-494 (EB):I35E - I94  1.25 3.23 4 I-94 (WB):I494 - TH101  0.89 2.02 4 

T.H.36 (EB):I35W - I35E  0.75 3.28 4 I-494 (EB): 212 - I35W  0.52 3.47 4 T.H.62 (EB):I494 - I35W  0.75 2.44 4 

T.H.62 (EB):I494 - I35W  0.51 3.67 4 I-694 (EB): i94 - TH10  0.68 3.12 4 I-35E (NB): SPL DT - 694  0.56 1.59 3 

I-35E (NB): SPL DT - 694  0.45 2.04 3 I-94 (WB):SPL DT -  MPLS DT  0.56 3.01 4 I-35W (SB): MPLS DT - 494  0.60 1.79 3 

I-35E (SB): SPL DT - 494  0.57 2.35 3 T.H.100 (NB): 494 - I394  0.86 3.22 4 I-694 (EB): i94 - TH10  0.60 1.59 3 

I-35W (NB): MPLS DT - 694  0.46 2.05 3 T.H.62 (EB):I494 - I35W  0.45 3.39 4 I-94 (EB): MPLS DT - SPL DT  0.71 1.88 3 

I-35W (SB): MPLS DT - 494  0.37 2.07 3 T.H.77 (SB):TH62 - TH13  0.76 2.17 4 I-94 (WB):SPL DT -  MPLS DT  0.68 1.96 3 

I-494 (EB):I35E - I94  0.58 1.75 3 I-35E (NB): SPL DT - 694  0.45 2.18 3 T.H.36 (EB):I35W - I35E  0.67 1.81 3 

I-694 (EB): I35W - 36  0.59 1.63 3 I-35E (SB): SPL DT - 494  0.68 2.55 3 U.S.169 (NB): 101 - 394  0.52 1.45 3 

I-694 (EB): i94 - TH10  0.62 2.44 3 I-35W (NB): MPLS DT - 694  0.66 2.69 3 U.S.169 (NB): 394 - TH610  0.51 1.67 3 

I-694 (SB): 36 - i94  0.74 1.75 3 I-35W (SB): MPLS DT - 494  0.50 2.60 3 I-35E (SB): 494 - I35  0.21 1.03 2 

I-94 (EB): MPLS DT - SPL DT  0.58 2.59 3 I-494 (NB):TH212 - I694  0.55 2.09 3 I-35E (SB): SPL DT - 494  0.35 1.38 2 

I394 (WB): MPLS DT - 169  0.48 2.15 3 I-694 (EB): I35W - 36  0.72 1.73 3 I-35W (NB): 694 - I35  0.43 1.37 2 

T.H.10 (WB): 694 - TH610  0.32 2.15 3 I-694 (EB): TH10 - I35W  0.75 2.42 3 I-35W (NB): MPLS DT - 694  0.38 1.41 2 

T.H.100 (NB): 494 - I394  0.72 2.56 3 I-694 (SB): 36 - i94  0.69 1.64 3 I-35W (SB): 494 - I35  0.41 1.39 2 

T.H.100 (NB): I394 - 694  0.56 2.44 3 I-94 (EB): MPLS DT - SPL DT  0.59 2.88 3 I-494 (EB):I35E - I94  0.26 1.08 2 

T.H.77 (SB):TH62 - TH13  0.56 1.61 3 I-94 (EB): SPL DT - 694  0.50 1.93 3 I-494 (EB): I35W-I35e  0.46 1.47 2 

U.S.169 (NB): 101 - 394  0.54 1.87 3 I-94 (WB):I494 - TH101  0.60 2.00 3 I-494 (NB):TH212 - I694  0.35 1.23 2 

U.S.169 (NB): 394 - TH610  0.47 2.10 3 I394 (WB): MPLS DT - 169  0.48 2.04 3 I-694 (EB): I35W - 36  0.24 1.04 2 

I-35E (NB): 694 - I35  0.28 1.05 2 T.H.10 (WB): 694 - TH610  0.32 2.01 3 I-694 (EB): TH10 - I35W  0.43 1.33 2 

I-35E (SB): 494 - I35  0.30 1.25 2 T.H.100 (NB): I394 - 694  0.51 2.24 3 I-694 (SB): 36 - i94  0.25 1.05 2 

I-35W (NB): 694 - I35  0.21 1.24 2 T.H.62 (EB):I35W - HiaWatha  0.53 2.41 3 I-94 (EB): 694 - 95  0.14 1.06 2 

I-35W (SB): 494 - I35  0.45 1.55 2 U.S.169 (NB): 101 - 394  0.60 2.18 3 I-94 (EB): SPL DT - 694  0.35 1.30 2 

I-494 (EB): I35W-I35e  0.29 1.50 2 U.S.169 (NB): 394 - TH610  0.36 2.03 3 I-94 (WB): MPLS DT - TH252  0.14 1.13 2 

I-494 (NB):TH212 - I694  0.49 1.82 2 I-35E (NB): 694 - I35  0.37 1.18 2 I394 (WB): 169 - 494  0.28 1.15 2 

I-694 (EB): TH10 - I35W  0.48 1.47 2 I-35E (SB): 494 - I35  0.35 1.33 2 I394 (WB): MPLS DT - 169  0.41 1.41 2 
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I-94 (EB): 694 - 95  0.29 1.35 2 I-35W (NB): 694 - I35  0.39 1.52 2 T.H.10 (WB): 694 - TH610  0.50 1.60 2 

I-94 (EB): SPL DT - 694  0.41 1.59 2 I-35W (SB): 494 - I35  0.40 1.80 2 T.H.10 (WB): TH610 - 47  0.45 1.40 2 

I-94 (WB):I494 - TH101  0.44 1.67 2 I-494 (EB): I35W-I35e  0.38 1.68 2 T.H.100 (NB): 494 - I394  0.49 1.49 2 

I-94 (WB): MPLS DT - TH252  0.36 1.56 2 I-94 (EB): 694 - 95  0.31 1.28 2 T.H.100 (NB): I394 - 694  0.43 1.45 2 

I-94 (WB): TH252 - I494  0.26 1.14 2 I-94 (WB): MPLS DT - TH252  0.40 1.62 2 T.H.36 (EB):I35E - I694  0.18 1.20 2 

I394 (WB): 169 - 494  0.22 1.26 2 I-94 (WB): TH252 - I494  0.42 1.32 2 T.H.62 (EB):I35W - HiaWatha  0.37 1.57 2 

T.H.10 (WB): TH610 - 47  0.32 1.53 2 I394 (WB): 169 - 494  0.27 1.35 2 T.H.77 (SB):TH62 - TH13  0.21 1.10 2 

T.H.36 (EB):I35E - I694  0.25 1.45 2 T.H.10 (WB): TH610 - 47  0.41 1.61 2 I-35E (NB): 694 - I35  0.13 0.90 1 

T.H.610 (WB):TH10 - I94  0.37 1.31 2 T.H.36 (EB):I35E - I694  0.32 1.55 2 I-94 (WB): TH252 - I494  0.11 0.90 1 

T.H.62 (EB):I35W - HiaWatha  0.32 1.97 2 T.H.610 (WB):TH10 - I94  0.28 1.22 2 T.H.52 (SB):SPL DT - TH55  0.07 0.84 1 

T.H.52 (SB):SPL DT - TH55  0.17 0.96 1 T.H.52 (SB):SPL DT - TH55  0.17 0.97 1 T.H.610 (WB):TH10 - I94  0.12 1.00 1 

 

 

 

Table 3.3.4 Yearly BI-TR and VI Levels for Afternoon Routes (2021-2023) 

2021 Afternoon        2022 Afternoon        2023 Afternoon       

Route BI TR 
VI 

Level 
Route BI TR 

VI 
Level 

Route BI TR 
VI 

Level 

T.H.10 (WB): 694 - TH610  1.51 3.35 5 I-94 (EB): 694 - 95  1.60 3.46 5 I-494 (EB): 212 - I35W  0.59 3.36 4 

I-494 (EB): 212 - I35W  0.54 2.61 3 I-494 (EB):I35E - I94  0.99 1.88 4 I-694 (EB): i94 - TH10  0.61 2.51 3 

I-694 (EB): i94 - TH10  0.72 2.27 3 I-494 (EB): 212 - I35W  0.67 3.36 4 I-94 (EB): MPLS DT - SPL DT  0.52 2.17 3 

I-94 (EB): MPLS DT - SPL DT  0.56 2.00 3 I-35E (SB): SPL DT - 494  0.64 1.97 3 I-94 (EB): 694 - 95  0.96 2.76 3 

I-94 (WB):I494 - TH101  0.78 2.09 3 I-694 (EB): I35W - 36  0.73 1.84 3 I-94 (WB):SPL DT -  MPLS DT  0.53 2.73 3 

I-94 (WB):SPL DT -  MPLS DT  0.59 2.14 3 I-694 (EB): i94 - TH10  0.72 2.59 3 T.H.100 (NB): 494 - I394  0.71 1.98 3 

T.H.100 (NB): I394 - 694  0.58 1.77 3 I-94 (EB): MPLS DT - SPL DT  0.59 2.25 3 T.H.100 (NB): I394 - 694  0.51 2.03 3 

T.H.36 (EB):I35W - I35E  0.64 2.05 3 I-94 (WB):SPL DT -  MPLS DT  0.72 2.88 3 T.H.36 (EB):I35W - I35E  0.55 2.12 3 

T.H.62 (EB):I494 - I35W  0.52 2.64 3 T.H.10 (WB): 694 - TH610  0.51 1.54 3 T.H.62 (EB):I494 - I35W  0.46 3.00 3 

U.S.169 (NB): 394 - TH610  0.52 1.80 3 T.H.100 (NB): I394 - 694  0.57 2.05 3 I-35E (NB): SPL DT - 694  0.43 1.69 2 

I-35E (NB): SPL DT - 694  0.31 1.33 2 T.H.36 (EB):I35W - I35E  0.68 2.27 3 I-35E (SB): 494 - I35  0.19 1.04 2 

I-35E (SB): SPL DT - 494  0.32 1.43 2 T.H.62 (EB):I494 - I35W  0.51 2.76 3 I-35E (SB): SPL DT - 494  0.45 1.80 2 

I-35W (NB): 694 - I35  0.34 1.21 2 I-35E (NB): SPL DT - 694  0.45 1.57 2 I-35W (NB): MPLS DT - 694  0.31 1.36 2 

I-35W (NB): MPLS DT - 694  0.50 1.62 2 I-35E (SB): 494 - I35  0.23 1.08 2 I-35W (SB): 494 - I35  0.26 1.18 2 

I-35W (SB): MPLS DT - 494  0.41 1.73 2 I-35W (NB): 694 - I35  0.43 1.27 2 I-35W (SB): MPLS DT - 494  0.42 1.76 2 

I-494 (EB): I35W-I35e  0.21 1.15 2 I-35W (NB): MPLS DT - 694  0.38 1.39 2 I-494 (EB):I35E - I94  0.29 1.09 2 

I-494 (NB):TH212 - I694  0.32 1.19 2 I-35W (SB): 494 - I35  0.38 1.32 2 I-494 (EB): I35W-I35e  0.2 1.22 2 



48 

 

I-694 (EB): I35W - 36  0.37 1.21 2 I-35W (SB): MPLS DT - 494  0.41 1.69 2 I-494 (NB):TH212 - I694  0.39 1.44 2 

I-694 (EB): TH10 - I35W  0.40 1.36 2 I-494 (EB): I35W-I35e  0.40 1.45 2 I-694 (EB): I35W - 36  0.46 1.41 2 

I-694 (SB): 36 - i94  0.19 1.02 2 I-494 (NB):TH212 - I694  0.39 1.36 2 I-694 (EB): TH10 - I35W  0.39 1.44 2 

I-94 (EB): 694 - 95  0.10 1.03 2 I-694 (EB): TH10 - I35W  0.49 1.52 2 I-694 (SB): 36 - i94  0.17 1.02 2 

I-94 (EB): SPL DT - 694  0.11 1.03 2 I-694 (SB): 36 - i94  0.28 1.16 2 I-94 (EB): SPL DT - 694  0.27 1.28 2 

I-94 (WB): MPLS DT - TH252  0.17 1.21 2 I-94 (EB): SPL DT - 694  0.44 1.57 2 I-94 (WB):I494 - TH101  0.39 1.34 2 

I394 (WB): MPLS DT - 169  0.31 1.31 2 I-94 (WB):I494 - TH101  0.33 1.20 2 I-94 (WB): MPLS DT - TH252  0.14 1.29 2 

T.H.10 (WB): TH610 - 47  0.55 1.61 2 I-94 (WB): MPLS DT - TH252  0.19 1.33 2 I-94 (WB): TH252 - I494  0.25 1.12 2 

T.H.100 (NB): 494 - I394  0.32 1.30 2 I-94 (WB): TH252 - I494  0.23 1.06 2 I394 (WB): 169 - 494  0.19 1.04 2 

T.H.36 (EB):I35E - I694  0.14 1.18 2 I394 (WB): 169 - 494  0.20 1.03 2 I394 (WB): MPLS DT - 169  0.36 1.59 2 

T.H.610 (WB):TH10 - I94  0.18 1.05 2 I394 (WB): MPLS DT - 169  0.38 1.59 2 T.H.10 (WB): 694 - TH610  0.41 1.48 2 

T.H.62 (EB):I35W - HiaWatha  0.30 1.67 2 T.H.10 (WB): TH610 - 47  0.46 1.64 2 T.H.10 (WB): TH610 - 47  0.41 1.59 2 

