
Capital Region Council of Governments Travel Demand Model 

The Capitol Region Council of Governments (CRCOG) travel demand model is a state-of-the-practice 

traditional 4-step travel model. 

The following is a summary of the attached compendium of modeling documentation reports. 

Part 1: Calibration (Pg. 3) 

This document provides and overview of the entire modeling process as implemented for CRCOG.  This 

includes discussion on the model structure and software used, as well as the following standard 

modeling components: 

• Highway Network, 

• Transit Route Systems, 

• Traffic Analysis Zones and Socioeconomic Data, 

• Trip Generation Model, 

• Trip Distribution Model (Destination Choice), 

• Mode Choice Model, 

• Time of Day Model, 

• Special Events Model, and 

• System-Wide Calibration. 

Each of the modeling components is documented to include what changes were made to the model 

component from the previous version of the model, what data was used and how the models are 

implemented. 

The model documentation is written in the context of a general model update for use in the I-84 

Hartford Project.  As such some aspects of the documentation as specific to this project and not the 

overall model.  Technical memorandums and appendices developed as part of the model update process 

are also included in this transmittal.  These documents have been combined to a single document which 

provides greater detail on each of the model components.   

Part 2: Attached Technical Memos 

• MR - 20190112 - Model Review Flow Chart (Pg. 119) 

• TM1 - 20160505 - CRCOG Model Review (Pg. 122) 

• TM2 - 20160610 - CRCOG Model Enhancements (Pg. 154) 

• TM3 - 20170112 - Transit Onboard Survey (Pg. 169) 

• TM4 - 20180312 - Trip Generation (Pg. 273) 

• TM5 - 20180402 - Mode Choice (Pg. 296) 

• TM6 - 20180418 - Destination Choice (Pg. 322) 

• TM7 - 20170315 - Parking Lot Choice (not implemented) (pg. 336) 

• TM8 - TM8 - TOD Peak Spreading (not implemented) (Pg. 352) 

• TM9 - 20180720 - Special Events (Pg. 382) 

• Final_SPS_Report_Appendices (Pg. 392) 

• UG - 20180308 - Model Users Guide (Pg. 509) 
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1. INTRODUCTION 
This document is the technical documentation for the Capital Region Council of Governments 
(CRCOG) regional travel demand model.  This model is an update of the previous CRCOG 
model and was undertaken in conjunction with the I-84 Viaduct project in Hartford, CT.  Within 
the report key model inputs such as the Traffic Analysis Zone (TAZ) system, transportation 
networks, and socioeconomic data are documented.  Individual model components are 
discussed including their parameters and validation.  A User’s Guide has also been developed 
to assist others with running the model as a stand-alone document.  

This report contains the following chapters: 

1. Introduction 
2. Traffic Analysis Zones, Networks, and Socioeconomic Data 
3. Trip Generation Model 
4. Mode Choice Model 
5. Destination Choice Model 
6. Time of Day 
7. Special Event Model 
8. System-wide Calibration and Validation 

 
In addition, there are appendices that discuss the Transit On-Board Survey, parking lot choice 
modeling, and time of day analysis. 

1.1 MODEL STRUCTURE 
The CRCOG regional travel demand model is a four-step model similar to models used by many 
other Metropolitan Planning Organizations (MPO).  The foundation of the model can be found 
in its Traffic Analysis Zones (TAZ) System, transportation networks, and socioeconomic data.  
Building from this foundation are models to estimate trip generation, destination choice, mode 
choice, and traffic assignment.  In addition to these steps the model also includes: 

• Submodels for household income and size; 
• Special Events Model;  
• Feedback loops between mode choice and destination choice; and 
• Time of Day Component. 
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Figure 1: CRCOG Model Flow Chart 

 

A flow chart depicting the CRCOG Model is shown in Figure 1.  A more detailed flowchart is in 
Appendix A. 

It is anticipated that the CRCOG travel demand model will be used for a variety of transpiration 
planning and policy analyses including: 

• Impact of changes in land development patterns on the demand for transportation 
services. 

• Sensitivity of the transportation systems to changes in system components, e.g., 
expanded roadway and transit services. 

• Provide input to operational analysis in conjunction with infrastructure investment 
including maintenance of traffic strategies.  

1.2 MODEL SOFTWARE 
The CRCOG model was developed using TransCAD Version 6.0 r2 Build 9025 32-bit.  The model 
runs on computers operating under Windows XP, Windows 7, or Windows 10. Specific system 
requirements are shown in Table 1 and more detail on the software and initiation of the interface 
can be found in the User Guide. 
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Table 1: System Requirements 

Operating System Windows XP, Windows 7, or Windows 10 
A 64-bit operating system is recommended. 

Processor Intel Core 2 processor or later 
Note: Multiple cores will significantly improve model run times. 

Memory 32GB – 64 GB 
Note: At least 8 GB of memory is recommended. 

TransCAD Software Version 6.0 r2 Build 9025 32-bit 

Microsoft Office Version 2007 or later 

Disk Space 
(Installation and 
input data) 

50MB  

Disk Space 
(Scenario output) 

10-20 GB for each scenario / year (depends on number of selected 
queries)  
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2. HIGHWAY NETWORK  
2.1 HIGHWAY NETWORK  
The highway network for the CRCOG model update was based on the network coded for the 
previous model.  The CRCOG model covers Hartford and Tolland counties in their entirety, and 
a portion of Fairfield, Litchfield, Middlesex, New Haven, New London, and Windham counties 
as well as a portion of southwest Massachusetts.  

Roadway facilities are coded in the model area to include all Interstate, principal arterials, minor 
arterials and collectors.  Facility coding was checked to assure a balance between the modeled 
roadway system and the traffic analysis zones and to provide connectivity between routes. 
Centroid connectors were coded and revised as necessary to match a modified TAZ system. 
The network was checked for connectivity, directionality, range of attribute values, shortest 
paths, and trip loading on centroid connectors, freeways, and ramps.  

The network is coded with a set of input attribute data as defined in Table 2. Additional data 
fields required by the model are calculated using GISDK scripts, these fields are summarized 
and defined in Table 3.  There are also several attribute fields available for manual 
checks/overwrites in scenario management.  

Table 2: User Input Highway Attribute Data 

Attribute Name  Full/Name Description  

 ID   ID - unique id  
 Length   Length in miles of link  
 Dir   Direction  

 MODE  

 Type of link:  
 90-Connector to/from TAZ centroid  
 91- Roadway  
 92-Bus Rapid Transit (BRT) 
 93-Rail 
 98-walk to BRT/Rail  

 AB SPDC   Lookup value for Speed  (range of 70 values) 
 BA SPDC   Lookup value for Speed  (range of 70 values) 
 AB CAPC   Lookup value for Capacity (range of 70 values) 
 BA CAPC   Lookup value for Capacity (range of 70 values) 

 Area Type  

 Area Type - Land Use code  
 1 – Central Business District 
 2 - Urban 
 3 – Suburban 
 4 -  Rural   

 Facility Type  

 Facility Type Code  
 Range from 1-7 for roadway links 
 1 - Principal Arterial - Interstate 
 2 - Principal Arterial - Other Freeway 
 3 - Principal Arterial - Other 
 4 - Minor Arterial 
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Attribute Name  Full/Name Description  

 5 - Minor Arterial /  Major Collector  
 6 - Minor Collector / Local 
 7 - Ramp / Frontage Road 

 AB LANE   Number of Lanes  
 BA LANE   Number of Lanes  
 AB HOVLINK   Number of Lanes if HOV  
 BA HOVLINK   Number of Lanes if HOV  
 ST_NAME   Street Name   
 ABBA_DOT_Count_ID   Count ID to match CTDOT traffic TCLP IDs 
 AB_BA   Values: AB, ABBA, null  

 Accuracy  

Accuracy levels of traffic count data collected: values 1-3: 
 1 - very accurate – Continuous Counter  
 2 - somewhat accurate – includes count profile and 3-7 days 
counts 
 3 - least accurate - daily or 48-hr counts 

 AB_AM_Count   One direction AM Count  
 BA_AM_Count   One direction AM Count  
 AM_Tot_Count   Sum of both directions or if total only collected  
 AB_MD_Count   One direction MD Count  
 BA_MD_Count   One direction MD Count  
 MD_Tot_Count   Sum of both directions or if total only collected  
 AB_PM_Count   One direction PM Count  
 BA_PM_Count   One direction PM Count  
 PM_Tot_Count   Sum of both directions or if total only collected  
 AB_NT_Count   One direction NT Count  
 BA_NT_Count   One direction NT Count  
 NT_Tot_Count   Sum of both directions or if total only collected  
 AB_Daily_Count   Sum of periods by direction  
 BA_Daily_Count   Sum of periods by direction  
 Daily_Tot_Count   TOTAL 24-hr counts  
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Table 3: Calculated Highway Attribute Data  

Attribute Name  Full/Name Description  

 AB FF SPD   Free Flow Speed  
 BA FF SPD   Free Flow Speed  
 AB TIME FF   Free Flow Time = Distance/Free Flow Speed  
 BA TIME FF   Free Flow Time = Distance/Free Flow Speed 
 AB_TIME_AM   AB calculated congested peak time (AM & PM)  
 BA_TIME_AM   BA calculated congested peak time (AM & PM)  
 AB_TIME_MD   AB calculated congested off peak time (MD & NT)  
 BA_TIME_MD   BA calculated congested off peak time (MD & NT)  
 AB ALPHA   Constant (Lookup value based on Capacity Class) 
 BA ALPHA   Constant  (Lookup value based on Capacity Class) 
 AB BETA   Constant  (Lookup value based on Capacity Class) 
 BA BETA   Constant  (Lookup value based on Capacity Class) 
 AB_AMCap   AM Period (3hrs) capacity  
 BA_AMCap   AM Period (3hrs) capacity  
 AB_MDCap   MD Period (6hrs) capacity  
 BA_MDCap   MD Period (6hrs) capacity  
 AB_PMCap   PM Period (3hrs) capacity  
 BA_PMCap   PM Period (3hrs) capacity  
 AB_NTCap   NT Period (12hrs) capacity  
 BA_NTCap   NT Period (12hrs) capacity  
 AB_TrnTime_AM   Peak Transit Time  
 BA_TrnTime_AM   Peak Transit Time  
 AB_TrnTime_MD   Off Peak Peak Transit Time  
 BA_TrnTime_MD   Off Peak Peak Transit Time  
 WalkSet  Identify roadways that permits walking 
 WalkDist  Calculated walk distance 
 WalkTime  Calculated walk time   

 

The final 2015 highway network is shown in Figure 2 
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Figure 2: CRCOG Highway Network 

Area type and functional classification are key variables that are combined to determine the 
roadway capacity of a link and the free flow speed. A map of area types in the region is shown 
in Figure 3. Lookup tables are used to determine the roadway capacities and free flow speeds 
of each link. Table 4 illustrates the Area Type and Functional Classification used in the model, 
while Table 5 and Table 6 provide the capacity range and speed by roadway functional 
classification and area type.  
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Figure 3: Highway Network by Area Type 
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Table 4: CRCOG Classification Code: Area Type and Functional Class 
Description 

Area 
Type 
(ID) 

Facility 
Type Functional Class Functional Classification 

CBD  
(1) 

1 1,11,13,14,16,17 Principal Arterial – Interstate 
3 1,7,11,13,14,16,17,19 Principal Arterial – Other 
4 1,7,11,13,14,16,17,19 Minor Arterial 
5 11,13,14,16,17,19 Collector 
6 14,16,17,19 Local System 

Urban 
 (2) 

1 11,13,14,16,17, 19 Principal Arterial – Interstate 
3 1,6,7,9,11,13,14,16,17, 19 Principal Arterial – Other 

4 1,6,7,8, 9,11,13,14,16,17, 19 Principal Arterial – Other - Buffer 
Zone 

5 1,6,7,8, 9,11,13,14,16,17, 19, 40 Minor Arterial /  Collector 
6 1,6,7,8, 9,11,13,14,16,17, 19, 40 Collector 
7 1,7,11,13,14,16,17, 40 Ramps & Frontage Rd 

Suburban 
 (3) 

1 1,2,6,7,8, 9,11,13,14,16,17, 40 Principal Arterial – Interstate 

2 1,2,7,8,11,13,14,16,17, 40 Principal Arterial – Other (Rt-5, Berlin 
Tpke) 

3 1,2,6,7,9,11,13,14,16,17, 19 Principal Arterial – Other 

4 1,2,6,7,9,11,13,14,16,17, 19 Principal Arterial – Other - Buffer 
Zone 

5 1,2,6,7,8,9,11,13,14,16,17, 19 Minor Arterial /  Collector 
6 1,6,7,8,9,11,13,14,16,17, 19 Collector 
7 13,14,17, 40 Ramps & Frontage Rd 

Rural  
(4) 

1 1,6,7,8, 9,11,13,14,16,17, 19 Principal Arterial – Interstate 
3 1,2,6,7,9,11,13,14,16,17, 19 Principal Arterial – Other 

4 1,6,7,8, 9,11,13,14,16,17, 19 Principal Arterial – Other - mostly 
Buffer Zone 

5 1,6,7,8, 9,11,13,14,16,17, 19 Minor Arterial /  Collector 

6 1,6,7,8, 9,11,13,14,16,17, 19 Collector / Buffer zone (for the most 
part) 

(null) 
7 1,6,7,8,9,11,13,14,16,17, 19,40 Ramps & Frontage Rd 
9 99, 1,6,7,8,9,11,13,14,16,17, 19,40  Centroid Connector 
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Table 5: CRCOG Link Capacity by Functional Classification and Area 
Type 

Facility Type 
1 2 3 4 

CBD Urban Suburban Rural 
1 Interstate 1,233 – 1,294 1,242 – 1,311 1,000 – 1,346 1,346 – 1,346 

2 Principal Arterial - 
Other Freeway - - 733 - 901 932 

3 Principal Arterial - 
Other 630 - 733 386 - 800 630 – 1,311 725 - 821 

4 Minor Arterial 556 - 569 386 - 647 497 - 821 556 - 821 

5 Minor Arterial /  
Collector 372 - 386 335 - 800 372 - 800 497 - 497 

6 Collector / Local 335 - 347 373 - 569 372 - 447 360 

7 Ramp / Frontage 
Road - 673 – 1,277 673 673 – 1,277 

 

Table 6: CRCOG Link Free Flow Speed by Functional Classification and 
Area Type 

Facility Type 
1 2 3 4 

CBD Urban Suburban Rural 

1 Principal Arterial - 
Interstate 60 - 63 60 - 68 60 - 68 68 - 68 

2 Principal Arterial - 
Other Freeway - - 32 - 46 50 

3 Principal Arterial - 
Other 14 - 32 14 - 37 14 - 68 40 - 45 

4 Minor Arterial 14 - 17 14 - 32 14 - 45 14 - 45 

5 Minor Arterial /  
Major Collector 12 - 15 11 - 37 12 - 37 40 

6 Minor Collector / 
Local 11 - 14 15 - 24 12 - 32 36 

7 Ramp / Frontage 
Road - 36 - 50 36 36 - 50 

 

2.2 DEVELOPMENT AND CHECKING OF HIGHWAY PATHS  
A number of checks were made to the highway network in order to ensure that coding errors 
had been minimized. The first was to create a simple, Origin-Destination matrix that assumed 
one trip between every zone. This was then assigned to the street network. This method 
allowed the quick identification of zero-volume links. Normally, these links are caused by 
connectivity issues or by errors in the attribute data, which are then corrected. 

The second check involved testing paths between zones manually. For a reasonable sample of 
zone pairs, the TransCAD shortest-path tool was used to perform manual checks.  Figure 4 
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shows an example of minimum paths between two zones. The first is the path that minimizes 
travel time, while the second minimizes distance 

Figure 4: Path Check example 

   

 

  

Min Distance 

Min FF Time 
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3. TRANSIT ROUTE SYSTEM AND 
SUPPORTING INFORMATION 

3.1 TRANSIT NETWORK  
Following the review and checking of the highway network, in total there are: 32 local routes, 
8 CTfastrak, and 22 express routes.   

In addition, an effective fare was calculated for each route, although a difference can be 
observed only with the express routes. The effective fare is preferred over the stated fare as it 
takes into account discount programs offered by the transit operators.   

Table 7 provides a summary of the base year routes coded into the model, including route 
description, effective fare and peak/off peak headway. 

Table 7: Base Year Transit Routes 

Route  Full Name Fare 
Forward 

Peak 
Headway  

Reverse 
Peak 

Headway  

Forward 
Off Peak 
Headway  

Reverse 
Off Peak 
Headway  

30 30 Bradley Flyer $ 1.75 45 72 135 72 

31-33 31-33 Park Street $ 1.75 75 104 20 20 

32-36 32-36 Windsor Avenue $ 1.75 94 109 150 146 

37-39 37-39 New Britain Avenue $ 1.75 39 40 53 38 

38 38 Weston Street $ 1.75 30 45 108 151 

40-42 40-42 North Main Street $ 1.75 32 20 75 20 

41 41 New Britain $ 1.75 20 33 16 30 

43 43 Campfield Avenue $ 1.75 22 33 48 195 

44 44 Garden Street $ 1.75 30  36 56 

45 45 Berlin Turnpike Flyer $ 1.75 150 360 150 360 

46 46 Vine Street $ 1.75 11 19 11 19 

47 47 Franklin Avenue $ 1.75 103 124 23 45 

50-54 50-54 Blue Hills Avenue $ 1.75 65 143 50 150 

53-55 53-55 Wethersfield Ave/Middletown $ 1.75 48 162 86 110 

56-58 56-58 Albany/Bloomfield Avenue $ 1.75 109 100 84 97 

59 59 Locust Street $ 1.75 30 60 30 60 

60-66 60-66 Farmington Avenue $ 1.75 96 48 89 72 

61 61 Broad Street $ 1.75 92 164 60 161 

63 63 Hillside Avenue $ 1.75 103 60 101 60 

69 69 Capitol Avenue $ 1.75 113 30 140 62 

72 72 Asylum Avenue $ 1.75 41 90 41 184 

74 74 Granby Street $ 1.75 105 45 75 113 

76 76 Ashley Street $ 1.75 16 49 14 63 

82-84 82-84 Tolland Street $ 1.75 95 60 103 56 

83 83 Silver Lane $ 1.75 110 216 145 74 
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Route  Full Name Fare 
Forward 

Peak 
Headway  

Reverse 
Peak 

Headway  

Forward 
Off Peak 
Headway  

Reverse 
Off Peak 
Headway  

86-88 86-88 Burnside Avenue-Manchester $ 1.75 108 203 25 71 

85 85 MCC Flyer $ 1.75 60 90 60 90 

87 87 Brewer Street $ 1.75 68 216 113 210 

91 91 Forbes Street Crosstown $ 1.75 60 60 45 72 

92 92 Tower Avenue Crosstown $ 1.75 75 90 180 60 

94-96 94-96 Park Avenue/John Fitch  Blvrd $ 1.75 92 315 53 200 

95 95 Glastonbury $ 1.75 116 218 124 248 

101 101 Hartford/New Britain $ 1.75 6 12 6 12 

102 102 Hartford/New Britain-Bristol $ 1.75 30 51 26 51 

121 121 MCC/Hartford/Uconn $ 1.75 20 197 20 80 

128 128 Hartford/Westfarms/New Britain $ 1.75 20 30 20 30 

140 140 CCSU Shuttle $ 1.75 30 38   

144 144 Wethersfield/Westfarms $ 1.75 60 60 60 60 

153 153 Flatbush-Copaco $ 1.75 60 60 60 60 

161 161 St. Francis/Hartford Hospital $ 1.75 14 20 16 19 

901 901 Avon/Canton Express $ 2.70 135 360 68 360 

902 902 Corbins/Farm Springs Express $ 2.70 180  113  

903 903 Buckland Express $ 2.70 60  77  

904 904 Glastonbury Express $ 2.70 120  68  

905 905 Windsor Locks-Enfield Express $ 2.70 126 360 173 360 

906 906 Cromwell Express $ 2.70 36 360 68 360 

907 907 Newington Express $ 2.70 180  90  

909 909 Unionville Express $ 2.70 180  90  

910 910 Century  Hills Express $ 2.70 60 360 135 360 

912 912 Simsbury Express $ 2.70 180 198 113 360 

914 914 Marlborough/Colchester Express $ 2.70 203  48 360 

917 917 Vernon Express $ 2.70  180 133  

918 918 Willimantic/Coventry Express $ 2.70  180 140  

919 919 Meriden Express $ 2.70   90  

921 921 Middletown-Old Saybrook Express $ 2.70  360 60  

950 923 Bristol Express $ 2.70 180 180 30 360 

923 924 Southington/Cheshire Express $ 3.20   36  

924 925 Cheshire/Waterbury Express $ 3.20   45  

925 926 Winstead Express $ 3.20   90  

926 927 Torrington Express $ 2.70   90  

927 928 Southington/Cheshire/Waterbury $ 2.70 60 60 180 60 

928 950 New Haven/Hartford Express $ 3.20 60 360 60 360 

 
In addition Figure 5 shows the modeled routes by the three categories: local, CTfastrak, and 
express. 
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Figure 5: CRCOG Model Bus Routes  

 

3.2 ACCESS LINKS 
Access links are needed to build walk and drive access paths to the transit route system. 
Traditional practice is the coding of straight-line access links from the zone centroid to the bus 
stops along the route, see Figure 6.  Original CRCOG model had utilized this approach, but later 
decided against using this approach due to the following considerations: 
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Figure 6: Traditional “Starburst” Approach to Transit Access  

 
- Recent research (New Orleans, Indianapolis, and Phoenix) into using the traditional 

“starburst” approach to coding walk and drive access as compared to utilizing walk and 
drive times over the coded highway network has shown that the starburst coding poorly 
represents access, and subsequently, actual path assignment as observed in the 
assignment of the on-board survey data. 

- In the traditional approach, the access and egress connectors generated from the zone 
centroid to the bus stop are coded with a travel time reflective of the average walking 
speed and the distance of the connector (which may be capped for very long 
connectors). This approach results in walk access links that may be nearly 
indistinguishable from each other. This leads to inaccuracies in the best path selected 
by the transit path builder with respect to evaluating walk penalties. 
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- Problems may be encountered for one-way routes where access connectors get built 
only to the nearest one-way alignment, but not to the reverse direction for the route. 
Not having access to the same bus stop for both directions of the one-way route can 
lead to the building of paths that are longer than those actually observed, which can in 
turn impact ridership. 

- Last, CRCOG region’s highway network could be coded for terrain, and inherently 
capture geographic constraints and barriers that result in a lack of connectivity in the 
street system. The starburst approach would not automatically capture these unique 
characteristics requiring manual review and editing of the final link coding. 

For these reasons outlined above, the approach recommended and implemented in the final 
CRCOG model utilizes the full network coverage with walk and drive specific times for transit 
access.  In addition along the BRT track, a walk / bike access links were coded with unique 
mode code of 98. 

3.3 TRANSIT SPEEDS 
Transit speeds are computed through the use of a lookup table that applies a rule based system 
by facility type and area type to adjust to the speed of the bus relative to the speed on the 
roadway. For example, there is no reduction in bus speed on a freeway facility as the bus does 
not make any stops and is able to travel along with the highway traffic. At the other end of the 
spectrum, urban arterials have the largest adjustment between highway speed and bus speed 
as the bus must stop not only to pick up and drop off passengers, but also for signalized 
intersections where the bus acceleration and deceleration play a larger role in average speed. 
The final bus speed relationship reflected in the model was informed by the final transit trip 
assignment and validation. 
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4. TRAFFIC ANALYSIS ZONE SYSTEM 
AND SOCIOECONOMIC DATA 

4.1 TRAFFIC ANALYSIS ZONES 
Traffic Analysis Zones (TAZ) are the standard unit of geography used in travel demand 
forecasting.  They provide the means to spatially organize the SED used by the Trip Generation 
model as well as a means to organize model inputs and outputs throughout the modeling 
process.   

TAZ boundaries are typically based on census geography and vary in size depending upon 
development levels.  In higher density areas, TAZs will be smaller and more numerous.  In lower 
density areas, TAZs will be larger and less numerous.  TAZs should also be consistent with the 
underlying transportation networks and be bounded by roadways.  In the CRCOG Model the 
TAZ structure remains constant in the base and future years.   

TAZs are linked to the model network by means of centroids and centroid connectors.  A 
centroid is a special class of node that represents the starting point and ending point for all 
trips generated by a TAZ.  Each centroid is connected to the network by means of a centroid 
connector.  Centroid connectors represent local streets, within a TAZ, and permit trip 
movement from a centroid to the model roadway network. 

Travel demand models also include a special type of TAZ known as an external station. Because 
the model cannot stretch on endlessly, external stations are used to help represent the 
boundary of the model area and the physical locations at which vehicles can enter or exit the 
region. Rather than land-use and socioeconomic data, these externals are coded with trip ends 
categorized to be consistent with the model structure.  Table 8 provides a list of all attributes 
utilized in model coding. 

Table 8: TAZ Attributes  

Attribute Name  Full/Name Description  

ID ID - unique id 

Area Area in square miles 

TAZ TAZ ID 

ID_node Centroid Connector could have difference ID 

Parent TAZ TAZ ID before split 

TYPE_Update some areas were updated to reflect changes in land use 

AREA_IND 

Airport 
HFD_CBD 
HFD Non_CBD 
Non_HFD 
(Null/Blank) 

Within_CRCOG 
0- outside CRCOG 
1-CRCOG 
Null/Blank - MA Buffer 

TOWN Town Name 
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Attribute Name  Full/Name Description  

DISTRICT 101-701 

STATE CT or MA 

IE_Ind Internal / External TAZ  
External detached /imaginary and not part of land 

DOT_TAZ Cross reference to CTDOT TAZ system 

AreaType only 1 as value 

CBD_IND 0- Not CBD  /  1- CBD 

WORK PARK $ 0, 4, 31 

NONWORK PARK $ 273'0,28, 40, 45, 100, 150, 170, 193, 243, 273 

TERMINAL TIME P 0,1,2,3 

TERMINAL TIME A 0,1,2,3,4,5,6 

BS_WB_PCT_POP 0-100 

BS_WB_PCT_EMP 0-100 

BS_WR_PCT_POP 0 value 

BS_WR_PCT_EMP 0-100 

BW_WB_PCT_POP 0-100 

BW_WB_PCT_EMP 0-100 

BW_WR_PCT_POP 0-100 with 0-10 in 2 increments, 10-100 in 5 increments 

BW_WR_PCT_EMP 0-100 with 0-10 in 2 increments, 10-100 in 5 increments 

HH 2015 Household values 

TotPop 2015 Population 

HHPop 2015 Household Population 

GQPop 2015 Group Quarters Population (dormitories, prison, etc.) 

Ret 2015 Retail Employment 

NRet 2015 Non-Retail Employment 

HH25 2025 Household values 

TotPop25 2025 Population 

HHPop25 2025 Household Population 

GQPop25 2025 Group Quarters Population (dormitories, prison, etc.) 

Ret25 2025 Retail Employment 

NRet25 2025 Non-Retail Employment 

HH40 2040 Household values 

TotPop40 2040 Population 

HHPop40 2040 Household Population 

GQPop40 2040 Group Quarters Population (dormitories, prison, etc.) 

Ret40 2040 Retail Employment 

NRet40 2040 Non-Retail Employment 

As part of the model update, TAZ in and around the I-84 Hartford Project area were reviewed.  
Each TAZ within the towns of Hartford, East Hartford, and West Hartford, (See Figure 7) as 

27



 

Technical Memorandum  
Travel Demand Modeling System-Wide Calibration   25   

well as a ring of TAZs surrounding these towns, was examined to determine the desirability of 
modifying TAZ boundaries.  The decision to modify any TAZ was based on the following 
considerations: 

- Maintain consistency with the previously developed I-84 Hartford Project Subarea 
Model. 

- Recognize the alignment of probable I-84 alternatives.  TAZ boundaries were modified 
so as to limit the possibility of a TAZ being split by the alignment of an alternative being 
considered for project. 

- Accommodate major developments within the project area, e.g., the DoNo 
Development  

- Add greater detail in the towns of Hartford, East Hartford, and West Hartford. 
- Increase consistency with the roadway network and minimize situations where a TAZ 

was divided by a roadway. 

Figure 7: The Towns of East Hartford, Hartford, and West Harford 

  

The subarea model was used extensively for the analysis of literally hundreds of alternatives 
during earlier stages of the project.  This model, originally developed by an independent 
consultant, was based on a version of the 2014 regional CRCOG model.  During the 
development of the subarea model the following regional TAZs were subdivided: 375, 2111, 2112, 
2042, and 2059 (Figure 8)  

28



 

Technical Memorandum  
Travel Demand Modeling System-Wide Calibration   26   

Figure 8: TAZ Subdivided for the Subarea Model 

 

The TAZs highlighted in Figure 9 were subdivided to accommodate alternative ramp locations 
as well as various alignment options.  The TAZ subdivided for this purpose are: 86, 87, 374, 
2018, 2024, 2033, 2042, 2074, 2036, and 2135. 

Figure 9: TAZ Split to Avoid Alignment Conflicts 

   

DoNo (Downtown North) Hartford development area (Figure 10) is bounded by Chapel Street 
and Morgan Street to the south, Market Street to the east, Pleasant Street to the north, and 
High Street to the west. The center of the redevelopment will include a minor league baseball 
stadium in the area bounded by Main Street, Trumbull Street, Pleasant Street, and Windsor 
Street. The mixed-use development will also include residential, retail, and restaurant 
components.  Regional TAZs 88 and 275 were subdivided to accommodate the new 
development (See  Figure 11).  
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Figure 10:  DoNo Development Plan 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: TAZ Subdivided for the DoNo Development 

 

As noted above, all of the TAZs within the towns of East Hartford, Hartford, and West Hartford, 
along with a ring of TAZs around these towns, were considered for possible subdivision.  Figure 
12 illustrates all of the TAZs that were subdivided for the purposes of the CRCOG Model Update. 
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Figure 12: All TAZ Subdivided for the CRCOG Model Update 

 

For any TAZ modified, socioeconomic data was distributed among the parent and children 
TAZs based on size of the resulting TAZ, Census data, and/or visual inspection.  Original 
population, household, and employment data were held constant.   

Table 9 summarizes the changes made to the TAZ structure by town.  A total of 214 TAZs were 
added in the three town covered by the review.  The largest number of TAZ, (144) were added 
in the city of Hartford, 53 TAZ were added in the town of West Hartford, and 19 in the town of 
East Hartford.  Thirty TAZ were added within the perimeter of the three towns in the Ring area.  
Within the area reviewed, the average TAZ area decreased from 0.27 to 0.14 square miles.   

Table 9: TAZ Review and Modification Summary 

Area 
Number of TAZ Average Area 

Old New Old New 
East Hartford 56 75 0.33 0.25 
Hartford 194 336 0.09 0.05 
West Hartford 90 143 0.43 0.16 
Ring 46 75 0.69 0.41 
Totals 386 629 0.27 0.14 

 
As a result of the model update and TAZ review there are now 2,028 TAZ in the CRCOG model.  
This includes 1,991 internal TAZ and 37 external stations.  The TAZ system for the CRCOG 
Region is shown in Figure 13.  
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Figure 13: Final CRCOG TAZ  

 

4.2 TRAFFIC ANALYSIS DISTRICTS 

Traffic Analysis Districts (Districts) are aggregations of contagious TAZ into larger geographic 
units.  They have no direct connection to the model, as do TAZ, but are rather used primarily 
as an aid in model development as well as the reporting and evaluation of model results.  For 
example, Districts can be useful in evaluating OD matrices, facilitating the identification of 
patterns that would not be possible looking at a full OD matrix.   

As with the TAZ, the District system used in the CRCOG model was also revised.  The primary 
objective behind these revisions was to reduce the number of Districts from 40 (as in the 
previous model) to a number felt to be more manageable.  The revised system has 25 districts.  
In addition, a system of Super Districts was also developed to further aid in model development 
and evaluation.   A summary of the revised Districts and Super Districts appears in Table 10.  
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Table 10: District Summary   
Super-

District District Location Number 
of TAZs Notes 

101 101-104 Hartford 336 Combine the 4 original Hartford districts (CBD, N 
/ S /E /W of CBD) 

201 201-202 West Hartford 143 TOWN of West Hartford 

301 301-302 East Hartford 75 Town of East Hartford 

401 401-403, 
405 

Northern 
CRCOG 337 

Towns of Canton, Simsbury, Granby, Suffield, 
East Granby, Windsor, Bloomfield, East Windsor, 
Windsor Locks, Enfield, Somers, and Ellington 

402 404, 
406, 407 

Southeastern 
CRCOG 302 Towns of Rocky Hill, Wethersfield, Glastonbury, 

Manchester, South Windsor, Vernon, and Bolton 

403 408-412 Southwestern 
CRCOG 288 Towns of Southington, Berlin, New Britain, 

Newington, Plainville, Farmington,  and Avon 

404 405, 415 Eastern 
CRCOG 130 

Towns of Marlborough, Hebron, Andover, 
Columbia, Coventry, Mansfield, Tolland, 
Willington, and Stafford  

501 

401, 410, 
411, 413, 
414, 501, 

502 

West Buffer 268 

Towns of Colebrook, Hartland, Barkhamsted, 
Winchester, Torrington, New Hartford, Harwinton, 
Burlington, Bristol, Plymouth, Thomaston, 
Wolcott, Waterbury, Prospect, Cheshire, 
Wallingford, Meriden, Middlefield, Durham, 
Middletown, and Cromwell 

502 502,406 East Buffer 64 
Towns of Haddam, East Haddam, East Hampton, 
Portland, Colchester, Salem, Lebanon, Windham, 
Chaplin, Ashford, and Union  

601 601 Massachusetts 48 

Towns in Massachusetts: Blandford, Granville, 
Montgomery, Russell, Southampton, Southwick, 
Tolland (MA), Westfield, Agawam, Chicopee, East 
Longmeadow, Easthampton, Granby (MA), 
Hampden, Holyoke, Longmeadow, Ludlow, South 
Hadley, Springfield, West Springfield, Wilbraham, 
Wales, Holland, and Monson 

701 701 External 37 Externals 

4.3 SOCIOECONOMIC DATA  
Statewide socioeconomic data for 2010, 2025, and 2040 was provided by the Connecticut 
Department of Transportation, Bureau of Policy & Planning.  Information was extracted from 
this data for the CRCOG model area. Socioeconomic data for that part of the CRCOG model 
area in Massachusetts was carried over from the previous CRCOG model. Table 11 is a summary 
of this data. 

Consideration was given to updating the 2010 Base Year data with 2015 information; however, 
an investigation into data available through the U.S. Census Bureau’s Population Estimate 
Program showed there to be little or no growth in the region between 2010 and 2015.  For 
example, in the Hartford-West Hartford-East Hartford Metropolitan Statistical Area (MSA) the 
population declined by 1,063 persons (-0.09%) from 1,212,387 to 1,211,324, while in the 
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Springfield MA MSA the population only grew by 10,277 persons (1.7%) from 621,705 in 2010 to 
631,982 in 2015.  Combined, these two MSA grew by 9,214 persons or 0.50%.  In light of this 
data, the decision was made to move forward with the socioeconomic data unchanged and 
refer to it as 2015 Base Year data.  

Table 11: CRCOG Region Socioeconomic Data 

SED 2015 Base 
Year 2025 

2010 - 2025 Change 
2040 

2025 - 2040 Change 

Number Percent Number Percent 

Households 802,832 866,736 63,904 7.96% 924,595 57,859 6.68% 

Population 2,067,580 2,188,838 121,258 5.86% 2,289,137 100,299 4.58% 

Retail 
Employment 141,888 149,983 8,094 5.70% 157,319 7,336 4.89% 

Non-Retail 
Employment 767,693 817,728 50,035 6.52% 859,257 41,528 5.08% 

Validation of the socioeconomic data was accomplished by means of a comparison between 
model socioeconomic data and the same data from the U.S. Census Bureau Transportation 
Planning Program (CTPP) and Longitudinal Employer-Household Dynamics (LEHD) program.  
The following CTPP tables were referenced for the comparison to population and household 
data: 

• A101100 – Population (1) (All persons), 
• A112107 – Population in Households (1) (Population in households), 
• A112100 – Total Households (1) (Households), and 
• A103100 – Total Workers in Households (1) (Workers 16 years and over in households). 

Data for comparison of employment totals came from the LEHD program.  For Connecticut, 
2010 estimates of all jobs was used.  Massachusetts did not start to participate in the program 
until 2011, therefore, the employment data was estimated as follows: 

2010 MA Employment = 2010 CT Employment * (2011 MA Employment / 2011 CT Employment) 

A comparison, between model and census data, of population, population in households, 
households, workers, and employment is presented in Table 12.  For the most part, differences 
between the two data sets are relatively small (< 1.0 percent difference).  The only exceptions 
being the number of workers in Massachusetts (8.29 percent), Connecticut employment (2.62 
percent), and Massachusetts employment (1.12 percent).  Overall, however, the results were 
deemed to be acceptable and reasonable. 
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Table 12: Socioeconomic Data Validation 

SED Model CTPP / LEHD 
Difference 

Number Percent 
CT Population 1,575,577 1,565,960 9,617 0.61% 

MA Population 492,003 490,745 1,258 0.26% 

Total Population 2,067,580 2,056,705 10,875 0.53% 
CT Population in HH 1,516,043 1,508,110 7,933 0.52% 

MA Population in HH 475,019 471,770 3,249 0.68% 

Total Pop in HH 1,991,062 1,979,880 11,182 0.56% 
CT Households 611,336 607,350 3,986 0.65% 

MA Households 191,496 189,675 1,821 0.95% 

Total HH 802,832 797,025 5,807 0.72% 
CT Number of Workers 745,356 750,945 -5,589 -0.75% 

MA Number of Workers 233,520 214,150 19,370 8.29% 

Total Workers 978,877 965,095 13,782 1.41% 
CT Employment 711,073 729,733 -18,660 -2.62% 

MA Employment 198,508 196,279 2,230 1.12% 

Total Employment 909,581 926,012 -16,430 -1.81% 
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5. TRIP GENERATION MODEL  
Trip generation is the first step in the conventional four-step transportation forecasting 
process. Typically, trip generation models utilize socioeconomic data (SED), such as the 
number of households and employment in a TAZ, to understand the trip generation potential 
associated with the zone.  Other models rely upon land use information, such as square feet of 
commercial space, to estimate trips. The CRCOG model is SED based.  

A comparison of the model specifications for the previous CRCOG model and the updated 
CRCOG model is presented in Table 13. 

Table 13: CRCOG Model Enhancements to Trip Generation 

No. Model 
Component 

Existing 
Specification Revised Specification 

1 Household 
Segmentation 

HHs by 0, 1, 2+ 
autos and by 7 
income categories 

HHs by 0, 1, 2, 3+ autos, by 4 income categories, 
by size 1, 2, 3, 4+ and by 0, 1, 2, 3+ workers.  

2 
HBW and 
HBO 
Productions 

HBW trip 
production rates 
by 0, 1, 2+ cars 
HBO trip 
production rates 
are not 
segmented 

Trip production rates by auto sufficiency with 
the following market segments:  
Zero: zero auto households;  
Low Insufficient: low income and workers > 
autos:  
Low Sufficient: low income and workers <= 
autos;  
High Insufficient: high income and workers > 
autos; and,  
High Sufficient: high income and autos <= 
workers. 

3 NHB Trip 
Productions 

Rates not 
segmented  No change 

4 External and 
Truck Trips 

Separate modules 
for these trips No change 

5 Trip 
Attractions 

Trip attraction 
rates by purpose 

Destination Choice model will have size terms 
that eliminate the need for calculating trip 
attraction rates 

Note: “>” greater than, “<=” less than or equal. 
 

5.1 HOUSEHOLD CLASSIFICATION MODELS 
For the updated CRCOG model, the trip generation rates are segmented by household income 
and auto sufficiency categories.  Shown in Table 13 but also listed again here, the travel market 
segmentations are: 

• zero auto households 
• low income households where the number of autos is less than the number of workers 

(low insufficient) 
• low income households where the number of autos is greater than or equal to the 

number of workers (low sufficient) 
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• high income households where the number of autos is less than the number of workers 
(high insufficient) 

• high income households where the number of autos is greater than or equal to the 
number of workers (high sufficient) 

To apply the rates, the number of households in each of the five categories within each TAZ 
must be known.   

The CRCOG socio-economic data has, for each TAZ, the number of households by income and 
auto-ownership categories. This data, however, does not have the number of workers (0, 1, 2, 
3+), which is needed to determine the number of households within each combination of 
income/autos/workers listed above.  Once the number of households by income category, auto 
ownership category, and number of workers category is known, a three-dimensional matrix 
balancing exercise (also known as Fratar) is performed to determine the cross-classification.  
For each TAZ, the number of households by are used as the control total, and the cross-
tabulation of households is used to seed each cell of the matrix.  The matrix balancing 
procedure scales the cells in each dimension of the matrix in turn until the number of 
households in the combined income/auto/worker category is determined and the control totals 
of each individual category is respected (within a certain tolerance).   Then, the cells of the 
matrix are aggregated based on the segmentation definitions given above for each TAZ.  For 
example, all households with 0 autos, regardless of income or number of workers are included 
in the 0-auto segment.   Low income households with 1 auto and 2 workers or 1 auto and 3+ 
workers are included in the low insufficient category.  Similarly, low income (income categories 
1 and 2) households with 1 auto and 1 worker, or 2 autos and 1 worker, or 2 autos and 2 workers, 
or 3 autos and 1 worker, or 3+ autos and  2 workers, or 3+ autos and 3+ workers are included in 
low sufficient category.  High income (income categories 3 and 4) households are categorized 
in the same manner.  The trip generation rates are then applied to the number of households in 
each segment.  Each step of this process is explained in more detail below.   

