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Abstract 

Travel demand modeling is one method (the preferred method in Michigan) of forecasting future travel 
demands on a transportation system and is an important source of information when performing system 
analysis for a long-range transportation plan, congestion management process, transportation improvement 
program and air quality conformity. Travel demand models are mathematical representations of human 
behavior, and thus are utilized to predict the outcomes of various future planning scenarios on the 
transportation system. 

The Michigan Small Urbanized Area (SUA) travel demand model structure is based on the four-step, trip-
end-based modeling paradigm that sequentially answers the four basic questions about travel patterns: the 
decision to travel and why, the choice of destination, the choice of travel mode, and the choice of route or 
path. Trip-end models are based on land use, demographics, and employment data within a region – using 
this input data to calculate the quantity of travel based on specific travel purposes such as work, shopping, 
or school. The transportation system, or model roadway network, represents (to the best extent possible) 
real-world conditions for a base year and future year(s) – and, represents those facilities that sustain travel 
by various modes such as automobile, transit, and non-motorized. The roadway network is used to distribute 
trips, determine mode shares, and route automobile, truck, transit and non-motorized trips throughout the 
region. 

This report summarizes the model development process that the Urban Travel Analysis Unit utilizes when 
developing a travel demand forecast model for a SUA. The focus of this report is on the data requirements, 
the modeling parameters, methodology and the overall structure of the four-step model concept as it is 
applied in the various SUA throughout Michigan. The content represents a “snapshot in time” and reflects 
those processes that are currently in use as of the date of the report. It is the intent that this report be 
dynamic, with amendments made to the content as data, parameters, and/or methodology are updated. 
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Table 1.1 - List of Regions with Models by Commonly used Acronym 

Acronym Description Major City Geographic Extent 

SEMCOG* 
Southeast Michigan 

Council of Governments 
Detroit Seven Counties 

WATS* 
Washtenaw Area 

Transportation Study 
Ann Arbor One County 

GCMPC* 
Genesee County 

Metropolitan Planning 
Commission  

Flint One County 

TCRPC* 
Tri-County Regional 

Planning Commission 
Lansing Three Counties 

GVMC* 
Grand Valley Metro 

Council 
Grand Rapids One County + partial other 

KATS* 
Kalamazoo Area 

Transportation Study 
Kalamazoo One County + partial other 

WESTPLAN** 

West Michigan 
Metropolitan 

Transportation Planning 
Program; West Michigan 

Shoreline Regional 
Development Commission 

Muskegon One County + partial other 

GLBR** 

Great Lakes Bay Region; 
Bay City Area + Midland 
Area + Saginaw Metro 
Area Transportation 

Studies 

Bay, Midland, Saginaw Three Counties 

JACTS** 

Jackson Area 
Comprehensive 

Transportation Study; 
Region 2 Planning 

Commission 

Jackson One County 

MACC** 
Macatawa Area 

Coordinating Council 
Holland, Zeeland Partial Two Counties 

BCATS** 
Battle Creek Area 

Transportation Study 
Battle Creek Partial One County 

TwinCATS** 

Twin Cities Area 
Transportation Study; 
Southwest Michigan 
Planning Commission 

Benton Harbor, St. Joseph Partial One County 

NATS** 

Niles Area Transportation 
Study; Southwest 
Michigan Planning 

Commission 

Niles Partial Three Counties 

TTCI*** 
Traverse Transportation 
Coordinating Initiative; 

Northwest Michigan COG 
Traverse City Partial Two Counties 

*Transportation Management Area (> 200,000 pop), **Small Urbanized Area (50,000 to 200,000 pop), ***Small Urban Area (5,000 to 50,000 

pop) 
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Map 1 - Small Urbanized and Transportation Management Area Model Boundaries 
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List of Common Planning / Modeling Acronyms 

Below is the link to the current list of commonly used, planning and modeling related acronyms. This list is 
independently maintained and can be found on the NAS server within the Urban Model Team primary 
folder, Documentation > Reference Library sub-folder. 

W:\Documentation\ReferenceLibrary\TechReport_UserGuide_UTA\Acronyms 

1 Introduction 
A travel demand forecasting model (TDFM) is a tool comprised of a series of mathematical relationships 
linked together in a sequential process that computes the predicted travel patterns within a region based upon 
known land use and transportation system characteristics. The primary purpose of the travel model is to 
support the long-range transportation plan (LRTP), air quality conformity analysis, and congestion 
management process. In addition, the model can support the evaluation of proposed roadway projects, the 
potential impacts of proposed development projects (residential and/or commercial), and support various other 
studies within the region, subareas, or corridors. 
 
The travel demand forecasting and modeling process is usually comprised of nine inter-related components – 
steps 2 through 7 encompass the traditional four-step, trip-based model structure, which is the model structure 
used by Michigan Small Urbanized Areas. Note that the output from one step is, in most cases, the input to 
the subsequent step: 
 

1. Data Collection; in which regional socio-economic data and transportation system characteristics are 
compiled. This modeling component includes the development of the model roadway network and the 
traffic analysis zone structure and databases.  

2. Trip Generation (i.e. the decision to travel and why); in which the frequency of trip productions and 
attractions are estimated as a function of land use, household demographics, employment, and other 
socio-economic factors – categorized by purpose of the trip. 

3. External Travel Estimation (a sub-part of trip generation); in which trips that enter from outside of 
the region, are destined to outside of the region, and pass through the region are estimated.  

4. Trip Distribution (i.e. the choice of destination); in which the trip productions and attractions are 
linked, determined by using a “gravity” model function, to create trips or tours. 

5. Mode Choice (i.e. the choice of travel mode); in which the proportion of trips, between each trip 
origin and destination, that use a specific mode of transportation are allocated. 

6. Auto Occupancy / Time-of-Day Factoring; in which the daily trips are converted from “person” 
trips to “vehicle” trips, from production-attractions to origins-destinations, and distributed into various 
daily time periods (e.g. AM Peak, PM Peak). 

7. Traffic Assignment (i.e. the choice of route or path); in which the trips between each origin and 
destination are allocated, by mode and time-of-day, to the transportation system. 

8. Model Calibration and Validation; is the process by which the model is adjusted (i.e. calibrated), so 
that when applied, the model results simulate (within established validation criteria) the current, local 
observed conditions of the transportation system. A validated model can be used (confidently) to 
“forecast” future travel demand. 

file:///\\Suta_NAS\Urban_Model_Team\Documentation\ReferenceLibrary\TechReport_UserGuide_UTA\Acronyms.docx
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9. Model Application / System Analysis; in which a validated model is used in the development of a 
long-range plan, air quality conformity analysis, project identification and prioritization, and/or impact 
analysis. 

 
Generally, data is organized within the overall model structure utilizing two distinct elements; the model 
roadway “network” (representing the transportation system), and the traffic analysis zone (TAZ) structure 
(representing the regional socio-economic characteristics).  The roadway network generally consists of 
federal-aid eligible roads - usually ones that are classified functionally as interstate, freeway, principal and 
minor arterial, and major and minor collector. “Local” roads are included in the network to maintain network 
continuity and/or connectivity, or if they lie on a transit route or are determined to be regionally significant. 
The model roadway network is developed from the relevant version (matching the model base year) of the 
Michigan Geographic Framework (MGF). In addition to the roadway attributes that are acquired with the 
MGF file, supplemental roadway characteristics are compiled for each network link, including; area type 
coding, facility type classifications, number of lanes, lane widths, the presence of parking and continuous 
two-way left turn lanes, link capacities and free flow speeds, and link validation traffic volumes (i.e. 
“observed” data), among others. 
 
The TAZs, on the other hand, are geographic subdivisions of the region.  They are distinct areas (polygons) 
defined by homogeneous land use and human activity, as well as their compatibility with the roadway 
network, Census and jurisdictional boundaries, and the boundaries of physical features. Within each TAZ, 
several attributes are maintained, including; area type and transit service accessibility coding, terminal times, 
population and household characteristics, employment levels, and school enrollment – all of which are used 
throughout the TDFM process. The roadway network and TAZs are inter-connected by TAZ centroid -to- 
roadway network “connectors”.  These centroid connectors represent the local streets that are not included in 
the roadway network.  It is then possible for “trip makers” to travel between any TAZ pairing via several 
different paths throughout the roadway network. 
 