U.S.169 (NB): 101 - 394  0.36 1.28 2 T.H.100 (NB): 494 - I394  0.48 1.52 2 T.H.36 (EB):I35E - I694  0.27 1.40 2 

I-35E (NB): 694 - I35  0.10 0.87 1 T.H.36 (EB):I35E - I694  0.43 1.65 2 T.H.610 (WB):TH10 - I94  0.44 1.47 2 

I-35E (SB): 494 - I35  0.10 0.93 1 T.H.610 (WB):TH10 - I94  0.29 1.19 2 T.H.62 (EB):I35W - HiaWatha  0.25 1.84 2 

I-35W (SB): 494 - I35  0.14 0.97 1 T.H.62 (EB):I35W - HiaWatha  0.31 1.89 2 T.H.77 (SB):TH62 - TH13  0.15 1.08 2 

I-494 (EB):I35E - I94  0.19 0.97 1 T.H.77 (SB):TH62 - TH13  0.49 1.52 2 U.S.169 (NB): 101 - 394  0.41 1.47 2 

I-94 (WB): TH252 - I494  0.14 0.94 1 U.S.169 (NB): 101 - 394  0.39 1.38 2 U.S.169 (NB): 394 - TH610  0.42 1.67 2 

I394 (WB): 169 - 494  0.09 0.93 1 U.S.169 (NB): 394 - TH610  0.40 1.62 2 I-35E (NB): 694 - I35  0.07 0.83 1 

T.H.52 (SB):SPL DT - TH55  0.06 0.84 1 I-35E (NB): 694 - I35  0.21 0.96 1 I-35W (NB): 694 - I35  0.15 0.98 1 

T.H.77 (SB):TH62 - TH13  0.09 0.97 1 T.H.52 (SB):SPL DT - TH55  0.15 0.91 1 T.H.52 (SB):SPL DT - TH55  0.07 0.85 1 

 

 

Table 3.3.5 Yearly Variations of Vulnerability Levels for Morning and Afternoon Routes 

Morning             Afternoon             

  2018 2019 2020 2021 2022 2023   2018 2019 2020 2021 2022 2023 

level 1 0 0 9 10 5 2 level 1 1 1 4 8 2 3 

level 2 20 10 26 25 25 27 level 2 17 12 23 20 24 26 

level 3 15 21 3 2 7 6 level 3 16 17 8 9 9 8 

level 4 3 7 0 1 1 2 level 4 4 7 3 0 2 1 

level 5 0 0 0 0 0 1 level 5 0 1 0 1 1 0 
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Figure 3.3.14 Yearly Variations of Vulnerability Levels (Morning/Afternoon Routes) 

 

3.4 Effects of Geometric Configuration on Travel-Time 

Reliability and Traffic-Flow Measures 

In this section, the potential effects of the route-wide geometric configuration on the travel-time reliability 

(TTR) and traffic-flow measures are analyzed. The previous phase of this study modeled the ‘strength’ of 

the route-wide geometric structure, G, in terms of handling the traffic flows going through a given corridor 

as follows: 

                     G = 
𝐺1∗𝐺3∗𝐺4

𝐺2
 

 where, G: Geometric Friction Index of a given route, 

              G1: Number of Exit Ramps per mile (G1) in a given route, 

G2: Number of Entrance Ramps per mile (G2) for a given route, 

G3: Proportion of the total non-weaving section length in a given route,  

        = 1 – [Ʃ (lengths of all weaving sections) / route length], 

G4: Average number of through lanes for a given route weighted with the distance from upstream  

       boundary. 

In the above formula, the numerator reflects the combined effects of the geometric features facilitating 

through movements, while the denominator represents the potential interruption caused by the entering 

volumes to the route-wide, through-traffic flows. Therefore, the routes with high G values can be 

considered to have less friction to through-traffic flows than those with low G values. 
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In this study, the G values of all 74 directional routes were calculated with the geometry values extracted 

from the Google-earth map. Further, the potential effects of the geometric friction on TTR are analyzed by 

examining the relationships between G and the yearly TTR values, i.e., Buffer Index (BI) and Planning Index 

(PI), of each route. It can be expected that the routes with less geometric friction (high G values), have 

generally better TTR, i.e., low values of BI and PI resulting from less fluctuations in travel times with lower 

levels of congestion, than those with high friction (low G values).  

Figures 3.4.1 - 3.4.24 show the yearly variations of G - BI and G - PI relationships estimated for both morning 

and afternoon routes from 2018 to 2023. As noted from these figures, the G - BI and G - PI patterns of the 

metro freeways generally follow the expected relationships, i.e., as G value increases, both BI and PI values 

tend to decrease. It can be also noted that there are multiple route groups with slightly different G-BI/PI 

slopes, indicating the need for further enhancement of the G model. However, no notable pattern is 

observed for both morning and afternoon routes in 2020, when there was substantial reduction in traffic 

flows because of the pandemic.    

The effects of the geometric configuration on the traffic-flow measures of effectiveness, i.e., Vehicle-Miles-

Traveled (VMT) and Vehicle-Hours-Traveled (VHT), are shown in Figures 3.4.25 - and 3.4.48, which include 

the yearly variations of G-VMT/mile and G-VHT/mile relationships for both morning and afternoon routes. 

As expected, the routes with high G values, i.e., low levels of friction to through traffic, exhibit higher values 

of VMT/mile and VHT/mile than those with low G values.  

The above observations can provide the basis for future geometric changes of the freeway corridors in 

terms of improving the efficiency of traffic flows and travel-time reliability. 

Buffer Index (BI) vs Geometric-Friction Index (G) - 2018 -2023: Morning Routes 
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Figure 3.4.1 BI – G Relationship (2018 Morning Routes) 
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Figure 3.4.2 BI – G Relationship (2019 Morning Routes) 
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Figure 3.4.3 BI – G Relationship (2020 Morning Routes) 
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Figure 3.4.4  BI – G Relationship (2021 Morning Routes) 
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Figure 3.4.5 BI – G Relationship (2022 Morning Routes) 
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Figure 3.4.6 BI – G Relationship (2023 Morning Routes) 

Buffer Index vs Geometric Friction Index (2018 – 2023: Afternoon Routes) 
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Figure 3.4.7 BI – G Relationship (2018 Afternoon Routes) 

 

Figure 3.4.8 BI – G Relationship (2019 Afternoon Routes) 
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Figure 3.4.9 BI – G Relationship (2020 Afternoon Routes) 

 

 



59 

 

 

Figure 3.4.10 BI – G Relationship (2021 Afternoon Routes) 
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Figure 3.4.11 BI – G Relationship (2022 Afternoon Routes) 
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Figure 3.4.12 BI - G Relationship (2023 Afternoon Routes) 

Planning Index (PI) vs Geometric Friction Index (G) - 2018 to 2023: Morning Routes 
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Figure 3.4.13 PI - G Relationship (2018 Morning Routes) 

 

Figure 3.4.14 PI - G Relationship (2019 Morning Routes) 
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Figure 3.4.15 PI - G Relationship (2020 Morning Routes) 
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Figure 3.4.16 PI - G Relationship (2021 Morning Routes) 
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Figure 3.4.17 PI - G Relationship (2022 Morning Routes) 
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Figure 3.4.18 PI - G Relationship (2023 Morning Routes) 

Planning Index (PI) vs Geometric Friction Index (G) - 2018 to 2023: Afternoon Routes 
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Figure 3.4.19 PI - G Relationship (2018 Afternoon Routes) 
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Figure 3.4.20 PI - G Relationship (2019 Afternoon Routes) 

 

Figure 3.4.21 PI - G Relationship (2020 Afternoon Routes) 
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Figure 3.4.22 PI - G Relationship (2021 Afternoon Routes) 
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Figure 3.4.23 PI - G Relationship (2022 Afternoon Routes) 
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Figure 3.4.24 PI - G Relationship (2023 Afternoon Routes) 

Vehicle-Miles-Traveled (VMT)mile vs Geometric-Friction Index (G) - 2018 – 2023: Morning Routes 
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Figure 3.4.25 VMT/mile - G Relationship (2018 Morning Routes) 
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Figure 3.4.26 VMT/mile - G Relationship (2019 Morning Routes) 
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Figure 3.4.27 VMT/mile - G Relationship (2020 Morning Routes) 
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Figure 3.4.28 VMT/mile - G Relationship (2021 Morning Routes) 
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Figure 3.4.29 VMT/mile - G Relationship (2022 Morning Routes) 
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Figure 3.4.30 VMT/mile - G Relationship (2023 Morning Routes) 

Vehicle-Miles-Traveled (VMT)/mile vs Geometric-Friction Index (G) - 2018 – 2023: Afternoon Routes 
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Figure 3.4.31 VMT/mile - G Relationship (2018 Afternoon Routes) 
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Figure 3.4.32 VMT/mile - G Relationship (2019 Afternoon Routes) 
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Figure 3.4.33 VMT/mile - G Relationship (2020 Afternoon Routes) 

 

 



81 

 

 

Figure 3.4.34 VMT/mile - G Relationship (2021 Afternoon Routes) 
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Figure 3.4.35 VMT/mile - G Relationship (2022 Afternoon Routes) 
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Figure 3.4.36 VMT/mile - G Relationship (2023 Afternoon Routes) 

Vehicle-Hours-Traveled (VHT)/mile vs Geometric-Friction Index (G) - 2018-2023: Morning Routes 
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Figure 3.4.37 VHT/mile - G Relationship (2018 Morning Routes) 
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Figure 3.4.38 VHT/mile - G Relationship (2019 Morning Routes) 
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Figure 3.4.39 VHT/mile - G Relationship (2020 Morning Routes) 

 



87 

 

 

Figure 3.4.40 VHT/mile - G Relationship (2021 Morning Routes) 
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Figure 3.4.41 VHT/mile - G Relationship (2022 Morning Routes) 
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Figure 3.4.42 VHT/mile - G Relationship (2023 Morning Routes) 

Vehicle-Hours-Traveled (VHT)/mile vs Geometric-Friction Index (G) - 2018-2023: Afternoon Routes 
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Figure 3.4.43 VHT/mile - G Relationship (2018 Afternoon Routes) 
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Figure 3.4.44 VHT/mile - G Relationship (2019 Afternoon Routes) 
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Figure 3.4.45 VHT/mile - G Relationship (2020 Afternoon Routes) 
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Figure 3.4.46 VHT/mile - G Relationship (2021 Afternoon Routes) 
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Figure 3.4.47 VHT/mile - G Relationship (2022 Afternoon Routes) 
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Figure 3.4.48 VHT/mile - G Relationship (2023 Afternoon Routes) 

3.5 Monthly and Yearly Trends of Travel-Time Reliability and 

Traffic-Flow Measures at Individual  

ROUTES 

As described earlier, this study also analyzed the monthly and yearly trends of individual travel-time 

reliability (TTR) and traffic-flow measures of effectiveness (MoE) from January 2018 until December 2023. 