5.1.1 Number of Workers 

Three steps were required to determine the number of households by each workers category 
(0, 1, 2, 3+) for each TAZ.  First, a regression model was used to compute the average number 
of workers per household in each TAZ based on average household size.  The CRCOG SED data 
provides the total number of households as well as the total population of each TAZ, and from 
that the average household size for each TAZ can be calculated.  Based on that average 
household size, the average number of workers per household is calculated using the following 
equation (which was estimated using ACS data for the region): 

Avg # of workers = 0.42  X (average HH size) + 0.18 

Table 14 summarizes the resulting worker model and the associated R2 statistics.  

Figure 14 demonstrates the fit of the number of workers estimated by the model against the 
ACS data. 
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Table 14: Worker Model 

Term Coefficient t.Stat R Square 

Intercept 0.18 4.70 
0.44 

HH Size 0.42 27.04 
 

Figure 14: ACS Workers and Estimated Workers 

The next step was to develop a look-up table using ACS data that provides the distribution of 
0, 1, 2, and 3+ worker households based on the average number of workers per household in 
each ACS TAZ.  Figure 15 shows the raw data from ACS, Figure 16 shows the smoothed curves 
and the equations used to develop the look-up table, and Table 15 shows a few rows of the final 
look-up table that was developed.  
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Figure 15: ACS Data – Household Shares by Workers per Household: 
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Figure 16: Workers per Household Classification Curves: 

   

Table 15: Workers per Household Lookup table (sample) 
Workers per 
Household Worker 0 Worker 1 Worker 2 Worker 3+ 

0.60 0.5429 0.3626 0.0848 0.0097 
0.61 0.5368 0.3651 0.0878 0.0103 
0.62 0.5317 0.3722 0.0861 0.0100 
0.63 0.5149 0.3589 0.1058 0.0204 
0.64 0.5145 0.3621 0.1155 0.0079 
0.65 0.5183 0.3656 0.1047 0.0114 

The final step in determining the number of households for each worker category in each TAZ 
is to find the row in the look-up table that corresponds to the average number of workers for 
that zone and multiply the total number of households by the distribution (percent) of 
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Worker 2 y = -0.0774x3 + 0.2489x2 + 0.0895x - 0.0244 R² = 0.9951 

Worker 3+ y = 0.0085x3 + 0.0332x2 + 0.0006x - 0.0019 R² = 0.9992 
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households per worker category.  This will then determine the number of households with 0, 1, 
2, 3+ workers for that zone. 

5.1.2 Income and Auto Ownership 

As mentioned above, the joint distribution of households by income and auto categories is 
already provided for in the SED input file.  These distributions were developed using public-use 
micro-sample 

(PUMS) data. The distribution uses four auto categories (0, 1, 2, 3+) and four income quartiles 
and replaces the previous distribution which had three auto categories (0, 1, 2+) and 7 income 
groups. Household income quartiles were identified based on data from the U. S. Census 
Bureau, American Community Survey 2006 – 2010 Five-year Period Estimates available 
through the Census Transportation Planning Program. The household income classifications 
used in this model update appear in Table 16.  

Table 16: Household Income Classification 

Income Groups Household Income 

1 Less than $29,999 
2 $30,000 - $59,999 
3 $60,000 - $99,999 
4 $100,000 or more 

Each TAZ was assigned to a specific PUMS zone if the geographic center of the TAZ fell within 
the PUMS zone boundary. The CRCOG model area was covered by 19 PUMS Zones. The number 
of households in each PUMS Zones ranged from 10,084 to 65,021 with a median number of 
households per PUMS Zones of 44,372. The distribution of households by autos, by income for 
any TAZ was determined by applying the same characteristics of the PUMS Zone to which that 
TAZ was assigned. A summary of number of households by auto and income category is 
provided in Table 17. 

Table 17: Households by Auto Ownership and Income Quartile 

Auto Income Group Households 
 

Auto Income Group Households 

0 

1 62,199  

2 

1 23,877 
2 13,150  2 62,486 
3 4,468  3 89,764 
4 3,179  4 121,983 

1 

1 100,183  

3+ 

1 5,107 
2 98,803  2 16,140 
3 54,915  3 34,838 
4 23,114  4 88,628 
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5.1.3 Joint Distribution of Households by Income and Auto 
Sufficiency 

The final step in determine the number of households in each income/auto sufficiency category 
is to first determine the number of households within the joint distribution of income, autos and 
workers.  A three-dimensional matrix [dimension 1 is income (1, 2, 3, 4), dimension 2 is autos (0, 
1, 2, 3+) and dimension 3 is workers (0, 1, 2, 3+)], is seeded with the joint distribution from PUMs. 
(See Table 18) 

Table 18: Household Seed Submodel 

Autos Income 
 Group 

Workers 

0 1 2 3+ 

0 

1 1.317 1.109 0.146 0.015 

2 0.168 0.336 0.259 0.022 

3 0.069 0.128 0.161 0.040 

4 0.033 0.040 0.223 0.066 

1 

1 2.138 2.674 0.565 0.018 

2 1.820 3.152 1.116 0.131 

3 0.569 1.901 1.105 0.201 

4 0.266 0.617 0.799 0.175 

2 

1 1.321 1.262 0.649 0.040 

2 2.481 3.670 3.462 0.295 

3 1.729 4.480 7.967 0.843 

4 0.959 4.254 14.406 1.197 

3+ 

1 0.244 0.270 0.168 0.047 

2 0.492 1.113 1.218 0.445 

3 0.390 1.591 3.714 2.036 

4 0.288 2.036 7.836 7.719 

The matrix is then “balanced” by scaling each dimension iteratively to match the TAZ-level 
control total (the joint distribution of income and autos as given in the SED input data and the 
number of households by workers as calculated using the procedure explained above).  Once 
the matrix balancing procedure is complete, the number of households in each combination of 
income, autos and workers (for example, the number of income 1, autos 0, worker 2 households) 
is known.  The matrix cells are then collapsed, and the values summed based on the household 
segmentation as defined above and in Table 18.   

This process is done for the base year as well as each scenario year as the joint distribution of 
households by income and autos changes as does the average household size and thus the 
average number of workers per household and thus the number of households by worker 
category. 
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5.2 TRIP PRODUCTION MODEL 
This section describes the 
development and validation of the trip 
production model. In terms of model 
sequence, this model represents the 
first step in the traditional 4-step 
process. The trip production model 
uses the results from the household 
classification submodels to estimate 
trip production for households in each 
TAZ. The outputs from the trip 
production model are fed into the 
destination choice models. 

5.2.1 Model Structure 

The model maintained the primary trip 
purposes from previous CRCOG 
model generating trips for the 
following trip purposes:  

• Home-based-work (HBW) 
• Home-based-other (HBO) 
• Non-home-based (NHB) 

The rates for the HBW and the HBO 
purposes are segmented based on 
household income and auto sufficiency, as defined in Section 5.1, and summarized as:  

• Zero-car households, all income groups 
• Households with insufficient autos and low income  
• Households with sufficient autos and  low income  
• Households with insufficient autos and high income  
• Households with sufficient autos and high income  

 
This replaces the market segmentation used in the previous CRCOG model, which had three 
auto and seven income categories.   

The NHB trip rates are not segmented. Trip production procedures for trucks, internal/external 
trips, and airport trips were kept as in the previous model.   

Trip attractions, in the context of a destination choice model, are incorporated directly during 
the calculation of the utility equation and will be discussed in section 6 - Destination Choice.   

5.2.2 Trip Production Rates  

Trip production rates for resident trip purposes (HBW, HBO, and NHB) were estimated based 
on the 2016 HTS.  These rates were used to generate trips for the CRCOG model area, which 
were then compared to the trip totals from the previous CRCOG model. The rates were applied 
and adjusted until the resulting trip totals were a match to the previous CRCOG model totals.   

Traditional 4 steps: 

1: Trip Production (Generation) - estimates the 
number of trips that are produced or originate in 
each Traffic Analysis Zone (TAZ). 

2: Trip Distribution - where matches between origins 
and destinations are developed. Trip ends are linked 
to create complete trips. 

3: Mode Choice - predicts the choices that 
individuals or groups make in selecting their 
transportation modes. An important objective is to 
predict the share of trips attracted to public 
transportation. 

4: Trip Assignment - is to determine the routes 
travelers choose to reach their destinations. 

Note, destination choice model is a type of trip 
distribution or spatial interaction model which is 
formulated as discrete choice model, typically logit 
models. This can be thought of as a generalization of 
the traditional and widely used gravity /4-step 
model. 
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Table 19 presents a comparison of the trip production totals from previous CRCOG model with 
the totals from the updated trip rates. 

Table 19: Trip Production Totals   

Previous CRCOG Model CRCOG Model Update 

Purpose Productions Purpose Productions 

HBW_0Car 68,062 HBW_zero 68,062 
HBW_1Car 295,720 HBW_low_insufficient 65,965 
HBW_2Car 820,955 HBW_low_sufficient 231,799 

   HBW_high_insufficient 87,678 
   HBW_high_sufficient 731,233 

HBW Sub-Total 1,184,737  1,184,737 
HBW_IX 109,120 HBWP_IX 109,120 
HBW_XI 118,902 HBWP_XI 118,902 
HBW IXXI Sub-Total 228,022  228,022 

   HBO_zero 284,824 
   HBO_low_insufficient 119,355 
   HBO_low_sufficient 1,132,315 
   HBO_high_insufficient 156,622 
   HBO_high_sufficient 2,174,028 

HBO Sub Total 3,867,144  3,867,144 
NHB Sub Total 1,646,763  1,646,763 
NWIX 275,463 NWIXP 275,463 
NWXI 325,790 NWXIP 325,790 
BIA_Airport 6,153 BIAP 6,153 
TII 496,949 TIIP 496,949 
TIX 36,820 TIXP 36,820 
TXI 37,943 TXIP 37,943 
Truck Sub Total 571,712  571,712 
Total Trip Production 8,105,783  8,105,783 

Table 20 thru Table 22 illustrate the survey trip rates, developed from the 2016 HTS, and the 
calibrated trip rates for HBW, HBO, and NHB trips used in the trip production model.  The 
reader will note that the income groups noted in Table 16 have been collapsed in number from 
four to two for the purposes of the trip generation rates.  This was done as a result of too few 
observations being available from the 2016 HTS on which to base rates for all 64 cells in the full 
table for each trip purpose.  
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Table 20: Home-Based-Work Trip Production Rates (HBW)   

Autos Income 
Group 

Survey Rates  Calibrated Rates 
Workers Workers 

0 1 2 3+ 0 1 2 3+ 

0 
1 & 2 0 0.82 2.65 2.65 0 0.92 2.99 2.99 
3 & 4 0 1.61 1.83 1.83 0 1.82 2.07 2.07 

1 
1 & 2 0 1.11 2.15 2.32 0 1.18 2.29 2.47 
3 & 4 0 1.19 2.20 2.49 0 1.27 2.34 2.65 

2 
1 & 2 0 1.34 2.03 2.03 0 1.42 2.16 2.16 
3 & 4 0 1.29 2.31 3.61 0 1.37 2.46 3.84 

3+ 
1 & 2 0 1.29 2.06 3.74 0 1.38 2.19 3.98 
3 & 4 0 1.28 2.44 3.90 0 1.36 2.60 4.15 

Table 21:  Home-Based-Other Trip Production Rates (HBO)   

Autos Income 
Group 

Survey Rates Calibrated Rates 
Workers Workers 

0 1 2 3+ 0 1 2 3+ 

0 
1 & 2 2.72 3.38 4.10 4.10 2.91 3.62 4.39 4.39 
3 & 4 2.72 3.56 4.10 4.10 2.91 3.81 4.39 4.39 

1 
1 & 2 3.55 2.97 3.49 6.31 3.80 3.18 3.74 6.76 
3 & 4 3.67 2.60 3.83 4.67 3.93 2.78 4.10 5.00 

2 
1 & 2 4.60 4.57 4.51 6.81 4.92 4.89 4.83 7.29 
3 & 4 5.19 6.10 5.55 6.49 5.56 6.53 5.94 6.95 

3+ 
1 & 2 4.85 5.06 6.27 5.30 5.20 5.42 6.72 5.68 
3 & 4 5.98 6.27 5.67 5.58 6.40 6.71 6.07 5.98 
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Table 22: Non-Home-Based Trip Production Rates (NHB)   

Autos Income 
Group 

Survey Rates Calibrated Rates 
Workers Workers 

0 1 2 3+ 0 1 2 3+ 

0 
1 & 2 1.22 1.63 1.68 1.68 0.92 1.24 1.27 1.27 
3 & 4 1.22 1.51 3.02 3.02 0.92 1.14 2.28 2.28 

1 
1 & 2 2.20 2.29 2.71 2.07 1.66 1.73 2.05 1.57 
3 & 4 2.21 2.19 3.32 5.14 1.67 1.66 2.51 3.89 

2 
1 & 2 1.99 2.70 2.96 3.37 1.50 2.04 2.24 2.55 
3 & 4 2.63 2.99 3.47 2.29 1.99 2.26 2.62 1.73 

3+ 
1 & 2 1.84 2.62 4.96 7.27 1.39 1.98 3.75 5.50 
3 & 4 2.85 3.63 3.34 3.65 2.16 2.74 2.53 2.76 

Validation of the trip generation model included a check of common ratios based on person 
trip totals and socioeconomic data to those seen in other modeling efforts.   While it is difficult 
to validate the disaggregate rates by market segment, the final results of the Trip Generation 
model were compared to trip rates per household seen in other HH surveys or in the NHTS.  As 
shown in Table 23 below, the results produced by the CRCOG model compare reasonably well 
with the typical rates observed from other modeling efforts.  

Table 23: Validation Ratio Checks 

Ratio Checks Model Typical 
Rates Source 

Workers to Employment 1.08 1.04 
U.S. Census Persons to Households 2.48 2.48 

Workers to Households 1.22 1.21 
HBW Productions per Worker 1.21 < 2  

HBW Productions per Household 1.48 1.55 TMIP Travel Model Validation 
and Reasonableness 

Checking Total Productions by HH 10.1 8 to 18 

Total Productions by Person 4.1 3.5 to 4.0 

NCHRP Report 365 
HBW Productions per HH 1.6 1.7 to 2.3 
HBO Productions per HH 4.8 3.5 to 4.8 
NHB Productions per HH 2.1 1.7 to 2.9 
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6. DESTINATION CHOICE MODEL  
The destination choice model replaces the gravity model used in the previous version of the 
CRCOG regional model.  There are several advantages to implementing a destination choice 
model compared to a gravity model. A destination choice model is a logit model which allows 
for the consideration of a greater number of independent variables for estimating trip 
distribution, including the logsum variable output from the mode choice model. Unlike the 
gravity model, the destination choice model is sensitive to transit, income, and auto sufficiency. 
This greater sensitivity improves the resulting trip tables and overall model performance.   

The destination choice model predicts the probability of choosing any given zone as the trip 
attraction (end of a trip). The destination choice model is preceded by the trip production 
models, which forecast the number of trip productions by zone for different market segments, 
identified by trip purpose, income, and auto sufficiency, as defined in Section 5.1.  The market 
segments used in the CRCOG model are shown in Table 24 and discussed further in section 6.      

Table 24: CRCOG Market Segmentation   

Purpose Household 
Income Household Auto Sufficiency 

Home-Based-Work All Incomes Zero Auto 
Home-Based-Work < $60,000 Auto Insufficient 
Home-Based-Work < $60,000 Auto Sufficient  
Home-Based-Work >= $60,000 Auto Insufficient  
Home-Based-Work >= $60,000 Auto Sufficient 
Home-Based-Other All Incomes Zero Auto 
Home-Based-Other < $60,000 Auto Insufficient  
Home-Based-Other < $60,000 Auto Sufficient  
Home-Based-Other >= $60,000 Auto Insufficient  
Home-Based-Other >= $60,000 Auto Sufficient  
Non-Home-Based No Market Segmentation 

 

6.1 SUPPORTING DATA  
The 2016 ‘Let’s Go CT’ Household Travel Survey (HTS) was key to the development of the target 
values that are the core of the estimation data used for calibration of the destination choice 
model. Information regarding trip characteristics obtained from the HTS includes trip purpose, 
household income, number of workers, and auto ownership. The HTS also provided the 
observed trip length frequency distributions necessary for model calibration.   

Using data from the HTS for the CRCOG MPO area, the trip length distributions by trip purpose 
and market segment were determined.  These distributions were assumed to represent the 
entire CRCOG model area.  Then, for each trip purpose and market segment, the proportion of 
trips by distance was applied to the total trips by purpose and market segment generated by 
the trip production model.  The resulting distribution represented the target values used in the 
calibration of the destination choice model.   
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Required network impedance information came from the mode choice logsums and distance 
skims from the CRCOG model.  In addition, Census Transportation Planning Products (CTPP) 
data based on the 2006-2010 5-year American Community Survey (ACS) were used to assess 
the Home Based Work (HBW) trip distribution.  

6.2 MODEL STRUCTURE  
The utility (Uij) of choosing a trip attraction destination (j) for a trip produced in zone (i) is a 
function of mode choice logsums, distance between zone i and zone j, distance factors, and an 
indicator variable for intrazonal production-attraction (PA) pairs. This is expressed as: 

𝑈𝑈𝑖𝑖𝑖𝑖 = 𝛽𝛽𝐿𝐿𝐿𝐿 ∗ 𝑙𝑙𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑇𝑇𝑆𝑆𝑇𝑇𝑔𝑔 + 𝛽𝛽𝑑𝑑 ∗ 𝑑𝑑𝑆𝑆𝑔𝑔𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑆𝑆 + �𝛽𝛽𝐷𝐷𝐷𝐷𝑑𝑑 ∗ (1 𝑆𝑆𝑖𝑖 𝑆𝑆 𝑑𝑑𝑑𝑑𝑑𝑑 𝑗𝑗 𝜖𝜖 𝑑𝑑)
7

𝑑𝑑=1

+ 𝛽𝛽𝐼𝐼𝐼𝐼

∗ (1 𝑆𝑆𝑖𝑖 𝑆𝑆 =  𝑗𝑗)  

In the utility equation above, 𝛽𝛽𝐷𝐷𝐷𝐷𝑑𝑑 is the coefficient for distance factor d. Other distance terms 
such as distance squared or distance cubed, if included, enter the utility equation in exactly the 
same way as the distance term. For brevity those terms are not shown in the utility equations 
above. Also note that the beta coefficients are unique to each trip purposes. Finally, the size 
factors used for each trip purpose are shown in Table 25. 

Table 25: Size Factors by Trip Purpose 

Trip Purpose Retail Employment Non-Retail Employment Households 

H
BW

 

Zero 0.52 0.0385 0 
Low insufficient 0.52 0.0385 0 
Low sufficient 0.52 0.0385 0 
High insufficient 0.48 0.615 0 
High sufficient 0.48 0.615 0 

H
BO

 

Zero  0.01379 0.01011 0.00677 
Low insufficient 0.01379 0.01011 0.00677 
Low sufficient 0.01379 0.01011 0.00677 
High insufficient 0.01388 0.01178 0.01154 
High sufficient 0.01388 0.01178 0.01154 

NHB 0.0571 0.01347 0.0109 
 

Once the utility for each PA pair is obtained from the utility equation above, they are used to 
construct the probability using a multinomial logit model (MNL). The MNL probability 
expression is given by: 

𝑃𝑃𝑖𝑖𝑖𝑖 =
exp (𝑈𝑈𝑖𝑖𝑖𝑖)
∑ 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖

 

In the above expression, the index k takes all the available attraction zones in the region.  
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The destination choice utilities are a function of mode choice logsums, and they are applied 
consistently, in the sense that the same coefficients and constants that are used for mode split 
are also used for calculating the logsums. Shadow prices are used to constrain the HBW 
attractions to a given zone to be proportional to the employment in that zone, thus, shadow 
prices are calculated only for the HBW purpose. Total employment data is first scaled to total 
number of attractions for all five market segments. Shadow prices for all zones are calculated 
using the following equation. The Shadow price procedure is implemented for a maximum of 
15 iterations with a convergence criteria of 1%. 

Shadow price = log(scaled employment / total attractions) for all zones 

Shadow prices are estimated during the trip distribution procedure, specifically during the 
HBW destination choice model.  The shadow prices are calculated for each scenario / forecast 
year run. 

This means that after the location probabilities are calculated on the basis of the utility 
functions, a shadow price is added to the utility of each destination with the objective of 
matching a pre-specified number of trip attractions to the zone. Employment is usually a 
standard input to travel models and is considered largely independent of the household travel 
survey. The shadow price addition is shown below: 

𝑈𝑈′𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑔𝑔𝑠𝑠𝑖𝑖 

In the equation above 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖 is the base utility from production zone i to attraction zone j for 
purpose m and  𝑔𝑔𝑠𝑠𝑖𝑖 is the shadow price for attraction zone j. 𝑈𝑈′𝑖𝑖𝑖𝑖𝑖𝑖 is the final utility. 

The mode choice logsum coefficients were asserted based on experience with the estimation 
of other destination choice model, and typical values used in other metropolitan area. All other 
coefficients in the destination choice model were calibrated to obtain good fit with the 
calibration targets. The distance factors are constant terms added to the utility if the distance 
between production and attraction falls within a particular distance band. Seven distance 
factors, for the first seven one mile distance bands were used in the calibration.     

6.2.1  Model Calibration 

The calibration of the destination choice model involves making small incremental adjustments 
to the distance coefficients to better match observed trip patterns. The models are first 
calibrated to match first-order calibration targets for trip length frequency and average trip 
lengths by trip purpose. Segmented distance terms are often needed to match the short 
distance portion of the observed trip length frequency curve. The distance cap is also often 
adjusted during model calibration to ensure that the model reproduces the tail (longer trips) of 
the trip length frequency distribution. The CRCOG model also included intrazonal coefficients.   

The CRCOG destination choice models were calibrated to reproduce observed trip patterns, 
including trip length frequency distributions and average travel times based on the HTS, and 
intrazonal percentages from the previous CRCOG model.   
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6.2.2 Calibration Targets 

The following calibration targets were developed for this effort: 

• Intrazonal percentage by trip purpose 
• Average trip lengths by trip purpose and market segmentation 
• Trip length distributions by trip purpose and market segmentation 

Table 26 provides a summary of the destination choice model calibration by trip purpose. The 
coincidence ratio is a measure of the goodness-of-fit of the calibrated trip length distribution 
compared to the observed (target) trip length distribution. It is preferable for the coincidence 
ratio for each trip purpose to be at least 70 percent1.  The coincidence ratio shows a good fit 
for all three trips purposes with a ratio of 0.86 for Home Based Work (HBW), 0.89 for Home 
Based Other (HBO), and 0.69 for Non Home Based (NHB) trips. 

The percentage of total trips that are attracted to the production zone (intrazonal trips) is also 
compared between the model and the target data in Table 28.  For each trip purpose the match 
between the target proportion of intrazonal trips and model results is reasonably good.  For all 
three trip purposes the model results are within 3 percent of the target percentage.  The model 
predicted average trip length (miles) is within 2 percent of the target value for HBW and HBO 
trips and less than 1 percent for NHB trips.   

Table 26: Goodness of Fit Measures  

Purpose Coincidence 
Ratio 

% 02Intrazonal trips Average Trip Length (Miles) 

Target Model Difference Target Model Difference 
Number Percent Number Percent 

HBW 0.86 7.5 7.49 -0.01 -0.13% 11.84 11.66 -0.18 -1.52% 
HBO 0.89 8.7 8.95 0.25 2.87% 5.09 5.03 -0.06 -1.18% 
NHB 0.69 8.2 8.37 0.17 2.07% 7.7 7.66 -0.04 -0.51% 

A comparison between the target and modeled average trip distances for the HBW and HBO 
trips by market segment, as well as NHB trips, is shown in Table 27.  Across all trip purposes 
and market segments, the model average trip lengths are within 3 percent of the target values.  
Among HBW trips modeled trip length is 2.9 percent greater than the target for the zero auto 
market and within 1 percent for all other markets.  For HBO trips, the modeled trip length is 2 
percent greater than the target for the zero auto market, 1.3 percent lower for the low income 
sufficient market, and within 1 percent for all other market segments.  The modeled average 
trip length for NHB trips is -0.5 percent different from the target value.    

  

                                                 

1 Travel Model Validation and Reasonableness Checking Manual, Second Edition.  Federal 
Highway Administration, Travel Model Improvement Program, September 24, 2010. Page 6-
15. 
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Table 27: Average Trip Length by Market Segment 

Market Segment 
Average trip length (miles) Difference 

Target Modeled Number Percent 

H
BW

 

Zero 7.14 7.34 0.2 2.90% 
Low insufficient 6.51 6.57 0.06 0.90% 
Low sufficient 9.84 9.81 -0.03 -0.30% 
High insufficient 12.36 12.29 -0.07 -0.60% 
High sufficient 13.01 13.04 0.03 0.20% 

H
BO

 

Zero  3.2 3.27 0.06 2.00% 
Low insufficient 3.95 3.94 -0.01 -0.40% 
Low sufficient 4.98 4.92 -0.06 -1.30% 
High insufficient 4.23 4.26 0.03 0.70% 
High sufficient 5.47 5.43 -0.04 -0.70% 

NHB 7.7 7.66 -0.04 -0.50% 
 

6.2.3  Destination Choice Calibration 

Household survey data was processed into trip length frequency distributions and prepared as 
targets to be compared to the destination choice output. The trip length frequency curves were 
visually analyzed and compared using a normalized coincidence index.  The calibrated 
destination choice model coefficients are shown in Table 28.   

The match between the model calibrated trip length profile and the target trip length profile 
for HBW, HBO, and NHB trips can be observed in Figure 17 thru Figure 19.   

Table 28: Calibrated Coefficients  

Market Segmentation 

Distance  Intrazonal 
Term Distance K-Factors 

Coefficients 

c_dist c_dist2 c_iz c_KF01 c_KF12 c_KF23 c_KF34 c_KF45 c_KF56 c_KF67+ 

H
BW

 

Zero -0.155 0 0.63 -0.09 -0.15 -0.02 0.14 -0.08 -0.52 0.65 

Low insufficient -0.195 0 -0.31 0.41 -0.35 -0.03 -0.97 -0.19 0.09 -0.72 

Low sufficient -0.115 0 0.98 -0.13 0.26 0.09 0.08 -0.13 -0.45 -0.15 

High insufficient -0.083 0 1.19 0.27 0.22 -0.28 0.22 -0.96 -0.09 -0.11 

High sufficient -0.08 0 1.72 0.03 -0.07 0.13 0.10 -0.02 -0.13 0.12 

H
BO

 

Zero  -0.545 0 -2.03 0.56 -0.76 -1.11 -1.05 0.17 0.88 1.19 

Low insufficient -0.365 0 -1.60 0.77 -0.61 -0.83 -0.40 -1.00 0 -1.01 

Low sufficient -0.28 0 -1.32 0.96 -0.19 -1.02 -0.83 -1.08 -1.07 -0.76 

High insufficient -0.42 0 -0.95 0.26 -0.16 -0.56 -0.22 -1.04 -1.36 1.04 

High sufficient -0.28 0 -0.67 0.72 -0.02 -0.32 -0.65 -0.78 -0.91 -0.56 

NHB   -0.14 0 -0.75 1.13 -0.04 -0.30 -0.66 -0.82 -0.85 
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Note: Data in Distance K-Factors cells, are grouped and organized in 1-mile increments, thus 
“c_KF01” provides coefficients for 0-1 mile, “c_KF12” provides coefficients for 1-2 mile, etc., with 
seven defined distance bins.  Intrazonal trips have separate coefficients.  

Figure 17: HBW Trip Length Frequency Distribution   

 

Figure 18: HBO Trip Length Frequency Distribution   
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Figure 19: NHB Trip Length Frequency Distribution   

 

6.2.4 District to District Flow Comparison 

District to district flows were also compared as part of the destination choice calibration. The 
goal of this exercise is to compare person movements between the study districts using the 
trip tables output from destination choice calibration. For the purposes of this exercise, the 
CRCOG Districts were aggregated into 10 Super Districts shown in Figure 20.  A list of the 
Districts is presented in Table 29.  

Limited geocoding information was available from the HTS for the purposes of the CRCOG 
model update.   A district-to-district flow comparison was only completed, therefore, for HBW 
trips using Census Transportation Planning Program (CTPP) data. The CTPP has multiple 
geographic layers available for data analysis.  These include TAZs, which can be readily 
aggregated into larger geographies such as Districts.  The geographic information made 
available with the HTS included only County and MPO layers.  Neither of these was felt suitable 
for a flow analysis. 
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Figure 20: CRCOG Super Districts  

 
Note:  Super Districts 501, 502 and 601, while outside of the CRCOG MPO area, are within the 
CRCOG model area. 

Table 29: CRCOG Super Districts  
Super 

District Name 

101 Hartford 
201 West Hartford 
301 East Hartford 
401 Northern CRCOG 
402 Southeastern CRCOG 
403 Southwestern CRCOG 
404 Eastern CRCOG 
501 West Buffer 
502 East Buffer 
601 Massachusetts 

 

54



 

Technical Memorandum  
Travel Demand Modeling System-Wide Calibration   52   

6.2.5  HBW Flow Analysis 

Table 30 shows flows obtained from the CTPP normalized to the row totals from the 
calibrated model HBW trip table. Table 31 presents the HBW trip flows from the calibrated 
model. 
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Table 30: CTPP Work Flow by Super District 

CTPP 
Attraction Districts   

101 201 301 401 402 403 404 501 502 601 Total 

Pr
od

uc
ti

on
 D

is
tr

ic
ts

 

101 28,573 5,390 2,832 8,015 7,188 6,228 416 1,611 87 173 60,514 
201 11,126 10,595 849 4,090 2,552 5,718 0 2,272 206 394 37,802 
301 6,459 1,359 5,457 3,839 7,517 2,972 416 1,328 214 23 29,583 
401 18,492 4,632 3,879 61,432 10,535 9,381 2,077 4,376 291 7,477 122,574 
402 22,095 3,587 9,340 13,840 48,187 9,040 4,942 6,910 1,028 1,011 119,979 
403 15,608 6,488 2,988 9,635 8,398 68,379 733 20,950 369 429 133,977 
404 5,491 754 2,617 4,557 9,096 2,148 20,390 1,605 3,756 571 50,983 
501 15,239 4,120 4,137 11,814 9,225 37,867 1,186 208,018 1,974 474 294,054 
502 5,177 855 2,135 2,047 5,709 3,638 6,756 9,221 22,937 111 58,586 
601 3,952 396 1,106 18,976 2,414 1,447 799 1,074 173 246,347 276,684 

Total 132,211 38,176 35,340 138,244 110,821 146,818 37,715 257,365 31,035 257,011 1,184,737 
Note: the values are normalized by model row totals 

Table 31: Model Work Flow by Super District   
HBW  
Trips 

Attraction Districts  

101 201 301 401 402 403 404 501 502 601 Total 

Pr
od

uc
ti

on
 D

is
tr

ic
ts

 

101 30,384 5,082 4,269 5,746 5,775 5,602 329 2,253 221 854 60,514 
201 11,623 4,490 2,007 5,133 3,330 7,197 294 2,707 200 822 37,802 
301 9,759 1,155 3,891 2,928 6,539 2,285 437 1,668 258 663 29,583 
401 15,707 4,017 3,978 47,365 12,311 9,502 2,750 5,919 716 20,309 122,574 
402 23,172 3,955 8,828 14,201 38,001 11,761 4,439 9,238 2,022 4,363 119,979 
403 16,396 6,671 3,534 10,052 10,710 54,153 701 29,043 874 1,842 133,977 
404 5,297 1,013 2,068 5,813 9,209 2,433 13,688 2,305 5,245 3,912 50,983 
501 18,108 5,829 4,601 14,365 15,102 50,169 1,063 178,847 2,333 3,638 294,054 
502 5,371 1,043 1,948 3,254 7,315 4,144 7,027 9,124 18,075 1,286 58,586 
601 6,084 1,384 1,734 30,979 6,110 3,178 2,960 2,750 609 220,897 276,684 

Total 141,900 34,639 36,857 139,836 114,404 150,423 33,689 243,853 30,552 258,585 1,184,737 
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The comparison of district interchanges focused on those interchanges where the 
absolute difference between model and CTPP interchange trip totals was greater than 
0.50 percent of the total number of HBW trips (5,924) and the percent difference 
between the model and CTPP interchange trip totals  was more than 50 percent.  For 
the most part, the comparison between the modeled trip flows and the CTPP trip flows 
showed reasonable correlation.  The exceptions involve trips within Super District 201 
(West Hartford) and interchanges between Super District 401 (Northern CRCOG) and 
Super District 601 (Massachusetts).  These district interchanges have been flagged in 
Table 32.  Particular attention will be paid to these areas during the system wide model 
calibration and validation steps to determine if further measures can be taken to address 
these discrepancies.     

The calibration process is still on going, and further refinement to the destination choice 
model calibration will be pursued.  It is likely that additional changes and improvements 
will be made to the destination choice model during the final step of highway and transit 
assignment validation and overall model calibration. The result of these efforts will be 
reported in the final model development report.  

Table 32: Estimated vs. CTPP Work Trips – Flagged Super District 
Interchanges 

Interchange  
Flags 

Attraction Districts 

101 201 301 401 402 403 404 501 502 601 

Pr
od

uc
ti

on
 D

is
tr

ic
ts

 

101 - - - - - - - - - - 

201 - Review - - - - - - - - 

301 - - - - - - - - - - 

401 - - - - - - - - - Review 

402 - - - - - - - - - - 

403 - - - - - - - - - - 

404 - - - - - - - - - - 

501 - - - - - - - - - - 

502 - - - - - - - - - - 

601 - - - Review - - - - - - 
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7. MODE CHOICE MODEL 
The mode choice models were developed with information from the 2016 ‘Let’s Go CT’ 
Household Travel Survey (HTS), 2016 CRCOG On-Board Transit Survey (On-Board), U.S. 
Census American Community Survey (ACS) and Census Transportation Planning 
Program (CTPP).  This data served as the foundation for the development of mode 
choice calibration targets.  The model formulation is a nested logit model. Based upon 
the proposed structure and asserted coefficient values, calibration target values were 
constructed from the observed data.  

7.1 TRAVEL MARKET SEGMENTATION  
The auto sufficiency market segments used in the CRCOG model are shown in 24 
(Section 6) Auto sufficiency is market segmentation by household income, number of 
workers in the household, and number of autos in the household.   

7.1.1 Calibration Targets 

In order for the mode choice model to accurately reflect observed travel patterns, the 
model must be calibrated to observed conditions. These observed conditions typically 
come from a household travel survey, on-board transit survey, or ideally a combination 
of the two. The calibration process consists of adjusting the terms in the mode choice 
utility equations to match observed data in the form of calibration targets. For the 
CRCOG mode choice calibration process, calibration targets were needed by mode, 
travel market segment, and trip purpose. The preparation of the calibration targets relied 
primarily upon the outputs from the CRCOG trip generation model, the On-Board survey, 
and the HTS.      

The HTS captured weekday travel between March 2016 and May 2016 from a sample of 
8,403 households accounting for 17,605 trip records in the CRCOG region.  While the 
household survey does contain transit trip records, the number of transit trip records is 
fairly small (600) and potentially not representative of the true transit trip patterns in 
the region.  The On-Board survey captured weekday travel between March 2016 and 
April 2016, and collected 7,027 trip samples in the CRCOG region.2  Combined, these 
data sets provide insight into the travel markets in the CRCOG region with respect to 
geography, trip purpose, demographics, mode, and mode access.   

In the CRCOG model, the total number of trips in the region is taken from output of the 
trip generation model calibrated to match the trip total from the previous CRCOG model.  
The expanded On-Board survey is taken as the total number of transit trips for the region 
because of a sampling plan that was developed by route, direction, and time of day, and 
weighted and expanded to represent the universe of transit users in the Hartford District.  

                                                 

2 The survey, which included over 100 local bus, express bus, and BRT (CTfastrak) routes, 
was the largest and most comprehensive origin and destination survey conducted by 
CRCOG. The goal of the survey effort was to obtain useable surveys from 
approximately 8-10% of transit riders. The actual number of usable surveys collected 
was 7,027. 
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See Appendix C for additional information on the On-Board survey.  The HTS is used to 
inform the distribution of non-transit trips within each market segment to the vehicular 
and non-motorized modes.   

Table 33 provides a summary of information from the trip generation model and the On-
Board survey indicating the total number of trips, as well as the split between transit and 
non-transit, for each of the travel market segments for each trip purpose.  These trip 
totals serve as the overall control totals for the development of the mode choice 
calibration targets. 

The results from the trip generation model show a total of 6,698,644 total daily resident 
trips in the CRCOG region.  Of these trips, 1,184,737 are HBW, 3,867,144 are HBO, and 
1,646,763 are NHB trips.  Based on the expanded linked trips from the On-Board survey, 
there are 49,093 daily transit trips using the CTtransit Hartford District (the transit 
network represented in the CRCOG model), of which 22,694 are HBW trips, 21,857 are 
HBO trips, and 4,542 are NHB trips.  The difference between the trip generation and the 
expanded on-board survey trips are vehicular and non-motorized trips which total 
1,162,043 HBW trips, 3,845,287 HBO trips, and 1.642,221 NHB trips.   

The next steps in the process of developing the mode choice calibration targets by 
include: 

• Determining the proportion of vehicular and non-motorized trips made by single 
occupant vehicles (SOV), shared ride (SR), shared ride 3+ (SR3+), bike and walk; 

• Determining the proportion of transit trips made by each of the main transit 
modes - local bus, express bus, and bus rapid transit (BRT); and 

• Determining the mode of access, i.e., Walk, Park-and-Ride (PnR), and Kiss-and-
Ride (KnR), to each of the main transit modes.    
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Table 33: Trip Totals by Market Sector and Mode   

Trip 
Purpose Travel Market Segment Total Trip 

Generation 

On-Board 
Survey 

Transit Trips 

Vehicular and 
Non-Motorized 

Trips 

HBW 

 Zero  68,062 9,279 58,783 
 low insufficient  65,965 6,028 59,936 
 low sufficient  231,799 3,161 228,639 
 high insufficient  87,678 828 86,849 
 high sufficient  731,233 3,398 727,835 
 Total  1,184,737 22,694 1,162,043 

HBW 

 Zero  284,824 12,363 272,462 
 low insufficient  119,355 6,836 112,519 
 low sufficient  1,132,315 1,604 1,130,711 
 high insufficient  156,622 637 155,984 
 high sufficient  2,174,028 417 2,173,611 
 Total  3,867,144 21,857 3,845,287 

 NHB  1,646,763 4,542 1,642,221 
 TOTAL  6,698,644 49,093 6,649,551 
 

7.1.2 Auto and Non-Motorized Trip Calibration Targets 

For each market sector the vehicular and non-motorized trips were split between SOV, 
SR, SR3+, walk and bike.  An example of how this was done is shown below and 
summarized in Table 34.  Using the HBW – Low Insufficient market segment as an 
example: 

1. Determine the proportion of trips by each mode for the travel market segment 
based on the expanded Household Survey. 

2. Calculate the proportion of trips made by each mode for the travel market 
segment. 

3. Calculate an initial adjustment to the number of trips for each non-transit mode 
using the proportion from Step 2 and the total number of trips for the market 
sector from trip generation.  For example, the initial estimate for the number of 
SOV trips equals 67.5% of 65,965.  

1. Calculate the final adjustment to the number of trips for each non-transit mode 
as:  

a. Initial Adjustment X ((Trip Generation Total – Total Transit Trips) / Initial 
Adjustment Total)  

b. Using the data for the HBW Low Insufficient Travel Market, the final 
estimate for the number of SOV trips is:  44,540 X ((65,965-6,028) / 
60,080).   
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Table 34: Example: Non-Transit Trips by Mode for HBW Low-
Insufficient Travel Market 

Mode  
 (1)  

Household 
Survey Trips  

 (2)  
Proportion of Trips  

 (3)  
Initial Adjustment  

 (4)  
Final Adjustment  

SOV 11,444 67.5% 44,540 44,433 

SR2 413 2.4% 1,609 1,605 

SR3 + 3,241 19.1% 12,612 12,582 

Walk 339 2.0% 1,319 1,316 

Bike - 0.0% - - 

Transit 1,512 8.9%  6,028 

Total 16,949 100% 60,080 65,965 

The same process was applied to each travel market segment.  The final mode choice 
targets for auto and non-motorized modes are shown in Table 35. 

Table 35: Auto and Non-Motorized – Mode Choice Targets  

Purpose Mode Total Zero Low-
Insufficient 

High 
Insufficient 

Low 
Sufficient 

High 
Sufficient 

HBW 

DA 984,743 8,715 44,433 195,369 64,230 671,995 
SR2 91,049 35,943 1,605 21,049 8,426 24,027 

SR3+ 46,240 4,431 12,582 6,297 10,709 12,221 
Walk 29,670 6,808 1,316 4,682 1,886 14,978 
Bike 10,341 2,885 - 1,243 1,599 4,614 
Total 1,162,043 58,782 59,936 228,640 86,850 727,835 

HBO 

DA 1,547,643  43,067  34,742  527,769  59,778  882,287  
SR2 877,278  80,785  23,629  248,128  29,425  495,311  

SR3+ 924,935  42,526  36,561  230,956  50,196  564,695  
Walk 442,734 77,239 16,587 115,138 16,182 217,588 
Bike 52,697 28,846 1,000 8,719 403 13,729 
Total 3,845,287 272,463 112,519 1,130,710 155,984 2,173,610 

NHB 

DA 858,959  

NHB Trips are not Market Segmented 

SR2 332,363  
SR3+ 268,820  
Walk 169,469 
Bike 12,611 
Total 1,642,222 
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7.1.3 Transit Trip Calibration Targets 

Table 36 presents a summary of the expanded transit trips for the three transit modes. 