The socio-economic (SE) data represents the activity within the region, usually defined by regional household 
characteristics and levels of employment. The SE dataset is developed for a model base year (validated) and 
forecast to a planning horizon year – interim years are also estimated for purposes of air quality conformity 
and other planning analysis. The source of base year demographics will be the current Census data (either 
decennial or ACS), while the employment data is derived from a “master” list of businesses (employers), 
residing within the region, that is created usually from two data sources; Claritas (a Nielson Company) and 
Hoovers (a Dunn-Bradstreet Company). SE data forecasts are based upon economic and demographic data 
predictions that are developed using the Regional Economic Models Incorporated (REMI) Tran Sight Model. 
All SE datasets are reviewed, amended and concurred by the MPOs and local agencies. 
 
Trip generation (and external travel estimation) is the first step in the traditional four step TDFM process.  
The SE data, land use information, and “observed” traffic count data are the basic inputs to this step, with the 
premise that trips exist to achieve some social or economic purpose (e.g. work, school, shopping, etc.).  Trips 
are “produced” by trip makers traveling to an activity, and trip makers are “attracted” by some sort of activity.  
Thus, the concept of productions and attractions is used to account for the person trips generated within a 
model region – “observed” traffic data is used to account for trips generated outside the model region (external 
travel estimation). 
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The number of “person” trips, categorized by trip purpose, that originate and/or terminate in each TAZ is 
calculated by using mathematical relationships formed from the household travel survey data. Cross 
classification methods are used to calculate productions, while attractions are calculated using linear 
regression equations.  These are the two most common methods used to calculate trip productions and 
attractions by trip purpose. 
 
Trip generation / external travel estimation is comprised of several trip types, mode types, and trip purposes, 
summarized as follows: 
 

 Internal-Internal (I-I) trips by automobile, categorized by; 
o Home-based Other (HBO) 
o Home-based Retail (HBR) 
o Home-based K-12 School (HBS) 
o Home-based Work (HBW – further stratified by income group) 
o Nonhome-based (NHB), 

 Internal-Internal (I-I) trips by commercial vehicle and heavy truck combined 

 Internal-External (I-E & E-I) trips by automobile and commercial vehicle combined, and heavy truck 

 External-External (E-E) trips by automobile and commercial vehicle combined, and heavy truck 
 
External trip estimation is developed based upon “observed” traffic count data collected at the boundaries of 
the model region (at the external stations).  There are three types of external trips: 
 

 Internal to External (I-E) trips – trips that originate within the model region, and terminate outside of 
the model region, 

 External to Internal (E-I) trips – trips that originate outside of the model region, and terminate within 
the model region, 

 External to External (E-E) trips – trips that both originate and terminate outside of the model region 
(i.e. thru trips).   

 
A balanced trip table, in which trips by “non-motorized” modes are estimated and subsequently removed from 
the model stream, is the result of the trip generation / external travel estimation step.  This balanced trip table 
is utilized as the input to the next step in the TDFM process, trip distribution. 
 
Trip distribution involves the use of the results from the trip generation step (i.e. the balanced productions and 
attractions by trip purpose), along with the model roadway network, to “match” trip productions with trip 
attractions from TAZ –to- TAZ.  In this step, impedance (i.e. travel time) is accrued to and from each TAZ 
pair by traversing all available routes (i.e. paths) on the roadway network, with the goal of establishing a 
“shortest” path.  The “gravity model” (a commonly used model function) is employed in the SUA trip 
distribution component.  The gravity model utilizes the “relative attractiveness” and impedance (two 
conflicting influences) between all TAZ pairs, determining how many productions are to be linked with 
attractions between any given TAZ pairing.  “Friction” factors (representing “perceived” time) are employed 
to help balance the conflicting influences of attractiveness and impedance, and thus they alter the trip 
distribution results so that they better match “observed” travel time distributions.  The calibration of the 
gravity model includes the adjustment of these friction factors, thus attempting to match modeled average trip 
lengths against trip length distributions developed from a household travel survey. 
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The mode choice / mode split step utilizes the output from trip distribution (i.e. I-I automobile production and 
attraction “person-trip” data, by trip purpose) and allocates the trips among distinct travel modes.  The 
“distinct” modes of travel are “Automobile” and “Transit”, based upon the Nested Logit Structure shown in 
Figure 1.1.  The choice of the mode a trip maker will utilize is usually based upon the characteristics of both 
the trip maker and the purpose of the trip.  A “simplified” method of mode choice / mode split is employed in 
most SUA model components, based upon an assigned TAZ-level qualitative assessment of transit service 
availability (using headway and walking distance to nearest transit stop).  The transit “share” is first calculated 
based upon this TAZ-level service assignment, with the overall automobile share calculated as one minus the 
transit share.  Mode share “factors” are then applied to the “automobile shares” to develop the single 
occupancy vehicle (SOV), and shared ride (SR2, SR3+) breakdowns.  Thus, the result of the mode choice 
component is a series of person-trip tables by travel mode and trip purpose for each TAZ origin-destination 
(O-D) pair. The person trips by transit mode are removed from the modeling flow at this point, and only 
automobile trips are carried through to trip assignment. 
 

Figure 1.1 – Nested Logic Structure 

 
 
Prior to preceding forward with the trip assignment step, the person-trip data (the result of the mode choice 
step) are first converted from “person” trips to “vehicle” trips using auto occupancy modeling factors, and 
then distributed into various daily time periods (e.g. AM Peak, PM Peak) using time-of-day modeling factors.  
External (I-E, E-I, & E-E) trips, already in “vehicle” trip format, are also factored into the time-of-day periods.  
The final product (and input into traffic assignment) of the mode choice / auto occupancy / time-of-day step 
comprises several trip tables, categorized by mode and time-of-day period, in “vehicle” trip format.  
 
Trip (or traffic) assignment is the final step in the traditional Four Step TDFM process.  In this step, trips (i.e. 
vehicle-based trips, by mode and time-of-day period) are assigned to a “route” (or path) on the roadway 
network between each trip origin and destination.  The basic premise of trip assignment is that trip makers 
will choose the “best” path between each origin and destination.  The determination of the “best” path is based 
upon selecting the route with the least “impedance”. Impedance, in this application, is based upon travel time 
– calculated as a function of link distance and speed (and later as a function of link volume and capacity).  
Essentially, trip makers on the roadway network will choose the route, between each trip origin and 
destination, which minimizes travel time. 
 
The “User Equilibrium” algorithm (a commonly used algorithm) is employed in the SUA traffic assignment 
component.  User equilibrium is based on the principle that while selecting the “best” route, trip makers will 
use “all” possible paths between an origin and destination that have equal travel time – so that altering paths 
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will not save travel time.  This algorithm attempts to optimize the travel time among all possible paths, 
reflecting the effects of system congestion.   
 
Thus, the product of the traffic assignment component is a series of vehicle-trip (volume) tables, by mode and 
time-of-day period, for each link in the model roadway network.  These “assigned” link volumes are then 
compared to “observed” traffic data as part of the model calibration, validation and reasonability checking 
phase of the overall model development process. 
 
The main purpose of the base year model calibration and validation is to verify that the base year assigned 
volumes resulting from the traffic assignment component reflect observed base year traffic data.  The terms 
“calibration” and “validation” are often incorrectly interchanged: through model “calibration”, various 
modeling components and/or parameters are adjusted to replicate observed base year data, or more closely 
meet established validation targets; whereas model “validation” is the application of the “calibrated” model 
and the comparison of the model results to “observed” data.  Model calibration and validation comprise a 
cooperative, and sometimes iterative, process; if issues are uncovered during model application and 
validation, it might be necessary to return to model calibration in order to further adjust model components 
and/or parameters.  The calibration / validation process is performed on each model component (i.e. at each 
step) as well as the entire model system, preferably utilizing “observed” data that was not used in the 
estimation of any sub-models or parameters. 
 