In this section, a sample output for such an individual-route analysis for the 169 northbound (NB) route is 

presented.  Figures 3.5.1 – 3.5.9 show the monthly and yearly variations of the TTR and traffic-flow MoE 

measures at the example route. The results of all other routes are included in the Appendix. 
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MONTHLY RELIABILITY TRENDS OF US-169 NB ROUTE (TH 101 < -- > I-394) FOR AFTERNOON-

PEAK PERIOD 

 

Figure 3.5.1 Location of 169 NB Route 

 Effects of Weather conditions on Travel-Time Reliability (TTR) 

 

Figure 3.5.2 Monthly Variations of TTR Measures under Different Weather Conditions (169 NB) 

 Effects of Incidents   
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Figure 3.5.3 Monthly Variations of TTR Measures under Different Incident Conditions (169 NB) 

Effects of Work Zones   
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Figure 3.5.4 Monthly Variations of TTR Measures under Different Work-Zone Conditions (169 NB) 

Yearly Variations of TTR - Weather Effects 
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Figure 3.5.5 Yearly Variations of TTR Measures under Different Weather Conditions (169 NB) 

Incident Effects 
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Figure 3.5.6 Yearly Variations of TTR Measures under Different Incident Conditions (169 NB) 

Work-Zone Effects 

 

Figure 3.5.7 Yearly Variations of TTR Measures under Different Work-Zone Conditions (169 NB) 

Yearly Variations of Buffer Index - Travel Rate Relationships   



101 

 

 

Figure 3.5.8 Yearly Variations of Buffer-Index vs Travel-Rate Relationships (169 NB) 

Variations of Traffic-Flow Measures 
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Figure 3.5.9 Yearly Variations of Traffic-Flow Measures (169 NB) 

Trends Summary for 169 NB Route 

 The congestion on this route had been increasing before the pandemic as shown in the Delayed-

Vehicle-Hour (DVH) and Buffer/Planning Index trends for the 2018-2019 period.  

 The pandemic-induced traffic restriction in 2020 resulted in significant reduction in VMT and 

improvements in travel-time TTR measures. While the total DVH has been continuously increasing 

since 2020, the DVH in December 2023 is still significantly lower than the pre-pandemic level. 

 While weather is the major factor affecting travel-time reliability, the effects of snow are 

significantly larger than those of rain on this route with high levels of traffic flow. 
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3.6 Summary 

This chapter summarizes the analysis results for the travel-time reliability (TTR) and traffic-flow 

performance trends of the metro freeway network, which consists of 37 corridors and 74 directional 

routes. First, for each directional route, a set of the monthly/yearly TTR indices and traffic-flow measures 

of effectiveness (MoE) for morning and afternoon peak periods were estimated from 2018 until 2023 under 

various operating conditions. Next, the results from the individual-route analysis were used to determine 

the network-wide trends for the TTR and traffic-flow MoEs before and after April 2020, when the COVID-

19 traffic-restriction started. The trends analysis showed that, after the sudden reduction in traffic flows in 

April 2020, the traffic flows in the metro freeway network have been slowly but continuously increasing, 

however, as of December 2023, they have not reached the pre-pandemic level. As a result, the network-

wide TTR measures after April 2020 showed continuously better reliability conditions than those of the 

pre-pandemic period in both morning and afternoon networks.  

The results from the individual route analysis were also used to determine the overall reliability conditions, 

defined as vulnerability (VI), of each route and their yearly trends. Specifically, the yearly values of the 

buffer index and travel rate are used to determine the vulnerability level of each route, and the most 

vulnerable routes were identified each year from 2018 until 2023. Further, the effects of the route-wide 

geometric configuration, quantified as the geometric friction factor, G, on the TTR and traffic-flow 

measures of each route were also analyzed by examining the graphical relationships between G and 

TTR/traffic-flow MoEs, whose yearly plots exhibited the expected patterns, i.e., the routes with low friction 

handled higher traffic flows with less fluctuations in travel times than those with high friction geometry. 

The findings in this chapter provide the overall traffic conditions and trends of the metro freeway network 

as well as those of individual routes. Further, the analysis results of route vulnerability and the geometric 

effects on both TTR and traffic-flow measures could provide the basis for future improvements of freeway 

corridors. 
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Chapter 4:  ENHANCEMENT OF THE OPERATIONAL-

RESILIENCE MODEL FOR FREEWAY CORRIDORS 

4.1 Introduction and Overview of Preliminary Resilience Model   

This chapter summarizes the process to enhance the preliminary model, developed in the previous phase, 

to quantify the corridor-wide operational resilience, which is defined as the inherent capability of a freeway 

traffic system to maintain its functionality by absorbing various levels of traffic disturbances and to recover 

from congestion with maximum efficiency under given geometry and operating conditions. Figure 4.1.1 

shows the conceptual framework, described in the previous phase, of the corridor-wide traffic process, 

where the time-variant congestion levels, e.g., delayed-vehicle-hours, can be considered as the results 

from the interaction between the corridor-wide resilience and external disturbances to a given system.   

  

 

Figure 4.1.1 Conceptual Framework of Corridor-wide Traffic Process 

Based on the above conceptual relationship, a preliminary model to quantify the operational resilience of 

a given freeway directional corridor was developed in the previous phase as follows:     

                                             CORIi =    
∑ (𝐷𝑉𝐻𝑡∗ 𝐴𝑡)𝑡

(∑ 𝑉𝐸,𝑡) ∗ σ𝑡
                                     

where, CORIi = Operational Resilience Index of Corridor i 

               DVHt = Corridor-wide delayed-vehicle-hours during t, 

           = Ʃ [(TTi,t – FF_TTi) * Ki,t* Li] for all segment i in a given route, 

where, TTi,t = Estimated travel time of segment i during t, 

    FF_TTi = Free-Flow travel time of segment i, estimated with the speed limit at a given 
roadway section, 
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                      Ki,t = Traffic density of segment i during t, Li = Length of segment i. 

                VE,t = Corridor-wide total entering volume during t, 

                        = (Upstream Boundary Station Volume)t + Ʃ (All Entrance Ramp Volumes)t   

                σ = Standard deviation of VE,t during a peak period. 

                 At = Proportion of weighted average number of through lanes during t, 

=
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇ℎ𝑟𝑜𝑢𝑔ℎ 𝐿𝑎𝑛𝑒𝑠 −  (𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑎𝑛𝑒𝑠 𝐵𝑙𝑜𝑐𝑘𝑒𝑑)𝑡

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇ℎ𝑟𝑜𝑢𝑔ℎ 𝐿𝑎𝑛𝑒𝑠
 

As noted from the above formulation, the preliminary model tries to quantify the operational resilience 

of a given directional corridor as its capability to minimize delay under given time-variant traffic demand 

and through capacity, i.e., a smaller CORI index indicates a stronger resilience level for a given corridor. It 

also needs to be noted that, in the preliminary modeling, the ‘Average Weighted-Number of Through 

Lanes’ is used as a surrogate measure of the through capacity for a given route. In particular, a set of the 

assumed values for blocked lanes, derived from the historical data, were used to reflect the incident 

effects on the through capacity.   

The preliminary model was tested with the traffic data collected from a total of 8 sample routes for the 

period of September-October 2019 and the daily estimates of the Corridor-wide Operational Resilience 

Index (CORI) values for each route were calculated for the dry days. Figure 4.1.3 shows the locations of 

those sample routes. The daily estimates of CORI values for each sample route showed relatively consistent 

values as reported in the previous phase (2). Further, the potential relationship between the corridor-wide 

operational resilience and the geometric structure of each corridor was also studied in the previous phase 

by examining the relationships between the ‘Geometric-Friction Index’, G, described in the previous 

chapter as the quantification of the ‘strength’ of the geometric structure of a given corridor in terms of 

facilitating through traffic movements. Figure 4.1.3 shows the relationship between Geometric Friction 

Factor and CORI, Corridor-wide Operational Resilience Index, estimated with the preliminary model for the 

sample routes. 

 

Figure 4.1.2 Locations of the Sample Routes (5 Corridors/8 Directional Routes) 
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Figure 4.1.3 Operational Resilience (Preliminary Model) vs G for Sample Routes 

4.2 Enhancements of the Preliminary Model for Operational 

Resilience of Freeway Corridors 

As described in the previous section, the testing results of the preliminary model with the data collected 

from the sample routes showed relatively consistent daily estimates of CORI values for each sample route.  

Further, it also showed promising possibilities in quantifying the operational resilience of a given corridor 

traffic system as a function of its geometric configuration. However, the following issues were identified 

for the preliminary resilience model to be applied for field operations: 

 The preliminary model is based on the Delayed-Vehicle-Hours (DVH) as the system performance 

measure. While DVH through time can reflect the interaction between the external input to a corridor-

traffic system and its operational resilience, the values of DVH through time can vary depending on the 

number of lanes and length of a given route, i.e., DVH values for a given route are not normalized and 

cannot be used for direct comparison with other routes. 

 In the preliminary model, a set of assumed values were used for the number of blocked lanes for 

different types of accident. However, it has been found that those values can vary for the same type of 

accident depending on the traffic level and surrounding conditions, e.g., the effects of a shoulder-block 

incident on the light traffic flows may not be the same as those on the medium to heavy traffic flows at 

a same location. Therefore, applying a set of the fixed values of blocked lanes may not correctly capture 

the effects of incidents on the resilience.  

 It has been noted that most freeway routes in the current metro network contain some entrance ramps 

with missing detector data. The lack of some entrance-ramp data directly affects the accuracy of the 

‘total entering-volume through time’, an important parameter in the preliminary model. Further, those 

missing ramp-flow rates could not be estimated correctly through imputation if adjacent detector data 

are not available.   
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To address the above issues, the following enhancements have been made to the preliminary model: 

First, the route-wide Space-Mean Speed, Ut, is used as the main performance measure, which is 

estimated through time using only the mainline detector-station data as follows: 

            Ut = (VMT)t / (VHT)t 

where, Ut = Route-wide space-mean speed (mph) during t, 

             (VMT)t = Route-wide Vehicle-Miles-Traveled during t, 

                          = Ʃ (Qi,t * T * Li) for all i, t   

                           where, Qi,t: Flow-Rate of Segment i during t, T: Time duration of t, Li: Length of Segment, i 

             (VHT)t = Route-wide Vehicle-Hours-Traveled during t 

                         = Ʃ (Ki,t * Li * ti) for all Li, ti   where, Ki,t: Density of Segment i, during t 

In the above formulation, the Flow Rate and Density of Segment i through time are estimated with the 

traffic data from the field detector stations on the mainline in each route. Figure 4.2.1 shows the Ut 

variations through time at the I-494 NB and the 100 NB routes, two of the sample routes used in this study, 

for the same weekdays. As indicated in this figure, the Ut-time variations on each weekday clearly exhibit 

the route-wide resilience patterns in terms of resistance/adaptation and recovery periods. It can also be 

noted that the route-wide space-mean speed is a normalized measure that can be directly used for 

comparing the traffic performance of multiple routes. 

 

Figure 4.2.1 Space-Mean-Speed, Ut, Variations through time at I-494 NB and 100 NB Routes 

Next, a new route-wide measure, Total Number of Mainline Vehicles on a Given Route during t, Vt, is added 
to the modeling. Vt captures the combined effects of the interaction among all the entrance/exit ramp 
volumes and the mainline volume during t on a given route, i.e.,               

        Vt = Ʃ (Ki,t * Li ) for all segment i,  Li: Length of segment i    
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Figure 4.2.2 shows the variations of Vt and Ut on a weekday at the I-494 NB route, which had a crash 
accident from 16:55 until 18:00. As indicated in this figure, Ut directly responds to the variations of Vt. In 
particular, the Vt - Ut variations during the crash period shows that the Vt variations can directly reflect the 
effects of an incident, i.e., the resilience of a given route responding to an incident could be captured by 
the interrelationship between Vt and Ut.  

   

Figure 4.2.2 Vt and Ut Variations through time at I-494 NB Route 

Based on the above analysis, two alternative models are developed in this study as the potential 
enhancements of the preliminary model to quantify the operational resilience of freeway corridors and 
tested with the same set of data used in the previous phase as follows: 

Model 1:  CORIi =   
∑ (∆𝑈𝑡∗𝑡𝑖)∗∑ (𝑉𝑡)𝑡𝑡,𝑖

∑ (𝐸𝑡) 𝑡
 

where CORI: Corridor-wide (directional) Operational Resilience Index 

               ∆Ut: Uf – Ut, where Uf: Free-Flow Speed (estimated with the speed limit at a given location), 

                   ti: Duration of time interval: i => 0 – T, T: Total Time Period, 

               ƩVt: Total Number of Vehicles on the Mainline during t, 

                  Et : Total Route-wide Entering Volume during t,     

Model 2:  CORIi = 
∑  (∆𝑈𝑡∗𝑡𝑖)𝑡,𝑖

(∑ 𝑣𝑡) 𝑡
 

            where vt: Total Number of Vehicles on the Mainline per mile during t, i.e., Vt / (Route Length) 

In the above formulations, (∆Ut * ti) quantifies the functional loss of the route-wide traffic system during t. 

In Model 1 (M1), the operational resilience of a directional corridor is measured as the total route-wide 

functional loss per entering vehicle, while Model 2 (M2) determines the total functional loss per mainline 

vehicle as a measure of the CORI for a given route. In both models, the smaller value of CORI indicates 

stronger resilience for a given corridor traffic system. It can also be noted that in both models the number 
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of blocked lanes because of an incident is not included, i.e., the resilience of a given route responding to 

an incident is designed to be captured through the interaction between Vt and Ut. 