Table 36: Auto and Non-Motorized – Mode Choice Targets   

Transit Mode 
Transit Trips 

Number Percent 
Local Bus 39,029 79.5% 
Bus Rapid Transit (BRT / CTfastrak) 6,411 13.1% 
Express Bus 3,653 7.4% 
Total 49,093 100.0% 

The On-Board survey included questions on trip purpose, household income, and auto 
ownership.  This allowed the transit trips to be allocated by transit mode to the CRCOG 
Model travel market stratification.  Table 37 shows the expanded On-Board transit trips 
by trip purpose, mode, and market stratification.   

Table 37: Expanded on Board Survey Transit Trips by Trip Purpose, 
Mode, and Market Stratification   

Purpose Mode Total 
Trips 

Trips by Market Segment 

Zero Low-
Insufficient 

High-
Insufficient 

Low-
Sufficient 

High-
Sufficient 

HBW 

Local Bus 16,953 8,096 5,274 1,954 551 1,078 
Express Bus 3,238 260 158 829 148 1,842 
BRT 2,503 923 595 377 129 477 
Total 22,694 9,279 6,028 3,161 828 3,398 

HBO 

Local Bus 18,403 10,605 5,784 1,278 461 276 
Express Bus 215 54 75 7 44 36 
BRT 3,239 1,704 978 319 132 106 
Total 21,857 12,363 6,836 1,604 637 417 

NHB 

Local Bus 3,673 

NHB Trips are not Market Segmented 
Express Bus 199 
BRT 670 
Total 4,542 

The On-Board survey also gathered information on how riders access the transit system.  
Table 38 shows how Hartford District riders access each transit mode (BRT, express bus, 
and local bus) in the system.  Table 39 shows a further breakdown of the access data by 
transit mode, trip purpose, mode of access, and market segment.  This data represents 
the calibration targets for transit and transit access mode in the mode choice model.   

Note that the transit access mode data presented in Table 38 and Table 39 is presented 
in Production-Attraction (PA) format.  The trip tables input into the mode choice model 
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are in PA format as dictated by the trip distribution / destination choice model.  Further, 
as is standard practice, transit person trips are assigned in PA format in order to maintain 
consistency with the transit networks used to inform the mode choice model (AM 
conditions for peak trips and mid-day conditions for off-peak trips).   

In PA format, the home end of a trip is considered the production end so the choice of 
mode is based on the travel impedances that the trip sees from the production zone to 
the attraction zone.  For highway trips this is not an issue, as there is no concern that a 
PA trip, when converted to an OD trip, will not be able to find a return path (there will 
always be links to drive on).  However, for transit, this is a concern because a PA trip, 
when converted to an OD trip, might not be able to find a return path due to the PM and 
Evening networks potentially being inconsistent with the AM and Mid-day networks that 
the PA trip saw when making its choice of mode.  This would result in those trips being 
unassigned.  As further explanation, consider the following example.   

Assume a rider takes Bus A to and from work.  This would result in two 2 PA bus trips 
assigned to Bus A. Further, assume that the bus taken is an East-West route which in the 
TransCAD model network is coded as two separate routes: Bus A East and Bus A 
West.  The PA trips will both be assigned to Bus A East assuming the work location is 
east of the home location.  Thus, in this example, Bus A West does not get assigned any 
trips.  However, in OD format Bus A East would be assigned a trip in the morning and 
Bus A West would be assigned a trip in the afternoon.  How is this reconciled? 

What is typically done to report transit boardings by route is to add up the boardings 
from the eastbound route and the westbound route and report the total for Bus A 
(instead of separately by East and West).  So while Bus A East had 2 trips and Bus A 
West had 0, in total Bus A had two trips, which is correct.  Similarly, for stop-level 
analysis, the boardings and alightings are added up at each stop and divided by 2 to get 
even boardings and alightings at that stop.  Note that this is standard practice and 
accepted by the Federal Transit Administration (FTA). 

Table 38: Expanded on Board Survey Transit Survey Mode of 
Access (PA Format)   

Mode 
of 

Access 

BRT Express Bus Local Bus Total 

Number Percent Number Percent Number Percent Number Percent 

Walk 5,704 89.0% 1,089 29.8% 38,517 98.7% 45,310 92.3% 
PnR 499 7.8% 1,989 54.4% 175 0.4% 2,663 5.4% 
KnR 208 3.2% 575 15.7% 337 0.9% 1,120 2.3% 

Total 6,411 100% 3,653 100% 39,029 100% 49,093 100% 
Note: Common Acronyms: PnR – Park and Ride, KnR – Kiss and Ride  
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Table 39: Expanded Transit Mode of Access Targets (PA Format)   

Mode Purpose Access Total 
Trips 

Market Segmentation 

Zero Low 
Insufficient 

High 
Insufficient 

Low 
Sufficient 

High 
Sufficient 

BR
T 

HBO 
Walk 3,087 1,697 919 310 81 80 

PnR 27 4 0 0 23 0 

KnR 126 3 59 9 29 26 

HBW 
Walk 1,962 923 571 250 99 119 

PnR 470 0 2 127 15 326 

KnR 69 0 22 0 15 32 

NHB 
Walk 655 

NHB Trips are not Market Segmented PnR 2 

KnR 13 

Ex
pr

es
s 

HBO 
Walk 154 42 75 7 16 14 

PnR 33 0 0 0 11 22 

KnR 29 12 0 0 17 0 

HBW 
Walk 768 196 79 242 50 201 

PnR 1,925 16 42 340 55 1,472 

KnR 544 48 37 247 42 170 

NHB 
Walk 167 

NHB Trips are not Market Segmented PnR 30 

KnR 3 

Lo
ca

l 

HBO 
Walk 18,233 10,542 5,733 1,253 438 267 

PnR 17 2 5 10 0 0 

KnR 152 60 46 15 23 8 

HBW 
Walk 16,661 8,045 5,208 1,892 537 979 

PnR 146 0 9 42 0 95 

KnR 147 51 57 20 14 5 

NHB 
Walk 3,622 

NHB Trips are not Market Segmented PnR 12 

KnR 38 
 

7.2 MODE CHOICE MODEL DESCRIPTION  
Mode choice models are mathematical expressions which are used to estimate the modal 
shares of the travel market given the time and cost characteristics of the various 
competing modes, the demographic and socio-economic characteristics of the travelers, 
and the excluded attributes of the modes represented in the model.  Mode choice models 
are designed to be an integral link in the travel demand chain, with possible feedback 
mechanisms to a number of related model components such as trip generation, trip 
distribution, and (modal) trip assignment. 
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The CRCOG mode choice model reflects the mode choice options available to travelers 
in the Capitol Region including drive alone, shared ride 2, shared ride 3+, local bus, 
express bus, BRT, and non-motorized (walk and bike) forms of travel. Access to and 
egress from transit also reflects a range of available options including park and ride, kiss 
and ride, walk, and bike. The mode choice model was calibrated using data from the 2016 
‘Let’s Go CT’ Household Travel Survey, 2016 CRCOG On-Board Transit Survey, and the 
U.S. Census ACS / CTPP data. 

The variables included in the utility equation include cost, in-vehicle time, transit wait 
time, and an intrazonal shares variable.  With the exception of the nesting coefficients, 
the model parameters will be segmented by income and auto sufficiency for HBW and 
HBO but will not be segmented for NHB trips.  Finally, each mode will have an alternative-
specific constant that represents the effect of mode attributes that are not included in 
the mode choice utility function. Examples of excluded attributes for transit are comfort, 
travel time reliability, availability of real-time next vehicle information, frequency of off-
peak service (for peak trips), and vehicle and station amenities, among others. 

7.2.1 Basic Logit Model Mathematics  

There are three types of Logit models:  multinomial logit, hierarchical logit, and nested 
logit.  The mode choice model structure used for the CRCOG mode choice model is a 
nested logit structure.  

The multinomial logit model assumes that there is equal competition among alternatives. 
This allows for the “shifting” of trips to and from other modes in proportion to the initial 
estimates of these modes. A common problem associated with the multinomial structure 
is the potential for violation of the Independence of Irrelevant Alternatives (IIA) axiom. 

The hierarchical logit model is a variation of the multinomial model that allows for the 
subsequent splitting (or allocation) of trips to a set of sub-modes. In most structures of 
this type a LogSum variable (or the denominator of the lower level choice) is used in the 
upper level choice together with other (typically socio-economic) explanatory variables. 
In this manner, the lower level sub-modes are reflected in the upper level choice, but as 
if they were equally competing modes with the other primary mode(s) (i.e., with a 
LogSum coefficient of 1.0). 

A nested logit model, as used in the CRCOG mode choice model, recognizes the potential 
for something other than equal competition among modes. This structure assumes that 
modes, sub-modes, and access modes are distinctly different types of alternatives that 
present distinct choices to travelers. Its most important departure from the multinomial 
structure is that the lower level choices are more elastic than they would be in the 
multinomial or hierarchical structures.  Thus, an improvement in walk access to transit 
would alter the existing diversions between walk and drive access to transit the most. 
This same improvement in walk access would also shift travelers from auto to transit, but 
with elasticities that are equal to the elasticities found in the multinomial logit models; 
therefore, the elasticities for access choice are higher. This increased sensitivity is 
reasonable if the modes included in a single level of the nest are reasonably related.  It 
seems intuitive that a person who has already decided to use transit would be more 
sensitive to a change in transit travel time or cost, than would be a person who is deciding 
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to use transit or not. Figure 21 illustrates the differences between the various mode 
choice model structures. 

Figure 21: Three Types of Logit Models  

 

 
 

 

 

 

The final mode choice model structure applied in the CRCOG model is graphically 
displayed in Figure 22. 

Choice

Drive Alone Shared Ride Transit

Choice

Auto

Drive Alone Shared 
Ride

Transit

Walk Drive

Simple Multinomial Logit Model Hierarchical Logit Model 

Nested Logit Model 

Choice

Auto

Drive 
Alone

2  
Person

3+ 
Person

Transit

Walk PnR KnR

66



 

Technical Memorandum  
Travel Demand Modeling System-Wide Calibration   64   

Figure 22: CRCOG Nested Logit Model Choice Model Structure  

 

At the upper level of the nesting structure are non-motorized modes, highway modes 
(auto) and transit. In the non-motorized nest, bicycle and direct walk are represented.  
The auto mode nest addresses the auto occupancy choice including drive alone, shared 
ride 2, (two person carpools) and shared ride 3+ (3+ person carpools).   

In the transit nest walk, park-and–ride, and kiss-and-ride are represented.  In the lower 
level nest are local bus (LB), express bus (EB), and bus rapid transit (BRT).  This design 
recognizes that, in many instances, the various transit modes offer travelers a 
competitive choice.  It also allows the model to reflect the important differences in 
excluded attributes offered by each of the primary transit modes. An access choice nest 
differentiates primarily between walk and drive access to each primary transit mode.  As 
discussed in section 7.2.2  the mode choice model also represents commuter rail service 
in the CRCOG region.  At the time this model was being prepared, this service was not 
yet operational.  However, the model has been designed with sufficient flexibility to allow 
incorporation of this service as part of the on-going maintenance and updating of the 
model. 

7.2.2  Mathematical Formulation for Logit Models  

The standard logit formulation can be expressed as: 

𝑃𝑃𝑖𝑖 =
𝑆𝑆𝑈𝑈𝑖𝑖

∑ 𝑆𝑆𝑈𝑈𝑖𝑖𝑖𝑖
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Where: 

Pi = is the probability of a traveler choosing mode i 

Ui = is a linear function of the attributes of mode i that describe its attractiveness 

∑ eUi = is the summation of the linear functions of the attributes over all the i 

k = alternatives (k) for which a choice is feasible 

The utility expression for each available mode (i) is specified as a linear function which 
incorporates a range of variable types, including time, cost, locational measures, and the 
socio-economic characteristics of the traveler. For example: 

βββββ 04Var3i2i1i +SE*+Location*+Cost*+Time*=U  

Where: 

Ui  = is the utility for mode i 

β0 = is a constant specific to mode i that captures the overall effect of any 
significant variables that are missing or unexplained in the expression which may 
include, for example, comfort, convenience, and safety 

β1 = is a set of coefficients describing the level-of-service (in travel time) provided 
by mode i such as in-vehicle time, wait time, and walk time 

β2 = is a set of coefficients describing travel cost which may include, for example, 
transit fare, automobile operating cost, and parking costs 

β3 = is a set of coefficients describing the specific attributes of the trip interchange 
such as a Central Business District (CBD) destination or park and ride lot use 

β4 = is a set of coefficients describing the influence of each socio-economic 
characteristic of the traveler such as income group and auto ownership 

The travel time variables are typically disaggregated into in-vehicle and out-of-vehicle 
time at a minimum. Out-of-vehicle time is further stratified into walk time, initial wait, and 
transfer wait time – the latter two categories being applicable to the transit modes only. 
Similarly, travel cost is often disaggregated into the more general out-of-pocket cost, 
which may include for example, automobile operating cost, transit fare, and destination 
parking cost.  

Locational variables in utility expressions are used to reflect a set of unique 
geographically based characteristics, such as a CBD. Alternatively, these geographic 
attributes may be represented in the form of land use variables such as employment or 
population density. A wide variety of variables are possible in the socio-economic 
category (SE) including variables that measure the relative wealth of the trip maker, such 
as income or auto sufficiency,  or reflect other household characteristics such as workers 
per household. Finally, an alternative specific constant reflects the unexplained behavior, 
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or the excluded attributes of that mode. The individual coefficients associated with each 
variable reflect the relative importance of each attribute.  

In the simple example nested model structure shown in Figure 22 the formulation 
employs three multinomial logit models, one for the primary choice of mode among auto 
and transit, a second level choice among auto sub-modes (drive-alone and shared-ride) 
and another second level choice among transit access modes (walk and drive access). In 
application, the model independently addresses auto sub-mode and transit access 
choice first.  This is expressed as: 

e+e
e=P UU

U

DA
SRDA

DA

 and 
e+e

e=P UU

U

w
Dw

w

 

A composite of the utilities of the auto sub-mode and transit access choices then 
represent auto and transit respectively in the upper tier of the model structure.  This 
composite measure is the natural logarithm of the denominator of the logit model, often 
termed the "LogSum". The LogSum term is effectively the total utility provided by the 
sub-modes of a particular primary mode.  A LogSum is calculated for each of the second 
level nests as: 

]e+e[-=LogSum UU
A

SRDAln  and ]e+e[-=LogSum UU
T

Dwln  

The LogSum terms for the auto sub-modes and transit access choice then appear in the 
utility expression for the primary mode level as: 

e+e
e=P LogSum*LogSum*

LogSum*

T
AATT

TT

ββ

β

 

The value of the LogSum coefficients in the upper tier of the model (auto versus transit), 
is an indicator of the degree to which the lower level choices form a sub-choice that is 
distinct from the primary mode alternatives.  A value of 1.0 indicates that the lower level 
modes are not a sub-choice but rather are full options equally competitive with the 
primary modes.  In this instance, these lower level choices can be simplified or included 
directly in the upper level.  A value of 0.0 would indicate that the lower level choices are 
perfect substitutes for each other.  Values between 0.0 and 1.0 indicate the extent to 
which the lower level choices represent a sub-choice. 

The mode choice model structure includes commuter rail as a transit choice.  At the time 
the data that forms the basis for this model was collected, there was no commuter rail 
service operating in the CRCOG model area.  However, in anticipation of the Hartford 
line service, it was included in the model as a transit choice.  It is anticipated that the 
continued updating and maintenance of the model will include this service in the future, 
either at its initial service level, or at its proposed full-service operation.  

In order to include and calibrate the Hartford Line commuter rail service it will be 
necessary to collect the required data once regional travel patterns have had an 
opportunity to adjust to the new service and demand has stabilized.   
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As an interim alternative, the model could be modified to include data generated by the 
FTA’s Simplified Trips on Projects Software (STOPS), which would provide calibration 
targets.  STOPS is a limited application of the traditional four step travel demand model 
geared to transit analysis. It was developed and calibrated using national data from cities 
with a variety of transit modes, including commuter rail, and relies upon readily available 
local data, such as the CTPP and on-board transit surveys, to allow the software to 
understand local travel patterns.  The STOPS has a fixed guideway focus but also 
provides a detailed system-wide representation of transit ridership.  STOPS was 
designed to be easier to implement that a typical 4-step model and may be set up and 
calibrated in approximately six to eight weeks.  Calibration targets developed from 
STOPS forecasts may provide a useful placeholder until such time as actual data is 
available to further calibrate the CRCOG mode choice model.  

7.2.3  Market Segmentation Considerations  

There are three basic trip purposes for mode choice modeling: Home-Based-Work, 
Home-Based-Other, and Non-Home-Based.  This simplification stems from the notion 
that household and individual travel behavior properties, as translated into elasticities, 
are relatively similar when considering the choice of mode.  

Another element often used for market segmentation is the stratification of alternative 
specific constants by an indicator of wealth or socio-economic status.  Historically, either 
auto ownership or income has been used for this purpose.  The design of the CRCOG 
mode choice model utilizes a method of stratification called auto sufficiency. The HBW 
and HBO purposes are segmented based on household income and the relationship 
between the number of vehicles the household has and the number of workers (auto 
sufficiency) as shown below: 

• Zero-car households, all income groups 
• Households with insufficient autos and low income  
• Households with sufficient autos and  low income  
• Households with insufficient autos and high income  
• Households with sufficient autos and high income  

 
Households that have zero autos, fewer autos than workers, or an auto for each worker 
have distinct mode choice patterns, especially when it comes to transit ridership.   

The NHB purpose is not segmented.   

7.2.4 Model Coefficients  

Table 40 presents the recommended set of mode choice coefficients for the three trip 
purposes in the CRCOG model.  Logical and consistent nesting coefficients are applied 
at each level of the nest.  Auto operating costs were established at 16.8 cents per mile 
for all purposes. 

70



 

Technical Memorandum  
Travel Demand Modeling System-Wide Calibration   68   

Table 40: Mode Choice Model Coefficients  

Variable Description HBW HBO NHB 

In-Vehicle Travel Time -0.02500 -0.01500 -0.02000 
Initial Transit Wait Time < 5.0 minutes -0.05625 -0.03375 -0.04300 
Initial Transit Wait Time >= 5.0 minutes -0.02500 -0.01500 -0.02000 
Transit Transfer Wait Time -0.06250 -0.03750 -0.05000 
Drive to transit in-vehicle time -0.05625 -0.03375 -0.04300 

 

7.2.5 Wage Rate and Cost Coefficients  

Purpose-specific cost coefficients are derived directly from the value of time and are 
shown in the table below.  The value of time for each trip purpose/income group 
combination was computed from the Hartford regional median income values, obtained 
from the 2015 CTPP data.  The Hartford regional median income value is $68,047 for all 
households, $47,809 for low income households, and $86,443 for high income 
households.  The low income value is used for three market segments: zero-car, low 
income insufficient, and low income sufficient. The high income value is used for the high 
income insufficient and high income sufficient market segments.  The value of time for 
all purposes and market segments is calculated and subsequently cost coefficients are 
computed.  The mode choice cost coefficients are shown in Table 41. 

Table 41: Mode Choice Cost Coefficients  

Market Segment 
Home Based Work Home Based Other Non-Home Based 

VOT 
($/hr) Coefficient VOT 

($/hr) Coefficient VOT 
($/hr) Coefficient 

Zero Auto 9.19 -0.16315 3.68 -0.24472 

6.54 -0.18340 

Low Income 
Insufficient 9.19 -0.16315 3.68 -0.24472 

Low Income 
Sufficient 9.19 -0.16315 3.68 -0.24472 

High Income 
Insufficient 16.62 -0.09023 6.65 -0.13535 

High Income 
Sufficient 16.62 -0.09023 6.65 -0.13535 

7.3 MODE CHOICE CALIBRATION 

7.3.1 Calibration Process 

Model calibration is the process of establishing proper values for the alternative specific 
constants.  The calibration of the mode choice model was done manually.  The process 
started with all alternative specific constants set to zero.  Then the trip distribution and 
mode choice model steps were run.  The number of trips produced by the model for each 
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mode and market segments were compared to the identified targets, the values of the 
alternative specific constants adjusted, and the trip distribution and mode choice steps 
rerun.  The process continued until the model results matched the mode target values 
reasonably well.  Table 42 shows key calibrated values for the mode choice model.  Note 
that the market stratifications are active for both HBW and HBO.  Non-Home Based trips 
were estimated for all market segments as one. 

Table 42: Mode Split Constants by Trip Purpose and Market 
Segmentation   

Market 
Segment 

Constants for Shared Ride 
HBW HBO 

NHB 
Zero Low-I Low-S High-I High-S Zero Low-I Low-S High-I High-S 

SR2 0.98 -1.92 -1.56 -1.30 -2.29 0.51 -0.10 -0.42 -0.30 -0.27 -0.58 

SR3 -0.13 -1.00 -2.26 -1.27 -2.72 0.15 0.07 -0.51 -0.07 -0.24 -0.75 

Market 
Segment 

Constants for Walk and Bike 
HBW HBO 

NHB 
Zero Low-I Low-S High-I High-S Zero Low-I Low-S High-I High-S 

Walk -1.18 -4.52 -4.16 -3.58 -3.84 0.03 -1.33 -1.95 -1.73 -1.75 -1.95 

Bike -1.78 -9.55 -5.09 -3.69 -4.66 -0.66 -3.29 -3.76 -4.31 -3.68 -3.77 

Market 
Segment 

Constants for Local Bus 
HBW HBO 

NHB 
Zero Low-I Low-S High-I High-S Zero Low-I Low-S High-I High-S 

Walk 5.39 3.02 -0.34 -0.70 -2.02 2.50 2.11 -2.10 -1.33 -4.02 -1.52 

PnR -4.19 -3.78 -3.64 -5.58 -4.11 -4.97 -4.70 -6.96 -6.24 -9.40 -7.27 

KnR -2.49 -4.06 -5.07 -4.63 -6.86 -2.97 -3.18 -6.79 -4.49 -7.88 -6.59 

Market 
Segment 

Constants for Express Bus 
HBW HBO 

NHB 
Zero Low-I Low-S High-I High-S Zero Low-I Low-S High-I High-S 

Walk 4.49 2.07 0.67 -0.17 -1.43 2.80 3.25 -2.25 0.41 -2.45 0.62 

PnR 0.06 -0.16 0.30 -0.77 -0.05 2.46 0.05 -3.24 1.44 -1.33 0.15 

KnR -0.26 -2.05 -1.52 -2.00 -2.94 4.17 0.05 -3.24 1.70 -3.49 -1.50 

Market 
Segment 

Constants for Bus Rapid Transit 
HBW HBO 

NHB 
Zero Low-I Low-S High-I High-S Zero Low-I Low-S High-I High-S 

Walk 4.85 2.57 -0.74 -0.87 -2.58 2.85 2.31 -1.73 -1.12 -3.57 -1.49 

PnR -4.01 -4.32 -2.55 -3.74 -3.04 -4.33 -5.13 -7.73 -4.06 -8.85 -7.87 

KnR -4.60 -4.71 -6.54 -4.58 -5.76 -4.43 -2.74 -6.64 -4.00 -6.76 -6.84 
Note: Market Segmentation: Zero are zero auto households; Low – I are households with low 
income and fewer autos than workers; Low – S are households with low income and with autos 
greater than or equal to workers; High – I are households with high income and with fewer autos 
than workers; and High - S are households with high income and with autos greater than or equal 
to workers. 
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7.3.2 Calibration Results  

Table 43 provides an overview of the mode choice calibration results. This table shows 
a reasonably good fit of target trips to the calibrated mode choice modeled trips.  Fifty-
one percent 51% of daily trips are made using the drive alone mode.  Non-motorized 
travel (bike and walk) makes up about 11% of the region’s average weekday travel.  
Transit is represented by linked trips, not unlinked trips which are more equivalent to 
boardings, and is less than one percent of the region’s average weekday travel.   

Table 43: Top Level Mode Choice Calibration   

Mode 
Trips Difference 

Target Modeled Number Percent 
Drive Alone 3,391,345 3,391,173 -172 -0.01% 
Shared Ride 2 1,300,690 1,300,690 0 0.00% 
Shared Ride 3+ 1,239,995 1,240,062 68 0.01% 
Walk 641,873 641,913 40 0.01% 
Bike 75,650 75,665 15 0.02% 
Local Bus 39,033 39,060 27 0.07% 
Express Bus 3,659 3,659 0 0.00% 
Bus Rapid Transit 6,417 6,421 3 0.05% 

Total 6,698,661 6,698,644 -17 0.00% 

Table 44 illustrates the mode choice results by trip purpose.  This table shows that the 
target number of trips by trip purpose is closely replicated by the modeled mode choice 
results. 

Table 44: Top Level Mode Choice Calibration by Purpose   

Mode 
HBW HBO NHB 

Calibration Trips Calibration Trips Calibration Trips 
Targets Modeled Targets Modeled Targets Modeled 

Drive Alone 984,743 984,689 1,547,643 1,547,524 858,959 858,959 
Shared Ride 2 91,049 91,066 877,278 877,261 332,363 332,363 
Shared Ride 3+ 46,240 46,241 924,935 925,001 268,820 268,820 
Walk 29,670 29,674 442,734 442,771 169,469 169,469 
Bike 10,342 10,343 52,697 52,711 12,611 12,611 
Local Bus 16,955 16,977 18,405 18,411 3,673 3,673 
Express Bus 3,238 3,238 221 221 199 199 
Bus Rapid Transit 2,506 2,508 3,242 3,243 670 670 

Total 1,184,743 1,184,737 3,867,155 3,867,144 1,646,763 1,646,763 

The detailed versions of the same mode choice output by trip purpose and market 
stratification are shown in the following tables. HBW and HBO results are displayed for 
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each of the travel market segments.  The NHB purpose was not stratified and is displayed 
as a single market segment.  

Table 45 shows the mode choice results for the Home-Based-Work trips:  

• Overall: Overall the modeled and target values match well including in the Zero 
Auto and Low income market stratifications.  Further investigation of the Home 
Interview Survey resulted in a reduction in the number of drive alone trips made 
by zero auto households and an increase in Shared Ride 2 trips.   

• Drive: As expected, the Drive Alone mode dominates the drive nest, with high 
income showing the highest share of Drive Alone trips.  

• Transit: There are three transit modes currently operating in the Harford District 
that have been included in the model: Local Bus, Express Bus, and Bus Rapid 
Transit (CTfastrak).  (As discussed above, the Hartford Line has not been 
included, as the data sources pre-date its operation).  Most transit trips occur on 
the local bus network. The share of bus trips is highest for Zero Auto and Low 
Insufficient households.    

• Non-Motorized: The model is accurately predicting non-motorized travel.  The 
highest share of walk and bike trips is in the Zero Auto market.    

Table 45: HBW Mode Choice Calibration   

Mode Zero Low 
Insufficient 

Low 
Sufficient 

High 
Insufficient 

High 
Sufficient 

Drive Alone  
Target 8,715 44,433 195,369 64,230 671,995 

Modeled 8,676 44,424 195,367 64,229 671,994 

Shared Ride 2  
Target 35,943 1,605 21,049 8,426 24,027 

Modeled 35,959 1,605 21,049 8,426 24,027 

Shared Ride 3+  
Target 4,431 12,582 6,297 10,709 12,221 
Modeled 4,432 12,583 6,297 10,709 12,221 

Bike  
Target 6,808 1,316 4,682 1,886 14,978 

Modeled 6,811 1,316 4,682 1,886 14,979 

Walk  
Target 2,885 0 1,243 1,599 4,614 

Modeled 2,886 0 1,243 1,599 4,614 

Local Bus  
Target 8,097 5,274 1,954 552 1,078 

Modeled 8,110 5,282 1,954 552 1,079 

Express Bus  
Target 260 158 829 148 1,842 

Modeled 260 158 829 148 1,842 

Bus Rapid 
Transit 

Target 925 595 378 129 477 

Modeled 926 596 379 129 478 

Total 
Target 68,065 65,965 231,800 87,679 731,233 

Modeled 68,062 65,964 231,800 87,678 731,233 

Table 46 shows the mode choice results for Home-Based-Other trips.  
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• Overall: Overall the modeled and target values match well, including auto trips in 
the high income, insufficient auto ownership stratifications.  

• Drive: Drive Alone trips dominate in the auto sufficient market stratifications for 
both low and high income households.  

• Transit: The largest share of transit ridership comes from the low income, 
insufficient market but the largest number of transit trips is in the zero auto 
market.   

• Non-Motorized: Bike trips dominate non-motorized trips.  The largest proportion 
of these trips occur in zero auto households.   

Table 46: HBO Mode Choice Calibration   

Mode Zero Low 
Insufficient 

Low 
Sufficient 

High 
Insufficient 

High 
Sufficient 

Drive Alone  
Target 43,067 34,742 527,769 59,778 882,287 
Modeled 42,957 34,741 527,766 59,777 882,284 

Shared Ride 2  
Target 80,785 23,629 248,128 29,425 495,311 
Modeled 80,769 23,629 248,128 29,425 495,311 

Shared Ride 3+  
Target 42,526 36,561 230,956 50,196 564,695 
Modeled 42,593 36,561 230,956 50,196 564,695 

Bike  
Target 77,239 16,587 115,138 16,182 217,588 
Modeled 77,276 16,586 115,138 16,182 217,588 

Walk  
Target 28,846 1,000 8,719 403 13,729 
Modeled 28,860 1,000 8,719 403 13,729 

Local Bus  
Target 10,605 5,784 1,278 462 277 
Modeled 10,610 5,784 1,278 462 277 

Express Bus  
Target 55 77 9 44 37 
Modeled 55 77 9 44 37 

Bus Rapid 
Transit 

Target 1,704 979 320 132 107 
Modeled 1,705 979 320 132 107 

Total 
Target 284,825 119,358 1,132,318 156,623 2,174,031 
Modeled 284,824 119,355 1,132,315 156,621 2,174,028 
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Table 47 summarizes the Non-Home Based trips purpose.  No income categories were 
established for this purpose.  

• Overall: Overall the modeled and target values match well for this trip purpose.   
• Drive Alone: A little more than half of NHB trips are Drive Alone trips. 
• Non-Motorized: NHB trips are much more likely to be made by bike or walk 

modes than transit.   

Table 47: NHB Mode Choice Calibration   
Mode NHB 

Drive Alone 
Target 858,959 

Modeled 858,959 

Shared Ride 2 
Target 332,363 

Modeled 332,363 

Shared Ride 3+ 
Target 268,820 

Modeled 268,820 

Bike 
Target 169,469 

Modeled 169,469 

Walk 
Target 12,611 

Modeled 12,611 

Local Bus 
Target 3,673 

Modeled 3,673 

Express Bus 
Target 199 

Modeled 199 

Bus Rapid Transit 
Target 670 

Modeled 670 

Total 
Target 1,646,763 

Modeled 1,646,763 
 

 

  

76



 

Technical Memorandum  
Travel Demand Modeling System-Wide Calibration   74   

8. TIME OF DAY  
In recent years, there has been increasing interest in the ability of travel demand models 
to estimate travel not only for the average weekday, but for different time periods within 
the day. Travel demand models are increasingly required to be analysis tools for a broad 
range of issues on transportation policy and project alternatives. These issues often 
require detailed analysis, not only spatially, but temporally as well.  

Time-of-day was recognized in division of the daily auto trip table into AM Peak (two 
hours), Midday (six hours), PM Peak (three hours), and Nighttime (thirteen hours) 
components.  Although a transit network was created, no transit trip tables or transit 
assignments were computed. 

During this update of the CRCOG regional travel demand model, revisions to this 
approach were considered.  This included the possibility of developing a choice model 
for forecasting peak spreading. Such a model, similar in approach to a mode choice 
model, would seek to capture the behavioral response of drivers to increasing congestion 
through a shift in their departure time.  After careful consideration, it was determined 
that a choice model was neither necessary, based on observed travel patterns, nor the 
best option given CRCOG’s approach to the traditional four step model.  A simple 
modification to the time period definitions will be sufficient to meet CRCOG’s modeling 
needs.   

This section presents a brief overview of time of day modeling in travel demand 
forecasting, discusses how time of day is considered in the updated CRCOG model 
structure, and reviews the traffic count and other data that supports the current time of 
day approach.   

8.1 APPROACHES TO TIME OF DAY MODELING 
The approach used in the Capital Region Council of Governments (CRCOG) model is 
typical of methods used to address time of day in four-step travel demand forecast 
models.  Although there are other approaches, they all have the same objective, which 
is to take the daily trips generated by the model and allocate them appropriately to 
different times of the day.  Traditionally, in the context of a four-step travel demand 
model, this involves the use of factors derived from traffic counts or survey data.    

Discussions regarding time-of-day modeling have been published in several readily 
available reports. The Second Edition (2010) of the Travel Model Validation and 
Reasonableness Checking Manual, published by the Federal Highway Administration 
(FHWA) Travel Model Improvement Program (TMIP) contains a chapter on time of day.  
It includes an overview of various methods (including choice models), as well as sources 
of data and guidelines for the development and checking of time-of-day model 
components. Among Fixed Factor Methods, the most common method, the Manual lists 
several ways in which time-of-day factors may be applied: 

• Pre-distribution:  daily trips are factored between the trip generation and the trip 
distribution steps; 

• Post-distribution: factors are applied after trip distribution and before mode 
choice; 
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• Post-mode choice: factors are applied after mode choice and before assignment; 
and  

• Post-assignment: factors are applied after assignment. 

Time of Day Modeling Procedures Report (FHWA) 3 published in 1997 presents a 
discussion of the standard factoring approaches to time of day modeling. The report also 
covers several innovative approaches that go beyond factoring to address peak 
spreading and approaches that attempt to model time choice in the same manner as 
mode choice.  Table 48, from this report summarizes the approach, advantages, and 
disadvantages of each method.  

Travel Demand Forecasting: Parameters and Techniques NCHRP 716 (2012) includes a 
discussion of time of day modeling within the context of the four step model.  This report 
states that, while many analysts prefer to perform the daily to TOD conversion prior to 
mode choice, there is no consensus as to the best point in the modeling process to carry 
out this conversion.   

The Travel Model Validation and Reasonableness Checking Manual also discusses time-
of-day choice models noting that a shortcoming of the fixed factoring methods is that 
time-of-day choice is insensitive to transportation level of service.  While there has been 
research into incorporating variables that represent level of service it has had limited 
success when used with a four-step model.  The time-of-day choice model approach 
appears better suited to tour and activity based models.    

The National Cooperative Highway Research Program (NCHRP) Report 765 (2014) 
Analytical Travel Forecasting Approaches for Project-Level Planning and Design, updates 
NCHRP 255, and contains a chapter on improving the temporal accuracy of traffic 
forecasts.  This report includes discussion on the development of activity based models 
incorporating time-of-day choice models, the use of dynamic traffic assignment to 
analyze the temporal nature of travel, approaches to evaluating peak spreading, as well 
as factoring approaches to time-of-day. 

 

                                                 

3 Time-of-Day Modeling Procedures Report, Prepared for: Federal Highway 
Administration – Travel Model Improvement Program.  Prepared by: Cambridge 
Systematics, Inc. Final Report: February 1997.  
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Table 48: Assignment Types for Time of Day and Peak Spreading 
Method Approach Advantages Disadvantages 

TIME OF DAY (TOD) Approaches 

TOD Assignment 
after Trip Assignment 

Run daily 4-step model, factor daily volume 
outputs to obtain hour/period values 

• Simple, quickest method to apply. (ex. Use K and D factors) 

• Accounts for different peaking /directional characteristics by 
subregions/roadways. 

• Allows for the possibility of link-based peak spreading but not trip 
based peak spreading or time of day choice 

• Daily equilibrium assignments are performed for period that is not homogenous- 
speeds vary greatly over an average weekday (i.e. assignments are based on daily 
speeds, which are not every meaningful.) 

• Insensitive to future changes in land use or composition of traffic (through vs. local) 

• Peaking is unrelated to congestion levels – application of fixed factors to forecast 
year daily volumes may results in unrealistically high peak volumes. 

TOD Assignment 
Between Mode 
Choice and Trip 

Assignment 

Run trip generation, distribution, and mode 
choice on a daily basis, factor trip tables by 
purpose and mode to obtain peak hour / 
period trips tables, assign trip tables for 
each period to appropriate networks. 

• Simple method to apply – trip table manipulation functions, factors 
derived from surveys, calibrated to time of day counts. 

• Assignments can be done for relatively homogenous periods (speeds 
within a peak or off-peaks periods vary much less than daily speeds.) 

• Mode can be considered in time of day factoring – transit could have 
explicitly different peaking characteristics than auto. 

• Allow for the possibility of trip based or link-based peak spreading, or 
time of day choice. 

• Mode choice and trip distribution are still performed using daily speeds. 

• Applying a single set of regional factors causes inaccuracies due to different 
peaking characteristics across the region, but it’s difficult to derive sub regional 
factors. 

• Peaking is not directly related to congestion levels – assigning trips tables based on 
the application of fixed factors to forecast year daily trip tables could results in 
unrealistically high peak volumes. This problem could be mitigated by using 
feedback; however, the feedback process is complicated when assignment travel 
time outputs are peak/off-peak but distribution/mode choice travel time inputs are 
daily. 

TOD Assignment 
Between Trip 

Distribution and 
Mode Choice 

Run trip generation, distribution on daily 
basis, factor person trip tables by purpose 
to obtain peak hour / period trips tables, 
perform mode choice and assignment for 
each period using appropriate networks 

• Assignments can be done for relatively homogenous periods (speeds 
within a peak or off-peaks periods vary much less than daily speeds.) 

• Mode choice (but not distribution) is performed for the peak/off-peak 
periods using appropriate networks. 

• Allows for the possibility of trips-based or link-based peak spreading, 
or time of day choice (this assumes factors are not fixed). 

 

 

• Trip distribution still using performed using daily speeds. 

• Applying a single set of regional factors causes inaccuracies due to different 
peaking characteristics across the region, but it’s difficult to derive sub regional 
factors. 

• Difficult to justify using inconsistent procedures between trip distribution and mode 
choice procedures – distribution uses daily speeds, mode choice uses peak/off-peak 
speeds. 

• Peaking is not directly related to congestion levels – assigning trips tables based on 
the application of fixed factors to forecast year daily trip tables could results in 
unrealistically high peak volumes. This problem could be mitigated by using 
feedback; however, the feedback process is complicated when assignment travel 
time outputs are peak/off-peak but distribution/mode choice travel time inputs are 
daily. 

TOD Assignment 
Between Trip 

Generation and Trip 
Distribution 

Run trip generation on a daily basis, factor 
person trip tables by purpose to obtain peak 
hour / period trips tables, perform trip 
distribution, mode choice, and assignment 
for each period using appropriate networks. 

• Assignments can be done for relatively homogenous periods (speeds 
within a peak or off-peaks periods vary much less than daily speeds.) 

• Mode choice and trip distribution are performed for the peak/off-peak 
periods using appropriate networks, consistent with the trip 
assignment approach. 

• Allows for the possibility of trips-based or link-based peak spreading, 
or time of day choice (this assumes factors are not fixed). 

• The use of feedback is facilitated since assignments travel time 
outputs and inputs to trip distribution and mode choice are all for the 
same peak/off-peak periods. 

• Applying a single set of regional factors causes inaccuracies due to different 
peaking characteristics across the region, but it’s difficult to derive sub regional 
factors. 

• Peaking is not directly related to congestion levels – assigning trip tables based on 
the application of fixed factors to forecast year daily trip tables could results in 
unrealistically high peak volumes. This problem could be mitigated by using 
feedback. 

• If time of the day choice is used, zone-to-zone measures of congestion cannot be 
considered since factors are applied to trip ends, not trip tables. 
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Method Approach Advantages Disadvantages 

Peak Spreading Approaches 

Spreading within the 
Peak Period: Linked 

based Approach 

Obtain peak period assignments, estimate 
relationships between VOC ratios and ratio 
of peak hour / peak period percentages, 
apply to peak period link volumes from 
assignment.  

• Simple method to apply (spreadsheet or simple program); peaking-
congestion relationships can be estimated from time of day count 
information. 

• Accounts for congestion at the link level and diverts trips to the 
"shoulder" hours on either side of the peak 

• Procedure is insensitive to many factors effecting peak spreading, including trip 
purpose and length. 

• Resulting peak hour volumes among links may not be consistent (i.e. volume 
entering a node may not equal the volume leaving the node) 

• Addresses neither spreading of trips outside the peak period nor the redefinition of 
peak periods over time. 

• Applying a single set of regional factors causes inaccuracies due to different 
peaking characteristics across the region, but it’s difficult to derive sub regional 
factors. 

• Peaking is not directly related to congestion levels – assignment trip tables based 
on the application of fixed factors to forecast year daily trip tables could results in 
unrealistically high peak volumes. This problem could be mitigated by using 
feedback. 

• If time of the day choice is used, zone-to-zone measures of congestion cannot be 
considered since factors are applied to trip ends, not trip tables. 

Trip-Based Peak 
Spreading based 

Approach 

Obtain peak period trip tables, estimate 
relationships between ratio of peak 
hour/peak period percentages and other 
variables such as trip purpose and length, 
apply to peak period trip tables prior to 
peak hour assignments.  

• Simple method to apply (spreadsheet or simple program); peaking-
congestion relationships can be estimated from time of day count 
information. 

• Good foundation for approach; relationship between peak spreading 
and other variables is well documented.  

• Procedure has not been tested using congestion as a variable. 

• Addresses neither spreading of trips outside the peak period nor the redefinition of 
peak periods over time 

• Does not account for changes in traveler behavior due to congestion. 

• Not sensitive to traffic congestion on specific links or specific origin-destination 
flows as well as to different trip purposes. 