Figure 1.2 - Levels of Transportation Planning Studies 

(NCHRP Project 8-36, Task 89 (pg. 2-2) 
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Figure 1.3 - General Model Process; Traditional Four-Step, Trip-End-Based Models 
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Figure 1.4 – Typical Model Structure Flow Chart 
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2 Transportation System 
 
“The roadway network contains basic input information for use in the travel demand model and 
represents real-world conditions for the base year and future years to the best extent possible. The 
roadway networks are used in the model to distribute trips, determine mode shares, and route transit 
and automobile trips.”  
 
“The roadway network is a GIS-based representation of the street and highway system…. It operates 
both as an input database containing roadway characteristics (such as facility type, number of lanes, 
and area type) and as a data repository that can be used to store and view travel model results. The 
roadway network is one of the foundational components of the ... [model].” 
 

“Input data contained on the roadway network affects nearly every step of the travel model process. 
Foundational information includes roadway facility type, area type, speed limit, and number of lanes, 
which are in turn used to define roadway speed and capacity and in trip assignment for volume-delay 
characteristics. Roadway speed is a vital input to the trip distribution, mode choice, and trip (traffic 
and transit) assignment model components. Roadway capacity and volume-delay characteristics are 
used by the traffic assignment module to facilitate capacity constrained traffic assignment. The network 
is populated with congested speeds resulting from traffic assignment, which are used to iteratively re-
compute trip distribution, mode choice, and transit assignment. Because the roadway network has such 
far reaching impacts on travel model results, it is vital that the roadway network accurately represents 
real-world conditions”. 1 

2.1 Roadway Network Development 
The level of network detail is dependent upon the proposed use of the model.  Networks developed for regional 
planning purposes have a level of detail necessary to address regional issues while networks to be used for 
corridor or sub-area investigations will have an increased level of detail.  The process described here is to 
develop a regional (or system-wide) network to be used in the MPO long-range planning process and air 
quality analysis.   
 

The general criteria used for inclusion of facilities in the model roadway network should include: 

 All federal aid eligible roads, 

 All roadway facilities functionally classified as major collectors and higher, 

 All roadway facilities that have an interchange with a freeway, 

 Other roadway facilities required for system continuity and connectivity, such as minor collectors and 
local roads, and 

 Other roads the MPO or local agencies determines are regionally significant. 
 

2.1.1 Data Sources 

The model roadway network should be based on the version of The Michigan Geographic Framework 
Program and Product (MGF) that matches the base year of the model.  The MGF containing the “all roads” 
layer is used as the starting point for network creation and provides the geography and select attribution 

 
1 Travel Demand Model Improvement for the Washtenaw Area Transportation Study, Technical Memorandum #1 Roadway 
Network Development, August 2008, LSA, page 1. 
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needed to develop the base year network. Other helpful geographic layers may include; ACUB, Bridges, City, 
County, Fed_Aid, MCD, NHS, Railroad, Trunkline, TWP, and Village, among others. These geographic files 
are maintained by DTMB-CSS with assistance by MDOT (and others) and can be found on the SOM server 
within the PLAN - GIS Server GIS Data sub-folder – there is a version of each of these GIS layers in ESRI 
ArcGIS (shapefile) format and Caliper Geographic Database (.CDF) format.  
 
Existing Small Urbanized Area (SUA) Models can provide the basis for the development of a new or updated 
roadway network.  It is common practice to revise the current model network to the latest version of MGF 
when a model undergoes a full / partial update.  This captures any amendments to the roadway system (e.g. 
geometric changes, new roads) and changes in attributes that have occurred over time. It is also common 
practice to always assess the accuracy of the link characteristics, as well as the physical geography, of any 
network created from the MGF. 
 

2.1.2 Network Attributes 
 
“The MGF contains many attributes that are not relevant to travel modeling. While some of 
these attributes may be useful for mapping purposes or other analysis, most were not necessary 
on the travel model network.  Management of many attributes can be tedious when editing the 
travel model network and can lead to errors when maintaining and updating the travel 
network. Elimination of unneeded network attributes can simplify network maintenance. 
Furthermore, inclusion of many MGF attributes could artificially constrain the segment 
consolidation process described later.”2 
 

Three basic attributes are needed throughout the modeling process to determine the travel impedance (the 
difficulty of traveling from one place to another) for the appropriate assignment of trips to the network; 
distance, speed, and capacity. There are many important and relevant network attributes that are provided in 
the MGF (“all roads” file), while others are not so relevant to modeling purposes. These irrelevant attributes 
should be eliminated from the attribute table (see “MGF Attribute Retention”). New attributes will be 
created that are dependent on those attributes retained from MGF (e.g. directionality, grade separation), 
while others will be created from an outside source of information (e.g. area type, posted speed limit).  
 

 
2 Travel Demand Model Improvement for the Washtenaw Area Transportation Study, Technical Memorandum #1 Roadway 
Network Development, August 2008, LSA, page 9.  
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2.1.2.1 MGF Attribute Retention 

Table 2.1 provides a list of the MGF “all roads” layer attributes that should be maintained, at a minimum, in a model roadway network. Some of 
these attributes are used to calculate “new” link characteristics, after which they too can be removed from the model network attribute table (e.g. 
TRAFALIGN, GSF, GST), as they become irrelevant to the modeling process. 
 

Table 2.1 - Network Link Attributes Retained from MGF “all roads” 

 

Field Name Type Width Decimal Field Description Comments 

ID Integer (4 bytes) 10 0 Link ID TransCAD ID Field 

LENGTH Real (8 bytes) 10 2 Link Length TransCAD Length Field 

DIR Integer (2 bytes) 2 0 Link Directionality TransCAD Directionality Field 

TRAFALIGN Character 1 0 Traffic Alignment 
 

GSF Integer (2 bytes) 3 0 Grade Separation From Underpass, Overpass, 
Intersections 

GST Integer (2 bytes) 3 0 Grade Separation To Underpass, Overpass, 
Intersections 

DATA Integer (4 bytes) 12 0 Data ID TransCAD Data ID Field 

VER Character 3 0 MI Geographic Framework 
Version 

 

LEGALSYSTE Integer (2 bytes) 3 0 Legal System Indicates Ownership of Road 

NFC Integer (2 bytes) 3 0 National Functional 
Classification 

 

NHS Integer (2 bytes) 3 0 National Highway System 
 

FT Integer (2 bytes) 3 0 Facility Type 
 

FCC Character 3 0 Framework Classification 
Code 

 

MAP_LABEL Character 41 0 Label for creating maps Concatenation of "FEDIRP & 
FENAME & FETYPE & FEDIRS" 

FEDIRP Character 2 0 Feature Direction Prefix 
 

FENAME Character 30 0 Feature Name 
 

FETYPE Character 4 0 Feature Type 
 

FEDIRS Character 2 0 Feature Direction Suffix 
 

FEDIRP2 Character 2 0 Feature Direction Prefix Supplemental 

FENAME2 Character 30 0 Feature Name Supplemental 

FETYPE2 Character 4 0 Feature Type Supplemental 

FEDIRS2 Character 2 0 Feature Direction Suffix Supplemental 

FEDIRP3 Character 2 0 Feature Direction Prefix Supplemental 

FENAME3 Character 30 0 Feature Name Supplemental 

FETYPE3 Character 4 0 Feature Type Supplemental 

FEDIRS3 Character 2 0 Feature Direction Suffix Supplemental 

COUNTYL Integer (2 bytes) 3 0 County Left 
 

COUNTYR Integer (2 bytes) 3 0 County Right 
 

ACUBL Integer (2 bytes) 4 0 ACUB Left Adjusted Census Urban 
Boundary 

ACUBR Integer (2 bytes) 4 0 ACUB Right Adjusted Census Urban 
Boundary 

RU_L Integer (2 bytes) 3 0 Rural / Urban Designation 
Left 

 

RU_R Integer (2 bytes) 3 0 Rural / Urban Designation 
Right 

 