In this study, both M1 and M2 models are tested with the same set of data, i.e., the traffic data for the dry 

weekdays in September-October 2019, used in the previous phase for developing the preliminary model. 

Figures 4.2.3 and 4.2.4 show the daily CORI estimates for the sample routes for the same days with M1 and 

M2. The daily CORI estimates with M2 are also compared with those from the preliminary model as shown 

in Figure 4.2.5. As noted from these figures, the CORI estimates with M2 exhibit significantly consistent 

daily values, i.e., substantially less day-to-day variations, than those from either the preliminary model or 

M1 for both afternoon and morning peak routes. It can be noted that M2 does not include the ‘Total 

Entering Volume, Et’, which has potential accuracy issues depending on the availability of entrance ramp 

data.   

Figure 4.2.6 shows the relationships between the Geometric Friction Index, G, and the CORI values 

estimated with both M1 and M2. It can be observed that the CORI-G pattern resulting from M2 exhibits a 

very high value of R2, i.e., 92%, indicating the possibility of estimating the corridor operational resilience as 

a function of the geometric features of a given route.    

Finally, M2 is applied to estimate the CORI values of the sample routes for the rainy days during the same 

period, i.e., September-October 2019, and each route’s rainy day-CORI values are plotted in the CORI-G 

space, as shown in Figure 4.2.7. As can be seen in this figure, the rainy-day CORI-G relationship shows 

consistently higher CORI values than those of the dry days for the same routes, while maintaining the same 

structural pattern as the dry-day one, i.e., during rainy days, a freeway corridor system is less resilient than 

dry days. Further, the high R2 value of the rainy-day CORI-G pattern indicates the potential applicability of 

Model 2 to different weather conditions.  

Based on the above, in this study, M2 is selected as the enhanced operational-resilience model, which will 

be applied to the expanded metro freeway network in the subsequent chapter. 
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Figure 4.2.3 Comparison of Daily Estimates of CORI from M1 and M2 (Afternoon-Peak Routes) 
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Figure 4.2.4 Comparison of Daily Estimates of CORI from M 1 and M 2 (Morning-Peak Routes) 
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Figure 4.2.5 Comparison of Daily CORI Estimates with Preliminary Model and Enhanced Model (M2) 
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Figure 4.2.6 CORI vs Geometric Friction Index (G) with Model 1 and Model 2 

Figure 4.2.7 Comparison of Dry-Day and Rainy-Day CORI Estimates with Model 2 
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4.3 Summary 

This chapter summarized the results from the enhancement and testing of the preliminary model to 

quantify the operational resilience of freeway corridors. The enhanced model developed in this study 

considers the time-variant, route-wide space-mean speed as the system performance measure and 

estimates the resilience of a given route as its capability to resist the route-wide speed reduction and to 

recover to the free-flow speed in response to the route-wide, mainline volume variations through time. 

Further, only mainline-traffic data are used in the enhanced model in estimating the operational resilience 

of a given route, i.e., the enhanced model does not depend on the entrance ramp volumes that may have 

potential detection issues.  

The enhanced model was tested with the same set of data collected from the sample routes used for 

developing the preliminary model in the previous phase. The test results of the enhanced model showed 

significantly better performance than those from the preliminary model, i.e., the daily estimates of the 

operational resilience for the sample routes exhibit consistently less variations than those of the 

preliminary model. Further, the CORI-Geometric Friction Index (G) relationships for the sample routes have 

a clear pattern with substantially high correlation, indicating the possibility for developing a functional 

relationship between the operational resilience and the geometric feature of a given route. The application 

results of the enhanced model for the rainy days also resulted in the expected CORI-G pattern with strong 

correlation, i.e., during rainy days, a corridor-traffic system becomes less resilient than dry days.   

The enhanced resilience model developed in this chapter is applied in the subsequent chapter to estimate 

the resilience of the individual corridors in the metro network. Further, the relationships between the 

resilience estimates and traffic-flow measures of each corridor are also analyzed in the following chapter.  
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Chapter 5:  ASSESSMENT OF OPERATIONAL 

RESILIENCE OF INDIVIDUAL CORRIDORS AND THEIR 

EFFECTS ON TRAFFIC-FLOW PERFORMANCE IN THE 

METRO NETWORK 

5.1 Introduction 

In this chapter, the corridor-wide operational-resilience model, enhanced in the previous chapter, is 

applied to the metro freeway network, and the operational resilience of individual directional corridors, 

both morning and afternoon-peak routes, are estimated with the field traffic data collected over the 

weekdays of September-October period in 2018, 2019 and 2023. These periods were selected to ensure 

most freeway corridors in the metro network have experienced certain levels of congestion during peak 

periods. Further, the relationships between the route-wide geometric configuration and operational 

resilience are also analyzed in this chapter. The effects of the operational resilience on the traffic-flow 

performance and the travel-time reliability (TTR) measures at each corridor are analyzed in the 

subsequent chapter. 

5.2 Estimation of Operational Resilience of Individual 

Directional Corridors in the Metro Network 

Figure 5.2.1 shows the configuration of the total 37 individual corridors with 74 directional routes whose 

corridor-wide operational resilience indices (CORI) were estimated and analyzed in this chapter. First, the 

daily CORI values of each directional corridor during peak periods for the 2-month period, i.e., from 

September to October, for 2018, 2019 and 2023 were estimated under dry-weather conditions with the 

field traffic-detector data. It needs to be noted that, in calculating the daily CORI value of each directional 

corridor, only those days with at least 40 % of valid detector data were included in this study to minimize 

the effects of detector-malfunction issues. Next, the average daily CORI value of each directional corridor 

for the two-month period of each year was determined and shown in Tables 5.2.1 – 5.2.6, which includes 

the sorted corridor list with the CORI values from low to high for both morning and afternoon routes 

under dry-weather conditions.    
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Figure 5.2.1 Configuration of Individual Corridors for the Metro Freeway Network 

It needs to be noted that smaller values of CORI indicate higher levels of resilience, i.e., more resilient 

corridors. Further, the CORI values of all the directional corridors are grouped into 6 color-coded levels as 

follows:   

Level 1: 0 ≤ CORI < 0.005 

Level 2: 0.005 ≤ CORI < 0.01 

Level 3: 0.01 ≤ CORI < 0.015 

Level 4: 0.015 ≤ CORI < 0.02 

Level 5: 0.02 ≤ CORI < 0.025 

Level 6: 0.025 ≤ CORI  

Figures 5.2.2 – 5.2.7 show the color-coded CORI level of each directional corridor under dry-weather 

conditions for both morning and afternoon peak periods in 2018, 2019 and 2023. As noted in those tables 

and figures, the CORI levels of the individual corridors in the metro freeway network mostly belong to 

Level 2 and 3 over the selected 3-year period, while a group of certain routes have consistently exhibited 

higher CORI values, i.e., Level 4 or higher, indicating relatively weaker resilience levels than other 

corridors.  Tables 5.2.7 and 5.2.8 include the list of those individual corridors whose CORI levels have 

been greater than or equal to Level 4 at least once during the 3-year study period. 

 

 



117 

 

EFFECTS OF GEOMETRY ON OPERATIONAL RESILIENCE 

Finally, the effects of the geometric configuration on the corridor-wide operational resilience are also 

analyzed in this chapter by examining the relationships between the Geometric Friction (G) Factor, 

described in the previous chapter, and the CORI values of each directional corridor, both morning and 

afternoon-peak routes. Figures 5.2.8 – 5.2.13 show the G-CORI plots over the 3-year period. As can be 

noted in these figures, there exists a clear pattern between the G and CORI values of individual corridors, 

i.e., as the corridor-G values increase, the CORI values decrease, i.e., the corridors with low geometric 

friction to through traffic have strong resilience than those with high level of interruption.  

          

Table 5.2.1 CORI Values (2018, AM, Dry Days) 

  
Corridor 

Length 
(Miles) 

Geometric 
Friction 

Index (G) 

Operational 
Resilience 
Index (R) 

1 I-94 (EB)_MPLS DT to SP DT 8.4 3.10 0.0020 

2 I-35E (NB)_I35 to I494 10.9 2.69 0.0048 

3 I-494 (WB)_I94 to I35E 12.4 3.12 0.0049 

4 I-694 (WB)_I35E to TH10 3.8 2.84 0.0056 

5 T.H.10 (EB)_TH169 to TH610 7.5 1.93 0.0064 

6 I-35E (SB)_I35 to I694 13.5 4.14 0.0068 

7 I-694 (WB)_TH36 to I35E 6.5 2.37 0.0068 

8 I-94 (EB)_I494 to TH252 8 3.63 0.0068 

9 I-394 (EB)_I494 to TH169 2.7 1.78 0.0077 

10 T.H.52 (NB)_TH55 to SP DT 8.2 2.14 0.0087 

11 I-35E (SB)_I694 to SP DT 6 3.41 0.0089 

12 I-35W (SB)_I694 to MPLS DT 9.1 3.56 0.0089 

13 I-35W (NB)_I494 to MPLS DT 9.2 3.68 0.0093 

14 I-94 (WB)_SP DT to MPLS DT 8.5 3.97 0.0094 

15 I-494 (WB)_I35W to TH212 5.9 2.42 0.0097 

16 T.H.100 (SB)_I694 to I394 6.8 2.37 0.0099 

17 T.H.100 (SB)_I394 to I494 7.7 2.90 0.0100 

18 T.H.610 (EB)_I94 to TH10 11.7 3.99 0.0100 

19 I-94 (EB)_TH252 to MPLS DT 8.1 3.08 0.0102 
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20 T.H.77 (NB)_127th to TH62 6.1 2.01 0.0104 

21 I-494 (SB)_I694 to TH212 15.5 3.64 0.0106 

22 I-35W (NB)_I35 to I494 8.4 3.14 0.0114 

23 I-94 (WB)_I694 to SP DT 7.5 2.67 0.0124 

24 I-494 (WB)_I35E to I35W 7.8 2.70 0.0128 

25 I-394 (EB)_TH169 to MPLS DT 5.5 3.11 0.0132 

26 T.H.10 (EB)_TH610 to I694 7.3 2.80 0.0134 

27 I-35W (SB)_I35 to I694 14.8 3.89 0.0134 

28 I-694 (NB)_I94 to TH36 4.9 1.39 0.0136 

29 I-35E (NB)_I494 to SP DT 7.6 3.50 0.0138 

30 T.H.36 (WB)_I694 to I35E 6.4 2.34 0.0145 

31 I-694 (WB)_TH10 to TH252 5.5 2.80 0.0155 

32 U.S.169 (SB)_TH610 to I394 10.9 2.01 0.0167 

33 T.H.62 (WB)_TH55 to I35W 4.2 3.10 0.0176 

34 T.H.36 (WB)_I35E to I35W 4.4 2.16 0.0177 

35 T.H.62 (WB)_I35W to I494 6.7 1.80 0.0202 

36 U.S.169 (SB)_I394 to TH13 16.2 2.64 0.0202 
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Figure 5.2.2 CORI Levels (2018, AM, Dry Days) 

   

 

Table 5.2.2 CORI Values (2018, PM, Dry Days) 

  
Corridor 

Length 
(Miles) 

Geometric 
Friction 

Index (G) 

Operational 
Resilience 
Index (R) 

1 I-94 (EB)_SP DT to I694 7.3 3.20 0.0044 

2 I-94 (WB)_MPLS DT to TH252 8 3.52 0.0051 

3 I-94 (WB)_I494 to Rogers 8.4 2.60 0.0056 

4 I394 (WB)_TH169 to I494 3.3 2.99 0.0056 

5 T.H.610 (WB)_TH10 to I94 11.3 1.76 0.0063 

6 I-35E (SB)_I494 to I35 11 2.30 0.0067 

7 I-35W (SB)_I494 to I35 8.6 2.97 0.0069 

8 I-494 (EB)_I35W to I35E 7.8 3.58 0.0071 

9 I-694 (EB)_TH10 to I35E 4.7 4.33 0.0076 

10 T.H.77 (SB)_TH62 to 127th 8.2 2.32 0.0080 

11 T.H.10 (WB)_TH610 to TH169 7.6 2.05 0.0081 

12 I-494 (NB)_TH212 to I694 14.4 3.15 0.0084 

13 I394 (WB)_MPLS DT to TH169 5.6 1.97 0.0090 

14 I-94 (EB)_MPLS DT to SP DT 8.4 3.10 0.0090 
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15 T.H.36 (EB)_I35E to I694 6.6 2.75 0.0092 