System-Wide Peak 
Spreading 

Apply a model that relates the percentage 
of trips in the peak period to variable such 
as congestion, trip length geography, and 
socioeconomic variables.  Apply the 
resulting percentages on a zone-to-zone 
basis to the person trip tables by purpose 
and mode that are outputs from mode 
choice, and run assignments for peak and 
off peak periods. 
Considers the system-wide excess travel 
demand and delay and distributes excess 
travel demand between the individual travel 
hours that comprise the peak period 

• The effects of congestion on peak spreading can be explicitly 
considered. 

• Assignments can be done for relatively homogenous periods (speeds 
within a peak or off-peak period vary much less than daily speeds) 

• Mode can be considered in time of day factoring; transit could have 
explicitly different peaking characteristics than auto. 

• Not sensitive to different trip purposes 

• Not sensitive to traffic congestion on specific links or specific origin-destination 
flows 

• Data required include TOD factors that describe the distribution of trips in each of 
the three analysis hours that comprise the peak period.  Also a set of VOC limits (by 
facility type) that differentiates between temporal and spatial diversion 

• Mode choice and trips distribution are still performed using daily speeds. 

• Feedback process is complicated when assignments travel time outputs are peak 
/off-peak but distribution/ mode choice travel time inputs are daily. 

• Has not been developed for non-work trips. 
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8.2 TRAFFIC DATA ANALYSIS 

An analysis of traffic data was undertaken based on continuous count and traffic monitoring 
data available from the Connecticut Department of Transportation (CTDOT). Appendix D 
contains some definitions and figures pertinent to the traffic analysis.  The first objective of the 
traffic data analysis was to determine if there was evidence of peak spreading in the Hartford 
area.  Evidence of peak spreading would help to inform the discussion regarding consideration 
of developing a peak spreading model either now or in the future.  A second objective of the 
analysis was to determine if there had been a shift in the peak period that might necessitate 
the need for adjusting the time of day definitions currently used in the CRCOG model.   

CTDOT maintains 40 continuous traffic count sites throughout the state. Eight of these sites 
are within the CRCOG Metropolitan Planning Organization (MPO) region and an additional eight 
are in the CRCOG model “buffer zone” shown in Figure 23 and Table 49.    
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Figure 23: Continuous Traffic Counts Locations 

 

Figure 24 and Figure 25  show hourly counts from the continuous count site in West Harford 
(Count ID 9049), the site closest to the I-84 project area, for 2011 and 2015.  These counts 
display expected temporal profiles.  Morning demand increases from a very low level to a 
pronounced peak about mid-morning, heavily influenced by the travel-to-work trip purpose. 
Demand then drops during the late morning and early afternoon until another peak occurs 
when individuals return home from work, school, or other activities. After the evening peak, 
demand again drops to a relatively low level until morning.  

In the eastbound direction, in 2011 and 2015, similar predominant peaks are evident at 8:00 AM 
with smaller peaks visible at 3:00 PM in the afternoon and 7:00 PM in the evening.  In the 
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westbound direction, the prominent peak occurred during the evening at 6:00 PM in 2011 and 
5:00 PM in 2015.  A smaller peak also occurred during the morning in the westbound direction 
at 10:00 AM in 2011 and 9:00 AM in 2015.   

Table 49: Continuous Traffic Counts Locations 
Count 

ID Direction Route 
No. 

Road 
Type Functional Class Town CRCOG Model 

Area 

9011 North / South Rt-5 Urban Principal Arterial 
(Other) East Windsor MPO Region 

9014 North / South I-91 Urban Principal Arterial 
(Interstate) Wethersfield MPO Region 

9026 East / West I-84 Urban Principal Arterial 
(Interstate) Manchester MPO Region 

9047 North / South Rt-10 Urban Principal Arterial 
(Other) Simsbury MPO Region 

9049 East / West I-84 Urban Principal Arterial 
(Interstate) West Hartford MPO Region 

9053 North / South I-91 Urban Principal Arterial 
(Interstate) Enfield MPO Region 

9016 North / South Rt-30 Urban Collector Tolland MPO Region 

9020 East / West Rt-66 Rural Principal Arterial 
(Other) Hebron MPO Region 

9048 North / South Rt-15 Urban Principal Arterial 
(Other Expressway) Berlin Buffer Zone 

9018 North / South Rt-8 Rural Minor Arterial Colebrook Buffer Zone 

9023 North / South Rt-8 Urban Principal Arterial 
(Other Expressway) Watertown Buffer Zone 

9022 North / South Rt-217 Urban Minor Arterial Middletown Buffer Zone 

9051 North / South Rt-9 Urban Principal Arterial 
(Other Expressway) Haddam Buffer Zone 

9045 East / West I-691 Urban Principal Arterial 
(Interstate) Cheshire Buffer Zone 

9055 North / South I-91 Urban Principal Arterial 
(Interstate) Wallingford Buffer Zone 

9050 East / West Rt-2 Urban Principal Arterial 
(Other Expressway) Colchester Buffer Zone 

9027 East / West I-84 Rural Principal Arterial 
(Interstate) Union Buffer Zone 

ADT at this site declined by 800 vehicles (0.61%) between 2011 and 2015.  This is evident in the 
relative position of the curves for the two years. In addition, there appears to have been a slight 
shift in travel times to earlier time periods, most likely in response to congestion on I-84. Peak 
spreading results in the expansion of peak period of traffic, from original peak period to include 
additional shoulder-hours, in response to traffic levels that exceed capacity.  Hence, the peaks 
in the demand profile would appear flatter and include more time periods. Given that the 2011 
and 2015 curves have approximately the same shape there does not appear to be evidence of 
peak spreading.     
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Figure 24: West Hartford Continuous Traffic Count Data (I-84 East)  

 

 

Figure 25: West Hartford Continuous Traffic Count Data (I-84 West)  

 

Count profiles for all of the continuous counts sites in the CRCOG model area are in Appendix 
D.  Across all the sites there is modest growth over the last five years, with 1 percent or less of 
Average Annual Percent Change (AAPC) on interstates and 1 to 3 percent AAPC on principal 
arterials.   Table 50 illustrates the change in traffic volumes in the I-84 corridor between 2001 
and 2015.  
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8.2.1 Traffic Monitoring Data  

In addition to the continuous count stations (CCS) data, historical average daily traffic (ADT) 
for I-84 and I-91 was collected from CTDOT’s Traffic Monitoring Volume Information Traffic 
Count Data. Table 50, displays 15 years of ADT data, from 2001 to 2015.  

Table 50: Historical Average Daily Traffic Volumes  

Year 
I-84: 

Bulkeley 
Bridge 

I-91 I-84 

Between 
Exits 33  
and 34 

South 
HOV Ln 
Between 
Exits 33 
and 34 

WB: Off-
Ramp to 
I-91 NB 

(Exit 51) 

EB: Off-
Ramp to 
I-91 SB 

(Exit 52) 

EB: On 
Ramp 

from I-91 
SB 

WB: On 
Ramp 

from I-
91 NB 

EB: Off 
Ramp to 
I-91 NB 

(Exit 51) 

2001 141,800   10,200 14,500 21,900 -  

2002   7,000    23,300 11,200 

2003       -  

2004 141,400   11,300 15,500 23,600 -  

2005   9,400    23,100 12,400 

2006   8,100    -  

2007 141,400   9,400 13,100 20,500 -  

2008     14,500  21,300 11,900 

2009  129,900 8,000    21,900 12,500 

2010 141,100 135,400 8,600 10,900 14,500 22,000 23,000  

2011       23,100 11,800 

2012  133,200 9,600 11,300 14,500 22,900 -  

2013 141,700    10,800  14,900  22,100  22,900   

2014                 

2015   144,000  6,200    14,800        

CHANGE FROM FIRST TO LAST YEAR IN EACH SERIES 

Number -100 14,100 -800 600 300 200 -400 600 
Percent -0.07% 10.85% -11.43% 5.88% 2.07% 0.91% -1.72% 5.36% 
CAGR -0.01% 1.48% -0.86% 0.44% 0.14% 0.07% -0.14% 0.58% 

Note: CAGR is the Compound Annual Growth Rate, calculated as: = ((End Value / Start Value) ^ 
(1/Periods) -1 

Overall, the table shows an irregular pattern of change in ADT volumes across the years and at 
the locations listed. Daily traffic volumes on I-84 over the Bulkeley Bridge have remained fairly 
constant over time with ADTs between 141,100 and 141,800 vehicles per day. This is likely due 
to the recurring congestion throughout Hartford.  Most of the city’s freeways have operated at 
or near capacity for decades, leaving little room for growth. While the peak periods have shifted 
into traditionally off-peak hours, the overall daily volumes have not increased substantially, 
reflecting the time-sensitive nature of commuter traffic. In addition to this mainline location, 
another mainline location and a High Occupancy Vehicle (HOV) connector location plus five 
ramps connecting I-91 and I-84 are shown. The other mainline location has seen growth in traffic 
increasing by 10.85 percent between 2009 and 2015.  Most of the ramps have seen little or no 
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growth during the 15 years. The largest growth, 5.36 percent, was on the I-84 eastbound off-
ramp to I-91 northbound (Exit 51) while the I-84 westbound on-ramp from I-91 northbound saw 
a decline in traffic of 1.72 percent.   

8.2.2 Final Time-of-Day Adjustment 

The phenomenon of peak spreading is the result of a shift in travel demand away from an 
historic peak hour to earlier or later times (the peak shoulders) resulting in a longer peak period.  
In the CRCOG region, while there is congestion, there does not appear to be a peak spreading 
response to this congestion. There is some evidence that there has been a shift of some peak 
period traffic to non-traditional peak hours.  In addition, there has also been for the most part, 
little or no growth in traffic during the recent past.   

Figure 24 illustrates typical traffic patterns found in the Hartford area with a shift in peak hour 
traffic to earlier times but no evidence of peak spreading.  A review of the daily and peak hour 
traffic profiles found in Appendix D from CTDOT’s continuous count program would also seem 
to support this observation.  Finally, little or no growth in traffic volumes coupled with little or 
no population growth over the last several years, leads to the conclusion that peak spreading 
will not be a significant response to congestion in the near future.     

These observations led to the conclusion to modify the time-of day segments slightly by 
expanding the AM peak period from two hours to three hours, along with a corresponding 
reduction in the Nighttime period from 13 to 12 hours.  As a result of these changes the CRCOG 
Model now utilizes the following four time periods:  

• AM Period: 6:00AM- 9:00AM (3 hours) 
• MD Period: 9:00AM- 3:00PM (6 hours) 
• PM Period: 3:00PM- 6:00PM (3 hours) 
• NT Period: 6:00PM- 6:00AM (12 hours) 

 

8.3 CRCOG TIME-OF-DAY METHODOLOGY 
The approach to the temporal distribution of daily trips is unchanged from the previous CRCOG 
model.  However, while the approach is unchanged, there has been a modification to the 
definition of the time periods used to divide the daily auto trip table.  The time of day factors 
used in this process are based on observed traffic counts, transit on-board survey data, and 
household survey data. Furthermore, the development of a mode choice model with a working 
transit component introduces an element into the model structure that influences results by 
time-of-day.    

After the mode choice model is run, the auto trip matrices are converted from PA to OD format.  
The Time of Day component is the first step in the highway assignment and results in the OD 
trip matrices being divided into four time periods.   The four time periods are: AM Peak (three 
hours), Midday (six hours), PM Peak (three hours), and Nighttime (12 hours).  As noted above, 
this is a modification from the previous CRCOG Model for the AM Peak from two to three hours 
and for the nighttime period from 13 to 12 hours.  
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8.3.1 Diurnal Factors by Trip Purpose 

The diurnal factors for each trip purpose were estimated using the 2016 Let’s Go CT Household 
Travel Survey.  Each individual trip record was segmented into one of the following trip 
purposes using origin and destination responses: 

• Home-Based-Work (HBW) 
• Home-Based-Other (HBO) 
• Non-Home-Based (NHB) 

Each trip record was assigned one of two directions: PA or AP. Home-Based trips, with home 
as the destination, were designated as AP trips, home-based trips with home as the origin were 
assigned as PA trips. All non-home-based trips were nominally designated as PA trips, and the 
PA/AP split was set at 0.5/0.5 for each time period.   

The Resident time of day factors are shown in Table 51.  These factors are based on information 
from the CT DOT 2016 Let's Go CT Household Travel Survey.  Only a limited set of geographic 
identifiers were provided with the home interview survey data.  As a result, the CRCOG MPO 
area was used to represent the entire model region which includes the MPO area, the Buffer 
Area in Connecticut, and TAZ’s in Massachusetts. 

TOD factors for the non-resident trip purposes are shown in Table 52.  Non-resident trips 
include the following purposes: 

• Home-Base-Work Internal – External and External – Internal trips (HBW-IX/XI) 
• Non-Work Internal – External and External – Internal trips (NW-IX/XI) 
• Truck trips including Internal – Internal, Internal -  External, and External – Internal 

trips (TRUCK-II/IX/XI) 
• Thru trips. 

No data was available on which to base estimation of the TOD factors for the non-resident trip 
purposes.  Therefore, HBW-IX/XI trips are assumed to have the same TOD distribution as HBW 
resident trips.  In similar fashion, NW—IX/XI trips are assumed to have the same TOD 
distribution as HBO trips.  Finally, TOD splits for Truck and Through trips were based on the 
previous model splits and adjusted during final system-wide calibration to match observed flow 
totals. 

Table 51: Resident Time of Day Factors  

Resident Time of Day Assignment 

Purpose Direction AM MD PM NT Daily 

HBW AP 0.034 0.068 0.244 0.155 0.500 
HBW PA 0.268 0.140 0.028 0.064 0.500 
HBO AP 0.035 0.118 0.118 0.229 0.500 
HBO PA 0.119 0.253 0.068 0.060 0.500 
NHB AP 0.062 0.273 0.123 0.042 0.500 
NHB PA 0.062 0.273 0.123 0.042 0.500 
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Table 52: Non-Resident Time of Day Factors  

Non-Resident Time of Day Assignment 

Purpose Direction AM MD PM NT Daily 

HBW_IX OD 0.092 0.154 0.552 0.202 1.00 
HBW_XI OD 0.629 0.137 0.025 0.209 1.00 
NW_IX OD 0.070 0.300 0.252 0.378 1.00 
NW_XI OD 0.193 0.378 0.240 0.189 1.00 

TII AP 0.059 0.167 0.147 0.127 0.50 
TII PA 0.059 0.167 0.147 0.127 0.50 
TIX OD 0.073 0.562 0.145 0.221 1.00 
TXI OD 0.308 0.407 0.059 0.225 1.00 

THRU AP 0.074 0.231 0.070 0.125 0.50 
THRU PA 0.074 0.231 0.070 0.125 0.50 
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9. SPECIAL EVENT MODEL  
Travel by residents and visitors to events such as baseball games, festivals, convention centers 
and other similar venues falls under the umbrella of special event travel.  Historically, the focus 
of regional travel demand models has been on daily weekday travel for trip purposes such as 
Home Based Work (HBW), Home Based Other (HBO) and Non-Home Based (NHB).   As a result, 
these models do not directly address travel to and from special events.  

As part of the CRCOG model update a Special Events Model (SEM) has been incorporated into 
the CRCOG regional model structure.  The impetus for this effort comes from the successful 
introduction of CTfastrak in the Hartford region where special event patrons constitute a 
significant portion of the ridership.   

The special event sub-model was added to the CRCOG model to generate trips to and from a 
special event location, i.e. TAZ. The special event model step occurs just prior to the assignment 
step in the model.  The special event trips are added to the existing trip tables for residents and 
non-residents by time of day and mode. The details of the model implementation are discussed 
in the following sections. 

9.1 SPECIAL EVENT VENUES 
Special events in the Hartford region range from weekend festivals that attract local residents 
to large sporting events, which bring thousands of visitors into the region. Given the large 
number of special events that occur each year, it is not practical to collect data and create 
models for each individual event. Therefore, the special events in the region were reviewed in 
light of the following characteristics:  

• Predicted Attendance  
• Event Frequency  
• Regular versus Periodic Event  
• Venue Type  
• Event Start and End Time  
• Single versus Multiple Days  
• Day of Week  
• Event Market Area  
• Local versus Regional Attendance 

As a result of the initial review, and the large number of events that occur in a single year, it 
was decided to focus on special event venues that attract at least 6,000 patrons. In addition, 
the following criteria were considered in bringing the list down to six venues where data 
collection was necessary (and conducted):  

• Importance of capturing impacts of special events on the transit system 
• High attendance events at several large stadiums and sports complexes 
• Good representation within each of the nine characteristics noted above 
• Importance of seasonality of special events 

Table 53 illustrates the venues, capacity or size, and assumed event attendance for the six 
venues considered. Note: CT Science Center hosts small venues, however the square footage support 
much later events.  The location was pre-selected with average attendance less than 6,000 patrons. 

Figure 26 shows the TAZ in which each of the venues is located. 
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Table 53: Venue, TAZ, Capacity and Assumed Attendance  

Venue TAZ Venue Capacity or 
Venue Size 

Assumed Venue 
Attendance 

XL Center 2014 16,600 people 16,600 

Yard Goat Stadium 27501 6,050 people 6,050 

Xfinity Theatre 8602 30,000 people 30,000 

Rentschler Field 178 40,600 people 40,600 

CT Science Center 2107 154,000 Sq. Ft. 2,000 

CT Convention Center 2106 540,000 Sq. Ft. 12,800 

Bradley International Airport 906 3,500 people 3,500 

Bradley International Airport 122 14,000 people 14,000 
Note: CT Science Center hosts small venues, however the square footage support much later events.  The 
location was pre-selected with average attendance less than 6,000 patrons.  Also Bradley International 
Airport overall as a facility supports more than the minimum required of 6,000 patrons. 

Figure 26: TAZ Location of Special Event Venues 
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9.2 METHODOLOGY  
The special event sub-model uses the daily attendance (SE_ATTEND) field from the model’s 
socio-economic data file. SE_ATTEND is the estimated or expected number of people 
participating in a specific special event within a specific traffic analysis zone (TAZ). To create 
a set of trips that can be assigned to the network, the following attributes need to be computed: 

• Location: 
o Origin location for participants coming to the special event. 
o Destination location from special event after the event is over. 

• Mode: 
o Modes for trips to the special event 
o Modes for trips from the special event 

• Time-of-day periods: 
o For trips to the special event 
o For trips from the special event 

The total number of trips generated by each special event is twice the number of SE_ATTEND 
as every participant makes two trips: a trip to the special event and a trip from the special 
event. In this model, the trips to the special event are outbound trips and trips from the special 
event are inbound trips.  Due to unavailability of a special event survey, reasonable coefficients 
were asserted for the choice models.  

9.2.1 Location 

The origin location for outbound trips is determined using a reverse destination choice model 
and inbound trips are determined using a standard destination choice model. Typical to any 
location choice model, the origin choice for outbound trips and destination choice for inbound 
trips is determined based on the size term and the impedance term. 

The size term captures the supply side of travel behavior. The size term for the special event 
origin and destination choice model is a combination of the number of households by income 
level, the amount of retail employment, and the amount of non-retail employment. The size 
term for the origin location for outbound trips was different than the destination location size 
term for inbound. This was based on the rationale that the share of participants coming from 
their workplace to the special event would be different than the share of participants going 
back to their workplace after the special event. In particular, it is assumed that there is a greater 
share of one end of the trip to be home for trips from special events thus demanding a larger 
coefficient on number of households by income level for inbound trips. The coefficients on 
different components of the size term are listed in Table 54. 

The impedance term captures the impact of level-of-service on location choice. Special event 
trips typically have a fixed schedule/location and thus are not particularly sensitive to travel 
conditions/distances. Due to such unique properties of these trips, only highway distance with 
a relatively small coefficient is used as an impedance term in the location choice model. The 
coefficient (c_dist) was set to be -0.1.  

  

91



  

Technical Memorandum  
Travel Demand Modeling System-Wide Calibration   89    

Table 54: Size Term Components for Location Choice Model 
Size Term Component 

(socio-economic variable) 
Outbound 

(trips to special events) 
Inbound 

(trips from special events) 
# of Households Income Group 1 0.2 0.3 

# of Households Income Group 2 0.2 0.3 

# of Households Income Group 3 0.3 0.5 

# of Households Income Group 4 0.3 0.5 

Retail Employment 0.5 0.1 

Non-Retail Employment 0.5 0.1 

The output of this step is two daily person trip tables:  

• Outbound trip table 
("…\CRCOG\Base\outputs\specialevent\Trip_SE_out.mtx") and  

• Inbound trip tables ("…\CRCOG\Base\outputs\specialevent\Trip_SE_in.mtx") 

9.2.2 Time-of-day 

The next step is to split the daily trip table into four time-of-day periods: AM, MD, PM, and NT. 
Logical time-of-day factors for outbound and inbound were used to split the trip tables by 
time-of-day periods. Similar to the location choice model logic, these factors were set to be 
different by direction due to inherent chronology associated with these trips. Since inbound 
trips are always after outbound trips, the time-of-day factors for late periods for inbound trips 
is set to be higher than that of outbound trips. The time-of-day factors are listed in Table 55. 

Table 55: Time-of-Day Factors by Direction   
Time of Day   

(Period) 
Outbound 

(trips to special events) 
Inbound 

(trips from special events) 
AM     (6:00AM- 9:00AM) 0.1 0.05 
MD     (9:00AM- 3:00PM) 0.1 0.05 
PM     (3:00PM- 6:00PM) 0.5 0.4 
NT     ( 6:00PM- 6:00AM) 0.3 0.5 

 

9.2.3  Mode 

After splitting the person trip tables by time-of-day, the next step is to split by trip modes. For 
simplicity and due to lack of special event mode share data, the person trip tables are assumed 
to be auto trips; however, this model has the flexibility to be enhanced in a future effort if 
additional modal information becomes available.  

The mode share factors were asserted such that the auto occupancy is higher for trips from 
special events, which is consistent with the assumption in location choice model that the share 
of trips to home would be higher for inbound trips, and thus more likely to be carpooled with 
a household member. These mode share factors are listed in Table 56. 
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Table 56: Mode Share Factors by Direction   

Mode Outbound 
(trips to special events) 

Inbound 
(trips from special events) 

SOV 0.3 0.2 
HOV2 0.45 0.5 
HOV3+ 0.25 0.3 

The final output of the special event model is eight time-of-day specific person trip tables with 
cores specific to the person trip modes:  

• Trip_AM_SE_in.mtx and Trip_AM_SE_out,  
• Trip_MD_SE_in.mtx and Trip_MD_SE_out,  
• Trip_PM_SE_in.mtx and Trip_PM_SE_out,  
• Trip_NT_SE_in.mtx and Trip_NT_SE_out.  

These trip tables are then added to trip tables generated by the core demand model before 
assigning to the highway network. 
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10. SYSTEM-WIDE CALIBRATION 
The final step in the travel demand model is trip assignment. This is the process of assigning 
the zone to zone trips to the individual links in the highway network and the transit route 
system. This step is performed iteratively, with overall model calibration and validation. When 
overall model calibration and validation is achieved, as measured by established performance 
measures, the trip assignment step provides the data needed for:  

1) Testing alternative transportation plans 
2) Establishing priorities between different transportation investment strategies 
3) Analyzing alternative locations for roadway improvements 
4) Forecasting design volumes needed to adequately design and construct new roadway 

facilities 

The reliability of the output from this step is dependent upon the reliability of all the proceeding 
steps. 

This section describes the system-wide calibration and validation of the completed model.  It 
presents comparisons of initial highway model flows to observed traffic counts, and the results 
of the final highway assignment, transit assignment, and sensitivity analysis based on the 
completion of system-wide calibration and validation. 

10.1 HIGHWAY  

10.1.1 Highway Assignment 

The algorithms used in traffic assignment attempt to replicate the process of choosing the best 
path between a given origin and destination. For the CRCOG model, the algorithm used is an 
equilibrium assignment. This is a widely accepted, best practice approach that produces link 
loadings by optimally seeking user-equilibrium path loadings reflecting user path choices as 
influenced by congestion on the network. During this process, the trip table is assigned to the 
highway network over multiple iterations. At the end of each iteration, link travel times are 
recalculated using the total link demand, and compared to the link travel times of the previous 
iteration. The aggregate change of link travel times between the current iteration and the 
previous is compared against the convergence criteria. The number of iterations is determined 
by a user defined closure parameter up to a predefined maximum number of iterations.  

For each iteration, the volume-delay function is used to update the link speeds based on the 
previous iteration’s vehicle demand and the link capacity.  The formulation of this function is 
shown below. The corresponding alpha and beta parameters by facility type used for the 
CRCOG MPO model are shown in Table 57. 

Tc = T0 * (1 + α(V / C)β) 
Where:  

Tc = congested link travel time  
T0 = initial link (free flow) travel time  
V = assigned traffic volume  
C = link capacity  
α, β = calibration parameters 
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Table 57: CRCOG Model Alpha and Beta Parameters 

Facility Type Alpha Beta 

Interstate 0.880 2.50 

Principal Arterial 0.720 4.00 

Minor Arterial 0.560 4.00 

Collector 0.560 4.00 

Local 0.560 4.00 

Ramps 0.800 4.00 

Highway trip assignment is performed separately for the AM peak period, Midday period, the 
PM peak period, and the Night time period. 

10.1.2 Traffic Counts 

To support the system wide calibration and validation a total of 1,667 CTDOT traffic counts 
were collected.   Included in this set were data from 34 continuous count sites, 76 three-to-five 
day count locations, and 1,557 one-to-two day count locations.  Figure 27 shows the locations 
of these count sites.   

The data was reviewed in a search for outliers and to ensure reasonable data ranges given a 
roadway’s facility type. Counts were also factored to represent a 2015 Base Year.  A count 
database was developed that includes a unique count ID, highway network link ID, count type, 
count source, roadways, location description, and average weekday count (AWDT) reflecting 
2015.   Data permitting, directional counts were estimated for the not only for a daily period 
but also the AM Peak Period, Midday Period, PM Peak Period, and Nighttime Period.  
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Figure 27: Count Locations and Count Type 

 
 

10.1.3 Initial Highway Assignment Results 

Percent Root Mean Square Error (%RMSE) is a common calculation performed in the highway 
assignment validation and calibration process to determine how modeled volumes match 
observed counts.  The measure expresses the RMSE as a percentage of the average count value 
and is calculated as follows: 

RSME = �� (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑛𝑛
𝑖𝑖=1 − 𝑀𝑀𝐶𝐶𝑑𝑑𝑀𝑀𝑀𝑀𝑖𝑖)2

N
    and  %RSME = RSME

� (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖
𝑛𝑛
𝑖𝑖=1 ) /  N

𝑥𝑥100 

Where: 

• Counti = the observed count for link i 
• Modeli = the modeled volume for link i 
• N = the number of links with counts 

When applied to model flow versus observed count comparisons, lower values of %RMSE 
describe a situation where model flows are more similar to counts, on a link-by-link basis.  The 
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expectation is that the model will achieve a lower %RMSE on more heavily traveled facilities 
such as Interstates, than on less traveled facilities such as collectors or local roads. 

To assess the model’s performance, comparisons have been made between the initial modeled 
highway flows and observed counts.  These comparisons are:  

• %RMSE by time of day and facility type 
• %RMSE by observed volume group 
• Ratio of Model Flows to observed counts by time of day and facility type 
• Scatter Plots of model flows and observed counts 

Table 58 shows the %RMSE results by facility type and time of day for the initial highway 
assignment.  As expected for an initial run, the %RMSE values were fairly high.  Also, the %RMSE 
values were lower on the more heavily traveled facilities, and highest on local roads.  This is 
expected, and an indication that the model is performing correctly, overall.  

Table 58:  Percent RMSE by Facility Type (Initial Model Run) 

Facility Type N Daily AM MD PM NT 

Interstate 204 25.07 36.75 25.45 30.92 29.43 

Principal Arterial 593 46.62 46.21 48.81 53.39 56.01 

Minor Arterial 183 58.08 65.21 64.01 57.03 63.53 

Collector 393 80.82 82.76 86.25 77.37 95.2 

Local 44 122.17 142.7 130.61 125.07 108.34 

Ramps 250 56.78 57.31 61.57 62.54 72.55 

Total 1667 46.24 56.29 48.54 52.72 54.52 

Table 59 shows the %RMSE by volume group, based on total observed daily volume.  As 
expected, lower volume facilities are not performing as well as higher volume facilities.  In 
addition, these facilities have a flow-to-count ratio of 0.58, which is relatively low when 
compared to the other volume groups.  This is an indication that these facilities should generally 
be carrying more traffic.  By comparison, the highest volume group has the lowest %RMSE 
(14.28) with a flow-to-count ratio of 1.06.  Again, this meets expectations, and indicates that 
the overall model is functioning correctly. 

Table 59:  Percent RMSE by Volume Group (Initial Model Run) 

Observed Daily Volume N %RMSE Flow / Count 

Less than or equal to 5,000 558 112.53 0.58 

5,001 to 10,000 443 52.4 0.89 

10,001 to 20,000 416 39.42 0.96 

20,001 to 40,000 147 31.65 1 

40,001 to 60,000 42 21.49 1.11 

Greater than 60,000 61 14.28 1.06 
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The flow-to-count ratios by facility type and time of day are in Table 60.  Overall, these results 
are positive in that the ratios for Total Daily as well as each of the time periods are generally 
close to 1.00.  The PM Period is a somewhat high at 1.14.  Flow-to-count ratios for Principal 
Arterials are somewhat high for all time periods while for Local roads the ratio is somewhat 
low. 

Table 60: Flow-to-Count Ratio by Facility Type (Initial Model Run) 

Facility Type N Daily AM MD PM NT 

Interstate 204 1.02 0.89 1.04 1.06 1.04 

Principal Arterial 593 1.15 1.12 1.12 1.25 1.1 

Minor Arterial 183 1.06 1.16 1.05 1.13 0.95 

Collector 393 0.96 0.95 0.92 1.1 0.84 

Local 44 0.87 0.96 0.79 1.01 0.74 

Ramps 250 1.01 0.88 1.02 1.07 1.05 

Total 1667 1.06 0.99 1.06 1.14 1.03 

Scatterplots are useful validation tools and are often combined with R2 statistics.  The scatter 
plots are a graphic presentation of the relationship between the model flows and observed 
counts.  Scatterplots are useful for showing how well model and observed volumes coincide 
and in identifying outlier links where the flow to count comparison is problematic.  R2 is a 
standard statistical measure of the amount of variation between the traffic counts and 
corresponding model flows.  According to the FHWA’s TMIP Reasonableness Checking and 
Validation Manual, R2 can be a useful measure for comparing model results between iterations 
when calibrating travel models since the bases (i.e., the sets of links considered) for calculating 
the measure should be the same between iterations. The R2 statistics should be calculated for 
links with similar characteristics, such as facility type or volume group. 

The following figures are examples of scatterplots and R2 statistics based on the initial model 
run. Figure 28 shows the daily model results for all facility types, and Figure 29 and Figure 30 
show examples of scatterplots for Interstate and Principal Arterial facilities separately. 
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Figure 28: Model Flow vs. Observed Volumes, Daily 

 
 

Figure 29: Model Flow vs. Observed Volumes, Daily 
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Figure 30:  Model Flow vs. Observed Volumes, Daily 

 

10.1.4 Final Highway Assignment Results 
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previous section, the model performance is assessed by means of comparisons between 
modeled highway flows and observed counts.  Strategies to improve model performance 
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• Adjustments to the model time-of-day factors to improve the flow-to-count ratio by 
time of day 
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Table 61: Revised Resident Time-of-Day Factors 
Resident Time of Day Factors 

Purpose Direction AM MD PM NT Daily 

HBW 
AP 0.0341 0.0677 0.2436 0.1545 0.50 
PA 0.2677 0.1402 0.0284 0.0637 0.50 

HBO 
AP 0.0352 0.1181 0.1179 0.2288 0.50 
PA 0.1189 0.2530 0.0680 0.0601 0.50 

NHB 
AP 0.0623 0.2729 0.1227 0.0420 0.50 
PA 0.0623 0.2729 0.1227 0.0420 0.50 

 
Table 62: Revised Non-Resident Time-of-Day Factors 

Non-Resident Time of Day Assignment 

Purpose Direction AM MD PM NT Daily 

HBW_IX OD 0.0925 0.1539 0.5516 0.2019 1.00 
HBW_XI OD 0.6290 0.1371 0.0249 0.2090 1.00 
NW_IX OD 0.0701 0.2999 0.2520 0.3780 1.00 
NW_XI OD 0.1929 0.3782 0.2396 0.1893 1.00 

TII AP 0.0594 0.1665 0.1474 0.1266 0.50 
TII PA 0.0594 0.1665 0.1474 0.1266 0.50 
TIX OD 0.0725 0.5616 0.1446 0.2213 1.00 
TXI OD 0.3084 0.4070 0.0592 0.2254 1.00 

THRU AP 0.0743 0.2307 0.0703 0.1248 0.50 
THRU PA 0.0743 0.2307 0.0703 0.1248 0.50 

Further improvements to the flow-to-count ratios by facility type were made through 
adjustments to the alpha and beta parameters of the Bureau of Public Roads volume-delay 
function.  The final volume delay function parameters are presented in Table 63. 

Table 63: Revised CRCOG Model Alpha and Beta Parameters 

Facility Type Alpha Beta 

Interstate 0.812 10.000 

Principal Arterial 1.000 2.100 

Minor Arterial 0.757 3.001 

Collector 0.414 3.001 

Local 0.150 6.000 

Ramps 1.000 3.001 

The resulting flow-to-count ratios are presented in Table 10.8.  Note that a comparison of Table 
60 and Table 64 shows a difference in the total N (number of observed counts) because during 
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system-wide calibration some questionable counts were identified and removed from 
consideration. 

Overall, the results are improved over the results from the initial run.  Each of the time period 
totals are within .02 of the daily total of 1.04.  The PM period, which was previously 1.14, now 
stands at 1.02.  In addition, the flow-to-count ratios for Principal Arterials are now much closer 
to 1.00 than in the initial results.  

Table 64: Flow-to-Count Ratio by Facility Type 

Facility Type N Daily AM MD PM NT 

Interstate 203 1.08 0.98 1.16 0.97 1.17 
Principal Arterial 589 0.99 1.03 0.95 1.03 0.98 
Minor Arterial 183 1.04 1.23 1.04 1.01 0.92 
Collector 393 1.00 1.10 0.97 1.10 0.87 
Local 44 0.94 1.16 0.89 0.98 0.81 
Ramps 248 1.10 1.00 1.14 1.08 1.17 

Total 1660 1.04 1.03 1.05 1.02 1.06 

Table 65 shows the %RMSE results by facility type and time of day.  Compared to the initial 
model run there has been improvement. Total results are better for the AM, MD, and PM time 
periods and unchanged for the NT period.  Similarly, the results are improved for the Interstate 
and Principal Arterial facility types for the Daily and all time periods except for Interstate during 
the NT time period.   

Table 65:  Percent RMSE by Facility Type  

Facility Type N Daily AM MD PM NT 

Interstate 203 19.49 31.80 25.07 24.63 31.91 
Principal Arterial 589 40.75 39.43 44.07 44.14 51.16 
Minor Arterial 183 59.28 72.05 65.93 54.81 63.80 
Collector 393 83.53 87.59 89.13 79.86 96.86 
Local 44 124.67 151.51 132.57 25.26 108.93 
Ramps 248 43.64 50.30 49.37 52.47 60.91 

Total 1660 40.20 50.56 46.35 44.76 54.43 

Table 66 shows the %RMSE results by volume group based on total observed daily volume.    
Compared to the initial model run there has been improvement in all volume groups with the 
exception of the lowest volume roads.  The highest volume group has a %RMSE of 10.05, 
compared to 14.28 in the initial run, and a flow-to-count ratio of 1.04 compared to 1.06 in the 
initial run.   
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Table 66: Percent RMSE by Volume Group 

Observed Daily Volume N %RMSE Flow / Count 

Less than or equal to 5,000 557 150.79 1.64 
5,001 to 10,000 444 49.37 1.05 
10,001 to 20,000 416 38.53 0.94 
20,001 to 40,000 144 30.92 0.99 
40,001 to 60,000 42 15.96 0.98 
Greater than 60,000 60 10.05 1.04 

Figure 31 to Figure 33 show scatter plots of the model flow to observed volumes for the daily 
results for all facility types, Interstates and Principle Arterials.  Compared to the initial plots 
there has been a reduction in outliers for All Facilities and Interstates, and the R2 has improved 
for All Facilities from 0.8588 to 0.8990, for Interstates from 0.8487 to 0.9232, and Principle 
Arterials from 0.5801 to 0.5818. 

Figure 31:  Model Flow vs. Observed Volumes, Daily All Facility Types 
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Figure 32:  Model Flow vs. Observed Volumes, Daily Interstates 

 

 

Figure 33:  Model Flow vs. Observed Volumes, Daily Principle Arterials 

 

 

y = 0.9356x + 5930.8
R² = 0.9232

0

20,000

40,000

60,000

80,000

100,000

120,000

0 20,000 40,000 60,000 80,000 100,000

M
od

el
ed

Observed

Interstates

y = 0.7615x + 2792.9
R² = 0.5818

0

10,000

20,000

30,000

40,000

50,000

60,000

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000

M
od

el
ed

Observed

Principle Arterials

104



  

Technical Memorandum  
Travel Demand Modeling System-Wide Calibration   102    

10.2 TRANSIT RESULTS 
Transit assignment is the process of routing linked passenger trips over the available transit 
network, including all transit access and egress modes. Transit assignment differs from highway 
assignment in that flow in the transit assignment reflects passengers, not vehicles. The 
impedance functions for transit include a larger number of level-of-service variables than the 
impedance function for highway, including in-vehicle time, wait time, walk access and egress 
time, auto access time, fare, and transfer activity. The path choice in transit assignment often 
has complex associated choices between competing routes, or between express and local 
service. 

The CRCOG model uses a path-finder transit assignment methodology, a widely-accepted 
approach that produces transit boardings and alightings by optimally seeking user path choices 
as influenced by transit level of service. The path builder finds multiple “efficient” paths through 
the transit network based on criteria such as walk time, drive time, wait time, transfer time, 
transfer penalties, egress time, and fare. The multipath method may include multiple paths for 
each interchange even if the alternate paths do not minimize total travel impedance. The 
inclusion or exclusion of alternate paths is based on a specified set of decision rules. This 
assignment procedure better captures ridership across competing routes. The transit 
assignment results are reported as estimated and observed ridership by route. Validation 
measures are reported for the region and by system: local, CTfastrak, and express. 

Transit assignment results by system and for the Hartford region are reported in Table 67. The 
overall results for the region are within an acceptable percentage range, though by system the 
results are over-estimated by close to 7,730 boardings. Much time and effort was invested to 
improve this forecast from the initial model output. Summarized below are the detailed 
investigations and recommended potential future strategies for the CRCOG transit assignment: 

Table 67: Transit Assignment by System (Model vs. Observed) 

Mode Model  2015 Daily Ridership % Difference 

Local  58,774  51,605  114% 
CTfastrak 8,796  8,053  109% 

Express 3,365  3,549  95% 
Total  70,935  63,208  112% 

 

Investigations and Potential Future Steps: 

1. The assignment of the transit on-board survey is used to set and validate transit path 
parameters for walk weights, max run time, max access/egress distance, transfer 
penalties, fares, the combination factor, and other general path settings. The results 
validate the path settings for the system. 

2. Calibration of the mode choice model resulted in model results that match the person 
trips reported in the on-board survey. However, during the assignment we were unable 
to match the survey reported number of transfers (1.47 vs 1.29). More investigation is 
warranted to confirm locations of higher transfer rates within downtown Hartford.  

3. The following checks and improvements were made to improve the overall transit 
assignment results: checked paths, revised walk access & egress distances, revised fares 
to reflect more closely fare zones, revised transit speeds, introduced intra-zonal 
constant, introduced downtown constants, ran a program trace to identify and 
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understand the source of differences between the Hartford downtown and New Britain 
downtown utilities, probabilities, and transit shares. 

4. Advanced investigations that would require efforts are: 
a. The existing on-board survey excluded data collection of New Britain transit 

system.   Additional processing and investigations, and inclusion of this data set 
would be necessary to better understand the downtown New Britain transit 
market.  Currently, it only reflects CTfastrak.   

b. Additional processing and investigations of the on-board survey data to profile 
the specific transit riders and to try and better understand the downtown 
Hartford transit market. If there are differences discovered in the transit rider 
profiles, then constants could be introduced and calibrated to better capture the 
behavior of these specific rider types (e.g. high income, zero car households, 
etc.) 

c. The mode choice program trace analysis showed that the potential transit riders 
in Hartford, New Britain, and West Hartford also have access to a very good walk 
network; as a result, many of these trips that could be using transit actually walk 
to their destinations. Downtown East Hartford also has a road network that 
facilitates walking between origins and destinations, but the current coding of 
the highway network and traffic analysis zone structure in downtown East 
Hartford does not capture that very well. As a result, trips that could and should 
be walk trips, become transit trips. Modifications could be made to increase this 
walk share through the coding of a walk network, by adding more detail to the 
highway network and zone system, or through the introduction of a downtown 
walk constant. 

The final step of validation focused on transit assignment results. Overall, the results of transit 
assignment were reasonable, as shown in Figure 34, which plots observed versus modeled 
transit boardings by transit line.  For calibration and validation purposes, certain express routes 
had to be combined, as their paths overlap, and bus riders could have taken either bus route 
to complete their trip. The largest local route outlier is route 86-88 with 2,460 counted vs. 5,149 
modeled, an over-assignment by a factor of 2.  For Express routes, where ridership boardings 
were much lower, the worst over-assignment was by a factor of 5 for route 918 (53 counted vs. 
280 modeled).  The examination of transit corridors was not a focus of the model update, but 
it is likely that a more detailed analysis of various transit lines, including the BRT lines, would 
result in better validation results. 