PR Integer (4 bytes) 10 0 Physical Road ID Number 
 

BMP Real (4 bytes) 10 2 Beginning PR Segment Mile 
Point 

Linear Referencing System 

EMP Real (4 bytes) 10 2 Ending PR Segment Mile 
Point 

Linear Referencing System 

FMCDL Integer (4 bytes) 5 0 MCD Left Minor Civil Division 

FMCDR Integer (4 bytes) 5 0 MCD Right Minor Civil Division 

CSBRANCH Character 2 0 Control Section Branch Link Functionality 

ROUNDID Integer (4 bytes) 8 0 Roundabout ID 
 

CROSSOVER_ Integer (4 bytes) 5 0 Crossover ID 
 

OWP Integer (2 bytes) 3 0 One Way Pair State Trunk-lines only 
(synchronized one-way pairs) 

ICN Character 9 0 Interchange Number 
 

RAMPID Character 10 0 Ramp ID 
 

US_BK_RT Integer (2 bytes) 3 0 US Bike Route (approved) 
 

   
2.1.2.2 New Attributes 

Tables 2.2 thru 2.4 provide a list of attributes that will be created, either based upon those attributes retained from the MGF or based upon 
information from other sources – such as MPO and local agencies (local knowledge), MDOT-Region / TSC, MDOT-Data Collection, MDOT-Data 
Inventory and Integration Division (DIID), previous versions of the model, review of aerial imagery, or physical visits to the area. Some attributes 
listed in Table 2.2 are required (see “Comments” field) and some are optional (e.g. NM, FRGHT, PASER) – these optional characteristics could be 
used for additional analysis regarding non-motorized access, flagging of freight corridors (for assignment), pavement condition rating, etc. Those 
attributes used for model validation and those that are “calculated” are critical to the modeling process. 
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Table 2.2 - Network Link Attributes – NEW 
(Source: MDOT-DIID, MDOT-Region/TSC, MPO, Local Agencies, Aerial Imagery, Site Visits, Previous Model Versions) 

 

Field Name Type Width Decimal Field Description Comments 

PSL Integer (2 bytes) 3 0 Posted Speed Limit required 

NUMLN Integer (2 bytes) 3 0 Number of Lanes - Total required 

AB_LN Integer (2 bytes) 3 0 Number of Travel Lanes - AB Direction required 

BA_LN Integer (2 bytes) 3 0 Number of Travel Lanes - BA Direction required 

CTL Integer (2 bytes) 3 0 Center Turn Lane (Continuous - Left) Presence required 

LNWDTH Integer (2 bytes) 3 0 Lane Width (feet) required 

PKG Integer (2 bytes) 3 0 On-Street Parking Availability / Presence required 

NM Integer (2 bytes) 3 0 Non-Motorized Facility Presence (e.g. bike lane) within paved roadway footprint 

SDWLK Integer (2 bytes) 3 0 Sidewalk Presence 
 

MEDTYP Integer (2 bytes) 3 0 Median Type 
 

MEDWDTH Integer (2 bytes) 3 0 Median Width (feet) 
 

SHLDWDTH Integer (2 bytes) 3 0 Shoulder Width (feet) paved shoulder only 

PASER Integer (2 bytes) 3 0 PASER Rating of Link 
 

FRGHT Integer (2 bytes) 3 0 Freight Corridor Designation Intra-planning area freight route 

 

Table 2.3 - Network Link Attributes - NEW 
(Source: MDOT-Data Collection, MPOs, Local Agencies) 

 

Field Name Type Width Decimal Field Description  Comments 

PCTCOMM Integer (2 bytes) 3 0 Percent Commercial Vehicle  if no classified traffic counts available 

AADT Integer (4 bytes) 8 0 Annualized Average Daily Traffic  if no traffic count details available 

VALCNT Integer (4 bytes) 8 0 Validation Traffic Count - both directions (all lanes)  prefer - hourly, classified 

VALCNT_AB Integer (4 bytes) 8 0 Validation Traffic Count - AB direction (all lanes)  prefer - hourly, classified 

VALCNT_BA Integer (4 bytes) 8 0 Validation Traffic Count - BA direction (all lanes)  prefer - hourly, classified 
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Table 2.4 - Network Link Attributes – NEW 
(Source: Calculated – GIS Process, Look-up Tables, Model Script) 

 

Field Name Type Width Decimal Field Description Comments 

TRAFDIR Integer (2 bytes) 3 0 Traffic Directionality Model Input-calculated 

TWP Character 16 0 Township From MGF “TWP” layer 

ATYP Integer (2 bytes) 6 0 Area Type Model Input-calculated 

FTYP Integer (2 bytes) 6 0 Facility Type Model Input-calculated 

FFS Integer (2 bytes) 6 0 Free Flow Speed Model Input-calculated 

FFTIME Real (4 bytes) 10 2 Free Flow Time Model Input-calculated 

ALPHA Real (4 bytes) 6 2 Alpha Model Input-calculated 

BETA Real (4 bytes) 6 2 Beta Model Input-calculated 

NFC_AQ Integer (2 bytes) 3 0 NFC Coding for Air Quality Conformity Analysis Basis for Summarizing VMT & VHT 

CORRID Integer (2 bytes) 3 0 Corridor ID Model Input – Assigned by Modeler 

VOLGRP Integer (2 bytes) 3 0 Link Volume Group ID Model Input – for CAL / VAL 

SCREENLINE Integer (2 bytes) 3 0 Link Screenline ID Model Input – for CAL / VAL 

VALVMT Real (8 bytes) 10 2 Validation Traffic Count - VMT Vehicle Miles Traveled - calculated 

VALVOC Real (8 bytes) 10 2 Validation Traffic Count - VOC Volume-over-Capacity Ratio - calculated 

CAP_LU Integer (4 bytes) 12 0 Capacity Look-up Table (LUT) Code Model Input 

CAP_HR_AB Integer (4 bytes) 12 0 Capacity Look-up Table - Hourly - AB direction Model Input 

CAP_HR_BA Integer (4 bytes) 12 0 Capacity Look-up Table - Hourly - BA direction Model Input 

CAP_DAY_AB Integer (4 bytes) 12 0 Capacity Look-up Table - Daily - AB direction Model Input 

CAP_DAY_BA Integer (4 bytes) 12 0 Capacity Look-up Table - Daily - BA direction Model Input 

CAP_AM_AB Integer (4 bytes) 12 0 Capacity Look-up Table - AM Peak - AB direction Model Input 

CAP_AM_BA Integer (4 bytes) 12 0 Capacity Look-up Table - AM Peak - BA direction Model Input 

CAP_MD_AB Integer (4 bytes) 12 0 Capacity Look-up Table - Mid Day Peak - AB direction Model Input 

CAP_MD_BA Integer (4 bytes) 12 0 Capacity Look-up Table - Mid Day Peak - BA direction Model Input 

CAP_PM_AB Integer (4 bytes) 12 0 Capacity Look-up Table - PM Peak - AB direction Model Input 

CAP_PM_BA Integer (4 bytes) 12 0 Capacity Look-up Table - PM Peak - BA direction Model Input 

CAP_OP_AB Integer (4 bytes) 12 0 Capacity Look-up Table - Off Peak - AB direction Model Input 

CAP_OP_BA Integer (4 bytes) 12 0 Capacity Look-up Table - Off Peak - BA direction Model Input 

AB_FLOW Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

BA_FLOW Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

TOT_FLOW Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

AB_FLOW_PCE Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

BA_FLOW_PCE Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

TOT_FLOW_PCE Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

AB_VMT Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

BA_VMT Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

TOT_VMT Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

AB_VHT Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

BA_VHT Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

TOT_VHT Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

AB_VOC Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

BA_VOC Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 

MAX_VOC Real (8 bytes) 15 4 
 

Model Output from Traffic (auto & truck) 
Assignment 
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2.1.2.3 Direction of Flow  
Each link in a geographic line layer is defined by an A-node and a B-node.  The A-node represents the 
beginning of the link, whereas the B-node represents the end of the link.  The topology of a line layer is the 
order in which the coordinates of a line are stored (i.e. the direction in which the link was digitized). Therefore, 
the description of a line from A to B (AB) follows the topology of the line layer.  
 