16 I-35W (NB)_MPLS DT to I694 9.2 2.23 0.0092 

17 I-35E (NB)_SP DT to I694 5.8 3.31 0.0093 

18 T.H.100 (NB)_I394 to I694 6.9 2.83 0.0097 

19 I-35W (NB)_I694 to I35 14.7 3.64 0.0105 

20 I-494 (EB)_I35E to I94 12.4 3.45 0.0108 

21 T.H.100 (NB)_I494 to I394 7.6 2.83 0.0120 

22 I-694 (EB)_TH252 to TH10 5.4 2.13 0.0122 

23 T.H.62 (EB)_I35W to TH55 4.8 1.98 0.0122 

24 I-35W (SB)_MPLS DT to I494 9.1 3.45 0.0124 

25 I-94 (WB)_SP DT to MPLS DT 8.5 3.97 0.0127 

26 I-694 (SB)_TH36 to I94 5.3 2.68 0.0130 

27 T.H.10 (WB)_I694 to TH610 7.7 2.92 0.0135 

28 I-694 (EB)_I35E to TH36 5.7 1.78 0.0138 

29 I-494 (EB)_TH212 to I35W 6.2 2.25 0.0142 

30 I-35E (SB)_SP DT to I494 7.5 2.39 0.0144 

31 U.S.169 (NB)_I394 to TH610 11.1 2.21 0.0161 

32 T.H.36 (EB)_I35W to I35E 5.2 1.89 0.0165 

33 U.S.169 (NB)_TH13 to I394 16 2.22 0.0185 

34 T.H.62 (EB)_I494 to I35W 6.9 1.92 0.0246 
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Figure 5.2.3 CORI Levels (2018, PM, Dry Days) 

Table 5.2.3 CORI Levels (2018, PM, Dry Days) 

  
Corridor 

Length 
(Miles) 

Geometric 
Friction 

Index (G) 

Operational 
Resilience 
Index (R) 

1 I-94 (EB)_MPLS DT to SP DT 8.4 3.10 0.0017 

2 I-35E (NB)_I35 to I494 10.9 2.69 0.0052 

3 I-394 (EB)_I494 to TH169 2.7 1.78 0.0052 

4 I-94 (EB)_I494 to TH252 8 3.63 0.0066 

5 I-494 (WB)_I35W to TH212 5.9 2.42 0.0075 

6 I-494 (WB)_I94 to I35E 12.4 3.12 0.0075 

7 I-94 (WB)_SP DT to MPLS DT 8.5 3.97 0.0081 

8 T.H.100 (SB)_I394 to I494 7.7 2.90 0.0087 

9 I-494 (SB)_I694 to TH212 15.5 3.64 0.0092 

10 I-35E (SB)_I35 to I694 13.5 4.14 0.0093 

11 T.H.610 (EB)_I94 to TH10 11.7 3.99 0.0094 

12 I-694 (WB)_I35E to TH10 3.8 2.84 0.0095 
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13 I-35E (SB)_I694 to SP DT 6 3.41 0.0095 

14 T.H.77 (NB)_127th to TH62 6.1 2.01 0.0098 

15 T.H.100 (SB)_I694 to I394 6.8 2.37 0.0103 

16 T.H.10 (EB)_TH169 to TH610 7.5 1.93 0.0105 

17 I-35W (NB)_I35 to I494 8.4 3.14 0.0110 

18 I-94 (EB)_TH252 to MPLS DT 8.1 3.08 0.0111 

19 I-35W (NB)_I494 to MPLS DT 9.2 3.68 0.0112 

20 I-694 (WB)_TH36 to I35E 6.5 2.37 0.0117 

21 I-394 (EB)_TH169 to MPLS DT 5.5 3.11 0.0118 

22 I-35E (NB)_I494 to SP DT 7.6 3.50 0.0119 

23 I-694 (NB)_I94 to TH36 4.9 1.39 0.0125 

24 I-94 (WB)_I694 to SP DT 7.5 2.67 0.0132 

25 I-494 (WB)_I35E to I35W 7.8 2.70 0.0141 

26 U.S.169 (SB)_I394 to TH13 16.2 2.64 0.0152 

27 I-694 (WB)_TH10 to TH252 5.5 2.80 0.0153 

28 T.H.10 (EB)_TH610 to I694 7.3 2.80 0.0154 

29 I-35W (SB)_I694 to MPLS DT 9.1 3.56 0.0165 

30 U.S.169 (SB)_TH610 to I394 10.9 2.01 0.0175 

31 T.H.62 (WB)_TH55 to I35W 4.2 3.10 0.0177 

32 T.H.36 (WB)_I35E to I35W 4.4 2.16 0.0184 

33 T.H.62 (WB)_I35W to I494 6.7 1.80 0.0196 

34 T.H.36 (WB)_I694 to I35E 6.4 2.34 0.0231 
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Figure 5.2.4 CORI Levels (2019, AM, Dry Days) 
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Table 5.2.4 CORI Values (2019, PM, Dry Days) 

  
Corridor 

Length 
(Miles) 

Geometric 
Friction 

Index (G) 

Operational 
Resilience 
Index (R) 

1 I-94 (WB)_TH252 to I494 7.1 3.02 0.0050 

2 I-35E (SB)_I494 to I35 11 2.30 0.0053 

3 I-94 (WB)_MPLS DT to TH252 8 3.52 0.0055 

4 I-94 (WB)_I494 to Rogers 8.4 2.60 0.0056 

5 I-94 (EB)_SP DT to I694 7.3 3.20 0.0062 

6 T.H.610 (WB)_TH10 to I94 11.3 1.76 0.0065 

7 T.H.10 (WB)_TH610 to TH169 7.6 2.05 0.0065 

8 I394 (WB)_MPLS DT to TH169 5.6 1.97 0.0079 

9 I-494 (EB)_I35W to I35E 7.8 3.58 0.0080 

10 T.H.36 (EB)_I35E to I694 6.6 2.75 0.0081 

11 I-694 (EB)_I35E to TH36 5.7 1.78 0.0090 

12 T.H.77 (SB)_TH62 to 127th 8.2 2.32 0.0092 

13 I-94 (EB)_MPLS DT to SP DT 8.4 3.10 0.0092 

14 I394 (WB)_TH169 to I494 3.3 2.99 0.0095 

15 I-35W (SB)_I494 to I35 8.6 2.97 0.0099 

16 I-35E (NB)_SP DT to I694 5.8 3.31 0.0099 

17 I-35E (NB)_I694 to I35 14 3.16 0.0100 

18 I-494 (NB)_TH212 to I694 14.4 3.15 0.0100 

19 I-494 (EB)_I35E to I94 12.4 3.45 0.0102 

20 I-94 (WB)_SP DT to MPLS DT 8.5 3.97 0.0103 

21 T.H.100 (NB)_I394 to I694 6.9 2.83 0.0105 

22 I-35W (NB)_MPLS DT to I694 9.2 2.23 0.0110 

23 T.H.10 (WB)_I694 to TH610 7.7 2.92 0.0120 

24 I-694 (EB)_TH252 to TH10 5.4 2.13 0.0122 

25 T.H.100 (NB)_I494 to I394 7.6 2.83 0.0125 

26 I-35E (SB)_SP DT to I494 7.5 2.39 0.0127 

27 I-694 (EB)_TH10 to I35E 4.7 4.33 0.0137 
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28 I-694 (SB)_TH36 to I94 5.3 2.68 0.0146 

29 T.H.62 (EB)_I35W to TH55 4.8 1.98 0.0148 

30 I-35W (SB)_MPLS DT to I494 9.1 3.45 0.0149 

31 I-494 (EB)_TH212 to I35W 6.2 2.25 0.0150 

32 U.S.169 (NB)_I394 to TH610 11.1 2.21 0.0175 

33 T.H.36 (EB)_I35W to I35E 5.2 1.89 0.0175 

34 U.S.169 (NB)_TH13 to I394 16 2.22 0.0211 

35 T.H.62 (EB)_I494 to I35W 6.9 1.92 0.0238 

 

 

Figure 5.2.5 CORI Levels (2019, PM, Dry Days) 

 

Table 5.2.5 CORI Values (2023, AM, Dry Days) 

  
Corridor 

Length 
(Miles) 

Geometric 
Friction 

Index (G) 

Operational 
Resilience 
Index (R) 

1 I-694 (WB)_I35E to TH10 3.8 2.84 0.0054 

2 I-94 (EB)_MPLS DT to SP DT 8.4 3.10 0.0056 

3 I-35E (SB)_I694 to SP DT 6 3.41 0.0060 
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4 I-694 (WB)_TH36 to I35E 6.5 2.37 0.0061 

5 I-94 (EB)_I494 to TH252 8 3.63 0.0064 

6 I-35W (NB)_I35 to I494 8.4 3.14 0.0068 

7 T.H.100 (SB)_I394 to I494 7.7 2.90 0.0068 

8 T.H.100 (SB)_I694 to I394 6.8 2.37 0.0074 

9 I-494 (WB)_I35W to TH212 5.9 2.42 0.0074 

10 I-494 (SB)_I694 to TH212 15.5 3.64 0.0078 

11 I-94 (EB)_TH252 to MPLS DT 8.1 3.08 0.0082 

12 I-94 (WB)_SP DT to MPLS DT 8.5 3.97 0.0084 

13 T.H.77 (NB)_127th to TH62 6.1 2.01 0.0084 

14 I-35W (SB)_I694 to MPLS DT 9.1 3.56 0.0086 

15 I-35W (NB)_I494 to MPLS DT 9.2 3.68 0.0105 

16 I-94 (EB)_Rogers to I494 9.1 3.46 0.0116 

17 I-35W (SB)_I35 to I694 14.8 3.89 0.0116 

18 I-394 (EB)_TH169 to MPLS DT 5.5 3.11 0.0119 

19 T.H.10 (EB)_TH610 to I694 7.3 2.80 0.0121 

20 U.S.169 (SB)_I394 to TH13 16.2 2.64 0.0123 

21 I-94 (WB)_I694 to SP DT 7.5 2.67 0.0124 

22 I-694 (NB)_I94 to TH36 4.9 1.39 0.0131 

23 I-494 (WB)_I35E to I35W 7.8 2.70 0.0137 

24 I-35E (NB)_I494 to SP DT 7.6 3.50 0.0137 

25 I-694 (WB)_TH10 to TH252 5.5 2.80 0.0161 

26 T.H.36 (WB)_I35E to I35W 4.4 2.16 0.0185 

27 U.S.169 (SB)_TH610 to I394 10.9 2.01 0.0205 

28 T.H.610 (EB)_I94 to TH10 11.7 3.99 0.0220 

29 T.H.62 (WB)_TH55 to I35W 4.2 3.10 0.0220 

30 T.H.36 (WB)_I694 to I35E 6.4 2.34 0.0242 

31 T.H.62 (WB)_I35W to I494 6.7 1.80 0.0267 
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Figure 5.2.6 CORI Levels (2023, AM, Dry Days) 

 

 

     

Table 5.2.6 CORI Values (2023, PM, Dry Days) 

  
Corridor 

Length 
(Miles) 

Geometric 
Friction 

Index (G) 

Operational 
Resilience 
Index (R) 

1 I-94 (EB)_SP DT to I694 7.3 3.20 0.0037 

2 I394 (WB)_MPLS DT to TH169 5.6 1.97 0.0049 

3 I-35W (NB)_MPLS DT to I694 9.2 2.23 0.0049 

4 I-35W (SB)_I494 to I35 8.6 2.97 0.0055 

5 I-494 (EB)_I35W to I35E 7.8 3.58 0.0058 

6 I-94 (WB)_MPLS DT to TH252 8 3.52 0.0063 

7 T.H.10 (WB)_I694 to TH610 7.7 2.92 0.0066 

8 I-35E (NB)_SP DT to I694 5.8 3.31 0.0069 

9 I-494 (NB)_TH212 to I694 14.4 3.15 0.0076 
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10 T.H.10 (WB)_TH610 to TH169 7.6 2.05 0.0078 