106



  

Technical Memorandum  
Travel Demand Modeling System-Wide Calibration   104    

Figure 34:  Observed vs. Modeled Transit Daily Boardings 

 

The results above focus on the 2015 base year, which does not include the CT rail line that 
opened in 2018. At the time this model was being prepared, this service was not yet operational.  
However, the model has been designed with sufficient flexibility to allow incorporation of this 
service as part of the on-going maintenance and updating of the model. 

10.3 SENSITIVITY ANALYSIS 
Sensitivity testing evaluates the model’s readiness for application by determining whether or 
not the model responds in a rational way to changes in inputs. Sensitivity tests were performed 
by making changes to the highway network, transit route system and socio-economic 
information, and then reviewing the associated model outputs for reasonableness.  For the 
CRCOG TDM, sensitivity testing was also used to evaluate the model’s response to trail transit, 
a mode which is not available in the base year.  

In order to test the sensitivity of the model to future year land use and transportation supply 
changes, a future year model run was performed using 2040 land use and zonal data while 
holding the base year highway and transit route system constant.  

10.3.1 Increased Employment and Population Data for selection 
of Traffic Analysis Zones (TAZs) 

To test the model’s response to increases in employment data and population, a selection of 
TAZs in Hartford was used.  The selection, shown in Figure 35, included 11 zones that were 
increased by 15% for population and 25% for overall employment.  This translates to an 
additional 79 households, with an additional 119 individuals, and 1,475 additional employment 
positions. 
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Figure 35: Selected TAZs for Sensitivity Test (Population 115%, 
Employment 125%)  

 

For this evaluation, it was expected that an increased number of Home Based Other (HBO) and 
Non-Home-Based (NHB) trips would be attracted to these TAZs and that roadway volumes 
would increase slightly.   In the base scenario, the destination choice model allocated 130 HBO 
trips to the selected TAZs.  Figure 36 illustrates the difference in daily traffic assignments. This 
test shows that the model is sensitive to changes in population and employment data at a small 
scale. 
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Figure 36:  Comparison of Traffic Assignment (Before / After/ 
Difference) 

 

10.3.2 Evaluation of Transportation Supply – New Capacity 

In order to evaluate the model’s responsiveness to new capacity and path options in a 
congested network, a new location roadway was coded into the 2015 network. The new 
location roadway was for testing purposes only and does not represent any project on the 
current long range plan. The new roadway was coded parallel to an existing congested facility, 
with similar attributes. The expectation for this test was that the congestion and travel time on 
the existing facility would improve as the traffic spread out to utilize both facilities, and that 
the VOC ratio on the existing facility would improve significantly. In addition, it was expected 
that under highly congested traffic conditions, the two parallel roadways would have 
comparable traffic flows assigned. 

For the test, the new roadway was placed across the Connecticut River parallel with the 
Founders Bridge.  In application, the new facility did alleviate congestion on the existing 
roadway. The congested speed across Founders Bridge improved from approximately 49 miles 
per hour (mph) without the facility to 53 mph with the new facility during AM peak. The 
reduction in congestion is demonstrated through a comparison of the VOC ratio, as shown 
below in Figure 37.  
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Figure 37:  Comparison of AM Peak Traffic Assignment (Before / After 
New Facility) 

     

10.3.3 Evaluation of Transportation Supply – Reduced Capacity 

Similarly, to evaluate model’s responsiveness to changes to the network, a reduced capacity 
option was performed on the Bulkeley Bridge (I-84 over Connecticut River).  The test included 
a reduction in the number of lanes to half capacity as well as the complete elimination of the 
bridge, which would require rerouting of transit buses to neighboring bridge crossings (mostly 
to the Founders Bridge, but also impacting the Charter Oak Bridge and the Bissell Bridge).  The 
reduction of capacity and complete elimination was for testing purposes only and does not 
represent any project on the current long range plan.   The expectation for this test was that 
the congestion and travel time on the existing facility would degrade as the traffic that wants 
to cross Connecticut River has less available alternative facilities, and that the VOC ratio on the 
existing facility would degrade significantly. 

Figure 38 illustrates that by reducing number of lanes on the Bulkeley Bridge, there is some 
reduction of traffic on the bridge during the AM peak (approximately 1500 vph westbound and 
1000 vph eastbound). The Founders Bridge absorbs approximately 2000 trips (1000 in each 
direction). The VOC ratios in both instances are over 1, which indicates over capacity conditions. 
By reducing the bridge crossing number of lanes by half, the VOC ratios increase from 1.04 to 
1.94. Essentially, the model will continue to assign traffic even though, the capacity is met and 
over assigned.  The observed congested speed increases from 30mph to 10mph.  

Before After 

New  
Facility 
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Figure 38:  Comparison of AM Peak Traffic Assignment (Before / After) 

   

10.3.4 Land Use and New Transit Network 

The CRCOG mode choice model includes a nest for the Hartford local bus system, CTfastrak / 
bus rapid transit (BRT), and express bus. Although CT Rail began operation of the Hartford 
Line in 2018, providing commuter rail service between New Haven, Connecticut and Springfield, 
Massachusetts, it has not been included as a modal choice because the data used to build this 
model pre-dates its operation.  The model, however, does provide for inclusion of this service 
during future updates and maintenance.  In order to ensure that the model will operate 
correctly when the Hartford Line is included, it was important to perform a sensitivity analysis 
on all four transit modes at this time.   

One separate model run was performed to account for the Hartford Line. The purpose was to 
see if the model would generate reasonable transit skims and forecast ridership within a 
reasonable range.  This was particularly important, since the coefficients for commuter rail 
modes were included based on experience and understanding of Federal Transit 
Administration guidelines on mode choice modeling.  Base year calibration could not be 
conducted because observed ridership data did not yet exist.  With the peak period headway 
set at 60 min, 8,166 daily trips were generated in the southbound direction and 6,947 daily trips 
were generated in the northbound direction. These ridership results fall within reasonable 
ranges, and provide confidence in the model’s ability to incorporate the modelling of the 
Hartford Line in the future.  

Summary of Sensitivity Analysis  

Performing a sensitivity analysis of a travel demand model prior to application is a critical 
component of understanding the predictive nature of the model. Unfortunately this step is far 
too often lost in the focus on overall model calibration and validation. A model that is insensitive 
to changes in land use and transportation supply, or that forecasts unrealistic results in 

Before After 
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response to such a change is not an effective tool for supporting transportation planning 
analysis.  The tests performed on the CRCOG Transportation Model show that it is appropriately 
sensitive to changes in the major inputs, performs reasonably in the application mode, and is 
ready to be used to evaluate land use and transportation scenarios. 
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Figure 1: Proposed CRCOG Model Flow Chart II 
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SE Data 2010 2040

0 Car 85,531 91,872

1 Car 276,158 304,376

2+ Car 441,374 501,885

Total 803,063 898,134

INC1 91,647 99,133

INC2 20,936 22,929

INC3 41,821 45,675

INC4 49,655 54,106

INC5 97,491 106,798

INC6 231,773 257,788

INC7 357,807 408,009

Total 891,130 994,438

Retail 142,302 158,188

Non Retail 769,333 864,935

Total 911,635 1,023,123

2,068,814 2,314,743

Population

Employment

HH by Auto

HH by Income

 

HHs by Auto/Income 
Category are given.    
 
SE data does not have 
HHs by Workers so 
curves will have to be 
estimated from the HHs 
by Income and HHs by 
Auto data.  
 
Attraction calculations 
must be modified to be 
suitable for destination 
choice size terms 

125



 

Purpose/ Auto Ownership   

Income 0 Car 1 Car 2+ Car 

HBW       

INC1     1.0000      1.0900      1.1957  
INC2     1.0000      1.2535      1.5544  
INC3     1.0000      1.3625      1.7565  
INC4     1.1300      1.4933      1.9789  
INC5       1.6350      2.2372  
INC6       1.7658      2.7442  
INC7         2.8411  

Other Purposes 
 

  

  Auto Ownership   

Purpose 0 Car 1 Car 2+ Car 

HBO 2.3473 3.7664 5.5713 

NHB 2.168 

 3 auto ownership 

categories (0, 1, 2+) 

 3 purposes (HBW, HBO, 

NHB) 

 7 income categories (1-7) 

 HBW trip production 

rates segmented by 

Inc/Auto 

 HBO trip production rates 

segmented by Auto 

 NHB production rate not 

segmented 

 
 Updated model will replace 
HBW cross-class and HBO 
auto own-segmented rates 
with auto-sufficiency-based 
rates as follows: 

 0-car, all income 

 Insufficient, low 

 Insufficient, high 

 Sufficient, low 

 Sufficient, high 
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Purpose Productions/Attractions 

HBW_0Car              68,062  

HBW_1Car            295,720  

HBW_2Car            820,955  

HBW_IX            109,120  

HBW_XI            118,902  

HBO        3,867,144  

NHB        1,646,763  

NWIX            275,463  

NWXI            325,790  

BIA_Airport                6,153  

TII            496,949  

TIX              36,820  

TXI              37,943  

Total        8,105,783  

Primary Purposes (Internal)   

HBW        1,184,737  

HBO        3,867,144  

NHB        1,646,763  

Total        6,698,644  

These will change. 

When finished with 

updates we will do 

our standard set of 

checks on the trip 

rates. 

CRCOG is doing a HH 

survey so observed 

rates by auto 

sufficiency segment 

may be available.  

Results, however, are  

not expected until late 

2016 so asserted 

values may be used. 
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 

 

Purpose Trips (2010) Trips (2040) 

HBW_1C            295,720             325,430  

HBW_2C            820,955             931,902  

HBW_IX            109,120             124,500  

HBW_XI            118,902             138,156  

HBO         3,867,144          4,341,342  

NHB         1,646,763          1,845,078  

NWIX            275,463             309,882  

NWXI            325,790             363,129  

BIA                 6,153                  7,998  

TII            496,949             557,132  

TIX              36,820               40,838  

TXI              37,943               42,215  

Total         8,037,722  9,027,603 

Scope says we will replace 

Trip Distribution with an 

asserted Destination 

Choice Model 

 

HBW and HBO will have 

segmentation by Auto 

Sufficiency Category 

 

Keep HBW doubly-

constrained, not sure 

about HBO and NHB 

being doubly-constrained 

 

GISDK code will need to 

be completely replaced. 
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HBO NHB

Time Non- Non-

Period Hartford Non-CBD CBD Hartford Non-CBD CBD I_X X_I I-I I-I I_X X_I

AM 1.107 1.180 1.450 1.107 1.360 1.400 1.130 1.210 1.280 1.300 1.570 1.570

MD 1.007 1.080 1.350 1.007 0.990 1.300 1.130 1.210 1.280 1.300 1.570 1.570

PM 1.147 1.220 1.490 1.147 1.370 1.480 1.130 1.210 1.280 1.300 1.570 1.570

NT 1.067 1.140 1.410 1.067 1.290 1.790 1.130 1.210 1.280 1.300 1.570 1.570

DAILY 1.077 1.150 1.420 1.077 1.150 1.420 1.130 1.210 1.280 1.300 1.570 1.570

HBW 1 Car HBW 2+ Car

Hartford Hartford

HBW Non-Work

The mode choice 

process (current 

model has 8 different 

GISDK scripts for the 

various pieces) will be 

revised.  

With the addition of 

feedback, these steps 

will no longer be 

necessary. 

130



Purpose AM MD PM NT 

HBW_1C          262,302           287,937           253,285           271,986  

HBW_2C          724,050           804,799           699,080           742,602  

HBW_IX            96,566             96,566             96,566             96,566  

HBW_XI            98,266             98,266             98,266             98,266  

HBO       3,022,695        3,022,695        3,022,695        3,022,695  

NHB       1,268,187        1,268,187        1,268,187        1,268,187  

NWIX          175,454           175,454           175,454           175,454  

NWXI          207,673           207,673           207,673           207,673  

BIA              6,153               6,153               6,153               6,153  

TII          496,949           496,949           496,949           496,949  

TIX            36,820             36,820             36,820             36,820  

TXI            37,943             37,943             37,943             37,943  

 Total        6,433,058        6,539,442        6,399,071        6,461,295  
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Purpose AM MD PM NT 

HBW DA       1,047,868        1,142,585        1,017,751        1,074,729  

HBW carpool          133,315           144,982           129,446           134,692  

HBO       3,022,695        3,022,695        3,022,695        3,022,695  

NHB       1,268,187        1,268,187        1,268,187        1,268,187  

Other Veh          960,993           960,993           960,993           960,993  

Total Veh       6,433,058        6,539,442        6,399,071        6,461,295  

 

Time  HBW HBO NHB/BIA/Truck/Thru 

Period PA AP PA AP PA AP 

AM 0.185 0.008 0.060 0.014 0.030 0.030 

MD  0.137 0.099 0.153 0.154 0.235 0.235 

PM 0.063 0.202 0.144 0.155 0.114 0.114 

NT 0.183 0.123 0.120 0.200 0.121 0.121 

DAILY 0.500 0.500 0.500 0.500 0.500 0.500 

Purpose AM MD PM NT Daily 

Total Veh          559,669        2,245,332        1,681,743        1,835,591        6,322,334  

HBW carpool            25,730             34,216             34,303             41,216           135,465  

Total Veh          585,399        2,279,548        1,716,046        1,876,806        6,457,799  

Count data will be used to 

validate  these time 

periods.  They will be 

redefined if warranted. 
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Feedback between 

assignment and trip 

distribution will be 

implemented. 

 
Transit travel time 

functions will be updated 

 

Drive access links will be 

reviewed 
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Mode Name

MODE 

ID

USE_PK_W

LK

USE_PK_W

LK_BW

USE_PK_P

NR

USE_PK_P

NR_BW USE_OP ACCE_WB ACCE_WR ACCE_PNR

Local Bus 2 1 1 1 1 1

Express Bus 4 1 1 1 1 0

Rail 5 0 1 0 1 1

Highway 91 1 1 1 1 1 1 0

Busway 92 0 0 0 0 1 0 0 0

WACC 95 1 1 0 1 1 0 1

Drive 96 0 0 1 1 0 0 0 1

DACC 97 0 0 1 1 0 0 0 1

XFER 98 1 1 1 1 1 0 0 0

Walk 99 1 1 1 1 1 1 0

C. Connector 90 1 1 1 1 1 1 0

The transit skims will 

change – new modes will 

be added (BRT) and other 

transit network attributes 

will be skimmed. 

 

Access modes will include 

walk, park and ride, kiss 

and ride.  
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Skim Type Scenario Mode Used Access  Egress 

WBOP Base/Build USE_OP ACCE_WB ACCE_WB 

WBWB Base USE_PK_WLK ACCE_WB ACCE_WB 

WBWB Build USE_PK_WLK_BW ACCE_WB ACCE_WB 

DTWB Base USE_PK_PNR ACCE_PNR ACCE_WB 

DTWB Build USE_PK_PNR_BW ACCE_PNR ACCE_WB 

WRWR Build USE_PK_WLK_BW ACCE_WR ACCE_WR 

WBWR Build USE_PK_WLK_BW ACCE_WB ACCE_WR 

WRWB Build USE_PK_WLK_BW ACCE_WR ACCE_WB 

DTWR Build USE_PK_PNR_BW ACCE_PNR ACCE_WR 

 

Parameter Value 

Walk speed (mph) 3 

Maximum walk access distance (miles) 0.35 

Maximum walk egress distance (miles) 0.35 

Walk time weight 2 

Initial wait time (minutes)   

Minimum  2 

Maximum 15 

Weight  2 

Transfer wait time (minutes)   

Minimum  2 

Maximum 60 

Weight  2 

Transfer penalty time (minutes) 5 

Maximum no. of transfers 2 

Maximum path time (minutes) 200 

Value of time ($/hour) 4.8 

Path threshold / Combination factor 1 

Maximum drive access time (minutes) 30 

Drive time weight 2 

Observations on the 
transit parameter 
values: 
 Walk 

access/egress 

distance is capped 

at 0.35 miles which 

translates into 7 

minutes.  

 Combination 

factor is set at a 

maximum value of 

1. We generally set 

this value at 0.1 

 Out of vehicle 

travel time weights 

are relatively low 

at 2.0 
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

 

 

 

 

 

 

 

 

 

There appears to be a 
bug in the code. 

Second wait 
component is double 

counted  being 
added to both in-

vehicle time and out 
of vehicle time. 

These adjustments 
will be reviewed 

There will not be a 
separate process for 
0-car households in 

mode choice or 
destination choice. 
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Purpose AM MD PM NT 

HBW 0C          68,193           68,196           68,205           68,193  

HBW 1C        297,079         297,079         297,079         297,079  

HBW 2C+        824,745         824,745         824,745         824,745  

HBO        647,012         646,940         647,146         647,063  

NHB        337,974         337,952         338,004         337,983  

Total    2,175,002     2,174,911     2,175,178     2,175,062  

 

 

o 

 

o 

o 
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 

 

 

CRCOG Mode Choice 

Auto 

Drive 
Alone 

Share Ride 

Share Ride 2 

Share Ride 3 

Shared Ride 4+ 

Transit 

Walk 

WBWB 

WRWR 

WRWB 

WBWR 

Drive 

DTWB 

DTWR 

The market 

segmentation will be 

auto sufficiency. 

 

The nesting structure 

will change.   
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Variable Description Units All Purposes 

In-Vehicle Travel Time (IVTT) Minutes -0.0250 

Out-of-Vehicle Travel Time (OVTT) Minutes -0.0500 

Cost Coefficient (Transit Fare) Cents -0.0044 

Terminal Time for Auto Minutes -0.0500 

Auto Operating Costs (Distance)     

Drive Alone  Miles -0.0528 

Shared Ride 2 Miles -0.0264 

Shared Ride 3 Miles -0.0176 

Shared Ride 4+ Miles -0.0123 

Parking Costs (work)     

Drive Alone  Dollars -0.0495 

Shared Ride 2 Dollars -0.0248 

Shared Ride 3 Dollars -0.0165 

Shared Ride 4+ Dollars -0.0110 

Logsum / Nesting Coefficients     

Auto Nest Level 1 0.85 

Shared Ride Level 2 0.75 

Transit Nest Level 1 0.65 

Walk / Drive Access Nest Level 2 0.40 

Variable Description Constant 

Shared Ride  -3.5100 

Shared Ride 3  -1.4726 

Shared Ride 4+ -1.8105 

Drive Access (KDACC)   

0 Car 0.0000 

1 Car -1.8100 

2+ Car -1.5100 

Transit Constant (KTRAN)   

0 Car 2.2800 

1 Car -1.2200 

2+ Car -1.7200 

Upper level will 

include Auto, Transit 

and Non-motorized; 

Transit nest will 

include local bus, 

express bus, 

commuter rail, and 

BRT – with walk, P&R, 

K&R access modes. 

 

The coefficients will 

vary by purpose and 

will be asserted, while 

alternative specific 

constants will be 

calibrated. 
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  WBWB Matrices DTWB Matrices 

Alternative 0 Car 1 Car 2+ Car 0 Car 1 Car 2+ Car 

Utilities             

Auto Yes Yes Yes Yes Yes Yes 

DA No Yes Yes No Yes Yes 

SR Yes Yes Yes Yes Yes Yes 

2-CP Yes Yes Yes Yes Yes Yes 

3-CP Yes Yes Yes Yes Yes Yes 

4+CP Yes Yes Yes Yes Yes Yes 

Transit Yes Yes Yes No Yes Yes 

Walk Yes Yes Yes No No No 

WBWB Yes Yes Yes No No No 

Drive No Yes Yes No Yes Yes 

DTWB No Yes Yes No Yes Yes 

Probabilities           

DA No Yes Yes No Yes Yes 

2-CP Yes Yes Yes Yes Yes Yes 

3-CP Yes Yes Yes Yes Yes Yes 

4+CP Yes Yes Yes Yes Yes Yes 

WBWB Yes Yes Yes No No No 

DTWB No Yes Yes No Yes Yes 

 

 

 

 

 

 

 

 

 

 

The HBW and 

HBO/NHB trip 

splitting described in 

the next two sections 

will be made obsolete 

by the mode choice 

changes the scope has 

proposed.   
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The final result of the 

mode choice model 

will still be trips by 

mode by purpose. 
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Purpose/Mode AM MD PM NT

0 Car 1 Car 2+ Car Total 0 Car 1 Car 2+ Car Total 0 Car 1 Car 2+ Car Total 0 Car 1 Car 2+ Car Total

HBW SOV -            284,888    797,238    1,082,126 -            284,858    797,062    1,081,920 -            284,830    796,739    1,081,570 -            284,880    797,209    1,082,088 

HBW 2-POOL 49,270      5,779        16,712      71,761      49,288      5,826        16,854      71,967      49,620      5,984        17,289      72,893      49,267      5,781        16,724      71,772      

HBW 3-POOL 7,314        666            1,967        9,948        7,372        674            1,991        10,037      7,484        698            2,063        10,245      7,313        667            1,969        9,949        

HBW 4-POOL 5,624        436            1,308        7,367        5,702        442            1,328        7,472        5,828        461            1,386        7,675        5,622        436            1,309        7,367        

HBW WRWR -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            

HBW WBWR -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            

HBW DTWR -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            

HBW WRWB -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            

HBW WBWB 5,985        4,701        5,064        15,750      5,834        4,665        5,010        15,509      5,273        4,484        4,742        14,499      5,991        4,705        5,068        15,764      

HBW DTWB -            608            2,455        3,063        -            614            2,499        3,113        -            620            2,526        3,147        -            610            2,465        3,075        

HBW AUTO 62,208      291,770    817,225    1,171,202 62,362      291,800    817,235    1,171,397 62,932      291,974    817,477    1,172,382 62,202      291,764    817,211    1,171,177 

HBW TRAN 5,985        5,309        7,520        18,813      5,834        5,279        7,509        18,622      5,273        5,105        7,268        17,645      5,991        5,315        7,533        18,839      

HBO AUTO 40,342      208,513    370,112    618,967    39,353      209,118    370,814    619,285    35,673      211,726    373,873    621,271    40,347      208,516    370,138    619,001    

HBO TR 20,191      1,999        1,878        24,068      19,824      1,989        1,865        23,678      18,140      1,946        1,812        21,898      20,205      2,001        1,879        24,085      

NHB AUTO -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            

NHB TR -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            

Aggregate By

HBW 68,193      297,079    824,745    1,190,016 68,196      297,079    824,745    1,190,019 68,205      297,079    824,745    1,190,028 68,193      297,079    824,745    1,190,016 

HBO 60,533      210,512    371,990    643,035    59,177      211,107    372,678    642,963    53,812      213,672    375,685    643,169    60,552      210,517    372,017    643,086    

NHB -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            -            

Auto 102,550    500,283    1,187,336 1,790,170 101,715    500,918    1,188,049 1,790,682 98,604      503,700    1,191,349 1,793,653 102,549    500,280    1,187,349 1,790,178 

Transit 26,176      7,308        9,398        42,882      25,658      7,268        9,374        42,300      23,413      7,051        9,080        39,544      26,196      7,315        9,413        42,924      

Total 128,726    507,591    1,196,735 1,833,051 127,373    508,186    1,197,423 1,832,982 122,017    510,751    1,200,429 1,833,197 128,745    507,595    1,196,762 1,833,102 
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Purpose 0 Car 1 Car 2+ Car 

HBW 0.44 1.49 2.32 

HBO 2.18 3.44 5.01 
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HBO   

Trip Distance 0 Car 1 Car 2+ Car NHB 

0 - 1 miles 0.526 0.237 0.237 0.133 

1 - 5 miles 0.642 0.181 0.181 0.133 

5 - 10 miles 0.624 0.161 0.161 0.133 

10 - 500 miles 0.516 0.151 0.151 0.127 
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Purpose/Mode AM MD PM NT 

HBW SOV  1,082,126   1,081,920   1,081,570   1,082,088  

HBW 2-POOL        71,761         71,967         72,893         71,772  

HBW 3-POOL          9,948         10,037         10,245           9,949  

HBW 4-POOL          7,367           7,472           7,675           7,367  

HBW WRWR                -                   -                   -                   -    

HBW WBWR                -                   -                   -                   -    

HBW DTWR                -                   -                   -                   -    

HBW WRWB                -                   -                   -                   -    

HBW WBWB        15,750         15,509         14,499         15,764  

HBW DTWB          3,063           3,113           3,147           3,075  

HBW AUTO                -                   -                   -                   -    

HBW TRAN        18,813         18,622         17,645         18,839  

HBO AUTO     622,944      623,262      625,247      622,978  

HBO TR        24,068         23,678         21,898         24,085  

NHB AUTO     329,675      329,746      330,167      329,678  

NHB TR          8,299           8,206           7,837           8,305  

Aggregate By         

HBW  1,190,016   1,190,019   1,190,028   1,190,016  

HBO     647,012      646,940      647,146      647,063  

NHB     337,974      337,952      338,004      337,983  

Auto  2,123,821   2,124,405   2,127,797   2,123,833  

Transit        51,181         50,506         47,380         51,229  

Total  2,175,002   2,174,911   2,175,178   2,175,062  
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 

 

 

Mode Veh. Occ. Factor 

SOV 1.000 

HOV2 2.000 

HOV3 3.000 

HOV4+ 6.200 

WRK IX 1.130 

WRK XI 1.210 

HBO 1.280 

NHB 1.300 

NWRK IX 1.570 

NWRK XI 1.570 

Airport 1.000 

Trucks 1.000 
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Vehicle Class AM MD PM NT 

LOV    6,545,321     6,545,491     6,546,816     6,545,266  

HOV          59,856           60,006           60,570           59,862  

 

The transit 
assignment procedure 

will change as the 
revised mode choice 
model will give HBO 

and NHB trips by 
mode and by access 

mode and they can be 
directly assigned to 
the transit network. 
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1.INTRODUCTION
In order to effectively evaluate the full range of alternatives and strategies likely to be considered during
the I-84 Project and their impact on the regional transportation system, the CRCOG Model needs to be
updated to incorporate all transit services, including local bus, Bus Rapid Transit (CTfastrak), express
bus, and commuter rail (The Hartford Line), to account for the cost of parking in Hartford, and to provide
reasonable baseline and future forecasts of roadway and transit usage for comparison.

This Technical Memorandum #2 discusses the proposed updates and modifications to the Capital Region
Council of Governments (CRCOG) regional travel demand forecasting model.  Specifically, it discusses
updates to the transit and highway networks, traffic analysis zones, and socioeconomic databases that
provide required inputs to any travel demand forecasting models. These data will need to be enhanced
and modified to account for the planned increased fidelity of the overall modeling system.  It will also
present a proposed specification for each element of the updated CRCOG travel demand forecasting
model. The updates, driven by the need to assess mode shifts between auto modes (single occupant
and HOV) and transit, will include a revision of the household market segmentation, updated trip
generation rates by auto-sufficiency categories, change from a trip distribution model to a destination
choice model, implementation of a feedback loop between assignment and the destination and mode
choice models, as well as the implementation of assignment by time of day. Finally, networks and
socioeconomic data will be prepared to facilitate the use of the model for analysis focused on the
following years: 2015 (model validation), 2025 (I-84 start of construction), and 2040 (I-84 build / plan
horizon).

This technical memorandum is organized into the following sections: Data Collection, Traffic Analysis
Zones, Transit Network, Highway Network, Socioeconomic Data, and Travel Demand Model
Specification. Within each section, the proposed changes to the current CRCOG Model and the data
needs will be discussed.
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2.DATA COLLECTION
Data to be collected will include, but not necessarily be limited to: traffic counts, highway geometrics and
operating characteristics; transit operations, service, and survey information; local development plans and
programs; and, U.S. Census decennial census, American Community Survey (ACS), and Census
Transportation Planning Package (CTPP) data. Where local data is either missing or incomplete, data
from other sources will be utilized to support the modeling effort.

Traffic Counts and Turning Count Movements
The Consultant will review and inventory existing historical count data and turning count movements
along 1-84, 1-91, Whitehead Highway, Founders Bridge, Route 1 5, and local roadways in the Hartford.
These counts will be re-formatted and balanced for further use in model development. Roadway
Geometrics and Operating Characteristics

Transportation Program Elements
The Consultant will collect information on planned roadway improvements included in the local
Transportation Plans and Improvement Programs.

Transit Data
The Consultant will review and inventory the current operating conditions and levels of service of Transit
through Hartford. This includes transit routes and stops shapefile data, block data, and ridership data for
transit and rail.

Census Transportation Planning Package (CTPP) Data
The Consultant will review the CTPP data which is a set of special tabulations designed by transportation
planners using large sample surveys conducted by the Census Bureau. For our efforts, it will provide
statewide and/or region wide characteristics on demographics, home and work locations and journey to
work travel flows.

American Community Survey (ACS)
The Consultant will review the available ACS data applicable to Connecticut and Hartford region as it is a
sample of United States population. The ACS data similarly to CTPP provides detailed demographic
characteristics along with journey-to work data. The Consultant will determine applicable sample and
determine how the higher uncertainty levels affect their analyses, and will develop effective ways of
presenting information with uncertainty.

Longitudinal Household – Employer Dynamics
The Longitudinal Employer-Household Dynamics (LEHD) program is part of the Center for Economic
Studies at the U.S. Census Bureau. The LEHD program produces new, cost effective, public-use
information combining federal, state and Census Bureau data on employers and employees under the
Local Employment Dynamics (LED) Partnership. The program creates statistics on employment,
earnings, and job flows at detailed levels of geography and industry and for different demographic groups.
In addition, the LEHD program uses these data to create partially synthetic data on workers' residential
patterns.

INRIX Speed Data
Data collected for the I-84 project will be used to help verify roadway speeds.

Stated Preference Survey Data
The model enhancements discussed within this technical memo will result in a state of the practice model
that can be used to forecast highway volumes and transit boardings for a wide variety of
scenarios. However, the initial application of the model, to forecast the changes in traveler preferences
during the I-84 reconstruction, will require additional enhancements due to the unique nature of the
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application. A typical model application would compare a base condition to a build condition, where the
build scenario has increased roadway capacity or increased transit service. For the I-84 scenarios, the
opposite is true: the base condition (no construction) will see more capacity than the build condition (I-84
under construction with associated full or partial lane closures). The goal of the model application will be
to quantify the effects of various construction conditions including duration of construction and full or
partial lane closures on travel choices (generation, distribution, mode and route). To understand these
sensitivities, a stated preference survey is being developed and will be performed in 2016. Respondents
will be asked about their ability to delay the start of their trip, their willingness to switch to a different
mode, their willingness to endure freeway delay or take a different route. With this data, a model
application procedure will be developed whereby the build choices for a given scenario will pivot off of the
base choices in accordance with the behavior “observed” in the stated preference survey.
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3.TRAFFIC ANALYSIS ZONES (TAZ) REVIEW
The current TAZ structure will be reviewed to insure that it is adequate for the purposes of this study.
TAZs will be aggregated or disaggregated as necessary. Socioeconomic data associated with each TAZ
will be adjusted as appropriate to match with any modified TAZs.

The decision to modify TAZ will be based on several considerations.  These include:

 Maintain consistency with the previously developed I-84 Project Subarea Model.
 Recognize proposed I-84 alternative alignments.  TAZ boundaries will be drawn so as to limit the

possibility of a TAZ being split by any new alignment being considered for I-84 in the project area.
 TAZ will be modified to accommodate major proposed new developments within the project area,

e.g., the DONO Development
 TAZ will be modified to add detail in the more densely developed sections of the project area,

e.g., the Hartford CBD
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4.TRANSIT NETWORK
The transit networks contained in the current version of the CRCOG Model will need to be updated.
Based on the information gathered for this study, transit routes and services in the Hartford Area Capital
Region, including access to those routes and services, will be coded into the TransCAD software to best
represent the services provided.  The revised model will incorporate BRT (CTfastrak), commuter rail (The
Hartford Line), local bus service, and express bus service. The transit network will be coded into
TransCAD. The use of GTFS feeds and APC/AVL data will be investigated and incorporated into the
transit modeling to the extent possible.  It is our understanding, however, that APC data may not be
available for the purposes of this study since the system is currently being implemented.  Manual count
data will be substituted for APC data as necessary.

The Consultant Team will update the CRCOG Model to be able to test different mass transit pricing
scenarios and be sensitive to mode shift under various maintenance and protection of traffic alternatives.
The model will also be capable of evaluating the impact of various infrastructure improvement alternatives
for mass transit, e.g., increasing ridership with additional stations, trains, buses and station parking.

4.1. DATA NEEDS
Information will be required to adequately represent the transit network for the Base Year, 2025, and
2040.  Information required will include, but not necessarily be limited to, the following for local bus,
express bus, BRT, and commuter rail service:

 Transit Stops;
 Transit Routes;
 Transit Schedules, i.e., frequency of service, headways. Dwell times, etc.;
 Transit Fares, i.e., regular, passes, discount, transfer; and
 Parking lot location and capacity.

The transit networks and attributes will then provide the information necessary to generate updated transit
skims which will be used in the mode choice model. .

4.2. TRANSIT TRAVEL TIME
The transit travel time function for the transit modes will be updated to the recently established FTA
recommendation. Transit times depend on highway speeds and stop dwell times as follows:

Transit Time = Auto Time + (Dwell Time * Stop)

Where:

Transit Time is the transit travel time on the link,

Auto Time is the auto travel time on the link commiserate to the time period,

Dwell Time is the average dwell time for the route, and

Stop has a value of “0” if there is no stop coded on the link and “1” if there is a stop on the link.

Separate relationships may be developed for different facility and area types.
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4.3. TRANSIT ACCESS CODING
Closely linked to size of TAZs is the approach and process of transit access coding. The method used to
connect TAZ centroids to transit stops, via walk links, is as important as the service frequency checks,
transit time function and zone size issues. Fundamentally, there needs to be consistency between walk
connectors and the percent of the zone within walking distance of transit. The thresholds for short and
long walk typical for the Hartford area will be determined based upon data from the on-board survey. It is
also important to understand how TransCAD is building walk access and egress using the underlying
network. Sample path traces will be an integral part of defining these critical parameters.

The walk and drive access links as currently coded and/or defined in the model will be revised.  The
traditional “starburst” pattern of drive access links will be replaced by a selection set of the actual highway
line layer.  The restriction of only certain zones having drive access to Park and Ride lots will be removed.
Walk access links will be similarly selected from the highway links and trips from each TAZ will be
segmented by no walk, short walk or long walk depending on the size of the TAZ.
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5.ROADWAY NETWORK
A review of the CRCOG regional model roadway networks will be conducted to identify inconsistencies
and errors. It is assumed that the networks are up to date.  Therefore, outside of the I-84 Project Area a
cursory review will be conducted.  Inside of the project area a more thorough review will be conducted to
insure that the networks closely depict existing conditions.  Network link attributes such as speed,
capacity, and volume-delay functions (VDF) parameters will be reviewed for consistency and compared to
observed data where it is available. Network errors will be corrected as they are discovered. To aid
model validation, available current traffic counts will be gathered and entered into the TransCAD roadway
database.

The development of future year networks will be based on a review of transportation plans and programs
available from the region's planning and operating agencies. Both, 2025 and 2040 roadway networks will
be developed. The intermediate year “2025 Existing plus Committed (E+C) roadway networks” will be
built upon the Base Year roadway network. Projects expected to come on-line between 2025 and 2040
will be added to the 2025 network to create the “2040 E+C network”.

5.1. DICTIONARY OF LINK ATTRIBUTES
Link attributes currently in the CROG model network will be inventoried.  For each attribute the following
will be noted:

 Name;
 Description; and
 Range of current values.

The objectives of this exercise are to become familiar with the attributes currently contained in the
network, detect attributes that may no longer be needed, and identify new attributes needed to
accommodate the new model structure.

5.2. GENERAL NETWORK SUMMARIES
The characteristics of the network will be summarized using thematic mapping and summary tables.
These summaries will provide detail on the region and the I-84 project area.  Mapping will be used to
provide displays of the following types of information:

 Number of lanes;
 Functional class;
 Area Type;
 Link capacities;
 DIR (one-way vs. two-way);
 Volume Delay Function; and
 Other attributes as necessary.

These displays will be useful when surveying the network to search for any possible inconsistent or
inaccurate link data. The thematic mapping will be supplemented with data tables where appropriate.
The tables will allow for cross-classification of attributes where this may be useful such as to depict lane
miles by functional class, capacity by facility type, and lane miles by area type.
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5.3. NETWORK SPEEDS
Particular attention will be paid to network speeds.  Posted speeds and congested speeds will be
compared and contrasted. Congested and uncongested travel times will be summarized for trips between
key origins and destinations.  Where overserved data is available model speed data, i.e., posted speeds,
will be validated.

INRIX data will be used to…. Verify that the starting free flow speeds and the post-assignment congested
speeds are consistent with observed behavior.  If not, adjustments to the volume-delay functions will be
made during the model calibration and validation process.

5.4. PARKING LOT CAPACITIES
Readily available information on parking lot capacities will be gathered.  These data will be entered into
the model database as link, node, or TAZ attributes as appropriate.

Park and ride lots will be coded as a node on the highway network.  Commercial lots will be coded into
the TAZ layer.

5.5. CENTROID CONNECTORS
Within the project area the placement of centroid connectors will be closely reviewed to insure that
access options available in the real world are reflected as closely as possible.  Outside of the project area
a more cursory review of connector placement will be undertaken.  In both cases the attempt will be to
insure that the placement of centroid connectors reflects best practices and:

 Do not connect directly to intersections
 Do not connect directly to highways, i.e., limited access facilities, or ramps
 Reflect parking lot/garage access points.

Connector length will also be reviewed.

5.6. CONNECTIVITY
Network connectivity will be checked using TransCAD’s network connectivity and point to point shortest
path tools.

5.7. VALIDATION DATA
Current available count data will be gathered and entered into the highway database.  These data will be
used to establish screenlines to help assess the models ability to replicate existing travel patterns.

5.8. FUTURE YEAR HIGHWAY NETWORKS
Future year highway networks will be created for 2025 and 2040.  The 2025 network will be used to
assess travel impacts during construction and test various maintenance of traffic strategies. The 2040
network will be used to evaluate I-84 build alternatives and assess long term travel impacts.

Information from local plans and programs, e.g., comprehensive plans, STIP, and TIP, will be used to
identify proposed projects that may be coded into the future year network.  Projects such as new roads,
add lanes, parking lots, and new transit services will be identified.  The team will compile as much detail
as necessary to accurately depict the projects in the future networks.  Where such detail is not readily
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available the modeling team will use its professional judgement to make reasonable assumptions. This
information will be used to guide the coding of new projects into the model network.  New links will be
added and existing links modified as necessary to depict the new facility.  Centroid connectors will be
modified if necessary.
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6.SOCIOECONOMIC DATA
The socioeconomic data contained in the current CRCOG model have been partially updated to reflect
the results of the 20I0 Census. It is our understanding that data pertaining to average household size and
the distribution of households by income and auto ownership have not been updated. Therefore, the data
on population, households, and employment that are key to estimating trip generation will be reviewed
and updated as necessary. Available data sources to perform these validations include the American
Community Survey (ACS) 2009-2013 release (both summary tables and Public Use Microdata Sample),
the 20I0 Census, and the most recent Longitudinal Employer-Household Dynamics (LEHD) dataset, and
the Census Transportation Planning Package Journey to Work data (20I0). The 2040 socioeconomic
assumptions in the current CROG model will also be reviewed. These data will be examined by means of
thematic mapping and preparation of tabular summaries by appropriate geographic areas, e.g., region,
county, and city/town, to create a clear picture of the base year and future year development patterns and
the differences between them.

6.1. 2040 SOCIOECONOMIC DATA
Summaries similar to those prepared for the 2010 socioeconomic data will be developed. In addition,
summaries of the changes anticipated between 2010 and 2040 will be prepared.

Consultation with CRCOG and/or CTDOT will be necessary to review the 2040 forecasts in order to
insure these data reflect the current best thinking as to future development of the region.  Modification to
the 2040 forecasts will be made as necessary.

Carry over changes in average household size, household income, and auto ownership made in Base
Year model to 2040 model.

Finalize the 2040 socioeconomic forecast file and prepare summaries comparing and contrasting with the
2010 data.

6.2. 2025 SOCIOECONOMIC DATA
The socio-economic forecasts will be developed based on historical trends, economic growth projections
and existing long-range plans for the region.  The statewide model will be used to provide control totals
for population and employment and the disaggregation of the results to the TAZs will be done with input
from CTDOT and CRCOG.
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7.TRAVEL DEMAND MODEL SPECIFICATION
7.1. General Model Update Approach

In addition to reviewing and updating the socio-economic data and the highway and transit networks, the
project team also reviewed the existing CRCOG regional model, which was documented in Tech Memo
#1. After reviewing the existing CRCOG model we are proposing a significant restructuring and
redefining of the model components in order to be able to fulfill the purpose of this study which is to be
able to evaluate the travel demand impacts of the various I-84 Viaduct Project Alternatives in Hartford as
well as various maintenance of traffic strategies being considered for the construction phase of the
project. The key changes are summarized in Table 1, and the sections following will describe these
changes in more detail. A flow chart illustrating the structure of the proposed model is presented in
Figure 1.
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1. INTRODUCTION 
This report describes the Trip Generation Model developed as a part of the CRCOG Model 
Update.  Trip generation is the first step in the conventional four-step transportation 
forecasting process. The model predicts the number of trips produced by a geographic area, 
also known as a traffic analysis zone (TAZ). Trip generation models typically utilize 
socioeconomic data (SED), including number of households and employment, to understand 
the trip generation potential associated with a given TAZ.  Other models rely upon land use 
information, such as square feet of commercial space, to estimate trips. The CRCOG model is 
SED based.  

A comparison of the model specifications for the existing CRCOG model and the updated 
CRCOG model is presented in Table 1. 