While many roadway links throughout the MGF characterize two-way traffic, there are many one-way 
facilities. Freeways and some other divided facilities are represented by pairs of one-way segments.  The MGF 
layer identifies one-way and two-way streets by indicating direction of flow in the variable “TRAFALIGN” 
(“+” or “-“ indicates one-way; “B” or null indicates two-way). The new variable “TRAFDIR” is created to 
represent the new coding of link directionality (for modeling purposes), with “1” representing a one-way link 
with movement in the AB direction, “-1” representing a one-way link with movement in the BA direction, 
and a zero indicating a two-way link. (Note: the variable “DIR” also represents link directionality but is 
available only in the Caliper version of the MGF – always check the accuracy of the “DIR” coding before 
use). 
 
2.1.2.4 Grade Separation 
A grade separation occurs where one roadway passes over (or under) another without connecting to it. The 
MGF layer is a geographic line layer with full link connectivity, meaning that links connected to the same 
node are also connected to each other regardless of grade separation. For use in the travel model, it is important 
that connectivity be modified at locations where interchanges or overpasses are present. This prevents the 
travel model from representing turning movement availability where turns are not possible due to grade 
separations. A GISDK script is available that will locate nodes that should be “grade separated” (based on the 
coding of the GSF & GST fields) and will separate these nodes, coding the resultant links and nodes 
appropriately – and, adding new nodes where appropriate (see “network simplification - link consolidation”). 
It is common practice to always perform a visual check of the network after running this script, making sure 
connectivity is correct at all grade separation locations. 
 
2.1.2.5 Posted Speed Limit, Number of Lanes, Lane Width, Parking and Continuous Center Turn Lane 
These five attributes contribute to the establishment of model link capacity and free-flow speed (two of the 
three basic attributes needed to determine travel impedance).  
 
Lane width and the presence of parking directly influence base link capacities – base capacities are reduced 
by 4% when lane widths are less than 12’, while the presence of parking results in a 5% (one side) and 10% 
(both sides) capacity reduction. The number of lanes affects the total capacity of the link, since base 
capacities are in the form of “passenger cars per hour per lane”. Whereas the presence of a continuous 
center turn lane is used in determining the facility type coding of the link (along with functional 
classification), which is used (along with area type) to determine the link capacity and free-flow speed from 
the bivariate look-up tables used by all SUAs. Refer to the sections on Capacity and Free Flow Speeds for 
further information. 
 

Posted speed limit information is useful in establishing (needs further research) and verifying free-flow 
speeds, and to produce initial skims and estimates of congested speeds / travel times on the roadway 
network. 
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2.1.3 Transit Network Development 
In areas where representation of the transit system is included in the model process (i.e. full mode choice and 
transit assignment), or the simplified mode choice method is used, the inclusion of roadways with transit 
routes (fixed routes) should be considered during the development of the model network. In almost all cases, 
SUA models utilize the simplified mode choice methodology, therefore, fixed route transit system 
characteristics will need to be considered and coded onto the model network – no separate transit network is 
required. Information to include comprise the roadway links where fixed routes traverse, route headways, and 
ridership information (for model validation). Refer to the Mode Choice and Time of Day Section for a more 
detailed discussion on the simplified mode choice process. 
 
2.1.3.1 Network Simplification – Link Consolidation 
The MGF contains many small links, and for most modeling applications, it is helpful to consolidate (or 
simplify) these small links into longer links. Most of the small links are present in the model network due to 
the inclusion of intersections with lower functionally classified roads, while these intersections and roads 
have been removed from the scope of the model network. While a roadway network that includes these 
short links could be used for modeling, multiple short links make network maintenance cumbersome and 
can lead to coding errors. Additionally, these short links cause difficulties when attempting to create 
accurate and readable maps displaying link characteristics and/or assignment results. Therefore, unnecessary 
nodes (including those at grade separations) are usually removed from the model roadway network. A 
TransCAD tool is used for this purpose, and criteria for testing each node (whether to remove or maintain) 
is established as part of the procedure. Table 2.5 represents the minimum criteria to be employed when 
performing the link consolidation procedure – i.e. if any of the link attributes listed below do not match on 
both sides of a node, the node should not be removed from the model network. 
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Table 2.5 - Link Consolidation, Node Removal Criteria 

Field Name Field Description 

DIR Link Directionality (TransCAD) 

TRAFDIR Traffic Directionality (calculated) 

NFC National Functional Classification 

NHS National Highway System 

FT MGF Facility Type 

FTYP Model Facility Type (calculated) 

PR Physical Road ID Number 

BMP Beginning PR Segment Mile Point 

EMP Ending PR Segment Mile Point 

FEDIRP Feature Direction Prefix 

FENAME Feature Name 

FETYPE Feature Type 

FEDIRS Feature Direction Suffix 

LEGALSYSTEM Legal System (ownership) 

COUNTYL County Left 

COUNTYR County Right 

TWP Township 

ACUBL ACUB Left 

ACUBR ACUB Right 

RU_L Rural / Urban Designation Left 

RU_R Rural / Urban Designation Right 

FMCDL MCD Left 

FMCDR MCD Right 

PSL Posted Speed Limit 

NUMLN Number of Lanes - Total 

AB_LN Number of Travel Lanes - AB Direction 

BA_LN Number of Travel Lanes - BA Direction 

LNWDTH Lane Width (feet) 

PKG On-Street Parking Availability / Presence 

 

The link consolidation (or simplification) algorithm processes each node in the model network following 
these three steps: 

1. Count the number of links attached to a node. If exactly two links are attached, continue to Step 2; 
otherwise, do not remove the node. 

2. Verify that the attributes and criteria match for the two connected links. If yes, proceed to Step 3; 
otherwise, do not remove the node.  

3. Merge the two connected links (thus removing the unnecessary node). 
 
Usually, the link consolidation procedure is performed after the grade separation procedure has been run, 
the centroid connectors have been placed, but prior to the coding of area type, capacity, and free-flow speed. 
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Take special care to maintain the PR designation and accurate BMP and EMP values, all of which 
could be affected by the link consolidation procedure. 
 
2.1.4 Future Roadway Model Networks 
Future roadway networks will be created as modifications to the base roadway network by adding, deleting, 
or modifying links and/or link attributes.  Future roadway networks that will need to be created, at a minimum, 
will consist of: 
 

 Existing plus Committed Project Network (E+C) – this network will reflect the current transportation 
system (or “base year” network) plus all the TIP capacity projects, and will usually represent the last 
year of the TIP cycle (e.g. for 2017-2020 TIP, the E+C network will represent the year 2020) 

 Horizon year of the Long-Range Plan (E+C+IE) - this network will represent the E+C network plus 
all the capacity projects listed in the Long-Range Transportation Plan (LRTP) 

 And for many areas of the state - air quality networks (contact the Air Quality Specialist to determine 
specific guidelines) 

 

Future year roadway networks will also be created if impact studies or work zone diversion analysis (non-
LRTP related) are needed for a region (e.g. TAR project). 
 

2.1.5 Network File (.NET) 

A network file (.NET) is a special TransCAD data structure that stores important characteristics of the 
transportation system – a geographic line layer (.DBD or .CDF) is used to create maps, but a network file is 
used in transportation network / routing analysis. This terminology can be very confusing to the novice – the 
previous discussion concerning the development of the “roadway model network” (which refers to the 
geographic line layer) is not the same as the “network file” (which is created from the geographic line layer, 
and other settings). Thus, each model roadway network (i.e. base year, horizon year, air quality years, other 
scenario years, etc.) will have both a geographic line layer (.DBD) and a network file (.NET) associated 
with it.  
 
A network file, which is based upon a geographic line layer, includes attributes that indicate the cost of 
travel using each link (e.g. length, speed, travel time, tolls) and can contain other attributes that affect flow 
over the network (e.g. directionality, centroid connector identification, link capacity and link alpha / beta 
values). These required attributes are coded and stored in the geographic line layer and referenced when 
creating a network file (Procedures – Networks/Paths – Create…). 
 
It is very common to apply either or both turn penalties (restrictions, penalties or delays between two links) 
and turn prohibitions (prohibited turns on a sequence of links up to ten) when creating a network file. In 
TransCAD, these are two separate concepts, and are created using two separate tools; Procedures – 
Networks/Paths – Turn Penalty Toolbox and the Procedures – Networks/Paths – Turn Prohibition Toolbox. 
Most often, U-turns are globally prohibited, along with specific link to link turn prohibitions – but, link type 
turn penalties, transfer penalties, turn delays, or globally prohibited right & left turns are not commonly 
employed in SUA models.  
 