11 I-35W (SB)_MPLS DT to I494 9.1 3.45 0.0081 

12 I-94 (EB)_MPLS DT to SP DT 8.4 3.10 0.0083 

13 I-694 (EB)_TH10 to I35E 4.7 4.33 0.0090 

14 T.H.36 (EB)_I35E to I694 6.6 2.75 0.0094 

15 I-694 (EB)_I35E to TH36 5.7 1.78 0.0101 

16 T.H.100 (NB)_I494 to I394 7.6 2.83 0.0102 

17 T.H.100 (NB)_I394 to I694 6.9 2.83 0.0103 

18 I-694 (EB)_TH252 to TH10 5.4 2.13 0.0113 

19 I-94 (WB)_SP DT to MPLS DT 8.5 3.97 0.0115 

20 U.S.169 (NB)_I394 to TH610 11.1 2.21 0.0121 

21 T.H.610 (WB)_TH10 to I94 11.3 1.76 0.0130 

22 T.H.62 (EB)_I35W to TH55 4.8 1.98 0.0137 

23 U.S.169 (NB)_TH13 to I394 16 2.22 0.0137 

24 I-35E (SB)_SP DT to I494 7.5 2.39 0.0143 

25 I-494 (EB)_TH212 to I35W 6.2 2.25 0.0148 

26 I-94 (WB)_I494 to Rogers 8.4 2.60 0.0153 

27 T.H.36 (EB)_I35W to I35E 5.2 1.89 0.0162 

28 T.H.62 (EB)_I494 to I35W 6.9 1.92 0.0224 
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Figure 5.2.7 CORI Levels (2023, PM, Dry Days) 

 

 

 

 

 

Table 5.2.7 Average CORI Values of Individual Corridors with Level 4 or Higher (Morning-Peak Period) 

  Corridor 
Length 
(Miles) 

Geometric 
Friction 

Index (G) 

Operational 
Resilience 
Index (R) 

1 T.H.36 (WB)_694 to I35E 6.4 2.34 0.0237 

2 T.H.62 (WB)_I35W to 494 6.7 1.80 0.0221 

3 T.H.610 (EB)_I94 to TH10 11.7 3.99 0.0220 

4 T.H.62 (WB)_TH55 to I35W 4.2 3.10 0.0191 

5 U.S.169 (SB)_TH610 to 394 10.9 2.01 0.0182 

6 T.H.36 (WB)_I35E to I35W 4.4 2.16 0.0182 
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7 U.S.169 (SB)_394 to 101 16.2 2.64 0.0177 

8 I-35W (SB)_694 to MSPL DT 9.1 3.56 0.0165 

9 I-694 (WB)_TH10 to I94 5.5 2.80 0.0157 

10 T.H.10 (EB)_TH610 to 694 7.3 2.80 0.0154 

 

 

 

Table 5.2.8 Average CORI Values of Individual Corridors with Level 4 or Higher (Afternoon-Peak Period) 

  Corridor 
Length 
(Miles) 

Geometric 
Friction 

Index (G) 

Operational 
Resilience 
Index (R) 

1 T.H.62 (EB)_494 to I35W 6.9 1.92 0.0236 

2 U.S.169 (NB)_101 to 394 16 2.22 0.0198 

3 U.S.169 (NB)_394 to TH610 11.1 2.21 0.0168 

4 T.H.36 (EB)_I35W to I35E 5.2 1.89 0.0167 

5 I-94 (WB)_I494 to TH610 8.4 2.60 0.0153 

6 I-494 (EB)_212 to I35W 6.2 2.25 0.0150 

 

 

 



131 

 

      

 

Figure 5.2.8 Route-wide Resilience vs. Geometric Friction Factor (2018, Dry Days, AM-Peak Routes) 
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Figure 5.2.9 Route-wide Resilience vs. Geometric Friction Factor (2018, Dry Days, PM-Peak Routes) 
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Figure 5.2.10 Route-wide Resilience vs. Geometric Friction Factor (2019, Dry Days, AM-Peak Routes) 
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Figure 5.2.11 Route-wide Resilience vs. Geometric Friction Factor (2019, Dry Days, PM-Peak Routes) 
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Figure 5.2.12 Route-wide Resilience vs. Geometric Friction Factor (2023, Dry Days, AM-Peak Routes) 
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Figure 5.2.13 Route-wide Resilience vs. Geometric Friction Factor (2023, Dry Days, PM-Peak Routes) 

 

5.3 Effects of Operational Resilience on Travel-Time Reliability 

and Traffic-Flow Measures   

In this section, the effects of the operational resilience on the traffic-flow performance and the travel-

time TTR Measures at individual directional corridors are analyzed by using the CORI values determined 

in the previous section. First, for each directional corridor, the yearly estimates of traffic-flow measures, 

i.e., Vehicle-Miles-Traveled (VMT) and Delayed-Vehicle-Hours (DVH), as well as a set of the travel-time 

reliability indices are calculated with TeTRES for the 3-year study period of 2018, 2019 and 2023. Next, 

the relationships between CORI and those traffic-flow measures and travel-time reliability indices are 

analyzed for each year. The travel-time reliability indices used in this analysis are as follows: 

95th %-ile Buffer Index (BI) : (95th %-ile Travel Time – Average Travel Time) /( Average Travel Time) 

95th %-ile Planning Index (PI): (95th %-ile Travel Time / Free-Flow Travel Time 
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EFFECTS OF OPERATIONAL RESILIENCE ON TRAFFIC-FLOW MEASURES 

Figures 5.3.1 – 5.3.6 show the relationships between the CORI values and the yearly estimates of VMT/mile 
for individual directional corridors for the morning and afternoon-peak periods over the 3-year period.  In 
this study, the yearly VMT values of individual directional corridors were normalized by dividing them with 
the length of each route.  

As shown in these figures, there is a clear linear pattern between VMT/mile and CORI.  As the CORI value 

increases, i.e., as the routes become less resilient, the values of VMT/mile also decrease. Further, the 

VMT/mile-CORI pattern appears to be consistent in both morning and afternoon-peak routes. This 

indicates the resilience of a directional corridor directly affects the productivity of a given route-traffic 

system. The above observation is also noted in the relationships between the DVH/mile and CORI, which 

are shown in Figures 5.3.7 – 5.3.12. As indicated, the routes with smaller CORI values, i.e., the routes with 

strong resilience, also exhibit smaller values of delayed-vehicle hours per mile than those with weak 

resilience.   

EFFECTS OF OPERATIONAL RESILIENCE ON TRAVEL-TIME TTR MEASURES 

Figures 5.3.13 – 5.3.18 show the CORI-Buffer Index (BI) relationships of the morning and afternoon routes 

for the 3-year study period. As noted in these figures, there is a clear and consistent pattern between 

CORI and BI, i.e., as CORI increases, BI also increases. This indicates that the routes with high CORI values, 

i.e., weak resilience, have larger levels of fluctuations in travel times than those with strong resilience, 

i.e., low CORI values.  

The effects of the operational resilience on the congestion level are also analyzed by examining the 

relationships between CORI and Planning Index (PI), a ratio of 95th percentile travel time to free-flow travel 

time, at individual directional corridors. Figures 5.3.19 – 5.3.24 show the CORI-PI plots for both morning 

and afternoon routes during the study period. The CORI-PI relationships noted in these figures exhibit 

similar patterns shown in the CORI-BI plots, i.e., as CORI increases, PI also increases. This indicates that the 

routes with low levels of resilience also have high levels of congestion.   

As discussed above, the CORI-BI and CORI-PI relationships of the individual directional corridors in the 

metro freeway network show the expected patterns, i.e., the routes with strong resilience have low 

levels of travel-time fluctuations and congestion compared to those with weak resilience. 
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Figure 5.3.1 Route-wide Resilience Index vs VMT/mile (2018, Morning-Peak Routes) 
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Figure 5.3.2 Route-wide Resilience Index vs VMT/mile (2018, Afternoon-Peak Routes) 

 



140 

 

 

Figure 5.3.3 Route-wide Resilience Index vs VMT/mile (2019, Morning-Peak Routes) 
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Figure 5.3.4 Route-wide Resilience Index vs VMT/mile (2019, Afternoon-Peak Routes) 
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Figure 5.3.5 Route-wide Resilience Index vs VMT/mile (2023, Morning-Peak Routes) 
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Figure 5.3.6 Route-wide Resilience Index vs VMT/mile (2023, Afternoon-Peak Routes) 
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Figure 5.3.7 Route-wide Resilience Index vs DVH/mile (2018, Morning-Peak Routes) 
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Figure 5.3.8 Route-wide Resilience Index vs DVH/mile (2018, Afternoon-Peak Routes) 
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Figure 5.3.9 Route-wide Resilience Index vs DVH/mile (2019, Morning-Peak Routes) 
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Figure 5.3.10 Route-wide Resilience Index vs DVH/mile (2019, Afternoon-Peak Routes) 
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Figure 5.3.11 Route-wide Resilience Index vs DVH/mile (2023, Morning-Peak Routes) 
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Figure 5.3.12 Route-wide Resilience Index vs DVH/mile (2023, Afternoon-Peak Routes) 
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Figure 5.3.13 Route-wide Resilience Index vs Buffer Index (2018, Morning-Peak Routes) 

 

 



151 

 

 

Figure 5.3.14 Route-wide Resilience Index vs Buffer Index (2018, Afternoon-Peak Routes) 
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Figure 5.3.15 Route-wide Resilience Index vs Buffer Index (2019, Morning-Peak Routes) 
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Figure 5.3.16 Route-wide Resilience Index vs Buffer Index (2019, Afternoon-Peak Routes 
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Figure 5.3.17 Route-wide Resilience Index vs Buffer Index (2023, Morning-Peak Routes) 
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Figure 5.3.18 Route-wide Resilience Index vs Buffer Index (2023, Afternoon-Peak Routes) 
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Figure 5.3.19 Route-wide Resilience Index vs Planning Index (2018, Morning-Peak Routes) 
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Figure 5.3.20 Route-wide Resilience Index vs Planning Index (2018, Afternoon-Peak Routes) 
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Figure 5.3.21 Route-wide Resilience Index vs Planning Index (2019, Morning-Peak Routes) 
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Figure 5.3.22 Route-wide Resilience Index vs Planning Index (2019, Afternoon-Peak Routes) 
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Figure 5.3.23 Route-wide Resilience Index vs Planning Index (2023, Morning-Peak Routes) 
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Figure 5.3.24 Route-wide Resilience Index vs Planning Index (2023, Afternoon-Peak Routes) 

5.4 Summary 

In this chapter, the resilience model enhanced in the previous chapter was applied to estimate the corridor-

wide operational resilience indices, CORI, of 74 directional routes using the traffic data from the 

September-October period in 2018, 2019 and 2023. Based on the estimation results, a group of the 

directional routes exhibiting consistently low-level of resilience were identified for both morning and 

afternoon-peak periods. Further, the effects of the geometric configuration on the operational resilience 

were also analyzed by examining the relationships between the geometric-friction index, G, developed 

from the previous phase, and the operational resilience of individual routes. The G-CORI plots for the metro 

freeway corridors resulted in the expected patterns, i.e., the routes with efficient geometric structure in 

terms of handling through traffic exhibit strong resilience compared with those routes with high levels of 

geometric friction. Finally, the effects of the operational resilience on the traffic-flow measures and travel-

time reliability at individual directional corridors were also analyzed in this chapter. The analysis results 

indicate that the routes with strong resilience also have better productivity and reliability, e.g., higher 

VMT/mile with less variability in travel times, than those routes with low levels of resilience. The findings 

from this chapter could provide the basis for future improvements of freeway corridors in terms of 

geometric design and operational strategies. 

   



162 

 

Chapter 6:  CONCLUSIONS – RESEARCH 

BENEFITS/IMPLEMENTATION/FUTURE STUDY NEEDS 

This report summarized the major results from the current study, whose main goal was to assess the travel-

time reliability and the operational resilience of the Twin Cities’ freeway corridors. First, the various types 

of traffic and non-traffic data required for TeTRES, the Travel-time Reliability Estimation System, developed 

in previous studies, were collected from September 2020 to December 2023 and processed to populate 

the TeTRES database, which was used to estimate the travel-time TTR measures of the individual freeway 

corridors from January 2018 to December 2023. Furthermore, the prototype resilience model, developed 

from the previous phase, was enhanced with an expanded data set reflecting different weather conditions 

from the metro freeway network. Using the enhanced resilience model, the operational-resilience indices 

of individual freeway corridors were estimated and a group of the directional corridors with low levels of 

resilience were identified. Furthermore, the analysis of the relationships between geometric configuration 

and operational resilience resulted in the expected patterns, i.e., the routes with efficient geometric 

structure for through traffic exhibited strong resilience compared to those routes with high levels of 

geometric friction. It was also found that the routes with strong resilience had higher VMT/mile with less 

variability of travel times, i.e., smaller values of buffer and planning indices, than the routes with low levels 

of resilience. The above findings could provide specific directions for future improvements of freeway 

corridors in terms of geometric design and operational strategies. 