Table 1: CRCOG Model Enhancements to Trip Generation 
No. Model 

Component Existing Specification Revised Specification 

1 Household 
Segmentation 

HHs by 0, 1, 2+ autos 
and by 7 income 
categories 

HHs by 0, 1, 2, 3+ autos, by 4 income categories, by 
size 1, 2, 3, 4+ and by 0, 1, 2, 3+ workers.  

2 HBW and HBO 
Productions 

HBW trip production 
rates by 0, 1, 2+ cars 

HBO trip production 
rates are not 
segmented 

Trip production rates by auto sufficiency with the 
following market segments:  
Zero: zero auto households;  
Low Insufficient: low income and workers > autos:  
Low Sufficient: low income and workers >= autos;  
High Insufficient: high income and workers > autos; 
and,  
High Sufficient: high income and autos >= workers. 

3 NHB Trip 
Productions Rates not segmented No change 

4 External and 
Truck Trips 

Separate modules 
for these trips No change 

5 Trip 
Attractions 

Trip attraction rates 
by purpose 

Destination Choice model will have size terms that 
eliminate the need for calculating trip attraction rates 
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2. GEOGRAPHIC MODIFICATIONS 
Traffic Analysis zones 
Traffic Analysis Zones (TAZ) are the standard unit of geography used in travel demand 
forecasting.  They provide the means to spatially organize the SED used by the Trip Generation 
model as well as a means to organize model inputs and outputs throughout the modeling 
process.   

TAZ boundaries are typically based on census geography and vary in size depending upon 
development levels.  In higher density areas, TAZs will be smaller and more numerous.  In lower 
density areas, TAZs will be larger and less numerous.  TAZs should also be consistent with the 
underlying transportation networks and be bounded by roadways.  The TAZ structure normally 
remains constant in the base and future years.   

TAZs are linked to the model network by means of centroids and centroid connectors.  A 
centroid is a special class of node that represents the starting point and ending point for all 
trips generated by a TAZ.  Each centroid is connected to the network by means of a centroid 
connector.  Centroid connectors represent local streets, within a TAZ, and permit trip 
movement from a centroid to the model roadway network. 

Travel demand models also include a special type of TAZ known as an external station. Because 
the model cannot stretch on endlessly, external stations are used to help represent the 
boundary of the model area and the physical locations at which vehicles can enter or exit the 
region. Rather than land-use and socioeconomic data, these externals are coded with trip ends 
categorized to be consistent with the model structure.   

The focus of the TAZ review was the area in and around the I-84 Hartford Project area; 
specifically the towns of Hartford, East Hartford, and West Hartford (See Figure 1).  Each TAZ 
within these towns, as well as a ring of TAZs surrounding these towns, was examined with the 
possibility of future subdivision.  The decision to modify any TAZ was based on the following 
considerations: 

 Maintain consistency with the previously developed I-84 Hartford Project Subarea 
Model. 

 Recognize the alignment of probable I-84 alternatives.  TAZ boundaries were modified 
so as to limit the possibility of a TAZ being split by the alignment of an alternative being 
considered for project. 

 Accommodate major developments within the project area, e.g., the DoNo 
Development  

 Add greater detail in the towns of Hartford, East Hartford, and West Hartford. 
 Increase consistency with the roadway network and minimize situations where a TAZ 

was divided by a roadway. 
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Figure 1: The Towns of East Hartford, Hartford, and West Harford 

  

The subarea model was used extensively for the analysis of literally hundreds of alternatives 
during earlier stages of the project.  This model, originally developed by an independent 
consultant, was based on a version of the 2014 regional CRCOG model.  During the 
development of the subarea model the following regional TAZs were subdivided: 375, 2111, 2112, 
2042, and 2059 (See Figure 2).   

Figure 2: TAZ Subdivided for the Subarea Model 

 

The TAZs highlighted in Figure 3 were subdivided to accommodate alternative ramp locations 
as well as various alignment options.  The TAZ subdivided for this purpose are: 86, 87, 374, 
2018, 2024, 2033, 2042, 2074, 2036, and 2135. 
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Figure 3: TAZ Split to Avoid Alignment Conflicts 

    

DoNo (Downtown North) Hartford development area (Figure 4) is bounded by Chapel Street 
and Morgan Street to the south, Market Street to the east, Pleasant Street to the north, and 
High Street to the west. The center of the redevelopment will include a minor league baseball 
stadium in the area bounded by Main Street, Trumbull Street, Pleasant Street, and Windsor 
Street. The mixed-use development will also include residential, retail, and restaurant 
components.  Regional TAZs 88 and 275 were subdivided to accommodate the new 
development (See Figure 5). 

Figure 4:  DoNo Development Plan 
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Figure 5: TAZ Subdivided for the DoNo Development 

 

As noted above, all of the TAZs within the towns of East Hartford, Hartford, and West Hartford, 
along with a ring of TAZs around these towns, were considered for possible subdivision.  Figure 
6 illustrates all of the TAZs that were subdivided for the purposes of the CRCOG Model Update. 

Figure 6: All TAZ Subdivided for the CRCOG Model Update 

 

For any TAZ modified, socioeconomic data were distributed among the parent and children 
TAZs based on size of the resulting TAZ, Census data, and/or visual inspection.  Original 
population, household, and employment data were held constant.   

Table 1Table 2 summarizes the changes made to the TAZ structure by town.  A total of 244 
TAZs were added to the area covered by the review.  The largest number, 144 of TAZ were 
added in the city of Hartford, f  53 TAZ were added in town of West Hartford, 30 TAZ outside 
perimeter of the three towns (Ring Area), and 19 in the town of East Hartford.  Within the area 
reviewed the average TAZ area decreased from 0.27 to 0.14 square miles.  As a result of the 
model update and TAZ review there are now 2,028 TAZ in the CRCOG model.  This includes 
1,991 internal TAZ and 37 external stations. 
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Table 2: TAZ Review and Modification Summary 

Area 
Number of TAZ Average Area 

Old New Old New 

East Hartford 56 75 0.33 0.25 

Hartford 194 336 0.09 0.05 

West Hartford 90 143 0.43 0.16 

Ring 46 75 0.69 0.41 

Totals 386 629 0.27 0.14 

 

District modifications 
In addition to the TAZ modifications, the District system used in the CRCOG model was also 
revised.  The primary objective behind these revisions was to reduce the number of Districts 
from 40 (as in the previous model) to a number felt to be more manageable.  The revised 
system has 27 districts.  A summary of the revised Districts appears in Table 3. 

Table 3: District Summary 
District Description Old District Notes 

101 Hartford CBD East 10, 11 Consistent with the CBD as defined by 
CBD_IND 

102 Hartford CBD West 34,891,415 

TAZ identified as HFD_CBD by the attribute 
AREA_IND except for those TAZ defined as 
CBD by CBD_IND and, thereby, made part of 
DISTRICT 101. 

103 Hartford North 12,367 
Remainder of the TOWN of Hartford north of 
the CBD (DISTRICTS 101 AND 102) and north of 
Capitol Avenue. 

104 Hartford South 121,314,151,617 
Remainder of the TOWN of Hartford south of 
the CBD (DISTRICTS 101 AND 102) and south of 
Capitol Avenue. 

201 West Hartford North 27 TOWN of West Hartford north of Farmington 
Avenue 

202 West Hartford 
South 28 TOWN of West Hartford south of Farmington 

Avenue 

301 East Hartford 36 TOWNs of Bolton, East Hartford, Manchester, 
South Windsor, Vernon 

401 Other CT West 
Border 0 

TOWNs of Barkhamstead, Colebrook, Hartland, 
Harwinton, New Hartford, Plymouth, Prospect, 
Southington, Thomaston, Torrington, 
Waterbury, Winchester, Wolcott 
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402 Other CT 31 TOWNs of Barkhamstead, Canton, Granby, New 
Hartford, Simsbury 

403 Other CT 32 TOWNs of East Granby, East Windsor, Enfield, 
Somers, Suffield, Windsor, Windsor Locks 

404 Other CT 34 TOWNs of Coventry, Ellington, Mansfield, 
Stafford, Tolland. Willington 

405 Other CT East 
Border 0 

TOWNs of Ashford, Chaplin, Colchester, 
Columbia, Durham, East Haddam, East 
Hampton, Haddam, Lebanon, Mansfield, Salem, 
Union, Windham 

406 Other CT 33 TOWNs of Bloomfield, Windsor 

407 Other CT 30 TOWN of Avon 

408 Other CT 29 TOWNs of Burlington, Farmington 

409 Other CT 21 TOWNs of Bristol, Plainville, Southington 

410 Other CT 23 TOWN of New Britain 

411 Other CT 24 TOWN of Newington 

412 Other CT 25 TOWN of Newington 

413 Other CT 26 TOWNs of Rocky Hill, Wethersfield 

414 Other CT 35 TOWN of Glastonbury 

415 Other CT 20 TOWNs of Andover, Columbia, Hebron, 
Marlborough, Portland 

416 Other CT 19 TOWNs of Cromwell, Meriden, Middlefield, 
Middletown, Wallingford 

417 Other CT 22 TOWN of Berlin 

418 Other CT 18 TOWN of Cheshire 

501 Other MA 38 
TOWNs of Blandford, Granville, Montgomery, 
Russell, Southampton, Southwick, Tolland MA, 
Westfield 

502 Other MA 39 

TOWNs of Agawam, Chicopee, East 
Longmeadow, Easthampton, Granby MA, 
Hampden, Holyoke, Longmeadow, Ludlow, 
South Hadley, Springfield, West Springfield, 
Wilbraham 

503 Other MA 37 TOWNs of Wales, Holland, Monson 

601 CT and MA 
Externals 

Included with 
DISTRICTS 19, 

20, 21, 29, 31, 34, 
37,38, 39 

External TAZ 

 

3. SOCIOECONOMIC DATA  
Statewide socioeconomic data for 2010, 2025, and 2040 data was provided by the Connecticut 
Department of Transportation, Bureau of Policy & Planning.  Information was extracted from 
this data for the CRCOG model area. Socioeconomic data for that part of the CRCOG model 
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area in Massachusetts was carried over from the previous CRCOG model.  Table 4 is a summary 
of these data. 

Table 4: Socioeconomic Data 

SED 2010 2025 
2010 - 2025 Change 

2040 
2025 - 2040 Change 

Number Percent Number Percent 

Households 802,832 866,736 63,904 7.96% 924,595 57,859 6.68% 

Population 2,067,580 2,188,838 121,258 5.86% 2,289,137 100,299 4.58% 

Retail 
Employment 141,888 149,983 8,094 5.70% 157,319 7,336 4.89% 

Non-Retail 
Employment 767,693 817,728 50,035 6.52% 859,257 41,528 5.08% 

 
Validation of the socioeconomic data was accomplished by means of a comparison between 
model socioeconomic data and the same data from the U.S. Census Bureau Transportation 
Planning Program (CTPP) and Longitudinal Employer-Household Dynamics (LEHD) program.  
The following CTPP tables were referenced for the comparison to population and household 
data: 
 

 A101100 – Population (1) (All persons), 
 A112107 – Population in Households (1) (Population in households), 
 A112100 – Total Households (1) (Households), and 
 A103100 – Total Workers in Households (1) (Workers 16 years and over in 

households). 
 
Data for comparison of employment totals came from the LEHD program.  For Connecticut, 
2010 estimates of all jobs was used.  Massachusetts did not start to participate in the program 
until 2011, therefore, the employment data was estimated as follows: 

2010 MA Employment = 2010 CT Employment * (2011 MA Employment / 2011 CT Employment) 

A comparison, between model and census data, of population, population in households, 
households, workers, and employment is presented in Table 5.  For the most part, differences 
between the two data sets are relatively small (< 1.0 percent difference).  The only exceptions 
being the number of workers in Massachusetts (8.29 percent), Connecticut employment (2.62 
percent), and Massachusetts employment (1.12 percent).   Overall, however, the results were 
deemed to be acceptable and within reason. 

Table 5: Socioeconomic Data Validation 
SED Model CTPP / LEHD 

Difference 
Number Percent 

CT Population 1,575,577 1,565,960 9,617 0.61% 

MA Population 492,003 490,745 1,258 0.26% 
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Total Population 2,067,580 2,056,705 10,875 0.53% 

CT Population in HH 1,516,043 1,508,110 7,933 0.52% 

MA Population in HH 475,019 471,770 3,249 0.68% 

Total Pop in HH 1,991,062 1,979,880 11,182 0.56% 

CT Households 611,336 607,350 3,986 0.65% 

MA Households 191,496 189,675 1,821 0.95% 

Total HH 802,832 797,025 5,807 0.72% 

CT Number of Workers 745,356 750,945 -5,589 -0.75% 

MA Number of Workers 233,520 214,150 19,370 8.29% 

Total Workers 978,877 965,095 13,782 1.41% 

CT Employment 711,073 729,733 -18,660 -2.62% 

MA Employment 198,508 196,279 2,230 1.12% 

Total Employment 909,581 926,012 -16,430 -1.81% 
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4. HOUSEHOLD CLASSIFICATION MODELS 
The 2016 “Let’s Go CT” Household Travel Survey (HTS) collected information about the daily 
household travel activities from residents across the state to understand how they travel, where 
they go, why they travel, and how long it takes.  These data provide an overview of daily travel 
patterns for all travel modes and primary trip purposes (home-based-work, home-based-other, 
non-home-based).  A sample set of data from the HTS was supplemented and compared to 
U.S. Census American Community Survey (ACS) data applicable to Connecticut and Hartford 
region.  The ACS data provides detailed demographic characteristics along with journey-to 
work data.   

A cross-classification approach to trip production models requires the use of household sub-
models to disaggregate the household attribute data into the proper format required by the 
cross-classification model. Auxiliary submodels were developed to forecast household 
distributions based upon average household size, number of workers, and income. A regression 
model was used to estimate the total workers per TAZ using average household size as the 
independent variable.	Auto ownership per TAZ was estimated using Public Use Microsample 
(PUMS) data.	 	Trip rates are derived for household cross classified by number of workers, 
number of vehicles, and income category.  The following ACS tabulations were used in the 
development of the Household Classification models: 

 Table: A103100: Total Workers in household 
 Table: A112100: Total Households  
 Table: A112107: Population in Households 
 Table: A112209: Household size (5) by Number of workers in household (6) 

(Households) 
 Table: A112214: Vehicles available (6) by Household income in the past 12 months 

(2010$) (26) (Households) 

Number of Workers 
Ideally the number of workers per TAZ is an input to the travel demand model and can be used 
to calculate the number of workers per household in order to estimate the number of 0, 1, 2, 
and 3+ worker households using the household worker submodel. Application of this approach 
for the CRCOG model involved an additional step to estimate the number of workers by TAZ. 
A regression model was used to forecast workers by TAZ using various combinations of 
household size, density, and population as the independent variables. Several models were 
tested with the final selected model using average household size. Table 6 summarizes the 
resulting worker model and the associated R2 statistics. Figure 1 demonstrates the fit of the 
number of workers estimated by the model against ACS data. 

Table 6: Worker Model 
Term Coefficient t.Stat R Square 

Intercept 0.18 4.70 0.44 

HH Size 0.42 27.04 
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Figure 7: ACS Workers and Estimated Workers 

 

To develop the workers per household curves, the workers per household size marginals were 
set up for 0, 1, 2, and 3+ worker households.  Household classification was also developed 
using the 5-year ACS dataset.  A customized spreadsheet was set up to process the raw 
records, pivot the results into an average number of workers per household lookup format, 
interpolate the results to set up step increments of 0.1 and create a text lookup file for 
percentage of households in each of the four worker categories given the average workers 
per household in the TAZ. The zonal average was plotted against percentage of households 
by category. Table 7 shows a sample of the workers per household output lookup table and 
Figure 8 shows the raw ACS data for the household shares by workers per household.  
Mathematical relationships were then estimated for each category using the trend line 
analysis available in Microsoft Excel. The trend line analysis presents an equation for each size 
category that relates the attribute average to the percentage of households in that size 
category.  Figure 9 shows the smoothed workers per household curves for CRCOG region 
along with equations. 

Table 7: Workers per Household Lookup table (sample) 
Workers per 
Household Worker 0 Worker 1 Worker 2 Worker 3 

0.60 0.5429 0.3626 0.0848 0.0097 
0.61 0.5368 0.3651 0.0878 0.0103 
0.62 0.5317 0.3722 0.0861 0.0100 
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0.63 0.5149 0.3589 0.1058 0.0204 
0.64 0.5145 0.3621 0.1155 0.0079 
0.65 0.5183 0.3656 0.1047 0.0114 

Figure 8: ACS Data – Household Shares by Workers per Household: 
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Figure 9: Workers per Household Classification Curves: 

 
Variable Equation Root Square (R2) 

Worker 0  y = -0.0271x3 + 0.2656x2 - 0.8799x + 0.9762 R² = 0.9998 

Worker 1 y = 0.0961x3 - 0.548x2 + 0.789x + 0.0501 R² = 0.9853 

Worker 2 y = -0.0774x3 + 0.2489x2 + 0.0895x - 0.0244 R² = 0.9951 

Worker 3 y = 0.0085x3 + 0.0332x2 + 0.0006x - 0.0019 R² = 0.9992 

Income and auto ownership 
Included in the SED file for the CRCOG model is the distribution of households by income and 
auto ownership for each TAZ.  These estimates were developed using public-use micro-sample 
(PUMS) data.  The distribution uses four auto categories (0, 1, 2, 3+) and four income quartiles 
and replaces the previous distribution which had three auto categories (0, 1, 2+) and 7 income 
groups. Household income quartiles were identified based on data from the U. S. Census 
Bureau, American Community Survey 2006 – 2010 Five-year Period Estimates available 
through the Census Transportation Planning Program.  The household income classifications 
used in this model update appear in Table 8.  
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Table 8: Household Income Classification 
Income Quartile Household Income 

1 Less than $29,999 

2 $30,000 - $59,999 

3 $60,000 - $99,999 

4 $100,000 or more 

Each TAZ was assigned to a specific PUMS zone if the geographic center of the TAZ fell 
within the PUMS zone boundary.  The CRCOG model area was covered by 19 PUMS Zones.  
The number of households in each PUMS Zones ranged from 10,084 to 65,021 with a median 
number of households per PUMS Zones of 44,372.  The distribution of households by autos by 
income for any TAZ was determined by applying the same characteristics of the PUMS Zone 
to which that TAZ was assigned.  A summary of number of households by auto and income 
category is provided in Table 9. 

Table 9: Households by Auto Ownership and Income Quartile 
Auto Income 

Quartile Households 

0 

1 62,199 

2 13,150 

3 4,468 

4 3,179 

1 

1 100,183 

2 98,803 

3 54,915 

4 23,114 

2 

1 23,877 

2 62,486 

3 89,764 

4 121,983 

3+ 

1 5,107 

2 16,140 

3 34,838 

4 88,628 
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Household SEED Submodel 
The proportion of regional households was estimated from HTS and PUMS data and cross 
classified by number of workers in household, number of vehicles in the household, and income 
quartile.  A regression model was used to estimate the total workers per TAZ using average 
household size as the independent variable. A multinomial logit model was estimated for 
forecasting auto ownership using variables describing household characteristics along with 
other predictive variables including accessibility. The data set was developed using the ACS 
five year data.  

These resulting distribution curves must sum to 100% and for the household size model, the 
results are consistent with the input value when averaged. Hand-fitted curves were adjusted to 
fit the observed data points, sum to 100%, and produce the appropriate average. A summary 
of each market segment (number of workers, auto ownership, and income group) and the 
proportion of regional households in that segment is illustrated in Table 10.  

Table 10: Household Seed Submodel 

Autos Income 
 Quartile 

Workers 
0 1 2 3+ 

0 

1 1.317 1.109 0.146 0.015 

2 0.168 0.336 0.259 0.022 

3 0.069 0.128 0.161 0.040 

4 0.033 0.040 0.223 0.066 

1 

1 2.138 2.674 0.565 0.018 

2 1.820 3.152 1.116 0.131 

3 0.569 1.901 1.105 0.201 

4 0.266 0.617 0.799 0.175 

2 

1 1.321 1.262 0.649 0.040 

2 2.481 3.670 3.462 0.295 

3 1.729 4.480 7.967 0.843 

4 0.959 4.254 14.406 1.197 

3+ 

1 0.244 0.270 0.168 0.047 

2 0.492 1.113 1.218 0.445 

3 0.390 1.591 3.714 2.036 

4 0.288 2.036 7.836 7.719 
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5.  TRIP PRODUCTION MODEL 
This section describes the development and validation of the trip production model. In terms 
of model sequence, this model represents the first step in the traditional 4-step process. The 
trip production model uses the results from the household classification submodels to estimate 
trip production for households in each TAZ. The outputs from the trip production model are 
fed into the destination choice models. 

Model Structure 
The model maintained the primary trip purposes from previous CRCOG model generating trips 
for the following trip purposes:  

 Home-based work (HBW) 
 Home-based other (HBO) 
 Non-home-based (NHB) 

The rates for the HBW and the HBO purposes are segmented based on household income and 
the relationship between the number of vehicles the household has and the number of workers 
(auto sufficiency). This replaces the market segmentation used in the previous CRCOG model, 
which had three auto and seven income categories.  Auto sufficiency compares the number of 
vehicles available with the number of workers in the household (or a proxy variable).  The 
household market segmentation used for the updated CRCOG model is as follows: 

 Zero-car households, all income groups 
 Households with fewer autos than workers, low income 
 Households with fewer autos than workers, high income 
 Households with autos greater than or equal to workers, low income  
 Households with autos greater than or equal to workers, high income 

Thus, in an auto “sufficient” household, each worker has a car that they can drive whereas in an 
auto “insufficient” household there are more workers than cars.  Households with no cars are a 
special type of “insufficient” household and are therefore treated as a separate category. 
Households that have zero cars, less cars than workers, or a car for each worker have distinct 
travel generation and mode choice patterns, especially when it comes to transit ridership.   

The NHB trip rates are not segmented. Trip production procedures for trucks, internal/external 
trips, and airport trips were kept as in the previous model.   

Trip attractions, called size terms in the context of a destination choice model, are incorporated 
directly into the destination choice model during the calculation of the utility equation and will 
be discussed in following tech memos.   

Trip Production Rates  
Initial trip production rates for resident trip purposes (HBW, HBO, and NHB) were asserted 
from the French Broad River Metropolitan Planning Organization (Asheville, NC, 2015) trip 
production model.  These rates were used to generate trips for the CRCOG model area which 
were then compared to the trip totals from the previous CRCOG model. Without the final HTS 
results it was decided that the trip totals from the previous model represented reasonable 
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target values.  These original asserted rates were then applied and adjusted until the resulting 
trip totals were a reasonable match to the target values.   

The trip production rates were also checked for logical variable relationships. Cells with more 
workers and higher income should have higher trip rates than cells with fewer workers and 
lower income.  In several cases the trip production rates did not follow logical variable 
relationships so they were adjusted to create a final set of rates. The iterative adjustment 
process was carried out until the trip totals were a reasonable approximation of the target 
values.  The process continued until total trip productions from the revised rates reasonable 
matched those of the prior model totals.  Table 11 presents a comparison of current trip 
production totals with those from previous CRCOG model. 

Table 11: Trip Production Totals 
Previous CRCOG Model CRCOG Model Update 
Purpose Productions Purpose Productions 

HBW_0Car 68,062 HBW_zero 73,650 
SubTotal 68,062   73,650 

HBW_1Car 295,720 HBW_low_insufficient 59,116 
HBW_2Car 820,955 HBW_low_sufficient 254,436 

   HBW_high_insufficient 85,954 
   HBW_high_sufficient 850,089 

SubTotal 1,116,675   1,249,594 
HBW_IX 109,120 HBWP_IX 109,120 
HBW_XI 118,902 HBWP_XI 118,902 

Sub Total 228,022   228,022 
   HBO_zero 344,394 
   HBO_low_insufficient 127,827 
   HBO_low_sufficient 1,292,225 
   HBO_high_insufficient 156,910 
   HBO_high_sufficient 1,945,788 

HBO Sub Total 3,867,144 3,867,144 
NHB Sub Total 1,646,763 1,646,763 

NWIX 275,463 NWIXP 275,463 
NWXI 325,790 NWXIP 325,790 

BIA_Airport 6,153 BIAP 6,153 
TII 496,949 TIIP 497,141 
TIX 36,820 TIXP 36,722 
TXI 37,943 TXIP 37,849 

Truck Sub Total 571,712 571,712 
TOTAL TRIP PRODUCTION 8,105,783   8,244,292 

Table 12 – Table 14 illustrate the original and final trip rates for HBW, HBO, and NHB trips used 
in the CRCOG regional trip production model.   
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Table 12: Home-Based Work Trip Production Rates (HBW) 

Autos Income 
Quartile 

Original Rates Final Rates 
Workers Workers 

0 1 2 3+ 0 1 2 3+ 

0 

1 0 0.72 2.21 1.77 0 1.38 1.93 2.61 

2 0 0.72 2.21 1.77 0 1.38 1.93 2.61 

3 0 0.63 1.92 1.55 0 1.44 2.35 2.98 

4 0 0.63 1.92 1.55 0 1.44 2.35 2.98 

1 

1 0 1.37 2.33 2.95 0 1.38 1.93 2.61 

2 0 1.37 2.33 2.95 0 1.38 1.93 2.61 

3 0 1.42 1.86 2.59 0 1.44 2.35 2.98 

4 0 1.42 1.86 2.59 0 1.44 2.35 2.98 

2 

1 0 1.37 3.37 3.13 0 1.38 2.34 3.15 

2 0 1.37 3.37 3.13 0 1.38 2.34 3.15 

3 0 1.42 2.32 3.13 0 1.44 3.16 3.40 

4 0 1.42 2.32 3.13 0 1.44 3.16 3.40 

3+ 

1 0 1.37 3.37 3.39 0 1.38 2.34 3.42 

2 0 1.37 3.37 3.39 0 1.38 2.34 3.42 

3 0 1.42 2.32 3.57 0 1.44 3.40 3.60 

4 0 1.42 2.32 3.57 0 1.44 3.40 3.60 
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Table 13:  Home-Based Other Trip Production Rates (HBO) 

Autos Income 
Quartile 

Original Rates Final Rates 
Workers Workers 

0 1 2 3+ 0 1 2 3+ 

0 

1 1.40 1.40 1.40 1.40 4.14 4.14 4.14 4.14 

2 1.40 1.40 1.40 1.40 4.14 4.14 4.14 4.14 

3 1.45 1.45 1.45 1.45 4.28 4.28 4.28 4.28 

4 1.45 1.45 1.45 1.45 4.28 4.28 4.28 4.28 

1 

1 1.50 1.50 1.50 1.50 4.42 4.42 4.42 4.42 

2 1.50 1.50 1.50 1.50 4.42 4.42 4.42 4.42 

3 1.64 1.64 1.64 1.64 4.85 4.85 4.85 4.85 

4 1.64 1.64 1.64 1.64 4.85 4.85 4.85 4.85 

2 

1 1.70 1.70 1.70 1.70 5.02 5.02 5.02 5.02 

2 1.70 1.70 1.70 1.70 5.02 5.02 5.02 5.02 

3 1.71 1.71 1.71 1.71 5.07 5.07 5.07 5.07 

4 1.71 1.71 1.71 1.71 5.07 5.07 5.07 5.07 

3+ 

1 1.70 1.70 1.70 1.70 5.02 5.02 5.02 5.02 

2 1.70 1.70 1.70 1.70 5.02 5.02 5.02 5.02 

3 1.78 1.78 1.78 1.78 5.26 5.26 5.26 5.26 

4 1.78 1.78 1.78 1.78 5.26 5.26 5.26 5.26 
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Table 14: Non-Home Based Trip Production Rates (NHB) 

Autos Income 
Quartile 

Original Rates Final Rates 
Workers Workers 

0 1 2 3+ 0 1 2 3+ 

0 

1 1.11 1.11 1.11 1.11 1.30 1.30 1.30 1.30 

2 1.11 1.11 1.11 1.11 1.30 1.30 1.30 1.30 

3 1.11 1.11 1.11 1.11 1.30 1.30 1.30 1.30 

4 1.11 1.11 1.11 1.11 1.30 1.30 1.30 1.30 

1 

1 1.60 1.60 1.60 1.60 1.77 1.77 1.77 1.77 

2 1.60 1.60 1.60 1.60 1.77 1.77 1.77 1.77 

3 1.89 1.89 1.89 1.89 2.21 2.21 2.21 2.21 

4 1.89 1.89 1.89 1.89 2.21 2.21 2.21 2.21 

2 

1 1.52 1.52 1.52 1.52 1.87 1.87 1.87 1.87 

2 1.52 1.52 1.52 1.52 1.87 1.87 1.87 1.87 

3 2.05 2.05 2.05 2.05 2.39 2.39 2.39 2.39 

4 2.05 2.05 2.05 2.05 2.39 2.39 2.39 2.39 

3+ 

1 1.73 1.73 1.73 1.73 2.02 2.02 2.02 2.02 

2 1.73 1.73 1.73 1.73 2.02 2.02 2.02 2.02 

3 2.11 2.11 2.11 2.11 2.46 2.46 2.46 2.46 

4 2.11 2.11 2.11 2.11 2.46 2.46 2.46 2.46 

Validation of the trip generation model included a check of common ratios based on person 
trip totals and socioeconomic data to those seen in other modeling efforts.   As shown in 
Table 15 below, the trips produced by the CRCOG model compare reasonably well with the 
observed values.   
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Table 15: Validation Ratio Checks 
Ratio Checks Model Reasonable or 

Observed Rates 

Workers to Employment 1.08 1.04 

Persons to Households 2.48 2.48 

Workers to Households 1.22 1.21 

HBW Productions per Worker 1.35 ~2 per worker 

HBW Productions per Household 1.65 1.55 

Total Productions by HH 10.3 8 to 18 

Total Productions by Person 4.1 3.5 to 4.0 

HBW Productions per HH 1.6 1.7 to 2.3 

HBO Productions per HH 4.8 3.5 to 4.8 

NHB Productions per HH 2.1 1.7 to 2.9 
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1. INTRODUCTION 
This technical memorandum describes the development of the mode choice models for the 
Capital Region Council of Governments (CRCOG). The mode choice models were developed 
with information from the 2016 ‘Let’s Go CT’ Household Travel Survey, 2016 CRCOG On-Board 
Transit Survey, and U.S. Census American Community Survey (ACS) and Census Transportation 
Planning Program (CTPP) data.  The model formulation is a nested logit model.  Based upon 
the proposed structure and asserted coefficient values, calibration target values were 
constructed from the observed data.  

The mode choice models are calibrated using market-stratified person trip tables from the trip 
distribution model. Calibration includes the calibration of alternative specific constants while 
reviewing trips by market stratification, mode, and transit access mode. Mode choice 
calibration is an iterative process that builds upon previous model steps that addressed the 
transportation networks, trip generation, and trip distribution.  This technical memorandum will 
discuss the following: 

• Calibration Target Preparation 
• Mode Choice Model Description 
• Mode Choice Calibration and Results 

2. CALIBRATION TARGET PREPARATION 
In order for the mode choice model to accurately reflect observed travel patterns, the model 
must be calibrated to observed conditions. These observed conditions typically come from a 
household travel survey, on-board transit survey, or ideally a combination of the two. The 
calibration process consists of adjusting the terms in the mode choice utility equations to match 
observed data in the form of calibration targets. For the CRCOG mode choice calibration 
process, calibration targets were needed by mode, market segment, and trip purpose. The 
preparation of the calibration targets relied primarily upon the outputs from the CRCOG trip 
generation model, the 2016 CRCOG transit on-board survey, and the 2016 ‘Let’s Go CT’ 
Household Travel Survey.  Other data considered during this process included the National 
Household Travel Survey and ACS data available through the CTPP.  

The aggregate trip totals by purpose were taken from the CRCOG trip generation model.  As 
shown in Table 1, the total number of Home Based Work (HBW) trips is 1,184,737, Home Based 
Other (HBO) trips is 3,867,144, and Non-Home Based trips is 1,646,763.  These data served as 
the overall model control totals for trips by trip purpose.   
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Table 1: Trips by Mode for Mode Choice  

Mode 
HBW HBO NHB Total 

Number Percent Number Percent Number Percent Number Percent 
Drive Alone 
(DA) 985,133 83.15% 1,505,407 38.93% 818,013 49.67% 3,308,553 49.39% 

Shared Ride 2 
(SR2) 75,424 6.37% 823,706 21.30% 316,520 19.22% 1,215,650 18.15% 

Shared Ride 3+ 
(SR3+) 40,212 3.39% 981,919 25.39% 338,427 20.55% 1,360,557 20.31% 

Local Bus 16,973 1.43% 18,434 0.48% 3,701 0.22% 39,108 0.58% 

Express Bus 3,247 0.27% 212 0.01% 192 0.01% 3,651 0.05% 

Bus Rapid 
Transit (BRT) 2,474 0.21% 3,212 0.08% 648 0.04% 6,334 0.09% 

Walk 52,150 4.40% 494,931 12.80% 157,251 9.55% 704,332 10.51% 

Bike 9,126 0.77% 39,323 1.02% 12,010 0.73% 60,458 0.90% 

Total 1,184,738 100.00% 3,867,144 100.00% 1,646,762 100.00% 6,698,644 100.00% 

To begin creating mode choice targets, a count of trips was developed for each market 
stratification generated by the CRCOG trip generation model as shown in Table 2.  As noted in 
the table, the Home Based Work (HBW) and Home Based Other (HBO) purposes are split into 
five markets based on household income and the relationship between auto ownership and 
household workers (auto sufficiency).  The Non-Home Based (HNB) purpose is not market 
stratified.  

Table 2: CRCOG Model Trips by Market Segment  
Purpose Household Income Auto Sufficiency * Trips 

Home-Based Work 
(HBW) 
 

All Incomes Zero Auto 68,062 

<= $59,999 Insufficient (Autos < Workers) 52,828 

<= $59,999 Sufficient (Autos >= Workers) 76,811 

>= $60,000 Insufficient (Autos < Workers) 227,372 

>= $60,000 Sufficient (Autos >= Workers) 759,665 

Home-Based Other 
(HBO) 

All Incomes Zero Auto 344,394 

<= $59,999 Insufficient (Autos < Workers) 127,827 

<= $59,999 Sufficient (Autos >= Workers) 156,910 

>= $60,000 Insufficient (Autos < Workers) 1,292,225 

>= $60,000 Sufficient (Autos >= Workers) 1,945,788 

Non-Home Based 
(NHB) No Market Stratification 1,646,763 
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*Auto sufficiency is market segmentation by income, number of works and autos.  The auto “sufficient” 
household are defined where each worker has a car that they can drive whereas in an auto “insufficient” 
household there are more workers than cars.   

Transit Trip Targets / On-Board Transit Survey 
The on-board transit survey captured weekday travel between March and June 2016. This 
survey provides an understanding of transit travel on the CTtransit Hartford District.  The 
survey, which included over 100 local bus, express bus, and BRT (CTfastrak) routes, was the 
largest and most comprehensive origin and destination survey conducted by CRCOG. The goal 
of the survey effort was to obtain useable surveys from approximately 8-10% of transit riders. 
The actual number of usable surveys collected was 7,027. The expanded on-board survey is 
taken as the total number of transit trips for the region because of a sampling plan that was 
developed by route, direction, and time of day, and weighted and expanded to represent the 
universe of transit users in the Hartford District.  Based on the expanded linked trips from the 
survey, daily transit trips on the CTtransit Hartford District total 22,694 HBW trips, 21,857 HBO 
trips, and 4,542 NHB trips.  These trips are used as the control total for all transit trips in the 
Hartford District.  Table 3 provides a summary of the expanded transit trips for the three transit 
modes. 

Table 3: Expanded on Board Survey Transit Trips by Mode  

Transit Mode 
Transit Trips 

Number Percent 

Local Bus 39,108 79.7% 

Bus Rapid Transit 6,334 12.9% 

Express Bus 3,651 7.4% 

Total 49,093 100.0% 

The On-Board Survey included questions on trip purpose, household income, and auto 
ownership.  This allowed the transit trips to be allocated by transit mode to CRCOG Model 
market stratification.  Table 4 shows the expanded On-Board transit trips by trip purpose, 
mode, and market stratification.   
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Table 4: Expanded on Board Survey Transit Trips by Trip Purpose, 
Mode, and Market Stratification  

Purpose Mode Total 
Trips 

Trips by Market Segment 

Zero Low-
Insufficient 

High-
Insufficient 

Low-
Sufficient 

High-
Sufficient 

HBW 

Local Bus 16,973 7,896 4,907 660 2,481 1,028 

Express Bus 3,247 253 244 476 747 1,528 

BRT 2,474 894 522 138 449 470 

Total 22,694 9,043 5,673 1,274 3,677 3,026 

HBO 

Local Bus 18,434 10,236 3,768 362 3,651 416 

Express Bus 212 51 70 43 12 35 

BRT 3,212 1,628 623 89 715 156 

Total 21,857 11,915 4,462 495 4,378 608 

NHB 

Local Bus 3,701 

NHB Trips are not Market Segmented 
Express Bus 192 

BRT 648 

Total 4,542 

The On-Board Transit Survey also gathered information on how riders access the transit 
system.  Table 5 shows how Hartford District riders access each transit mode (BRT, express 
bus, and local bus) in the system.  Table 6 shows a further breakdown of the access data by 
transit mode, trip purpose, mode of access, and market segment.  These data represent the 
calibration targets for transit and transit access mode in the mode choice model.   

Note that the transit access mode data presented in Table 5 and Table 6 is presented in 
Production-Attraction (PA) format.  The trip tables input into mode choice model are in PA 
format as dictated by the trip distribution / destination choice model.  Further, as is standard 
practice, transit person trips are assigned in PA format in order to maintain consistency with 
the transit networks used to inform the mode choice model (AM conditions for peak trips and 
mid-day conditions for off-peak trips).   

In PA format, the home end of a trip is considered the production end so the choice of mode 
is based on the travel impedances that the trip sees from the production zone to the attraction 
zone.  For highway trips this is not an issue, there is not a concern that a PA trip, when 
converted to an OD trip, won’t be able to find a return path – there will always be links to drive 
on.  However, for transit, this is a concern because a PA trip, when converted to an OD trip, 
might not be able to find a return path.  This is because the PM and Evening networks might 
be inconsistent with the AM and Mid-day networks that the PA trip saw when making its choice 
of mode.  As a result, those trips would be unassigned.  As further explanation, consider the 
following example.   
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Assume a rider takes Bus A to and from work.  This would result in two 2 PA bus trips assigned 
to Bus A. Further, assume that the bus taken is an East-West route which in the TransCAD 
model network is coded as two separate routes: Bus A East and Bus A West.  The PA trips will 
both be assigned to Bus A East assuming the work location is east of the home location.  Thus, 
in this example, Bus A West does not get assigned any trips.  However, in OD format Bus A 
East would be assigned a trip in the morning and Bus A West would be assigned a trip in the 
afternoon.  How is this reconciled? 

What is typically done to report transit boardings by route is to add up the boardings from the 
eastbound route and the westbound route and report the total for Bus A (instead of separately 
by East and West).  So while Bus A East had 2 trips and Bus A West had 0, in total Bus A had 
two trips, which is the correct answer.  Similarly, for stop-level analysis, the boardings and 
alightings are added up at each stop and divide by 2 to get-ons and -offs at that stop.  It is also 
important to note, that this is standard practice and accepted by the Federal Transit 
Administration (FTA). 

Table 5: Expanded on Board Survey Transit Survey Mode of Access 
(PA Format) 
Mode of 
Access 

BRT Express Bus Local Bus Total 

Number Percent Number Percent Number Percent Number Percent 

Walk 5,457 86.1% 926 25.4% 38,224 97.7% 44,607 90.9% 

Bike 160 2.5% 156 4.3% 345 0.9% 661 1.3% 

PnR 505 8.0% 1,994 54.6% 186 0.5% 2,685 5.5% 

KnR 213 3.4% 575 15.8% 353 0.9% 1,141 2.3% 

Total 6,334 100.0% 3,651 100.0% 39,108 100.0% 49,093 100.0% 

Note: Common Acronyms: PnR – Park and Ride, KnR – Kiss and Ride  
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Table 6: Expanded Transit Mode of Access Targets (PA Format) 

Mode Purpose Access 
Market Segmentation 

Zero Low 
Insufficient 

High 
Insufficient 

Low 
Sufficient 

High 
Sufficient 

BRT 

HBO 

Walk 1,557 638 47 633 116 
Bike 64     

PnR 4     

KnR 3 22 24 48 32 

HBW 

Walk 836 496 105 326 94 
Bike 44   6 22 
PnR  9 11 121 334 
KnR  22 23  25 

NHB 

Walk 290 128 16 100 74 
Bike    5 19 
PnR   2   

KnR 12 2    

Express 

HBO 

Walk 41 69 12 11 16 
Bike     2 
PnR   15  18 
KnR 11  16   

HBW 

Walk 146 88 109 171 121 
Bike 51 21 11 42 11 
PnR 16 76 306 307 1,227 
KnR 48 60 53 223 160 

NHB 

Walk 58 43 2 2 37 
Bike 18     

PnR    11 18 
KnR 2    1 

Local 

HBO 

Walk 9,696 3,890 378 3,712 388 
Bike 106 68  21  

PnR 2   17  

KnR 55 22 6 45 27 

HBW 

Walk 7,652 4,970 672 2,351 910 
Bike 39 40  32 4 
PnR  13 5 41 94 
KnR 53 61 12 19 7 

NHB 

Walk 2,118 543 78 688 180 
Bike 36     

PnR 15     

KnR 37 4  4  
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Auto and Non-Motorized Trip Targets 
The number of non-transit trips was determined by subtracting the number of transit trips from 
the trip generation control totals for each trip purpose. This resulted in 1,162,043 HBW, 
3,845,287 HBO, and 1,642,221 NHB auto and non-motorized trips.  These trips totals were 
assumed to represent the number of daily trips by drive alone (DA), shared ride 2 person (SR2), 
shared ride 3+ person (SR3+), walk, and bike modes of travel.   