A shortest path is a route (i.e. set of links) on a network between an origin and destination that has the 
shortest distance, time, or lowest generalized cost (cost can be a combination of time, cost of travel, etc.), as 
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defined by the user. Thus, the network file is most critical in the trip distribution and traffic assignment 
models. 

2.2 Free Flow Speed 
The free flow speed of a facility is defined as the space mean speed (see definition of terms below) of traffic 
when volumes are so light that their effect on speed is negligible3. In practical terms, free flow speed is the 
average speed of the traffic stream when flow rates are less than 1,000 vehicles per hour per lane. The free 
flow speed of a facility is best determined by field measurement under “light” traffic conditions. However, 
performing field measurements is most often cost and time prohibitive (especially when a model roadway 
network can comprise of thousands of links), thus a way to estimate free flow speeds in the absence of speed 
study data must be utilized. The purpose of this section is to describe the current method by which free flow 
speeds are used in SUA models, and how they are estimated. 
 
Free flow speeds represent one of the major inputs to the travel demand modeling process4. In general, these 
speeds represent the initial speeds and travel times used in the trip distribution and assignment process 
which are subsequently adjusted, using the volume-delay function relationship, for levels of congestion. 
These speeds should reflect the actual average speed, which includes the time associated with having to 
travel through intersections with traffic control (traffic signals, stop signs, and yield signs), without delays 
associated with traffic congestion. Thus, free flow speeds are generally less than the posted speed limit in 
the urban environment portions of the region. 
 

Table 2.6 - Definitions of Common Terminology5 
(relevant to free flow speed and capacity discussions) 

 

Time Mean Speed The average speed of all vehicles passing a point on a roadway or lane over some specified 
time-period (aka spot speed) 

Space Mean Speed The average speed of all vehicles occupying a given section of roadway or lane over some 
specified time-period 

Traffic Volume The number of vehicles passing a point on a roadway, or a given lane or direction of a 
roadway, during a specified time-period 

Rate of Flow The rate at which vehicles pass a point on a roadway during a specified time-period less 
than one hour, expressed as an equivalent hourly rate 

Demand The number of vehicles that desire to travel past a point on a roadway during a specified 
time-period. Demand is frequently higher than actual volumes where congestion occurs 

Capacity The maximum rate (which reasonably can be expected) at which vehicles can traverse a 
point or short segment of roadway during a specified time-period. Capacity is defined for 
prevailing roadway (geometrics), traffic (composition of the traffic stream), and control 
conditions (presence of intersections with stop/yield signs or signals) – a change in any of 
these prevailing conditions causes a change in the capacity of the facility 

Level of Service A quality measure describing the operational conditions within a traffic stream – in terms of 
speed, travel time, freedom to maneuver, traffic interruptions, and comfort and 
convenience. A service flow rate represents the maximum flow rate that can be 
accommodated while maintaining a designated level of service. 

 

 
3 NCHRP Report 387, Planning Techniques to Estimate Speeds and Service Volumes for Planning Applications, Transportation 
Research Board, 1997, Chapter 9, page 79. 
4 NCHRP Report 365, Travel Estimating Techniques for Urban Planning, Transportation Research Board, 1998, page 12. 
5 Traffic Engineering (third edition), Roess, R. et al., Chapter 5 
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It is important to understand the role of free flow speeds in the trip distribution and assignment processes. 
First, speeds are not used directly in each of these steps. Speeds are converted to travel times using link 
distance:  time (minutes) = [link length (miles) / speed (mph)] * 60 (minutes per hour). These travel times 
are then used to determine the shortest time path between zone pairs. Thus, the free flow speed on a link is a 
component of the attractiveness of that link, which is included as part of the path between zone pairs.  
 
After the initial assignment, the free flow speeds are adjusted based upon the volume–delay function to 
reflect congested speeds. In other words, the free flow speeds serve as the starting point for speeds / travel 
times in both the distribution and assignment process. Free flow speeds are traffic assignment model 
calibration parameters that provide the assignment process with a measure to determine the “attractiveness” 
of a route between zone pairs. 
 
2.2.1 Estimation of Free Flow Speeds 
MDOT-SUTA utilizes a Look-up Table (LUT) based upon the area type and facility type, of a link, for all 
the SUA models – because local travel time / speed study data is unavailable in these areas (i.e. free flow 
speeds should be developed from local area-specific speed study data). The use of posted speed limits can 
be problematic (so their use is not recommended), especially for future network development, since posted 
speeds can be subjective and can change over time on individual facilities. As such, a free flow speed table 
is used as the starting point for the model calibration / validation process. 
 
The default free-flow speeds in the LUT were developed using procedures outlined in NCHRP Report 387, 
Planning Techniques to Estimates Speed and Service Volumes for Planning Applications. This report 
provides formulae for estimating free flow speeds for both facilities with interrupted traffic flow (e.g. 
facilities with traffic control) and facilities with uninterrupted traffic flow (e.g. freeways).  
 
The formulae6 for uninterrupted traffic flow are (formula numbering from NCHRP Report 387): 
 

 Posted speed limit over 50 MPH, 
  

Mean Speed (mph) = 0.88 x (Posted Speed Limit) + 14  (9-1a) 
 

 Posted speeds 50 MPH or less, 
 

Mean Speed (mph) = 0.79 x (Posted Speed Limit) + 12  (9-1b) 
 

Table 2.7 displays the results of the application of these formulae for common posted speed limits. 
 

  

 
6 NCHRP Report 387, Planning Techniques to Estimates Speed and Service Volumes for Planning Applications, 
Transportation Research Board, 1997, Chapter 9, page 80. 
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Table 2.7 - Estimated Free Flow Speeds (MPH) for Uninterrupted Flow Facilities 

Posted Speed Limit 
(MPH) 

Free Flow Speed 
(MPH) 

701 75.6 
651 71.2 
601 66.8 
551 62.4 

502 51.5 
     Notes: 
        1 Equation 9-1a 
        2 Equation 9-1b 

 

Determining the free flow speed for interrupted flow requires estimating the delay associated with traffic 
signals. The formula7 for determining this value is, 
 

� =  �� ∗  0.5 ∗  ���   (9-4)    
   
  where, 
 
   D = Total signal delay per vehicle 
 DF = (1 – P) / (1 – g / C) 
 X = (1 – g / C) 
   C = total cycle length (sec) 
   P = proportion of vehicles arriving on green 
   g = effective green time (sec) 
  
 

Where individual intersection data is not available, the NCHRP Report 387 suggests the following values8; 
 
    C = 120 sec 
 g/C = 0.45 
 DF = 0.9 for uncoordinated traffic actuated signals, 
       = 1.0 for uncoordinated fixed time signals, 
       = 1.2 for coordinated signals with unfavorable progression, 
       = 0.9 for coordinated signals with favorable progression, 
       = 0.8 for coordinated signals with highly favorable progression 
 

Then, the free flow speed is calculated using the following formula, 
 

� =  � / (�/�mb +  � ∗  (�/3600))   (9-3) 
 

where, 
 

  S = Free flow speed (mph) 
  L = Length of roadway section (mi.) 