RESEARCH BENEFITS 

Decrease Engineering/Administrative Costs: The updated TeTRES database populated with the new set of 

historical data, including various types of traffic/non-traffic data, such as weather, incident, work zone, 

winter-road conditions and special events, as well as the monthly/yearly estimates of the travel-time 

reliability and traffic-flow measures that resulted from this study for a set of the predefined routes can 

substantially reduce the time and effort of MnDOT staff in collecting, processing data and analyzing these 

measures.   

Enhance Effectiveness of Operations and Maintenance: The results from this study, i.e., the travel-time 

reliability under different operating conditions, such as incident type and weather, can be directly 

applicable to MnDOT staff in identifying the major sources of recurring/non-recurring congestion at a 

corridor level. This can lead to the development of corridor-specific operation and maintenance strategies. 

Furthermore, the resilience estimates for individual corridors can be applied in prioritizing corridors for 

operational improvements. Such capability to develop prioritized, corridor-specific improvement plans can 

substantially improve the efficiency and effectiveness of the MnDOT operational and maintenance 

strategies for the metro freeway network.  
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Environmental Aspects: The prioritized, corridor-specific improvements in operations and maintenance 

can contribute to mitigating traffic congestion in the metro freeway network, resulting in reductions in 

excess energy consumption and emissions due to smoother traffic flow and less queueing.   

Safety: The assessment of the travel-time reliability at corridor levels under different operating conditions 

can lead to accurate understanding of the main sources of congestion and travel-time variations. Such an 

understanding, with the resilience-based prioritization of corridors, can directly lead to proactively 

improving the operational efficiency and safety of each corridor, thus, reducing the incident-related delays 

and queueing, which could further increase the risk of secondary crashes.  

Reduce Risk: The reliability trends and resilience measures can be directly applicable in prioritizing metro 

freeway corridors for short/long-term improvements, and therefore, can reduce the risk of inefficient 

allocation of the operational resources for the metro network. Further, it can be pointed out that travel-

time variability represents an important source of risk to both passengers and freight traffic. Improving 

corridor-wide travel-time reliability and resilience could substantially reduce the risks faced by various 

users. 

Other – Sustainability: A reliable and resilient freeway network, which reduces the frequency and severity 

of degraded performance, can improve the environmental and economic sustainability of the Twin Cities, 

Minnesota, by reducing the external costs of emissions from fuel consumption as well as time and money 

expenditure of the public. 

IMPLEMENTATION STEPS 

To facilitate the realization of the benefits from this study, the following steps will be taken in 

cooperation with the relevant offices in MnDOT:   

 Technical workshops will be conducted for the relevant MnDOT staff regarding the main results from 

this study and potential applications. 

 All the TeTRES files including the updated database will be provided to MnDOT as needed.   

 Technical assistance to each MnDOT office will be provided in estimating and analyzing the travel-time 

reliability and resilience measures for office-specific applications, e.g., before/after performance 

analysis and corridor prioritization for short/long-term planning. 

 

FUTURE STUDY NEEDS 

Future research needs identified from this study are as follows: 

 Continuous collection of data and assessment of travel-time reliability of the freeway corridors in 

the metro network. 
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 Enhancement of the geometry-friction model with the explicit incorporation of the connectivity 

and accessibility of a given route to adjacent corridors.    

 Study on the potential effects of heavy-vehicle flows on the corridor-wide operational resilience, 

since the operational characteristics of heavy vehicles, i.e., acceleration and deceleration, could 

significantly affect the congestion formulation and recovery patterns of a given route. 
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A.1 Configuration of Freeway Corridors for Travel-Time Reliability/Traffic-Flow MOE Estimation 

Figure A.1.1 shows the metro-freeway network consisting with the individual corridors, whose travel-time 

reliability (TTR) and traffic-flow measures are estimated with TeTRES for each directional route. The TTR 

measures of each route are based on the travel times calculated every 5-minute interval during non-

holiday weekdays, i.e., Tuesdays, Wednesdays, Thursdays. In addition, a set of the commonly used traffic-

flow measures were also estimated and presented for each route. The specific measures and operating 

conditions used in this analysis are as follows: 

Travel-time Reliability (TTR) Measures  

       Buffer Index (BI, 95th %ile) = (95th %ile Travel Time – Average Travel Time)/(Average Travel Time) 

       Planning Index (PI, 95th %ile) = 95th %ile Travel Time / Free-Flow Travel Time 

       Travel Rate (TR, 95th %ile, minutes/mile) = 95th %ile Travel Time / Route Length   

 

Operating Conditions 

       Weather:  All, Dry, Rain, Snow 

       Incident: All, No-Incident (N), Property Damage Only (PD), Severe/Fatal (INJ, FA) 

       Work Zone: All, No-WZ (N), Light Impact-WZ (L), Medium-Heavy Effect WZ (M, H) 

      Special Event: No-Event, Small ( < 20,000 attendees), Medium-Large ( > 20,000 attendees) events 

Peak Periods: Morning: 6:00 – 9:00 a.m.  Afternoon: 3:30 – 6:30 p.m. 

Traffic-Flow Measures:  

       VMT (Vehicle-Miles Traveled), VHT (Vehicle-Hours Traveled), DVH (Delayed Vehicle-Hours) 
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Figure A.1.1 Configuration of Freeway Corridors (36 Corridors, 74 Peak-Directional Routes) 

Table A.1.1 Start/End Stations of Each Directional Route 
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A.2 Monthly and Yearly Trends of TT-Reliability and Traffic-Flow Measures for Individual Corridors 
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1) US-169 Corridor A (TH 101 < -- > I-394) 

i) US-169 Corridor A- NB Route TH 101 to I-394 for Afternoon Peak Period  

  

Location of 169 NB Route 

  

Effects of Weather conditions on Travel-Time Reliability 
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 Effects of Incidents   
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Effects of Work Zones   

 

Yearly Variations of TTR - Weather Effects 
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Incident Effects 
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Work-Zone Effects 

 

Yearly Variations of Buffer Index - Travel Rate Relationships   
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Variations of Traffic-Flow Measures 
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A-11

ii) US-169 Corridor A - SB Route I-394 to TH 101 for Moring-Peak Period

Effects of Weather conditions on Travel-Time Reliability 

  Effects of Incidents 
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Effects of Work Zones   

 

Yearly Variations - Weather Effects 
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Incident Effects 



A-14

Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 



A-16

2) US-169 Corridor B (I394 < -- > TH610)

i) US-169 Corridor B – NB I394 to TH610 for Afternoon Peak Periods

Location of 169 NB Route 

  Effects of Weather conditions on Travel-Time Reliability 
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   Effects of Incidents  
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Effects of Work Zones  

Yearly Variations of TTR - Weather Effects 
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Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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ii) US-169 Corridor B – SB TH610 to I394 for Morning Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 

   Effects of Incidents  
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Effects of Work Zones   
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Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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3) TH-610 Corridor (I94 < -- > TH10)

i) TH-610 WB Corridor WB TH10 – I94 for Afternoon Peak Period

  Effects of Weather conditions on Travel-Time Reliability 
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 Effects of Incidents  



A-30

 Effects of Work Zones 



A-31

Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

 

Yearly Variations of Buffer Index - Travel Rate Relationships   
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Variations of Traffic-Flow Measures 
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ii) TH-610 EB Corridor – EB I94 to TH10 for Morning Peak Periods

  Effects of Weather conditions on Travel-Time Reliability 

   Effects of Incidents  
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Effects of Work Zones   

 



A-37

Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

 

Yearly Variations of Buffer Index - Travel Rate Relationships   
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Variations of Traffic-Flow Measures 
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4) TH-100 Corridor A (I694 < -- > I394)

i) TH-100 Corridor A - SB I694 to I394 for Morning Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 
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 Effects of Incidents  



A-42

Effects of Work Zones  
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Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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ii) TH-100 NB Corridor A- NB I394 to 694 for Afternoon Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 

   Effects of Incidents  
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Effects of Work Zones  

Yearly Variations - Weather Effects 
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Incident Effects 



A-50

Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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5) TH-100 Corridor B (I394 < -- > I494)

i) TH-100 Corridor B -SB I394 to I494 for Morning Peak Periods

  Effects of Weather conditions on Travel-Time Reliability 
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 Effects of Incidents

Effects of Work Zones  
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Yearly Variations - Weather Effects 



A-56

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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ii) TH-100 Corridor B - NB 494 to I394 for Afternoon Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 

   Effects of Incidents  
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Effects of Work Zones  

Yearly Variations - Weather Effects 



A-62

Incident Effects 



A-63

Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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6) TH-62 Corridor A (I494 <--> I35W)

i) TH-62 Corridor A EB – I494 to I35W for Afternoon Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 
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Effects of Incidents  



A-67

Effects of Work Zones  



A-68

Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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A-72

ii) TH-62 Corridor A- WB I35W to 494 for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 

  Effects of Incidents 

Effects of Work Zones  
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Yearly Variations - Weather Effects 

Incident Effects 



A-74

Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  



A-75

Variations of Traffic-Flow Measures 
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7) TH-62 Corridor B (I35W < -- >TH55)

i) TH-62 Corridor B – EB I35W to TH55 for Afternoon Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 



A-78

Effects of Incidents 

Effects of Work Zones  
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Yearly Variations - Weather Effects 

 

Incident Effects 
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Work-Zone Effects 



A-81

Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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ii) TH-62 Corridor B - WB TH55 to I35W for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability

   Effects of Incidents  
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Effects of Work Zones 

Yearly Variations - Weather Effects 



A-84

Incident Effects 



A-85

Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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8) TH-52 (TH55 < -- > STPL)

i) TH-52 NB TH55 to STPL for Morning Peak Periods



A-88

  Effects of Weather conditions on Travel-Time Reliability 

 Effects of Incidents  

Effects of Work Zones  
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Yearly Variations - Weather Effects 

 



A-90

Incident Effects 

Work-Zone Effects 



A-91

Yearly Variations of Buffer Index - Travel Rate Relationships  



A-92

Variations of Traffic-Flow Measures 
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ii) TH-52 SB – STPL to TH55 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability

 Effects of Incidents  
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Effects of Work Zones  

Yearly Variations - Weather Effects 



A-95

Incident Effects 



A-96

Work-Zone Effects 



A-97

Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 



A-98

9) TH-36 Corridor A (I694 < -- > I35E)

i) TH-36 Corridor A- WB I694 to I35E for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability
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 Effects of Incidents  



A-100 

 

 

Effects of Work Zones   

 



A-101

Yearly Variations - Weather Effects 

Incident Effects 



A-102

Work-Zone Effects 



A-103

Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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A-105

ii) TH-36 Corridor A -  EB I35E to 694 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability

   Effects of Incidents  
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Effects of Work Zones  

Yearly Variations - Weather Effects 
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Incident Effects 



A-108

Work-Zone Effects 



A-109

Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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10) TH-36 Corridor B (I35E < -- > I35W)

i) TH-36 Corridor B - WB I35E to I35W for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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Effects of Incidents  
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Effects of Work Zones  



A-113

Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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ii) TH-36 Corridor B -  EB I35W to I35E  for Afternoon Peak Period

 Effects of Weather conditions on Travel-Time Reliability 

 Effects of Incidents  
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Effects of Work Zones  

Yearly Variations - Weather Effects 
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Incident Effects 
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Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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11) TH-10 Corridor A (TH169 < -- > TH610)

i) TH-10 Corridor A - EB TH169 to TH610  for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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   Effects of Incidents  
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Effects of Work Zones  



A-125

Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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A-129

ii) TH-10 Corridor A - WB TH610 to TH169 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability

  Effects of Incidents 
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Effects of Work Zones  

Yearly Variations - Weather Effects 
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Incident Effects 



A-132

Work-Zone Effects 



A-133

Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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12) TH-10 Corridor B ( TH610 < -- > I694)

i) TH-10 Corridor B -- EB TH610 to I694  for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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 Effects of Incidents  



A-136

Effects of Work Zones  



A-137

Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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A-141

ii) TH-10 Corridor B - WB I694 to TH 610 for Afternoon Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 

   Effects of Incidents  
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Effects of Work Zones  

Yearly Variations - Weather Effects 
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Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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13) I-494 Corridor A (I35E to I35W)

i) I-494 Corridor A - WB for I-35e -> I-35w, Morning Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 
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 Effects of Incidents 
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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ii) I-494 Corridor A - EB I-35w to I-35E for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability 

   Effects of Incidents  
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Effects of Work Zones  

Yearly Variations - Weather Effects 
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Incident Effects 
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Work-Zone Effects 



A-157

Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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14) I-494 Corridor B (I35W < -- > TH212)

i) I-494 Corridor B - WB (I-35W to TH 212) for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability
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   Effects of Incidents  
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  



A-163

Variations of Traffic-Flow Measures 
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ii) I-494 Corridor B -  EB TH 212 to  I-35w for Afternoon Peak Period