For each trip purpose the proportion of trips by each non-transit mode was determined based 
on the 2016 Let’s Go CT Household Travel Survey results for the CRCOG Metropolitan Planning 
Organization (MPO) area.  The mode choice targets for auto and non-motorized modes are 
shown in Table 7 and Table 8. 

Table 7: Expanded on Board Survey Transit Trips by Mode  
Purpose Mode Total Zero Low-

Insufficient 
High 

Insufficient 
Low 

Sufficient 
High 

Sufficient 

HBW 

DA 1,029,208 1,097 27,712 36,705 211,695 751,999 
SR2 60,036 4,525 1,001 4,815 22,808 26,888 

SR3+ 35,023 558 7,847 6,120 6,823 13,675 
Total 1,124,267 6,181 36,560 47,641 241,325 792,562 

HBO 

DA 1,608,053 10,417 33,396 31,276 514,827 1,018,137 
SR2 871,270 19,541 22,714 15,395 242,044 571,577 

SR3+ 948,631 10,286 35,145 26,263 225,293 651,645 
Total 3,427,954 40,244 91,255 72,934 982,163 2,241,358 

NHB 

DA 861,238 

NHB Trips are not Market Segmented 
SR2 333,245 

SR3+ 269,533 
Total 1,464,016 

 

Table 8: Non-Motorized – Mode Choice Targets  

Purpose Mode Total Zero Low 
Insufficient 

High  
Insufficient 

Low 
Sufficient 

High 
Sufficient 

HBW 
Walk 29,989 6,093 8,034 747 1,742 13,373 
Bike 7,787 363 0 914 1,347 5,163 
Total 37,776 6,456 8,034 1,661 3,089 18,536 

HBO 
Walk 384,835 104,678 5,892 5,733 106,133 162,399 
Bike 32,498 6,977 961 211 8,505 15,843 
Total 417,333 111,655 6,853 5,944 114,638 178,243 

NHB 
Walk 165,561 

NHB Trips are not Market Segmented Bike 12,644 
Total 178,205 
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3. MODE CHOICE MODEL DESCRIPTION  
Mode choice models are mathematical expressions which are used to estimate the modal 
shares of the travel market given the time and cost characteristics of the various competing 
modes, the demographic and socio-economic characteristics of the travelers, and the excluded 
attributes of the modes represented in the model.  Mode choice models are designed to be an 
integral link in the travel demand chain, with possible feedback mechanisms to a number of 
related model components such as trip generation, trip distribution, and (modal) trip 
assignment. 

The CRCOG mode choice model reflects the mode choice options available to travelers in the 
Capitol Region including drive alone, shared ride 2, shared ride 3+, local bus, express bus, BRT, 
and non-motorized (walk and bike) forms of travel. Access to and egress from transit also 
reflects a range of available options including park and ride, kiss and ride, walk, and bike. The 
mode choice model was calibrated using data from the 2016 ‘Let’s Go CT’ Household Travel 
Survey, 2016 CRCOG On-Board Transit Survey, and the U.S. Census ACS / CTPP data. 

The variables included in the utility equation include cost, in-vehicle time, transit wait time, and 
an intrazonal shares variable.  With the exception of the nesting coefficients, the model 
parameters will be segmented by income and auto sufficiency for HBW and HBO but will not 
be segmented for NHB trips.  Finally, each mode will have an alternative-specific constant that 
represents the effect of mode attributes that are not included in the mode choice utility 
function. Examples of excluded attributes for transit are comfort, travel time reliability, 
availability of real-time next vehicle information, frequency of off-peak service (for peak trips), 
and vehicle and station amenities, among others. 

Basic Logit Model Mathematics  
There are three types of Logit models:  multinomial logit, hierarchical logit, and nested logit.  
The mode choice model structure used for the CRCOG mode choice model is a nested logit 
structure.  

The multinomial logit model assumes that there is equal competition among alternatives. This 
allows for the “shifting” of trips to and from other modes in proportion to the initial estimates 
of these modes. A common problem typically associated with the multinomial structure is the 
potential for violation of the Independence of Irrelevant Alternatives (IIA) axiom. 

The hierarchical logit model is a variation of the multinomial model that allows for the 
subsequent splitting (or allocation) of trips to a set of sub-modes. In most structures of this 
type a LogSum variable (or the denominator of the lower level choice) is used in the upper 
level choice together with other (typically socio-economic) explanatory variables. In this 
manner, the lower level sub-modes are reflected in the upper level choice, but as if they were 
equally competing modes with the other primary mode(s) (i.e., with a LogSum coefficient of 
1.0). 

A nested logit model, as used in the CRCOG mode choice model, recognizes the potential for 
something other than equal competition among modes. This structure assumes that modes, 
sub-modes, and access modes are distinctly different types of alternatives that present distinct 
choices to travelers. Its most important departure from the multinomial structure is that the 
lower level choices are more elastic than they would be in the multinomial or hierarchical 
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structures.  Thus, an improvement in walk access to transit would alter the existing diversions 
between walk and drive access to transit the most. This same improvement in walk access 
would also shift travelers from auto to transit, but with elasticities that are equal to the 
elasticities found in the multinomial logit models; therefore, the elasticities for access choice 
are higher. This increased sensitivity is reasonable if the modes included in a single level of the 
nest are reasonably related.  It seems intuitive that a person who has already decided to use 
transit would be more sensitive to a change in transit travel time or cost, than would be a person 
who is deciding to use transit or not. Figure 1 illustrates the differences between the various 
mode choice model structures. 

Figure 1: Three Types of Logit Models  

 

 
 

 
 

 

The final mode choice model structure applied in the CRCOG model is graphically displayed in 
Figure 2. 
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Figure 2: CRCOG Nested Logit Model Choice Model Structure  

 

At the upper level of the nesting structure are non-motorized modes, highway modes (auto) 
and transit. In the non-motorized nest, bicycle and direct walk are represented.  The auto mode 
nest addresses the auto occupancy choice including drive alone, shared ride 2, (two person 
carpools) and shared ride 3+ (3+ person carpools).   

In the transit nest walk, park-and–ride, and kiss-and-ride are represented.  In the lower level 
nest are local bus (LB), express bus (EB), and bus rapid transit (BRT).  This design recognizes 
that, in many instances, the various transit modes offer travelers a competitive choice.  It also 
allows the model to reflect the important differences in un-included attributes offered by each 
of the primary transit modes. An access choice nest differentiates primarily between walk and 
drive access to each primary transit mode.  As discussed in Section 3.2 the mode choice model 
also represents commuter rail in anticipation of this service coming on-line in the near future.  
As the model currently stands, however, the commuter rail service is not operational. 
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Mathematical Formulation for Logit Models  
The standard logit formulation can be expressed as: 

𝑃𝑃𝑖𝑖 =
𝑒𝑒𝑈𝑈𝑖𝑖

∑ 𝑒𝑒𝑈𝑈𝑖𝑖𝑘𝑘
 

Where: 

Pi  =   is the probability of a traveler choosing mode i 

Ui  =  is a linear function of the attributes of mode i that describe its 
attractiveness 

∑ eUi = is the summation of the linear functions of the attributes over all the i 

k = alternatives (k) for which a choice is feasible 

The utility expression for each available mode (i) is specified as a linear function which 
incorporates a range of variable types, including time, cost, locational measures, and the socio-
economic characteristics of the traveler. For example: 

βββββ 04Var3i2i1i +SE*+Location*+Cost*+Time*=U  

Where: 

Ui is the utility for mode i 

β0 is a constant specific to mode i that captures the overall effect of any significant 
variables that are missing or unexplained in the expression which may include, for 
example, comfort, convenience, and safety 

β1 is a set of coefficients describing the level-of-service (in travel time) provided 
by mode i such as in-vehicle time, wait time, and walk time 

β2 is a set of coefficients describing travel cost which may include, for example, 
transit fare, automobile operating cost, and parking costs 

β3 is a set of coefficients describing the specific attributes of the trip interchange 
such as a Central Business District (CBD) destination or park and ride lot use 

β4 is a set of coefficients describing the influence of each socio-economic 
characteristic of the traveler such as income group and auto ownership 

The travel time variables are typically disaggregated into in-vehicle and out-of-vehicle time at 
a minimum. Out-of-vehicle time is further stratified into walk time, initial wait, and transfer wait 
time – the latter two categories being applicable to the transit modes only. Similarly, travel cost 
is often disaggregated into the more general out-of-pocket cost, which may include for 
example, automobile operating cost, transit fare, and destination parking cost.  
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Locational variables in utility expressions are used to reflect a set of unique geographically 
based characteristics, such as a CBD. Alternatively, these geographic attributes may be 
represented in the form of land use variables such as employment or population density. A 
wide variety of variables are possible in the socio-economic category (SE) including variables 
that measure the relative wealth of the trip maker, such as income or auto sufficiency,  or reflect 
other household characteristics such as workers per household. Finally, an alternative specific 
constant reflects the unexplained behavior, or the un-included attributes of that mode. The 
individual coefficients associated with each variable reflect the relative importance of each 
attribute.  

In the simple example nested model structure shown in Figure 2 the formulation employs three 
multinomial logit models, one for the primary choice of mode among auto and transit, a second 
level choice among auto sub-modes (drive-alone and shared-ride) and another second level 
choice among transit access modes (walk and drive access). In application, the model 
independently addresses auto sub-mode and transit access choice first.  This is expressed as: 

e+e
e=P UU

U

DA
SRDA

DA

 and 
e+e

e=P UU

U

w
Dw

w

 

A composite of the utilities of the auto sub-mode and transit access choices then represent 
auto and transit respectively in the upper tier of the model structure.  This composite measure 
is the natural logarithm of the denominator of the logit model, often termed the "LogSum". The 
LogSum term is effectively the total utility provided by the sub-modes of a particular primary 
mode.  A LogSum is calculated for each of the second level nests as: 

]e+e[-=LogSum UU
A

SRDAln  and ]e+e[-=LogSum UU
T

Dwln  

The LogSum terms for the auto sub-modes and transit access choice then appear in the utility 
expression for the primary mode level as: 

e+e
e=P LogSum*LogSum*

LogSum*

T
AATT

TT

ββ

β

 

The value of the LogSum coefficients in the upper tier of the model (auto versus transit), is an 
indicator of the degree to which the lower level choices form a sub-choice that is distinct from 
the primary mode alternatives.  A value of 1.0 indicates that the lower level modes are not a 
sub-choice but rather are full options equally competitive with the primary modes.  In this 
instance, these lower level choices can be simplified or included directly in the upper level.  A 
value of 0.0 would indicate that the lower level choices are perfect substitutes for each other.  
Values between 0.0 and 1.0 indicate the extent to which the lower level choices represent a 
sub-choice. 

The mode choice model structure includes commuter rail as a transit choice.  At the time of 
this technical memorandum, however, there was no commuter rail service operating in the 
CRCOG model area.  It was included in the model to accommodate the New Haven Hartford 
commuter rail service that was in development at the time of the CRCOG model update and is 
expected to start operations in May of 2018.  
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Since there currently no service, there is no data available that can be used to inform the model 
calibration process for commuter rail and, therefore, this choice is not operational.  One way to 
address calibration for commuter rail is to wait for the service to come on-line and then collect 
the required data once regional travel patterns have had an opportunity to adjust to the new 
service and demand has stabilized.  A second alternative would be to utilize the FTA’s 
Simplified Trips on Projects Software (STOPS) and derive calibration targets from the STOPS 
model.  In essence, STOPS would be used to create a base year forecast in order to assess 
commuter rail demand under existing conditions.  STOPS was designed by the FTA to provide 
all travel forecasting information required of project sponsors seeking funding from the FTA’s 
Capital Investment Grant program. The STOPS is a limited application of the traditional four 
step travel demand model geared to transit analysis. It was developed and calibrated using 
national data from cities with a variety of transit modes, including commuter rail, and relies 
upon readily available local data, such as the CTPP and on-board transit surveys, to allow the 
software to understand local travel patterns.  The STOPS has a fixed guideway focus but also 
provides a detailed system-wide representation of transit ridership.  STOPS was designed to 
be easier to implement that a typical 4-step model and may be set up and calibrated in 
approximately six to eight weeks.  Calibration targets developed from STOPS forecasts may 
provide a useful placeholder until such time as data is available to further calibrate the CRCOG 
mode choice model.  

Market Segmentation Considerations  
There are three basic trip purposes for mode choice modeling - Home-Based Work, Home-
Based-Other, and Non-Home Based.  This simplification stems from the notion that household 
and individual travel behavior properties, as translated into elasticities, are relatively similar 
when considering the choice of mode.  

Another element often used for market segmentation is the stratification of alternative specific 
constants by an indicator of wealth or socio-economic status.  Historically, either auto 
ownership or income has been used for this purpose.  The design of the CRCOG mode choice 
model utilizes a method of stratification called auto sufficiency. The HBW and HBO purposes 
are segmented based on household income and the relationship between the number of 
vehicles the household has and the number of workers (auto sufficiency) as shown below: 

• Zero-car households, all income groups; 
• Low income households with fewer autos than workers; 
• High income households with fewer autos than workers; 
• Low income households with autos greater than or equal to workers; and  
• High income households with autos greater than or equal to workers. 

Thus, in an auto “sufficient” household the number of autos is equal to or greater than the 
number of workers whereas in an auto “insufficient” household there are more workers than 
autos.  Households with no autos are a special type of “insufficient” household and are therefore 
treated as a separate category.  More than just auto ownership, households that have zero 
autos, less autos than workers, or an auto for each worker have distinct mode choice patterns, 
especially when it comes to transit ridership.   

Lastly, the NHB purpose is not segmented.   
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Asserted Model Coefficients  
Table 9 presents the recommended set of mode choice coefficients for the three trip purposes 
in the CRCOG model.  Logical and consistent nesting coefficients are applied at each level of 
the nest.  Auto operating costs were established at 16.8 cents per mile for all purposes. 

Table 9: Mode Choice Model Coefficients  
Variable Description HBW HBO NHB 

In-Vehicle Travel Time -0.02500 -0.01500 -0.02000 

Initial Transit Wait Time < 5.0 minutes -0.05625 -0.03375 -0.04300 

Initial Transit Wait Time >= 5.0 minutes -0.02500 -0.01500 -0.02000 

Transit Transfer Wait Time -0.06250 -0.03750 -0.05000 

Drive to transit in-vehicle time -0.05625 -0.03375 -0.04300 

Intrazonal shares for drive alone 0.67725 0.38614 0.26094 

Intrazonal shares for share ride 2 0.20152 0.12414 0.25977 

Intrazonal shares for share ride 3P 0.02812 0.20961 0.26777 

Intrazonal shares for walk trips 0.09311 0.28011 0.21152 
 

4. Mode Choice Calibration 
Calibration Process 
Model calibration is the process of establishing proper values for the alternative specific 
constants.  The calibration of the mode choice model was done manually.  The process would 
start with all alternative specific constants set to zero.  Then the trip distribution and mode 
choice model steps would be run.  The number of trips produced by the model for each mode 
and market segments were compared to the identified targets, the values of the alternative 
specific constants were adjusted accordingly, and the trip distribution and mode choice steps 
rerun.  The process continued until model results matched the mode target values reasonably 
well.  Table 10 shows key calibrated values for the mode choice models.  Note that the market 
stratifications are active for both HBW and HBO.  Non-Home Based trips were estimated for all 
market segments as one. 
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Table 10: Mode Split Constants by Trip Purpose and Market 
Segmentation 

Market 
Segment 

Constants for Shared Ride 

HBW HBO 
NHB 

Zero Low - I Low - S High - I High - S Zero Low - I Low - S High - I High - S 

SR2 2.97 -0.41 -1.69 -1.20 -2.48 0.29 0.06 -0.51 11.09 -0.29 -0.62 

SR3 3.81 -1.19 -2.11 -1.29 -2.31 0.56 -0.08 -0.43 9.87 -0.29 -0.58 

Market 
Segment 

Constants for Walk and Bike 

HBW HBO 
NHB 

Zero Low - I Low - S High - I High - S Zero Low - I Low - S High - I High - S 

Walk 2.42 -2.73 -13.00 -5.00 -3.96 1.69 -3.29 -2.00 5.88 -2.25 -2.05 

Bike 0.68 -8.55 -7.17 -3.66 -4.55 -0.17 -3.86 -3.75 3.67 -3.88 -3.83 

Market 
Segment 

Constants for Local Bus 

HBW HBO 
NHB 

Zero Low - I Low - S High - I High - S Zero Low - I Low - S High - I High - S 

Walk 8.17 4.73 -0.59 -0.41 -2.24 3.40 1.41 -1.06 7.94 -3.46 -1.32 

PnR -0.87 -2.90 -3.69 -4.24 -4.25 -4.40 -6.31 -6.54 3.30 -9.10 -7.09 

KnR 0.78 -3.36 -7.96 -4.48 -6.80 -2.48 -4.45 -5.83 3.96 -6.86 -6.42 

Market 
Segment 

Constants for Express Bus 

HBW HBO 
NHB 

Zero Low - I Low - S High - I High - S Zero Low - I Low - S High - I High - S 

Walk 7.03 3.24 0.06 0.91 -2.08 3.38 2.52 -1.81 9.61 -1.93 0.67 

PnR 2.87 0.27 -0.34 0.17 -0.89 2.34 -0.62 -3.65 10.84 -1.59 -0.21 

KnR 2.68 -1.71 -5.04 -2.07 -3.66 4.01 -0.62 -3.64 10.88 -3.61 -1.79 

Market 
Segment 

Constants for Bus Rapid Transit 

HBW HBO 
NHB 

Zero Low - I Low - S High - I High - S Zero Low - I Low - S High - I High - S 

Walk 7.67 4.11 -0.87 -0.65 -2.74 3.52 1.47 -1.03 7.84 -3.06 -1.33 

PnR -0.67 -2.70 -2.56 -3.45 -3.22 -3.82 -5.94 -7.14 5.39 -8.54 -7.57 

KnR -0.46 -3.53 -7.59 -4.01 -5.92 -3.42 -4.23 -5.41 5.19 -6.30 -6.62 
Note: Market Segmentation: Zero are zero auto households; Low – I are households with low income and 
fewer autos than workers; Low – S are households with low income and with autos greater than or equal 
to workers; High – I are households with high income and with fewer autos than workers; and High - S 
are households with high income and with autos greater than or equal to workers. 

Calibration Results  
A set of tables were prepared to show the performance of the mode choice models.  The first, 
Table 11, provides an overview. This table shows a reasonably good fit of observed trips to the 
calibrated mode choice estimated trips.  Approximately 49% of daily trips are conducted using 
the drive alone mode.  Non-motorized travel (bike and walk) makes up about 11% of the region’s 
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average weekday travel.  Transit is represented by linked trips, not boardings, and represents 
less than one percent of the region’s average weekday travel.   

Table 11: Top Level Mode Choice Validation  
Mode Trips Percent of 

Total 

Drive Alone 
Observed 3,308,553 49.4% 

Estimated 3,277,806 48.6% 

Shared Ride 2 
Observed 1,215,650 18.1% 

Estimated 1,253,500 18.6% 

Shared Ride 3+ 
Observed 1,360,557 20.3% 

Estimated 1,407,148 20.9% 

Bike 
Observed 60,459 0.9% 

Estimated 59,779 0.9% 

Walk 
Observed 704,332 10.5% 

Estimated 696,641 10.3% 

Local Bus 
Observed 39,115 0.6% 

Estimated 35,821 0.5% 

Express Bus 
Observed 3,656 0.1% 

Estimated 3,493 0.1% 

Bus Rapid Transit 
Observed 6,339 0.1% 

Estimated 6,027 0.1% 

Total 
Observed 6,698,662 100% 

Estimated 6,740,215 100% 

Table 12 shows the same information by trip purpose.  In this table it can be seen that HBO 
(which includes trips to and from home for reasons such as shopping, recreation, personal 
business) makes up 58% of daily travel.  The next largest contributor to daily trips is the NHB 
purpose.  Transit trips are almost equally associated with HBW and HBO trips and to a much 
lesser extent with NHB trips.  This table also shows that the percentages of observed trips by 
trip purpose are closely replicated by the mode choice model. 
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Table 12: Top Level Mode Choice Validation by Purpose  
Mode HBW HBO NHB 

Drive Alone  
Observed 985,133 1,505,407 818,013 

Estimated 972,541 1,485,786 819,479 

Shared Ride 2  
Observed 75,424 823,706 316,520 

Estimated 62,114 906,571 284,814 

Shared Ride 3+  
Observed 40,212 981,919 338,427 

Estimated 91,080 943,002 373,066 

Bike  
Observed 9,127 39,323 12,010 

Estimated 8,557 39,210 12,012 

Walk  
Observed 52,150 494,931 157,251 

Estimated 47,136 492,221 157,283 

Local Bus  
Observed 16,976 18,436 3,703 

Estimated 13,916 18,200 3,705 

Express Bus  
Observed 3,247 217 192 

Estimated 3,111 190 192 

Bus Rapid Transit  
Observed 2,477 3,214 648 

Estimated 2,222 3,157 648 

Total 
Observed 1,184,745 3,867,153 1,646,764 

Estimated 1,200,676 3,888,338 1,651,200 

Percent 
Observed 18% 58% 25% 

Estimated 18% 58% 24% 

The detailed versions of the same mode choice output by trip purpose and income group are 
shown in the following tables. HBW and HBO are displayed with the two income groups 
tabulated. The other purposes were not stratified by income and are displayed as a single 
stratification.  

• Table 13: Home-Based Work Mode Choice Validation 
• Table 14: Home-Based Other Mode Choice Validation 
• Table 15: Non-Home Based Mode Choice Validation 

Table 13 shows the mode choice results for the Home-Based Work trips:  

• Overall: Overall the model seems to perform fairly well.  There is room for improvement 
in representing the auto modes in Zero Auto and Low income market stratifications. 
Further investigation of the Home Interview Survey is also warranted to understand the 
drive alone trips made by zero auto households.   

• Drive: As expected, the Drive Alone mode dominates drive nest, with high income 
showing the highest share of Drive Alone trips.  

• Transit: There are three transit modes currently operating in the Harford District: Local 
Bus, Express Bus, and Bust Rapid Transit (CTfastrak).  Most transit trips occur on the 
local bus network. The share of bus trips is higher for low income households.  
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• Non-Motorized: The model is doing a good job of capturing non-motorized travel.  The 
share of non-motorized trips for the region is much higher than the share of transit trips. 
Walk trips are dominated by zero auto households.  The highest proportion of bike trips 
are in higher income households.  

Table 13: HBW Mode Choice Validation  
Mode Zero Low 

Insufficient 
Low 

Sufficient 
High 

Insufficient 
High 

Sufficient 

Drive Alone  
Observed 5,125 29,303 193,749 55,448 701,508 

Estimated 128 25,444 194,462 56,058 696,450 

Shared Ride 2  
Observed 21,135 1,058 20,874 7,274 25,082 

Estimated 5,284 14,525 17,205 8,879 16,220 

Shared Ride 3+  
Observed 2,606 8,298 6,244 10,307 12,757 

Estimated 39,549 3,719 10,844 8,971 27,997 

Bike  
Observed 1,697 1 1,233 1,380 4,816 

Estimated 1,277 1 1,108 1,384 4,787 

Walk  
Observed 28,457 8,495 1,594 1,128 12,475 

Estimated 21,732 8,883 3,045 1,106 12,370 

Local Bus  
Observed 7,745 5,084 2,443 689 1,015 

Estimated 5,518 4,166 2,536 692 1,004 

Express Bus  
Observed 261 245 743 479 1,519 

Estimated 188 236 725 477 1,484 

Bus Rapid Transit 
Observed 882 527 454 139 475 

Estimated 628 458 492 145 498 

Total  
Observed 67,907 53,011 227,334 76,844 759,648 

Estimated 74,305 57,432 230,416 77,713 760,810 

Table 14 shows the mode choice results for the Home-Based Other trips.   

• Overall: For the most part the model is representing HBO trips fairly well but there is 
an issue with auto trips in the high income insufficient auto ownership stratifications.  

• Drive: Drive Alone trips dominate in the auto sufficient market stratifications for both 
low and high income households.  

• Transit: The largest share of transit ridership comes from zero auto households.  As with 
the work trips, the share of bus trips is higher for low income households than high 
income households. 

• Non-Motorized: Walk trips dominate non-motorized trips.  The largest proportion of 
these trips occur in zero auto households.   
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Table 14: HBO Mode Choice Validation  
Mode Zero Low 

Insufficient 
Low 

Sufficient 
High 

Insufficient 
High 

Sufficient 

Drive Alone 
Observed 22,801 41,994 604,502 17,603 818,507 

Estimated 22,800 43,295 600,744 0 818,948 

Shared Ride 2 
Observed 42,771 28,561 284,204 8,665 459,505 

Estimated 26,155 40,983 238,896 142,400 458,137 

Shared Ride 3+ 
Observed 22,515 44,193 264,535 126,802 523,874 

Estimated 51,738 34,823 317,944 13,183 525,314 

Bike 
Observed 15,272 1,208 9,987 119 12,737 

Estimated 15,226 1,220 9,981 46 12,737 

Walk 
Observed 229,119 7,409 124,620 3,227 130,557 

Estimated 228,397 7,457 124,547 1,247 130,573 

Local Bus 
Observed 9,859 3,981 3,795 385 416 

Estimated 9,843 3,991 3,796 153 417 

Express Bus 
Observed 53 71 13 43 37 

Estimated 53 71 13 16 37 

Bus Rapid Transit 
Observed 1,628 661 682 94 149 

Estimated 1,627 663 680 39 148 

Total 
Observed 344,019 128,078 1,292,337 156,937 1,945,782 

Estimated 355,840 132,503 1,296,601 157,085 1,946,310 

Table 15 summarizes the Non-Home Based trips purposes.  No income categories were 
established for this purposes.  

• Overall: The model performs reasonably well for this trip purpose.   
• Non-Home-Based – This purpose has a high number of walking trips.   
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Table 15: NHB Mode Choice Validation  
Mode NHB 

Drive Alone 
Observed 818,013 
Estimated 819,479 

Shared Ride 2 
Observed 316,520 
Estimated 284,814 

Shared Ride 3+ 
Observed 338,427 
Estimated 373,066 

Bike 
Observed 12,010 
Estimated 12,012 

Walk 
Observed 157,251 
Estimated 157,283 

Local Bus 
Observed 3,703 
Estimated 3,705 

Express Bus 
Observed 192 
Estimated 192 

Bus Rapid Transit 
Observed 648 
Estimated 648 

Total 
Observed 1,646,764 
Estimated 1,651,200 

Summary of Mode Choice  
Following the calibration of the destination choice models, the mode choice model was 
calibrated based upon the observed market-stratified person trip behavior based on the 2016 
Let’s Go CT Household Travel Survey and the 2016 CRCOG On-Board Transit Survey. The 
calibration process revealed the need for further refinement to the mode choice estimation.  It 
is likely that additional changes and improvements will be made to the mode choice model 
during the final step of highway and transit assignment validation and overall model calibration. 
These final results will be reported in the final model development report.  
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1. INTRODUCTION 
This technical memorandum describes the development of the destination choice model for 
the Capital Region Council of Governments (CRCOG). The destination choice model replaces 
the gravity model commonly used in trip based models. There are several advantages to 
implementing a destination choice model compared to a gravity model. A destination choice 
model is a logit model which allows for the consideration of a greater number of independent 
variables for estimating trip distribution, including the logsum variable output from the mode 
choice model. Unlike the gravity model, the destination choice model is sensitive to transit, 
income, and auto sufficiency. This greater sensitivity improves the resulting trip tables and 
overall model performance.   

The destination choice model predicts the probability of choosing any given zone as the trip 
attraction (end of a trip). The destination choice model is preceded by the trip production 
models, which forecast the number of trip productions by zone for different market segments, 
primarily identified by purpose and income. As shown in Table 1, the destination choice model 
is applied for eleven combinations of trip purpose and market segments.   

Table 1: CRCOG Market Segmentation   
Purpose Household 

Income Household Auto Sufficiency 

Home-Based Work All Incomes Zero Auto 

Home-Based Work <= $59,999 Auto Insufficient (autos less than workers) 

Home-Based Work <= $59,999 Auto Sufficient (autos greater than or equal to workers) 

Home-Based Work >= $60,000 Auto Insufficient (autos less than workers) 

Home-Based Work >= $60,000 Auto Sufficient (autos greater than or equal to workers) 

Home-Based Other All Incomes Zero Auto 

Home-Based Other <= $59,999 Auto Insufficient (autos less than workers) 

Home-Based Other <= $59,999 Auto Sufficient (autos greater than or equal to workers) 

Home-Based Other >= $60,000 Auto Insufficient (autos less than workers) 

Home-Based Other >= $60,000 Auto Sufficient (autos greater than or equal to workers) 

Non-Home Based No Market Segmentation 

2. SUPORTING DATA  
The 2016 ‘Let’s Go CT’ Household Travel Survey (HTS) was key to the development of the target 
values that are the core of the estimation data used for calibration of the destination choice 
model. Information regarding trip characteristics obtained from the HTS includes trip purpose, 
household income, number of workers, and auto ownership. The HTS also provided the 
observed trip length frequency distributions necessary for model calibration.   

Based on the HTS, for the CRCOG area trip length distributions, in one mile segments, by trip 
purpose and market segment were determined.  These distributions were assumed to represent 
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the entire CRCOG model area.  Then, for each trip purpose and market segment, the proportion 
of trips by distance was applied to the total trips by purpose and market segment generated 
by the trip production model.  The resulting distribution represented the target values used in 
the calibration of the destination choice model.   

Required network impedance information came from the mode choice logsums and distance 
skims from the CRCOG model.  In addition, Census Transportation Planning Products (CTPP) 
data based on the 2006-2010 5-year American Community Survey (ACS) were used to assess 
the Home Based Work (HBW) trip distribution.  

3. MODEL STRUCTURE  
The utility (Uij) of choosing a trip attraction destination (j) for a trip produced in zone (i) is a 
function of mode choice logsums, distance between zone i and zone j, distance factors, and an 
indicator variable for intrazonal production-attraction (PA) pairs. This is expressed as: 

𝑈𝑈𝑖𝑖𝑖𝑖 = 𝛽𝛽𝐿𝐿𝐿𝐿 ∗ 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 + 𝛽𝛽𝑑𝑑 ∗ 𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + �𝛽𝛽𝐷𝐷𝐷𝐷𝑑𝑑 ∗ (1 𝑑𝑑𝑖𝑖 𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑 𝑗𝑗 𝜖𝜖 𝑑𝑑)
7

𝑑𝑑=1

+ 𝛽𝛽𝐼𝐼𝐼𝐼 ∗ (1 𝑑𝑑𝑖𝑖 𝑑𝑑 =  𝑗𝑗)  

In the utility equation above, 𝛽𝛽𝐷𝐷𝐷𝐷𝑑𝑑 is the coefficient for distance factor d. Other distance terms 
such as distance squared or distance cubed, if included, enter the utility equation in exactly the 
same way as the distance term. For brevity those terms are not shown in the utility equations 
above. Also note that the beta coefficients are unique to each trip purposes.  

Once the utility for each PA pair is obtained from the utility equation above, they are used to 
construct the probability using a multinomial logit model (MNL). The MNL probability 
expression is given by: 

𝑃𝑃𝑖𝑖𝑖𝑖 =
exp (𝑈𝑈𝑖𝑖𝑖𝑖)
∑ 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖

 

In the above expression, the index k takes all the available attraction zones in the region.  

The destination choice utilities are a function of mode choice logsums, and they are applied 
consistently, in the sense that the same coefficients and constants that are used for mode split 
are also used for calculating the logsums. Shadow prices are used to constrain the HBW 
attractions to a given zone to be proportional to the employment in that zone. This means that 
after the location probabilities are calculated on the basis of the utility functions, a shadow 
price is added to the utility of each destination with the objective of matching a pre-specified 
number of trip attractions to the zone. Employment is usually a standard input to travel models 
and is considered largely independent of the household travel survey. The shadow price 
addition is shown below: 

𝑈𝑈′𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑙𝑙𝑠𝑠𝑖𝑖 

In the equation above 𝑈𝑈𝑖𝑖𝑖𝑖𝑖𝑖 is the base utility from production zone i to attraction zone j for 
purpose m and  𝑙𝑙𝑠𝑠𝑖𝑖 is the shadow price for attraction zone j. 𝑈𝑈′𝑖𝑖𝑖𝑖𝑖𝑖 is the final utility. 
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The mode choice logsum coefficients were asserted based on experience with the estimation 
of other destination choice model, and typical values used in other metropolitan area. All other 
coefficients in the destination choice model were calibrated to obtain good fit with the 
calibration targets. The distance factors are constant terms added to the utility if the distance 
between production and attraction falls within a particular distance band. The seven distance 
factors, for the first seven one mile distance bands were used in the calibration. 

Model Calibration 
The calibration of the destination choice model involves making small incremental adjustments 
to the distance coefficients to better match observed trip patterns. The models are first 
calibrated to match first-order calibration targets for trip length frequency and average trip 
lengths by trip purpose. Segmented distance terms are often needed to match the short 
distance portion of the observed trip length frequency curve. The distance cap is also often 
adjusted during model calibration to ensure that the model reproduces the tail (longer trips) of 
the trip length frequency distribution. The CRCOOG model also included intrazonal coefficients.   

The CRCOG destination choice models were calibrated to reproduce observed trip patterns, 
including trip length frequency distributions and average travel times based on the HTS, and 
intrazonal percentages from the previous CRCOG model.   

CALIBRATION TARGETS 

The following calibration targets were developed for this effort: 

• Intrazonal percentage by trip purpose 
• Average trip lengths by trip purpose and market segmentation 
• Trip length distributions by trip purpose and market segmentation 

Table 2 provides a summary of the destination choice model calibration by trip purpose. The 
coincidence ratio is a measure of the goodness-of-fit of the calibrated trip length distribution 
compared to the observed (target) trip length distribution. Anything above 0.75 is usually 
considered a good fit to the observed distribution.  The coincidence ratio shows a good fit for 
all three trips purposes with a ratio of 0.84 for Home Based Work (HBW), 0.89 for Home Based 
Other (HBO), and 0.80 for Non Home Based (NHB) trips. 

The percentage of total trips that are attracted to the production zone (intrazonal trips) is also 
compared between the model and the target data in Table 2.  For each trip purpose the match 
between the target proportion of intrazonal trips and model results is reasonably good.  For all 
three trip purposes the model results are with 0.30 percent of the target percentage. 

The model predicted average trip length (miles) is within one-tenth of a mile of the target value 
for HBW trips and approximately five-tenths of a mile for HBO and NHB trips.  For travel time, 
the model predicted average travel time is within a minute of the target value for HBW and 
NHB trips and 1.7 minutes greater for HBO trips.   
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Table 2: Goodness of Fit Measures  

Purpose Coincidence 
Ratio 

%Intrazonal trips Average trip length (miles) Average trip length (min) 

Target Model Target Model Target Model 

HBW 0.84 7.50 7.76 11.84 11.94 18.40 19.09 

HBO 0.89 8.70 8.80 5.09 5.62 10.21 11.91 

NHB 0.80 8.20 8.32 7.70 7.23 12.71 13.46 

A comparison between the average trip distances for the HBW and HBO by market segment is 
shown in Table 3.  For the most part, the model average trip lengths are longer than the target 
lengths with the only exception being HBW trips from zero auto households.  Among the other 
markets, the differences range from 0.04 miles for HBW trips from high income, auto sufficient 
households to 2.06 miles for HBW trips from high income, auto insufficient households.  For 
the remaining eight market segments, seven have model trip lengths within 0.65 miles of the 
target value.   

Table 3: Average Trip Length by Market Segment  

Market Segment 
Average trip length (miles) 

Target Model 

HBW – zero 7.14 6.94 

HBW – low income, insufficient 6.51 6.95 

HBW – low income, sufficient 9.84 10.06 

HBW – high income, insufficient 12.36 14.42 

HBW – high income, sufficient 13.01 13.05 

HBO – zero 3.20 4.28 

HBO – low income, insufficient 3.95 4.51 

HBO – low income, sufficient 4.98 5.48 

HBO – high income, insufficient 4.23 4.48 

HBO – high income, sufficient 5.47 6.11 
  

Trip Length Frequency Distribution Calibration 
Household survey data was processed into trip length frequency distributions and prepared as 
targets to be compared to the destination choice output. The trip length frequency curves were 
visually analyzed and compared using a normalized coincidence index.  The calibrated 
destination choice model coefficients are shown in Table 4.   

The match between the model calibrated trip length profile and the target trip length profile 
for HBW, HBO, and NHB trips can be observed in Figure 1 thru Figure 3.    
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Table 4: Calibrated Coefficients  

Market Segmentation 
Distance  

Coefficients 
Intrazonal 

Term 
Distance K-Factors 

c_dist c_dist2 c_iz c_KF01 c_KF12 c_KF23 c_KF34 c_KF45 c_KF56 c_KF67+ 

HB
W

 

Zero -0.197 0.000 1.143 0.975 -2.293 -1.807 0.134 -1.550 0.476 0.342 

Low insufficient -0.134 0.000 -0.855 3.826 1.226 -1.294 0.944 -0.025 1.024 -3.654 

Low sufficient -0.089 0.000 1.254 1.083 -0.095 0.266 1.693 0.759 0.724 0.487 

High insufficient -0.020 0.000 1.267 1.308 2.189 0.817 2.450 0.949 0.556 2.055 

High sufficient -0.082 0.000 1.498 1.314 -0.234 0.166 -0.103 0.286 0.379 0.490 

HB
O

 

Zero -0.120 0.000 -2.007 5.447 2.902 1.417 1.653 -0.421 0.750 -0.374 

Low insufficient -0.161 0.000 -1.766 3.332 3.085 1.718 -0.516 -0.113 1.109 0.052 

Low sufficient -0.106 0.000 -1.698 5.391 3.299 2.379 1.840 1.043 0.577 0.770 

High insufficient -0.279 0.000 -0.989 2.439 1.355 1.332 -0.024 0.270 0.087 -0.225 

High sufficient -0.134 0.000 -0.988 4.128 2.677 1.875 1.914 1.405 1.040 0.342 

NHB 0.076 0.000 -1.572 6.344 4.237 2.892 2.641 2.067 2.032 1.299 

Note: Data in Distance K-Factors cells, are grouped and organized in 1-mile increments, thus 
“c_KF01” provides coefficients for 0-1 mile, “c_KF12” provides coefficients for 1-2 mile, with 
seven defined distance bins.  Intrazonal trips have separate coefficient.  

Figure 1: HBW Trip Length Frequency Distribution  
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Figure 2: HBO Trip Length Frequency Distribution  

 

Figure 3: NHB Trip Length Frequency Distribution  
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District to District Flow Comparison 
District to district flows were also compared as part of the destination choice calibration. The 
goal of this exercise is to compare person movements between the study districts using the 
trip tables output from destination choice calibration. For the purposes of this exercise, the 
CRCOG Districts were aggregated into 10 Super Districts shown in Figure 4.  A list of the 
Districts is presented in Table 5.   

Limited geocoding information was available from the HTS for the purposes of the CRCOG 
model update.   A district-to-district flow comparison was only completed, therefore, for HBW 
trips using CTPP data. The CTPP has multiple geographic layers available for data analysis.  
These include Traffic Analysis Zones which represent the basic unit of geography in travel 
demand modeling and can be readily aggregated into larger geographies such as Districts.  The 
geographic information made available with the HTS included only County and MPO layers.  
Neither of these was felt suitable for a flow analysis. 

Figure 4: CRCOG Super Districts  

 
Note:  Super Districts 501, 502 and 601 fall outside of CRCOG area. 
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Table 5: CRCOG Super Districts  
Super 

District Name 

101 Hartford 

201 West Hartford 

301 East Hartford 

401 Northern CRCOG 

402 Southeastern CRCOG 

403 Southwestern CRCOG 

404 Eastern CRCOG 

501 West Buffer 

502 East Buffer 

601 Massachusetts 
 

HBW Flow Analysis 
Table 6shows flows obtained from the CTPP normalized to the row totals from the calibrated 
model HBW trip table.  Table 7 presents the HBW trip flows from the calibrated model. 