 
7 NCHRP Report 387, Planning Techniques to Estimates Speed and Service Volumes for Planning Applications, 
Transportation Research Board, 1997, page 74. 
8 NCHRP Report 387, Planning Techniques to Estimates Speed and Service Volumes for Planning Applications, 
Transportation Research Board, 1997, page 74. 
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Smb = Mid-block free flow speed (mph) = {0.79 * posted speed limit + 12} 
  N = Number of signals in roadway section 
  D = Average delay per signal from Eq. 2.3 (sec) 

 

Table 2.8 displays the results of the application of these formulae using the following assumptions: 
 

 L = 1 mile 
 DF = 0.9 
 C = 120 sec 
 g/C = 0.45 
 

Table 2.8 - Average Free Flow Speeds (MPH) for Interrupted Flow Facilities 

Speed 
(MPH) 

Signals per Mile 

1 2 3 4 5 
50 41 34 30 26 23 

45 37 32 28 25 22 

40 34 29 26 23 21 

35 30 27 24 21 20 

30 26 24 21 19 18 

25 22 20 19 17 16 

 

The values in the MDOT-SUA free flow speed LUT were established based on the results from the NCHRP 
Report 387 equations for uninterrupted and interrupted facilities (from above) and from a LUT used by the 
Georgia DOT (GDOT) in their smaller MPO areas (excluding Atlanta). Table 2.9 illustrates this GDOT 
LUT. The seventeen GDOT facility types and seven GDOT area types were “reconfigured” to conform to 
the fifteen facility types and five area types used in the MDOT-SUA models. 
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Table 2.9 - Georgia DOT Free Flow Speed Look-up Table9 

Facility  
Type 
Code 

 

 
Facility Type 

Area Type 

 

High 
density 
urban 

1 

High 
density 
urban 

commercial 
2 

Urban- 
residental

3 

Suburban 
Commercial 

4 

Suburban 
residential 

5 

Exurb
an 
6 

Rural 
7 

1 Interstate 55 60 60 60 60 70 70 

2 Freeway 50 55 55 55 55 60 60 

3 Expressway 50 50 50 50 55 55 55 

4 Parkway 45 50 50 50 50 55 55 

6 
Freeway to 
Freeway Ramp 

55 55 55 55 55 55 55 

7 
Freeway Entrance 
Ramp 

45 50 50 50 50 55 55 

8 Freeway Exit Ramp 22 23 30 31 34 40 48 

11 
Principal Arterial – 
Class I 

22 28 33 34 37 47 52 

12 
Principal Arterial – 
Class II 

23 26 31 32 35 45 49 

13 
Minor Arterial – 
Class I 

22 23 30 31 34 40 47 

14 
Minor Arterial – 
Class II 

21 22 27 30 32 38 45 

15 One Way Arterial 23 26 30 32 35 42 48 

21 Major Collector 17 18 21 27 29 34 42 

22 Minor Collector 14 15 18 24 26 30 40 

23 One Way Collector 17 18 21 27 29 34 42 

30 Local Road 14 14 17 18 22 28 35 

32 Centroid Connector 14 14 17 18 22 28 35 

 
 

In general, the logic used in the development of the speeds is shown in Figure 2.1. Speeds were developed 
to provide for a logical progression between area types and facility types. The speeds should increase from 
Area Type 1 to Area Type 5 (i.e. from densely developed areas to less densely developed areas). Similarly, 
the speeds should decrease as the facility type progresses from a freeway to a local type facility. 
 

 

 
9 Georgia DOT, Travel Demand Model Development Guide, January 2009, page 17, Table 2-12. 
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Figure 2.1 - General Relationships for Free Flow Speed Development 

 
 

 

Table 2.10 - MDOT-SUA “Default” Free Flow Speed Look-up Table 
(can be used when no other information is available) 

 

Facility Type 

Facility 
Type 
Code 

Area Type 
Central 

Business 
District 

1 
Urban 

2 
Suburban 

3 
Fringe 

4 
Rural 

5 

Freeway* 1 55 55 60 65 70 

High Speed Ramp (Fwy-to-Fwy) 2 50 50 55 55 55 

Freeway Entrance Ramp from Non-
Freeway Facility (On Ramp) 

3 45 50 50 55 60 

Freeway Exit Ramp to Non-Freeway 
Facility (Off Ramp) 

4 22 30 35 45 50 

Principal Arterial w/ TWLTL 5 22 26 32 45 49 

Principal Arterial 6 23 28 34 47 52 

One-Way Arterial 7 23 28 35 42 48 

Minor Arterial w/ TWLTL 8 21 22 30 38 45 

Minor Arterial 9 23 23 31 40 47 

One-Way Collector 10 17 18 27 34 42 

Collector w/ TWLTL 11 16 17 24 30 40 

Collector 12 17 18 27 34 42 

Local w/ TWLTL 13 14 16 21 27 34 

Local 14 15 17 22 28 35 

Centroid Connector 15 14 17 22 28 35 

* Includes both Interstate and other limited access facilities 
“TWLTL” = Two way left turn lane (continuous) 
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Finally, it should be remembered that free flow speeds do not represent the mid-block speed. Rather, free 
flow speeds represent the total travel time to traverse a link including the time associated with delays due to 
the presence of traffic signals (or other traffic control devices). For example, if a vehicle were traveling a 
link which was an urban block in length (say, 800 feet) having a posted speed limit of 30 mph, it would 
require 11.2 seconds to traverse the link. If this same vehicle were stopped by a traffic signal for 20 seconds, 
the total time would then be 38.2 seconds to traverse this same link, assuming no delay associated with 
slowing to a stop at the traffic signal. The average speed for traveling this link would then be 14.3 mph. The 
free flow speeds in the MDOT-SUA LUT reflect these delays.  Speeds for facility types designated with a 
continuous center left turn lanes are slightly less (than the same facility type without the turn lane) because 
of the need for vehicles to slow down getting into, and slower acceleration leaving, the center turn lane. 

2.3 Capacity 
 “The capacity of a facility is the maximum hourly rate at which persons or vehicles reasonably can be 
expected to traverse a point or a uniform section of a lane or roadway during a given time period under 
prevailing roadway, traffic, and control conditions” (Highway Capacity Manual [HCM] 2000, pg. 2-2).  
 
Several key concepts can be identified from this definition of capacity:   

 Capacity is defined for prevailing roadway, traffic, and control conditions – a change in any of these 
prevailing conditions causes a change in capacity of the facility, 

 Capacity refers to a flow level that can be reasonably achieved [repeatedly] at a given point or uniform 
section of roadway – isolated observations of flow more than capacity is an expected condition,  

 Prevailing “roadway” conditions refer to the geometric characteristics of the facility (e.g. number of 
lanes, lane width),  

 Prevailing “traffic” conditions refer to the composition of the traffic stream (e.g. presence of trucks, 
directional distribution),  

 Prevailing “control” conditions refer to interrupted-flow facilities where the presence of traffic signals, 
stop and yield signs are the most critical types of control.  

 
Table 2.11 provides commonly used terms and their definitions. 
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Table 2.11 - Definition of Common Capacity Terms 

Uninterrupted-flow Facilities 
have no fixed, external causes of delay or interruptions to 
the traffic stream (e.g. freeways) 

Interrupted-flow Facilities 
incorporate fixed, external causes of periodic delay or 
interruptions to the traffic flow – utilizing traffic signals, stop 
and/or yield signs (e.g. urban streets) 

Volume 
the number of vehicles passing a point on a roadway during 
a specified time interval (as vehicles or vehicles per unit of 
time) 

Rate of Flow 
the rate at which vehicles pass a point during a specified 
time-period less than one hour, expressed as an equivalent 
hourly rate 

Demand 
the number of vehicles that desire to travel past a point 
during a specified period – where congestion exists, demand 
> actual volumes (or capacity) 

Annual Average Daily Traffic (AADT) 
the average 24-hour volume (at a given location) over a full 
365-day year 

Annual Average Weekday Traffic (AAWT) 
the average 24-hour volume (at a given location) occurring 
on weekdays over a full 365-day year 

Average Daily Traffic (ADT) 
the average 24-hour volume (at a given location) over a 
defined period-of-time less than a year (common to calculate 
ADT for each month of the year) 

Average Weekday Traffic (AWT) 
the average 24-hour weekday volume (at a given location) 
over a defined period-of-time less than a year (common to 
calculate AWT for each month of the year) 

Peak Hour the single hour of the day that has the highest hourly volume 

Time Mean Speed 
the average speed of all vehicles passing a point on a 
roadway or lane over some specified time-period 

Space Mean Speed 
the average speed of all vehicles occupying a given section of 
roadway or lane over some specified time-period 

Density 
the number of vehicles occupying a given length of roadway 
or lane (vehicles per mile per lane) 

Level of Service (LOS) 

a quality measure describing the operational conditions 
within a traffic stream – in terms of speed, travel time, 
freedom to maneuver, traffic interruptions, and comfort and 
convenience 