Effects of Weather conditions on Travel-Time Reliability

   Effects of Incidents  
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Effects of Work Zones  



A-167

Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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15) I-494 Corridor C (I35E < -- > I94)

i) I-494 Corridor C - EB I-35E to I-94 for Afternoon Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 
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Effects of Incidents  
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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ii) I-494 Corridor C - WB I-94 to I-35E for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability

   Effects of Incidents  
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Effects of Work Zones  

Yearly Variations - Weather Effects 
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Incident Effects 
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Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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16) I-494 Corridor D (TH212 < -- > I694)

i) I-494 Corridor D - NB TH 212 to I-694 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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Effects of Incidents  
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 



A-188



A-189

ii) I-494 Corridor D - SB I-694 to TH 212 for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability

 Effects of Incidents  
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Effects of Work Zones  

Yearly Variations - Weather Effects 
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Incident Effects 
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Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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17) I-394 Corridor A (I494 < -- > TH169)

i) I-394 Corridor A - EB I494 to TH169 for Morning Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 
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Effects of Incidents  
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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ii) I-394 Corridor A - WB TH169 to I494 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability 

   Effects of Incidents  
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Yearly Variations - Weather Effects 
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Incident Effects 
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Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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18) I-394 Corridor B (TH169 < -- > MPLS)

i) I-394 Corridor B – EB TH169 to Minneapolis DT for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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Yearly Variations - Weather Effects 

Incident Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  
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ii) I-394 Corridor B - WB Minneapolis DT to TH169 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability

   Effects of Incidents  
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Yearly Variations - Weather Effects 
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Incident Effects 
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Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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19) I-94 Corridor A (Rogers < -- > I494)

i) I-94 Corridor A - EB Rogers to I494 for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability
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Yearly Variations - Weather Effects 
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Work-Zone Effects 
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Variations of Traffic-Flow Measures 
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ii) I-94 Corridor A -  WB I-494 to Rogers for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability

   Effects of Incidents  
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Yearly Variations - Weather Effects 

Incident Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  
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20) I-94 Corridor B (I494 < -- > TH252)

i) I-94 Corridor B -- EB -I-494 to TH252 for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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  Effects of Incidents 
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 



A-236



A-237

ii) I-94 Corridor B -- WB TH252 to I494 for Afternoon Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 

 Effects of Incidents  
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

 

Incident Effects 



A-240

Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  
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21) I-94 Corridor C (TH252 < -- > MPLS)

i) I-94 Corridor C -- EB TH252 to Minneapolis DT for Morning Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 
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Effects of Incidents  
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

 

Yearly Variations of Buffer Index - Travel Rate Relationships   
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Variations of Traffic-Flow Measures 
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ii) I-94 Corridor C -- WB MPLS DT to TH252 for Afternoon Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 

   Effects of Incidents  
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 



A-254

22) I-94 Corridor D (MPLS < – > STPL)

i) I-94 Corridor D -- EB MPLS to STPL for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  



A-259

Variations of Traffic-Flow Measures 
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ii) I-94 Corridor D-- EB MPLS to STPL for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability

   Effects of Incidents  
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Effects of Work Zones   

 

Yearly Variations - Weather Effects 
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Incident Effects 



A-264

Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 
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iii) I-94 Corridor D -- WB STPL to MPLS for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability

   Effects of Incidents  
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Effects of Work Zones  

Yearly Variations - Weather Effects 
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Incident Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  

Variations of Traffic-Flow Measures 



A-271

iv) I-94 Corridor D -- WB STPL to MPLS to Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability

   Effects of Incidents  
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Effects of Work Zones  
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Yearly Variations - Weather Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships  
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23) I-94 Corridor E (STPL < -- > I694)

i) I-94 Corridor E -- EB STPL to I694 for Afternoon Peak Periods

  Effects of Weather conditions on Travel-Time Reliability 
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Effects of Incidents  
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Effects of Work Zones  
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Yearly Variations - Weather Effects 

 

Incident Effects 



A-280

Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships  
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Variations of Traffic-Flow Measures 
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ii) I-94 Corridor E -- WB  I694 to STPL for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability
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 Effects of Incidents 

Effects of Work Zones 
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Yearly Variations - Weather Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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24) I-35W Corridor A (I35 < -- > I494)

i) I-35W Corridor A -- NB I35 to I494 for Morning Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 
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Yearly Variations - Weather Effects 



A-292

Incident Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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ii) I-35W Corridor A -- SB I494 to I35 for Afternoon Peak Periods 

   Effects of Weather conditions on Travel-Time Reliability 

 

    Effects of Incidents   
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Effects of Work Zones 

Yearly Variations - Weather Effects 
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Work-Zone Effects 



A-300

Yearly Variations of Buffer Index - Travel Rate Relationships 

Variations of Traffic-Flow Measures 
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25) I-35W Corridor B (I494 < -- > MPLS)

i) I-35W Corridor B -- NB I494 to MPLS for Morning Peak Period

Effects of Weather conditions on Travel-Time Reliability 
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Effects of Incidents 
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Effects of Work Zones 
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Yearly Variations - Weather Effects 
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Incident Effects 

Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 

Variations of Traffic-Flow Measures 
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ii) I-35W Corridor B SB Route 1 for L2 - MPLS to I494, Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability

 Effects of Incidents 
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Effects of Work Zones 

Yearly Variations - Weather Effects 
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Incident Effects 
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Work-Zone Effects 

 

Yearly Variations of Buffer Index - Travel Rate Relationships   
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Variations of Traffic-Flow Measures 
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26) I-35W Corridor C (MPLS < -- > I694)

i) I-35W Corridor C -- NB MPLS to I694 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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 Effects of Incidents 
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Yearly Variations - Weather Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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ii) I-35W Corridor C -- SB I694 to MPLS for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 

Effects of Incidents 
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Effects of Work Zones 
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Yearly Variations - Weather Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 

Variations of Traffic-Flow Measures 
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27) I-35E Corridor A (I35 to I494)

i) I-35E Corridor A -- NB I35 to I494 for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability
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Effects of Work Zones 
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Yearly Variations - Weather Effects 
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Work-Zone Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 
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ii) I-35E Corridor A -- SB I494 to I35 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability
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Effects of Work Zones   
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Yearly Variations - Weather Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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28) I-35E Corridor B (I494 < -- > STPL)

i) I-35E Corridor B -- NB I494 to STPL for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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Effects of Work Zones 
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Yearly Variations - Weather Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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ii) I-35E Corridor B -- SB STPL to I494 for Afternoon Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 

 Effects of Incidents 
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Effects of Work Zones 

Yearly Variations - Weather Effects 
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Incident Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 

Variations of Traffic-Flow Measures 
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29) I-35E Corridor C (STPL < -- > I694)

i) I-35E Corridor C -- NB STPL to I694 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability



A-350

Effects of Incidents 
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Effects of Work Zones 
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Yearly Variations - Weather Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships 



A-354

Variations of Traffic-Flow Measures 
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ii) I-35E Corridor C -- SB I694 to STPL for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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Yearly Variations - Weather Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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30) I-35E Corridor D ( I694 < -- > I35)

i) I-35E Corridor D -- NB I694 to I35 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability



A-362

 Effects of Incidents 



A-363

Effects of Work Zones 

Yearly Variations - Weather Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships 



A-366
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ii) I-35E Corridor D -- SB I35 to I694 for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability

 Effects of Incidents 
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Yearly Variations - Weather Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 
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31) I-694 Corridor A (I-94 to TH36)

i) I-694 Corridor A -- NB I-94 to TH36 for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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Yearly Variations - Weather Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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ii) I-694 Corridor A -- SB TH36 to I94 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability
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Yearly Variations - Weather Effects 
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Incident Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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32) I-694 Corridor B (TH36 < -- > I-35E)

i) I-694 Corridor B -- WB TH36 to I-35E for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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Yearly Variations - Weather Effects 
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Variations of Traffic-Flow Measures 
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ii) I-694 Corridor B -- EB I35E to TH36 for Afternoon Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 

 Effects of Incidents 
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Effects of Work Zones 
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Yearly Variations - Weather Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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33) I-694 Corridor C (TH10 < -- > TH252)

i) I-694 Corridor C -- WB  TH 10 to TH252 for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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Effects of Work Zones 
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Yearly Variations - Weather Effects 
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Work-Zone Effects 
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Variations of Traffic-Flow Measures 
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ii) I-694 Corridor C -- EB TH252 to TH 10 for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability 

 Effects of Incidents 
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Effects of Work Zones 

Yearly Variations - Weather Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 
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34) I-694 Corridor D (TH10 < -- > I35E)

i) I-694 Corridor D -- WB I35E to TH10 for Morning Peak Periods

 Effects of Weather conditions on Travel-Time Reliability 
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Yearly Variations - Weather Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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ii I-694 Corridor D -- EB TH10 to I35E for Afternoon Peak Periods 

 Effects of Weather conditions on Travel-Time Reliability 

 Effects of Incidents 
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Yearly Variations - Weather Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 

Variations of Traffic-Flow Measures 



A-421

35) T.H.77 (127th to TH62)

i) T.H 77 NB  127th to TH62 for Morning Peak Periods

Effects of Weather conditions on Travel-Time Reliability 
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Effects of Work Zones 



A-424

Yearly Variations - Weather Effects 
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Work-Zone Effects 

Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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ii) T.H 77 SB TH62 to 127th for Afternoon Peak Periods

Effects of Weather conditions on Travel-Time Reliability
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Yearly Variations - Weather Effects 
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Yearly Variations of Buffer Index - Travel Rate Relationships 
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Variations of Traffic-Flow Measures 
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A.3. Effects of Special Events on TTR for Directional Routes with Afternoon Peak Periods

This section presents the monthly and yearly TTR variations of the individual routes, whose TTR values are 
affected by the special events during the afternoon peak periods. In this study, the TTR values under the 
following ‘special event’ conditions are estimated using TeTRES: ‘Near (within 3 miles of a given route)’, 
‘No Event’, ‘Small Event (Attendance < 20,000)’ and ‘Medium/Large Event (Attendance > 20,000)’.  

1) TH-52 Corridor Southbound (STPL to TH55)

i) TH-52 SB Corridor (STPL to TH55)

Monthly variations 
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Yearly variations 
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2) TH-36 Corridor B (I-35W to I-35E, Eastbound) 

  

 

i) TH-36 Corridor B -- EB for I-35W to I-35E 

Monthly variations 
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3) I-394 Corridor B (MPLS to US169, Westbound) 

 

 

i) I-394 Corridor B-- WB for MPLS to US169 

Monthly variations 
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Yearly variations 
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4) I-394 Corridor A (169 to I494, Westbound)

i) I-394 Corridor A -- WB for L2 - 169 to I494

Monthly variations 
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5) I-94 Corridor C (MPLS to TH252, Westbound)

i) I-94 Corridor C -- WB for L2 - MPLS to TH252

Monthly variations 
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Yearly variations 
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6) I-94 Corridor B (TH252 to I494, Westbound)

i)I-94 Corridor B -- WB for L2 - TH252 to I494

Monthly variations 
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7) I-94 Corridor D (MPLS <–> STPL, Eastbound/Westbound) 

 

i) I-94 Corridor D -- EB for MPLS to STPL 

Monthly variations 

 

Yearly variations 
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ii) I-94 Corridor D -- WB for STPL to MPLS

Monthly variations 

Yearly variations 
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8)  I-94 Corridor E (STPL to I694, Eastbound) 

 

i) I-94 Corridor E -- EB for STPL to I694 

Monthly variations 
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9) I-35W Corridor B (MPLS to I494, Southbound) 

 

i) I-35W Corridor B -- SB for MPLS to I494 

Monthly variations 
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Yearly variations 
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10) I-35W Corridor A (I494 to I35, Southbound) 

 

i) I-35W Corridor A-- SB for I494 to I35 

Monthly variations 
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Yearly variations 
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11) I-35W Corridor C (MPLS to I694, Northbound) 

 

i) I-35W Corridor C -- NB MPLS to I694 

Monthly variations 
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Yearly variations 



A-463 

 

 

 

12) I-35E Corridor B (STPL to I494, Southbound) 

 

i) I-35E Corridor B -- SB for STPL to I494 

Monthly variations 
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Yearly variations 
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13) I-35E Corridor A (I494 to I35, Southbound) 

 

i) I-35E Corridor A -- SB for I494 to I35 

Monthly variations 
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Yearly variations 
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14) I-35E Corridor C (STPL – I694, Northbound) 

 

 

i) I-35E Corridor C NB for STPL to I694 

Monthly variations 
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15) I-35E Corridor D (I694 to I35, Northbound)

i) I-35E Corridor D -- NB I694 to I35

Monthly variations 
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