 

332



  

Destination Choice 
Technical Memorandum #6     9 

Table 6: CTPP Work Flow by Super District 
CTPP 

Attraction Districts   

101 201 301 401 402 403 404 501 502 601 Total 

Pr
od

uc
ti

on
 D

is
tr

ic
ts

 

101 28,573 5,390 2,832 8,015 7,188 6,228 416 1,611 87 173 60,514 

201 11,126 10,595 849 4,090 2,552 5,718 0 2,272 206 394 37,802 

301 6,459 1,359 5,457 3,839 7,517 2,972 416 1,328 214 23 29,583 

401 18,492 4,632 3,879 61,432 10,535 9,381 2,077 4,376 291 7,477 122,574 

402 22,095 3,587 9,340 13,840 48,187 9,040 4,942 6,910 1,028 1,011 119,979 

403 15,608 6,488 2,988 9,635 8,398 68,379 733 20,950 369 429 133,977 

404 5,491 754 2,617 4,557 9,096 2,148 20,390 1,605 3,756 571 50,983 

501 15,239 4,120 4,137 11,814 9,225 37,867 1,186 208,018 1,974 474 294,054 

502 5,177 855 2,135 2,047 5,709 3,638 6,756 9,221 22,937 111 58,586 

601 3,952 396 1,106 18,976 2,414 1,447 799 1,074 173 246,347 276,684 

Total 132,211 38,176 35,340 138,244 110,821 146,818 37,715 257,365 31,035 257,011 1,184,737 
Note: the values are normalized by model row totals 

Table 7: Model Work Flow by Super District 
HBW  
Trips 

Attraction Districts  

101 201 301 401 402 403 404 501 502 601 Total 

Pr
od

uc
ti

on
 D

is
tr

ic
ts

 

101 30,384 5,082 4,269 5,746 5,775 5,602 329 2,253 221 854 60,514 

201 11,623 4,490 2,007 5,133 3,330 7,197 294 2,707 200 822 37,802 

301 9,759 1,155 3,891 2,928 6,539 2,285 437 1,668 258 663 29,583 

401 15,707 4,017 3,978 47,365 12,311 9,502 2,750 5,919 716 20,309 122,574 

402 23,172 3,955 8,828 14,201 38,001 11,761 4,439 9,238 2,022 4,363 119,979 

403 16,396 6,671 3,534 10,052 10,710 54,153 701 29,043 874 1,842 133,977 

404 5,297 1,013 2,068 5,813 9,209 2,433 13,688 2,305 5,245 3,912 50,983 

501 18,108 5,829 4,601 14,365 15,102 50,169 1,063 178,847 2,333 3,638 294,054 

502 5,371 1,043 1,948 3,254 7,315 4,144 7,027 9,124 18,075 1,286 58,586 

601 6,084 1,384 1,734 30,979 6,110 3,178 2,960 2,750 609 220,897 276,684 

Total 141,900 34,639 36,857 139,836 114,404 150,423 33,689 243,853 30,552 258,585 1,184,737 
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The comparison of district interchanges focused on those interchanges where the absolute difference between model and 
CTPP interchange trip totals was greater than 0.50 percent of the total number of HBW trips (5,924) and the percent 
difference between the model and CTPP interchange trip totals  was more than 50 percent.  For the most part, the comparison 
between the modeled trip flows and the CTPP trip flows is reasonable.  The exceptions involve trips within Super District 201 
(West Hartford) and interchanges between Super District 401 (Northern CRCOG) and Super District 601 (Massachusetts).  
These district interchanges have been flagged in Table 8.  Particular attention will be paid to these areas during the system 
wide model calibration and validation steps to determine if further measures can be taken to address these discrepancies.     

The calibration process is still on going, and further refinement to the destination choice model calibration will be pursued.  It 
is likely that additional changes and improvements will be made to the destination choice model during the final step of 
highway and transit assignment validation and overall model calibration. The result of these efforts will be reported in the final 
model development report.  

Table 8: Estimated Vs. CTPP Work Trips – Flagged Super District Interchanges 
Interchange  

Flags 
Attraction Districts 

101 201 301 401 402 403 404 501 502 601 

Pr
od

uc
ti

on
 D

is
tr

ic
ts

 

101 - - - - - - - - - - 

201 - Review - - - - - - - - 

301 - - - - - - - - - - 

401 - - - - - - - - - Review 

402 - - - - - - - - - - 

403 - - - - - - - - - - 

404 - - - - - - - - - - 

501 - - - - - - - - - - 

502 - - - - - - - - - - 

601 - - - Review - - - - - - 
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1. INTRODUCTION 
The supply of parking is considered to be a major factor in determining travel patterns 
within urban areas, as shown by the high number of policy interventions that focus on 
parking. These include parking meters, workplace parking surcharges and/or workplace 
incentives for using transit, and many others. However, the behavioral mechanisms 
involved in determining individual parking choice are complex and difficult to translate 
into standard highway assignment programs.  

Because data necessary for the development of a parking choice model was not 
available, this Technical Memorandum discusses an approach to the development of 
such a model that may be applied in the future.  This document outlines available data, 
additional data needs, and sample future modelling steps leading to the development 
of a parking lot choice model subroutine. 

2. DATA COLLECTION 
For parking demand to be modelled realistically, a parking model needs to represent 
several key attributes.   These may include: general parking lot/garage information such 
as: facility type (on-street, parking lot, or garage), number of spaces (capacity), 
accommodation type (handicap spaces, cars, motorcycles or larger vehicles exceeding 
low clearance limits), cost to park (hourly, daily, weekly or monthly), utilization by time 
of day (e.g. residential, events, workplace, etc.), and parking supply type (privately 
owned with exclusive usage or shared space.)  The cost function associated with 
parking in a particular location should also include a means of understanding not only 
the fee charged, but also the time associated with searching for a parking space and 
with travelling from the parking structure to the desired destination. 

Available Data  
As part of the I-84 Hartford Project’s Analysis, Needs and Deficiencies Report, the 
project team compiled and evaluated existing parking conditions for the study area (see 
Figure 1).  Within this area both on-street and off-street parking were evaluated.  

The study area contains approximately 22,826 off-street and on-street parking spaces.   
The vast majority of the total parking capacity, however, is made up of private 
(employee) off-street parking lots and garages. A summary of Study Area parking is 
presented in Table 1. 
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Figure 1: I-84 Hartford Parking Study Area. 

 

Table 1: Existing Parking within I-84 Hartford Parking Study Area 
Off-Street Parking 

Public Parking 
Type # of Spaces 
Surface Lots  1,522 
Structures 1,504 
Total Public 3,026 

Private Parking 
Type # of Spaces 
Surface Lots 12,154 
Structures 6,480 
Total Private 18,634 
Total Off-Street Parking: 21,660 

On-Street Parking 

Type # of Spaces 
Metered- Coin 56 
Metered- Pay-to-Park 192 
Unmetered 970 
Total On-Street Parking: 1,218	

Total Parking 22,826 
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The City of Hartford also undertook a parking study in 2013/2014 to review existing 
parking conditions and determine future parking needs within the downtown 
neighborhood.  Similar to the I-84 Hartford Project’s Analysis, Needs and Deficiencies 
Report, this study area was limited to part of Central Business District (CBD) and not 
the entire city of Hartford (see Figure 2).  The study looked at challenges and 
opportunities at city-owned parking sites and infrastructure as well as 
recommendations for changes to parking, pricing, and transportation policies. The 
available report provided summaries, such as Table 2, of parking capacity at city-owned 
off-street parking facilities.  However, the information collected, as well as that shared 
with the project team, was limited and lacks the detail necessary to support 
development of a parking lot choice model.  

Table 2: Hartford City 2014 off-street facility inventory   
 Total Public Mixed * Restricted ** 

Garage 21,862 10,619 6,617 4,626 

Lot 10,723 4,545 1,839 4,339 
*   Represents inventory that is available for public use during a portion of the day or the 

entire day, but has some specific spaces dedicated to permit holders/certain user groups 
only.   

**  Category includes facilities that were completely closed on the day of data collection and 
data is based using other sources.   
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Figure 2 Hartford City 2014 off-street facility inventory study area 
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Data Needs   
In order to adequately support the development of a parking choice model, data are 
necessary to represent as fully as possible the parking supply and demand with the 
study area. Toward this end, consideration should be given to collecting the following 
data in order to undertake a parking choice modeling effort.   

Parking Capacity and Utilization  
Although both previous studies gathered information to describe on-street and off-
street (parking lot or garage) parking capacity, they were limited in their geographic 
scope and there were some inconsistencies in the data collected between them.  For 
example, at the Union Station Spruce Parking Lot one study estimated the number of 
spaces at 197 while the other had the capacity at 300.  Further, the two studies did not 
collect the same information.  For example, The Hartford City Inventory Data did not 
collect information on EV charging stations or the number of ADA compliant parking 
spaces.  Finally, neither study collected information necessary to sufficiently describe 
on-street parking capacity and utilization.  Capacity and utilization data needed to 
support the development of a parking choice model should include, but not necessarily 
be limited to, the following: 

 Number of spaces by type, e.g., paid short term, paid long term, free short, or 
free long term 

 Parking restrictions / regulations 
 Parking utilization, i.e., percentage of spaces filled by time of day 
 Entering / exiting traffic by time of day 

Parking Ownership  
Both studies identified the ownership of parking facilities. This is important because 
private parking facilities may be reluctant to share information or allow access to their 
facilities.  Ownership may explain why in some cases utilization or capacity for a facility 
are unknown.  Both studies identified the ownership of parking facilities and any reasons 
why utilization is unknown at some structures.  Private facilities with exclusive usage, as 
opposed to shared public use, did not yield utilization rates. Access to these facilities 
was limited or prohibited.  Many sites were only field checked once without confirming 
utilization by time of day. Strategies need to be developed to encourage owner 
participation and/or data collection methods developed that do not require entering a 
facility, e.g., GPS based OD studies. 

Parking Costs 
Similar to parking capacity, data on cost were not collected by time of day or in a 
manner adequate to inform a parking choice model of the cost paid to park.  For 
example, facility inventory for the City’s study provided ranges of cost during hourly 
event pricing, daily maximums, and monthly cost but no information that can be used 
to determine the normal cost paid by customers.  In addition, the data lacks time of day 
detail that might allow determination of an average cost paid by peak and off-peak 
period.  The information on private facilities was again limited and was missing 
information on specific facility cost structure, availability, and time of day detail.  Cost 
data needed to support the development of a parking choice model should include, but 
not necessarily be limited to, the following: 

 Facility cost structure 
 Number of customers paying hourly, daily, weekly, or monthly fees 
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 Number of customers parking for free 
 Time of day information 
 Employee incentives to persuade mode switch  

Parking OD Survey 
Similar to a Household Travel Survey or On-board Transit Survey, a Parking Survey 
could help to understand the characteristics and behavior of travelers that drive and 
park downtown.  Information gathered by such a survey could include, but not 
necessarily be limited to, the following for study area parkers: 

 Origin location 
 Vehicle occupancy 
 Parking location 
 Cost for parking 
 Method of payment 
 Length of stay 
 Ultimate destination location 
 Mode to ultimate destination 
 Trip Purpose 
 Demographic characteristics 

A particularly interesting aspect of parking behavior is the relationship between a 
traveler’s parking location and their ultimate destination.   

Figure 3 illustrates this relationship and shows demand being distributed among parking 
zones in overlapping parking areas.  Zones A, B and C represent desired destinations to 
which demand would be allocated by the model, however desired destination may not 
be available and thus vehicle would be parked in nearest neighboring zone.  
Understanding these relationships will help a parking choice model to better represent 
parking behavior.   

Figure 3 Travel Demand being distributed Among Parking Zones 

 

Parking at Transit Stations 
Special attention should be given to transit station parking facilities.  As with other 
parking facilities, stations should be viewed as an intermediate destination and not the 
final desired destination.  The data collected during a transit station parking survey 
would provide greater insight to travel behavior at specific stations than an on-board 
transit survey. The survey could collect station specific information on mode of access 
as well as parking capacity, length of stay, and parking utilization.       
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3. CBD PARKING MODEL 
This section provides an overview of a possible methodology for the development of a 
CBD (Central Business District) Parking Model.  This methodology develops a CBD 
parking model which has three components. The first is a parking cost forecasting 
model to determine the average cost of parking in each CBD zone.  The second is a free 
parking eligibility model (also called parking payment model), which determines if a 
driver with a CBD destination will face parking costs.  The third is a parking location 
choice model. 

Parking costs are important factors in travel demand modeling.  They not only affect 
parking location choice but also mode choice, destination choice and, potentially, even 
trip generation.  They are especially important in the choice between transit and auto 
modes.  Empirical data shows that parking costs vary with size and density 
characteristics of CBDs.  Parking costs (and supply) can also be an instrument of 
demand management with supply held down and costs pushed up to encourage greater 
transit use and, thereby, reduce traffic congestion.  The parking cost model is designed 
to forecast parking costs for desired forecast years and also includes the ability to 
reflect policy options.  However, a certain proportion of the driving population has 
access to free parking, even for CBD locations, and their mode and destination choices 
should not be influenced by parking costs.  Thus, the free parking eligibility model 
identifies these individuals and suppresses the parking cost component of their travel 
utilities.  

The parking location choice model is designed to improve the assignment of private 
vehicle trips by simulating actual parking locations.  Without such a model component, 
all trips destined for each TAZ are assumed to park in the destination TAZ.  For some 
TAZs this may be appropriate, but in the Hartford CBD it is not uncommon to park in a 
TAZ different from the final destination.  This practice is influenced both by the lack of 
parking supply in the destination TAZ relative to demand and the desire to reduce 
parking costs by parking in a less expensive facility.  The parking location choice model 
reflects both parking capacity restraints and the tradeoff between the monetary costs 
of parking and the time costs of walking.   

Parking Cost Model  
The parking cost model is designed to forecast average parking costs by TAZ for a 
given forecast year.  The purpose of the parking cost model is to provide parking costs 
that will be taken into account during the model-destination choice component (MDC).  
It is likely that parking costs will not be relevant everywhere in the model area.  For 
example, within the CRCOG Model area parking costs will certainly be relevant to 
decision making for TAZ within the Hartford CDB but less relevant outside of the CBD.   

Data for the Parking Cost Model may come from several sources.  These include 
Household Travel Surveys, the travel demand model’s socioeconomic data, e.g., 
population, households, and employment, network skims, Parking Facility Surveys, and 
Parking OD studies.   

Parking cost models are often formulated as a simple relationship between parking cost 
in a TAZ and the employment density in that same TAZ.  Such an approach, however, 
ignores the effect of changes in supply and also the competitive effect of surrounding 
TAZ’s. Alternatively, the change in average parking costs may be assumed to be a 
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function of the ratio of demand over supply.  Indirect measures of demand have been 
analyzed, including: 

 The number of employees within a given walking time of each zone, perhaps by 
employment type and for multiple walk time thresholds, or 

 Walk accessibility to employment for each zone calculated in a manner similar 
to the denominator in the gravity model formulation, using walk time as the 
travel time. 

Other independent variables related to demand have been considered as potentially 
significant including: 

 The average income of workers in the zone,  
 Income-weighted measures of employment accessibility, 
 CBD Area Type, 
 Walk to work skims, 
 Employment density, 
 Long Term Parking Supply, 
 Long Term Paid Parking Supply, 
 75 percent of parking in a TAZ free (binary), and 
 51 percent of parking in a TAZ free (binary)  

Linear and non-linear regression techniques have been used to test alternative 
formulations in an attempt to best explain observed variations in parking costs by 
facility type and duration.   

Free Parking Eligibility Model  
The Free Parking Eligibility Model, also known as the Parking Payment Model, assumes 
that people who park for free downtown are aware of the availability of this free space 
before they begin any trips.  This is likely to be the case for workers who are guaranteed 
free parking downtown by their employer, but less true for drivers undertaking non-
mandatory trips.  Some may be aware of free parking offered by particular retail stores 
and take this into consideration at the beginning of their trip; others may well encounter 
free parking while driving through the fringes of downtown.  This later type of free 
parking situation, however, will not be captured by the free parking eligibility model. 

Due to the placement in the model chain, household characteristics, including household 
origin, and total trips are known prior to determining free parking eligibility.  Trip 
destinations and mode are unknown.  This placement in the model chain is due to the 
assumption that a person’s awareness, prior to making a trip, that they will not pay for 
parking will influence their mode and destination choice.   

It is possible to independently model access to free long-term parking (work trips) and 
short term parking (shopping).  Independently modeling the two cases means the 
model would recognize the possibility that individuals may have free parking downtown 
for work but then have to pay to park for a subsequent shopping trip.  While this is 
possible, it is an unlikely scenario.  A simplified model determines if the driver pays for 
any downtown parking or not.   

Data for the Free Parking Eligibility Models come from the same sources as the Parking 
Cost Model.  The basic framework of the model uses household characteristics to 
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determine free parking status for individual adults, not the entire household.  
Households with 0 autos are not modeled, since it is assumed they cannot make SOV 
trips.  The choice predicted is between 0 (no free parking) and 1 (free parking in CBD 
zones for all purposes).  Independent variables which may be considered as potentially 
significant include: 

 Household Income, 
 1 auto households, 
 Origin District, e.g., high income areas, 
 Total workers in households, 
 Children in Household, 
 Driving age child in household, 
 University student in household, 
 Non-worker in household, 
 Household Size, 
 Total household mandatory trips, (trips to work or school), and 
 Total household non-mandatory trips,  (flexible travel such as: shopping or social 

activities).  

Parking Location Choice Model  
The Parking Location Choice Model is intended to work in conjunction with the 
assignment process and improve the realism of the auto component of assigned vehicle 
traffic.  It is applied after destination and mode choice have been completed.  The 
destination end of auto-vehicle trips destined for the CBD are reallocated to parking 
location TAZs in accordance with model results for input to the assignment process.  
Two separate models are developed; one for work trips and one for non-work trips.   

An additional segmentation is involved because the free parkers and paid parkers have 
somewhat different characteristics.  On the supply side, the stock of free parking and 
paid parking are established as a model input.  On the demand side, the free parking 
eligibility model will already have determined which potential drivers will not pay to 
park downtown.  

The parking location choice is made at the traffic analysis zone (TAZ) level of detail, 
with each zone described in terms of parking cost and parking capacity. The model has 
a multinomial logit form and the utility equation for each parking zone will be of the 
general form shown below:   

        k-i4k3j-k2k1  time travelautocapacity parkinglndistancewalk cost parking  kU
 

where   Uk   = Parking location utility of zone k 

 1-4    = Model coefficients  

parking costk   = Parking Cost of parking location k (cents) 

walk distancek-j = Walking distance from parking zone k to final 
destination zone j (miles) 

parking capacityk  = Parking capacity of zone k (spaces) 
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auto travel timei-k = Auto travel time from origin zone i to parking 
zone k (minutes) 

The subscripts in the utility equation follow the convention in which the origin zone is 
labeled with an “i”, the final destination zone is labeled with a “j”, and the parking zone 
is labeled with a “k”. Thus, Uk refers to the utility for parking in zone k as considered by 
a traveler coming from home zone i and going to a final destination zone j.  Note that 
while income is generally an important variable, it can only be included in the model if 
it is collected as part of a parking survey.  

The parking costs employed are the average zonal parking rates that come out of the 
parking cost model. Even though the costs are different for short and long-term 
purposes, short-term parking costs are a fixed factor of the long-term costs. 

The walk distance variable represents the walk distance (in miles) from the parking 
location k to the final destination j. The parking capacity term is included to give a higher 
utility to larger parking lots, which may have a higher visibility, or awareness level, than 
smaller lots. Auto travel time measures the time to travel from the home location to the 
parking location and is expressed in minutes. 

The probability calculations are performed using the standard logit form: 




m

U

U

k m

k

e

e
P  

where   Pk   = Probability of selecting parking location k 

Uk   = Parking location utility of zone k 

m  = Available parking locations (the destination 
zone and 10 randomly selected CBD zones) 

The parking location choice model is estimated using data collected during CBD parking 
surveys.  The parking survey data is augmented with zone-to-zone network-based 
travel times and zonal socioeconomic data.  An estimation file is then created in which 
each parking survey record is augmented with the additional data.  The estimation file 
can include variables such as those shown in Table 3. 
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Table 3: Parking Location Choice Model Estimation File Variables 
Label Description Source 

ID Identification Number Parking O-D Survey 

CODE Survey Station Code Parking O-D Survey 

PZN Parking TAZ Parking O-D Survey 

ATYPE Area Type of parking zone Parking O-D Survey 

OZN Origin TAZ Parking O-D Survey 

DZN Destination TAZ Parking O-D Survey 

Q1 Purpose at Destination TAZ Parking O-D Survey 

Q3 Purpose at Origin TAZ Parking O-D Survey 

PTY Parking Type Parking O-D Survey 

PCST Parking Cost (Cents) Parking O-D Survey 

PDUR Parking Duration Parking O-D Survey 

PTMA Time Parking Began Parking O-D Survey 

PTMB Time Parking Ended Parking O-D Survey 

STENT Street On Which CBD Entered Parking O-D Survey 

VTY Vehicle Type Parking O-D Survey 

AUOCC Number of Persons in Vehicle Parking O-D Survey 

Pct$0Wrk Average Percent Free - Work Trips Parking O-D Survey 

Pct$0NWrk Average Percent Free - Non-Work Trips Parking O-D Survey 

LTSpace Number of Long-Term Spaces Parking Inventory 

STSpace Number of Short-Term Spaces Parking Inventory 

LTCost Average Parking Cost - Long Term Parking Inventory 

STCost Average Parking Cost - Short Term Parking Inventory 

ATimeIJ Auto time - Origin Zone to Work Zone Road Network 

ATimeIK Auto time -Origin Zone to Parking Zone Road Network 

WalkKJ Walk time - Parking Zone to Destination Road Network 

HHINC Average Household Income at Origin Zone Zonal Variables 

WKRINC Average Worker Income at Destination Zone Zonal Variables 
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4. CONCLUSIONS 
The supply of parking is considered to be a major factor in determining travel patterns within 
urban areas, as shown by the high number of policy changes that focus on parking. A parking 
lot subroutine within a travel demand model would assist in accessing the behavioral 
mechanisms involved in determining individual parking choice and thus better inform the trip 
distribution and mode choice assignment components of travel demand model.  It would 
provide a robust determination of likely relationships between parking zones and destination 
zones.  Further, the model could be used to assess “what if” scenarios covering policy options 
such as change to parking type, parking supply control, and changes to parking cost.   
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Where did your most recent trip that traveled into, out of, within or through Hartford end? 
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[If did not use I-84] Do you ever use I-84 in Hartford to make this same trip from your beginning location to 
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1. INTRODUCTION 
This User’s Guide provides instructions on the operation of the Capitol Region Council of 
Governments (CRCOG) Travel Demand Model (TDM). It provides relevant information 
necessary to understand how the model is applied through a Graphical User Interface (GUI), 
including creating scenarios, setting parameters, executing a model run, and reviewing output 
summaries and performance measures.   

This document should be viewed as living document.  Thus, it is hoped that the document will 
evolve over time.  Collaboration and cooperation among all involved in the development and 
application of the CRCOG model is a key component of this evolution.  To help in this 
process, it is encouraged that a modeling users group be established and meet regularly to 
exchange information, solve problems, and provide training. This group could include 
technical staff from local jurisdictions and state agencies, consultants, and others involved in 
the day-to-day application of the tools. 

The model is run from the TransCAD software platform through a customized user interface. 
This interface provides access to custom calculations developed specifically for CRCOG. A 
basic understanding of the TransCAD software program is required to get the most out of the 
model. Users unfamiliar with the software, however, should be able to perform some 
modeling tasks with the assistance of this guide. 

Some of the travel model data is stored in a Comma-Separated Values (CSV) data file. The 
file contains tabular information such as trip rates, socioeconomic data, and other TAZ-
specific data. The file feeds this information to the TransCAD based travel model. Guidance 
on use and maintenance of the database is also included in this User’s Guide. 

2. SYSTEM REQUIREMENTS 
The model must be run on a computer running Windows XP, Windows 7, or higher and the 
TransCAD software program. Specific system requirements are shown in Table 1.  

The listed requirements are suggested minimums; a computer that does not meet these 
requirements may still succeed in running the model. Increased processor speeds, multiple 
processor cores, and additional memory will reduce the amount of time required to run the 
model. The required disk space for installation must be available on the drive where 
TransCAD has been installed. The required disk space for additional scenarios can be on a 
local or network drive and must be available before attempting to run the model. However, 
model run times will be considerably longer if the model is run from a network drive instead 
of a local drive. 
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Table 1: System Requirements 
Operating System Windows XP or Windows 7 or higher 

A 64-bit operating system is recommended, 32-bit works fine. 

Processor Intel Core 2 processor or later 
Note: Multiple cores will significantly improve model run times. 

Memory 4GB – 12 GB 
Note: At least 8 GB of memory is recommended. 

TransCAD Software Version 6.0 r2 Build 9025 32-bit 

Microsoft Office Version 2007 or later 

Disk Space 
(Installation and 
input data) 

50MB  

Disk Space 
(Scenario output) 

10-20 GB for each scenario / year (depends on number of selected 
queries)  

 

3. INSTALLING THE MODEL 
Before running the model, it is very important to ensure that all the model files have been 
installed correctly. Any errors in the user interface files (ex. CRCOG.dbd), Add-ins.txt file, or 
path (e.g. CRCOG.ini) file may prevent the model from loading. If the model is installed 
properly, the model user interface can be activated for a run. 

All files are organized in a “CRCOG” folder with subfolders that designate the following:  

- \\CRCOG\Base\inputs\ - Base year scenario input and output files.  

- \\CRCOG\Scripts\ - Source code 

Next, the user should compile the 0_CRCOG.lst file located at \\CRCOG\Scripts\ and save 
the crcog.dbd interface at \\CRCOG\Scripts\UI\. Model UI setup should be as shown in the 
Figure 1 below.  
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Figure 1: CRCOG Model Setup  

The model setup file is named “CRCOGModel.bin” and is located at \\CRCOG\Scripts\UI\.  
This model file has information on scenarios and parameters necessary for the model to run. 
Note that every time the source code is modified, the user needs to compile it and replace 
the existing pre-compiled with the latest compiled code.  
 

Accessing the CRCOG Model from TransCAD 
The newly added plug-in is accessed via Tool > Add-Ins > CRCOG Model as shown in Figure 2.  
When clicked, this opens CRCOG Model GUI.  
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Figure 2: Accessing CRCOG Model in TransCAD  
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4. COMPONENTS OF THE MODEL  
This chapter describes the CRCOG Model GUI and all the steps under each stage.  Broadly, 
the GUI is broken down into five parts as shown in Figure 3.  The first and last parts are only 
information items where the user is informed about the model name and version.   

1. Banner Section 
2. Scenario Setup 
3. Run Setup 
4. Model Stages 
5. Version Tracking 

Figure 3: CRCOG Model Interface  
 

  

 

Scenario Selection / Manager 

Running Model Options & control of 
number of loops 

MPO Logo / Banner 

 

 

Modeling Steps 

Version Control 
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Scenario Setup 
This component lists modeling scenarios associated with the model.  By selecting one 
scenario listed and clicking on the “Files and Parameters” shown in Figure 4, the user will be 
able to access input files as well as designate location of output files associated with the run.  

  
Figure 4: Scenario Selection 
Figure 5 shows the Scenario Manager, which lists all the existing scenarios in the Model, the 
location directory of the scenarios, and the last saved date.  Users can edit the scenario  
location by double clicking on the Folder location (see higlighted) and also can rename the 
scenaros by editing the name of the scenario. Users can also see the list of input and output 
files specified for each scenario by each step.   

 
Figure 5: Scenario: Files and Parameters 
 

 

Select Scenario &  

Click “Files and Parameters” 
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Figure 6 and Figure 7 show the input and output files for the Base Scenario and Hwy & Trn 
Skims Step. Users can edit the location of the files by selecting and clicking on the “Change 
File” button. Users can also open the files by simply double clicking on the name of the file, as 
shown in Figure 8.  

 

Figure 6: Scenario: Inputs Files 
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Figure 7: Scenario: Output Files 
 

 
Figure 8: Scenario: Bin File Selection 
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Run Settings  
The CRCOG model interface is shown in Figure 9.  The user can run the model in three 
different ways.  

1. Stage: The user can run the model one step at a time by clicking on any stage with the 
Stage radio button selected. Please note that there are multiple procedures within 
each stage that may be selected or unselected to meet the user’s needs. 

2. Loop: This option lets the user run the model one full loop from start to finish. Click on 
the “Hwy & Trn Skims” button to start the run.  

3. All Loops: This options runs the full CRCOG model with a maximum of five feedback 
loops. Click on the “Hwy & Trn Skims” button to start the run.   
 
With the “Start Feedback Loop” selector, the user may select which feedback loop to 
start the current run.  With the “Max. Feedback Loops” selector, the user may specify 
on which loop the model should stop.  For example, a user may start a run on Loop 1 
and have the model continue for 3 Feedback Loops.  Then, if the results are 
satisfactory, the run can be resumed by selecting Start Feedback Loop 4 and Max 
Feedback Loops 5. 

 
Figure 9: Run Type Settings 

Model Stages  
The model stages are designed to represent the different individual modules of the model.  
Each stage consists of a variety of processes and routines to perform different computational 
aspects of the model. For example, the “Hwy & Trn Skims” stage consists of eight sub-
processes. Within each sub-process there are numerous subroutines that interact with other 
macros to produce outputs for a specific need. For instance, there is only one process to 

Run Settings 

Feedback Setup 
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build transit skims; however, within this process there is one subroutine to check the number 
of transit modes and another routine to build skims by walk and drive access to all transit 
modes. 

Model Stage GUI Buttons 
Each model stage GUI has three parts, as shown in  

Figure 10. These include buttons for:  

1. Procedures and Macros 
2. Model Stage  
3. Quick View Results  

Procedures and Marcos 
This button displays all the sub process under the stage.  The user can check or uncheck 
individual processes to run under the stage. Figure 11 shows the list of sub processes under 
Trip Generation Stage; all processes are turned on.  

Figure 10: Model Stage GUI Buttons 
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Figure 11: Procedures and Macros (1):  List of Sub Processes 
Model Stage 
By clicking on the button, the user:   

• Runs the stage for a Stage run type (selected modeling step) 

• Runs from this stage for a Loop run type 

• Runs from this stage for the current loop and runs all stages for the next loop under 
All Loops run type.  

More detail on individual stages is provided in the Model Stage section. 

Quick View Results 
After running a model stage, users can quickly view results using the Quick View buttons. A 
Quick View button exists after every step except for Network Skimming, and is used to view 
results for that stage.   

Model Stages 
There is a total of seven modeling stages in the CRCOG model as shown in  

Figure 10.  Each Stage is described below:  

Stage: Hwy & Trn Skims: 
In this stage highway and transit skims are produced.  The detailed processes for this stage 
are displayed in Figure 12.  This is the first stage of the model where several highway 
attributes are calculated and the highway network file is built. After the highway network is 
built, highway skims are created and accessibility measures are calculated. The transit 
network and transit skims are also generated during this step. 
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Figure 12: Hwy & Trn Stage: Skims Processes  
Stage: Trip Generation: 
In this stage households are disaggregated by size, income, worker and auto types and the 
trip attractions are produced by applying trip rates by each category.  Details are provided in 
Figure 13. 

 
Figure 13: Trip Generation Stage Steps 
Stage: Trip Distribution: 
The disaggregated trip attractions by size, income, worker and auto types produced in earlier 
step are associated with trip productions (distribution) are produced by applying trip rates 
by each category.  Details are provided in Figure 14.  This stage computes mode choice 
logsums and destination choice model trips for all trip purposes. 
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Figure 14: Trip Distribution Stage Steps 
Stage: Mode Choice: 
This stage computes a mode choice model. There is only two process under this stage: 
calculate the mode choice trips and write out summary output file. 

Non-motorized share and long walk and bike distance skims are computed.  The trips by 
purpose and income markets from the destination choice model are then pre-processed for 
each walk market and used as input into the mode choice model. The mode choice model is 
run and produces trips by mode for each of the specified markets. A post processor is then 
run to aggregate trips by mode across the markets. 

Stage: Special Events: 
This stage computes a special event model. There is only one process under this stage.    

Stage: Highway Assignment: 
This stage runs PA to OD trip conversion, time of day model, vehicle occupancy and highway 
assignment steps, as shown in Figure 15.   

All combined vehicle trips by time period are assigned to the highway network and link 
volumes, link paths and intersection volumes are generated in this stage. 

525



 

User Guide 
Technical Memorandum  17 

 
Figure 15: Highway Assignment Steps 
Stage: Transit Assignment 
This stage, as shown in in Figure 16, computes transit trip tables from the mode choice model 
and runs transit assignment. 

Similarly to highway assignment stage, the mode choice output is processed and assigned to 
the transit network. 

 
Figure 16: Transit Assignment Steps 
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Model Input Files  
The CRCOG TDM relies on a large amount of data and numerous parameters and lookup 
tables. The TransCAD software provides a table format that can be used to store this type of 
information. The TransCAD table format is relatively efficient and very stable.  It allows for 
sufficient precision in storage of decimal numbers using Fixed Format Binary (BIN) format 
that has been used to store all appropriate data output from the travel model in table format.  
However, a Comma-Separated Values (CSV) database has also been used to store data that 
is input to the model.   

The list of input and output files can be easily accessed and modified from the scenario 
manager, as illustrated in Figure 6.  However, only the files that are specified in the 
CRCOGModelTable.bin are displayed in the scenario manager.  This section of the User’s 
Manual will define the inputs and outputs for each stage of the model.  

Table 2 contains a list of the input files, a description of the data contents, the file format, and 
the step in which it is used.   

Table 2: Input Database files 
Input Files Modeling Step Format Input Description 

Input SE Data Hwy & Trn Skims BIN Input SE data and Area Type File 
Capacity Table Hwy & Trn Skims BIN Capacity lookup 
Speed Table Hwy & Trn Skims BIN Posted Speed to Free Flow Conversion 
Turndb Hwy & Trn Skims BIN Turning Prohibitions 
Route System Hwy & Trn Skims BIN Transit Route System 
Mode Table Hwy & Trn Skims BIN Mode definition table for transit skims 
Mode Xfer Table Hwy & Trn Skims BIN Mode transfer definitions 
Transit Factors Hwy & Trn Skims BIN Highway to transit time factors 
tspd_tb Hwy & Trn Skims BIN Transit speed curve selector by AT/FT/Mode 
Thru Trip Table Hwy & Trn Skims BIN Through Trip Table 
Work Curve Trip Generation CSV Household Worker Disaggregate Curve 
IPFseed Trip Generation CSV IPF based on PUMS Seed (0,1,2) 
TripRates Trip Generation CSV Resident Model Trip Generation Rates 
Coeff_DC_Size Trip Distribution BIN Destination Choice Model  Size Term Coefficient 

res_tod Highway 
Assignment CSV Time-of-day Factors - Resident 

nonres_tod Highway 
Assignment CSV Time-of-day Factors - Non Resident 

 

Model Output Files 
The TransCAD modeling software contains mapping and reporting utilities that can be used 
to produce model outputs and summary data. These tools, described below, are used by 
modelers to validate the simulation and check the calibration or success of the run. These 
utilities usually operate on one scenario at a time. 
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All output files generated by each modeling step can be accessed using the CRCOG model 
add-in interface.  As shown in Figure 7, select the scenario run, and click “Files and 
Parameters” to access the “Model Scenario Manager” that provides means to access input 
and output files. Select the modeling Step on the top right and “output files” tab on the 
bottom half of the interface.  

Table 3 thru Table 8 contain a list of data outputs, file format, a description of the data 
contents, and the modeling step in which it is produced.  

Table 3: Output files from Highway and Transit Skims 
Input Files Modeling Step Format Input Description 

Highway DB Hwy & Trn Skims DBD Output Highway File 
TAZ DB Hwy & Trn Skims DBD TAZ Polygons and data 
SE Data Hwy & Trn Skims BIN Area Type 
Log Hwy & Trn Skims XML Model Run Log 
Report Hwy & Trn Skims XML Model Run Report 
hwynet Hwy & Trn Skims Net Highway Network for Mode Choice & Assignment 
daskim_am Hwy & Trn Skims MTX Drive Alone skim for AM period 
daskim_md Hwy & Trn Skims MTX Drive Alone skim for MD period 
srskim_am Hwy & Trn Skims MTX Shared Ride skim for AM period 
srskim_md Hwy & Trn Skims MTX Shared Ride skim for MD period 
Thru Trip Matrix Hwy & Trn Skims MTX Through Trip Matrix 

 

Table 4: Output files from Trip Generation and Trip Distribution Model 
Input Files Modeling Step Format Input Description 

IPF_trace Trip Generation RPT Reports IPF output 

res_productions Trip Generation BIN Resident trip productions 

nonres_productions Trip Generation BIN Non resident productions 

nonres_tripgen_report Trip Generation TXT Non resident trip generation report file 

friction_factors Trip Generation BIN Friction factors for trip distribution 

k_factor_matrix Trip Distribution MTX K factor matrix in trip distribution 

nonres_trips Trip Distribution MTX Trip distribution output for non residents 

dummy Trip Distribution MTX Blank zonal matrix file 
 

Table 5: Output files from Mode Choice 
Input Files Modeling Step Format Input Description 

AM Walk Percent Mode Choice MTX AM walk percents (logsums) 
MD Walk Percent Mode Choice MTX MD walk percents (logsums) 
mcsum Mode Choice CVS Mode Choice Summary Report 
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Table 6: Output files from Special Events 
Input Files Modeling Step Format Input Description 

specialevent_trips_in Special Events MTX Inbound special event trip table 
specialevent_trips_out Special Events MTX Outbound special event trip table 

 

Table 7: Output files from Highway Assignment 
Input Files Modeling Step Format Input Description 

outam Highway 
Assignment (HA) MTX AM HWY vehicles for Assignment 

outmd HA  MTX MD HWY vehicles for Assignment 
outnt HA MTX NT HWY vehicles for Assignment 
outpm HA MTX PM HWY vehicles for Assignment 
hwyam HA BIN AM Peak flow from Highway Assignment 
hwymd HA BIN MD flow from Highway Assignment 
hwynt HA BIN NT flow from Highway Assignment 
hwypm HA BIN PM Peak flow from Highway Assignment 
hwydaily HA BIN Daily flow for Final Highway Assignment 

 

Table 8: Output files from Transit Assignment 
Input Files Modeling Step Format Input Description 

outpktrn Transit 
Assignment (TA) mtx Peak transit trips for Assignment 

outoptrn TA mtx Off peak transit trips for Assignment 

pk_transit_flw_wlb TA bin Peak Transit Flow walk-local bus 

pk_transit_flw_dlb TA bin Peak Transit Flow drive-local bus 

op_transit_flw_wlb TA bin Off-peak Transit Flow walk-local bus 

op_transit_flw_dlb TA bin Off peak Transit Flow drive-local bus 

pk_walk_flow_wlb TA bin Peak Walk Flow walk-local bus 

pk_walk_flow_dlb TA bin Peak Walk Flow drive-local bus 

op_walk_flow_wlb TA bin Off peak Walk Flow walk-local bus 

op_walk_flow_dlb TA bin Off peak Walk Flow drive-local bus 

pk_transit_onoff_wlb TA bin Peak Transit OnOff walk-local bus 

pk_transit_onoff_dlb TA bin Peak Transit OnOff drive-local bus 

op_transit_onoff_wlb TA bin Off peak Transit OnOff walk-local bus 

op_transit_onoff_dlb TA bin Off peak Transit OnOff drive-local bus 

pk_transit_flw_web TA bin Peak Transit Flow walk-express bus 

pk_transit_flw_deb TA bin Peak Transit Flow drive-express bus 

op_transit_flw_web TA bin Off-peak Transit Flow walk-express bus 

op_transit_flw_deb TA bin Off peak Transit Flow drive-express bus 
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Input Files Modeling Step Format Input Description 

pk_walk_flow_web TA bin Peak Walk Flow walk-express bus 

pk_walk_flow_deb TA bin Peak Walk Flow drive-express bus 

op_walk_flow_web TA bin Off peak Walk Flow walk-express bus 

op_walk_flow_deb TA bin Off peak Walk Flow drive-express bus 

pk_transit_onoff_web TA bin Peak Transit OnOff walk-express bus 

pk_transit_onoff_deb TA bin Peak Transit OnOff drive-express bus 

op_transit_onoff_web TA bin Off peak Transit OnOff walk-express bus 

op_transit_onoff_deb TA bin Off peak Transit OnOff drive-express bus 

pk_transit_flw_wbr TA bin Peak Transit Flow walk-brt 

pk_transit_flw_dbr TA bin Peak Transit Flow drive-brt 

op_transit_flw_wbr TA bin Off-peak Transit Flow walk-brt 

op_transit_flw_dbr TA bin Off peak Transit Flow drive-brt 

pk_walk_flow_wbr TA bin Peak Walk Flow walk-brt 

pk_walk_flow_dbr TA bin Peak Walk Flow drive-brt 

op_walk_flow_wbr TA bin Off peak Walk Flow walk-brt 

op_walk_flow_dbr TA bin Off peak Walk Flow drive-brt 

pk_transit_onoff_wbr TA bin Peak Transit OnOff walk-brt 

pk_transit_onoff_dbr TA bin Peak Transit OnOff drive-brt 

op_transit_onoff_wbr TA bin Off peak Transit OnOff walk-brt 

op_transit_onoff_dbr TA bin Off peak Transit OnOff drive-brt 

pk_transit_flw_wcr TA bin Peak Transit Flow walk-commuter rail 

pk_transit_flw_dcr TA bin Peak Transit Flow drive-commuter rail 

op_transit_flw_wcr TA bin Off-peak Transit Flow walk-commuter rail 

op_transit_flw_dcr TA bin Off peak Transit Flow drive-commuter rail 

pk_walk_flow_wcr TA bin Peak Walk Flow walk-commuter rail 

pk_walk_flow_dcr TA bin Peak Walk Flow drive-commuter rail 

op_walk_flow_wcr TA bin Off peak Walk Flow walk-commuter rail 

op_walk_flow_dcr TA bin Off peak Walk Flow drive-commuter rail 

pk_transit_onoff_wcr TA bin Peak Transit OnOff walk-commuter rail 

pk_transit_onoff_dcr TA bin Peak Transit OnOff drive-commuter rail 

op_transit_onoff_wcr TA bin Off peak Transit OnOff walk-commuter rail 

op_transit_onoff_dcr TA bin Off peak Transit OnOff drive-commuter rail 

pk_trn_summary_flow TA bin Peak transit flow summary 

op_trn_summary_flow TA bin Off peak transit flow summary 

pk_trn_summary_onoff TA bin Peak transit OnOff summary 

op_trn_summary_onoff TA bin Off peak transit OnOff summary 

pk_transit_summary_rpt TA bin Peak transit summary report 

op_transit_summary_rpt TA bin Off peak transit summary report 
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Performance Report / Performance Log 
This utility creates an HTML performance report that summarizes model results. The user may 
choose to create various reports outlining the performance of the model and calibration 
parameters for various modeling steps.  To access the performance reporting in TransCAD, 
select Tools > Logging > View Report or View Log. 
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