Service Flow Rate 
represents the maximum flow rate that can be 
accommodated while maintaining a designated level of 
service 

V/C Ratio 

the volume-over-capacity ratio, which is the ratio of the 
current or projected demand flow to the capacity of the 
facility. This is used as a sufficiency measure of the existing 
or proposed facility 

V/C Ratio > 1.00 (capacity & LOS analysis) 

implies that the estimated capacity is not adequate to 
handle the forecast demand flows – queuing will occur and 
propagate upstream of the segment in question. Queues can 
start to dissipate only when demand flows decrease to levels 
less than the capacity of the segment. The occurrence of V/C 
> 1.00 often causes a dynamic shift in demand patterns 
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Table 2.12 - USDOT/FHWA National Functional Classification (NFC) 
 

Code Description 

1 Interstate 

2 Principal Arterial – Other Freeways and Expressways 

3 Principal Arterial – Other 

4 Minor Arterial 

5 Major Collector 

6 Minor Collector 

7 Local 
Reference: “Highway Functional Classification Concepts, Criteria and Procedures” (FHWA-PL-13-026) 

 
Table 2.13 – MDOT National Functional Classification (OLD_NFC) 

Code Description 
1 Rural Interstate (principal arterial) 

2 Rural other-Principal Arterial 
5 Rural other-Freeway (principal arterial) 
6 Rural Minor Arterial 
7 Rural Major Collector 
8 Rural Minor Collector 
9 Rural Local 
11 Urban Interstate (principal arterial) 
12 Urban other-Freeway (principal arterial) 
14 Urban other-Principal Arterial 
16 Urban Minor Arterial 
17 Urban Collector 
19 Urban Local 
0 Un-coded, not a certified public road 

 
A relatively simple lookup table (LUT) consisting of capacity values categorized by facility type (“FTYP” 
variable) and area type (“ATYP” variable) is used to produce a capacity estimate for every network link in 
each SUA model. The primary reason(s) for simplifying the calculation of link capacity in this way is to 
eliminate the need to establish base year and to forecast future year prevailing traffic and control conditions 
- as well as to simplify the link coding and GISDK scripting requirements (thus, minimizing data errors). 
Since many of the traffic and control conditions are hard to establish and accurately forecast, the area type 
designation is used as a proxy and provides the means to account for some of the parameters (HCM 
defaults) required of the Highway Capacity Software (HCS) – a forthcoming discussion describes this 
analysis. 
 
Facility type coding for network links should follow the established protocol described in Table 2.14: 
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Table 2.14 - Definition and Coding of Facility Types for Model Purposes 

Facility 
Type 
Code Name General Description 

1 
Interstate/ 
Freeway  

Limited Access Highway Mainline (includes Interstates) – Serves trips traveling longer distances.  
These facilities are not intended or designed to provide direct access to land use activities.  
Access is limited to interchange points. 

2 
Freeway to 
Freeway 
Ramp  

A limited access facility providing access between Interstates and Freeways 

3 
Freeway On-
Ramp 

A ramp providing access to Interstates and Freeways 

4 
Freeway Off-
Ramp 

A ramp providing access from Interstates and Freeways 

5 
Principal 
Arterial 
w/TWLTL 

Major road with a higher emphasis on serving thru trips and less emphasis on providing access 
to adjacent property. Common characteristics include fewer curb cuts and limited signal density.  
Principal Arterials w/TWLTL (two-way left turn lane or center turn lane) do not have a divided 
median. 

6 
Principal 
Arterial 

Major road with a higher emphasis on serving thru trips and less emphasis on providing access 
to adjacent property. Common characteristics include fewer curb cuts, raised medians and 
limited signal density.  Principal arterials may have a divided median.  Principal Arterials have 
higher travel speeds and are generally multi-lane facilities with exclusive left turn bays. 

7 
One-Way 
Minor 
Arterial 

Part of a one-way pair system comprising a major roadway with a higher emphasis on serving 
thru trips and less emphasis on providing access to adjacent property. Common characteristics 
include fewer curb cuts, raised medians and limited signal density.  One-way arterials have 
higher travel speeds and are generally multi-lane facilities (two or more lanes). 

8 
Minor 
Arterial 
w/TWLTL 

Road with a balance of serving thru trips and providing access to adjacent property.  Minor 
Arterials w/TWLTL often provide movement between the Collector and Principal Arterial 
Systems.   Minor Arterial w/TWLTL have higher travel speeds and are generally multi-lane 
facilities that include a TWLTL. 

9 
Minor 
Arterial 

Road with a balance of serving thru trips and providing access to adjacent property. Access to 
Minor Arterials is primarily from the Collector and Principal Arterial systems. These are generally 
two-lane facilities, but they may also be multi-lane facilities. 

10 
One-Way 
Collector 

Part of a one-way pair system with a primary purpose of providing connectivity to/from arterial 
highways and/or to serve property. Generally, a multi-lane facility. These facilities provide 
connectivity between arterial highways, other minor collectors, and commercial areas. 

11 
Collector w/ 
TWLTL 

Road with a primary purpose of providing connectivity to/from arterial highways and/or to serve 
property. Generally, a multi-lane facility but must include a TWLTL. These facilities provide 
connectivity between arterial highways, other minor collectors, and commercial areas. 

12 Collector 
Road with a primary purpose of providing connectivity to/from arterial highways and/or to serve 
property. Generally, a multi-lane facility. These facilities provide connectivity between arterial 
highways, other minor collectors, and commercial areas. 

13 
Local 
w/TWLTL 

A local street w/TWLTL is intended to provide direct property access and is not intended to serve 
through traffic. These facilities are generally two-lane facilities. 

14 Local 
A local street is intended to provide direct property access and is not intended to serve through 
traffic. These facilities are generally two-lane facilities. 

15 
Centroid 
Connector 

Connecting link from centroid to roadway network. Centroid connectors generally represent the 
local roadway system and their connection to the collector and arterial roadways. 

TWLTL = Two-Way Left Turn Lane (i.e. Continuous Center Left Turn Lane) 
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Area type coding for network links should follow the established protocol described in Table 2.15: 
 

Table 2.15 - Definition and Coding of Area Types 

Area Type 

Code Description Alternative Description 

CBD High Density Commercial 1 

Urban Urban 2 

Suburban Suburban 3 

Fringe Fringe 4 

Rural Rural 5 

 

See Section 3 – Traffic Analysis Zones for a more detailed discussion on area type. 
  

2.3.1 Capacity Look-up Table Development 

The base capacities used in a regional travel demand modeling application should represent LOS E 
conditions.  This is the realistic volume-to-capacity point (V/C = 1.0) at which speed begins to be 
significantly reduced and congestion builds.  The problem with using LOS C (often referred to as the 
“design” capacity) in conjunction with the standard BPR Volume Delay Function (VDF) is discussed in a 
paper written by Alan Horowitz10, summarized as follows:   
 

“There are four important arguments for defining link capacity to be ultimate capacity (LOS E for 
most facilities): 
 

1. Ultimate capacity has a consistent meaning across all facility types, while design capacity 
does not. For example, it is a relatively simple matter to relate the capacity of an 
intersection to the capacity of the street approaching that intersection. 

 
2. Ultimate capacity is always easier to compute than design capacity. Finding the design 

capacity of a signalized intersection is especially difficult. 
 

3. Ultimate capacity can be more easily related to traffic counts than design capacity, which 
would also require estimates of density, percent time delay, reserve capacity or stopped 
delay. 

 
4. Ultimate capacity is the maximum volume that should be assigned to a link by the 

forecasting model. Design capacity does not give such firm guidance during calibration 
and forecasting.” 

 
See Section 8 – Multi-Modal, Multi-Class Assignment for a more detailed discussion on the traffic 
assignment process. 
 

 
10 Delay/Volume Relations for Travel Forecasting Based Upon the 1985 Highway Capacity Manual, Alan J. Horowitz, March 1, 
1991. 
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It is important to distinguish between a region’s accepted “Deficiency LOS’ as opposed to a travel demand 
model’s defined breakdown point of congestion for use in VDF curves.  While LOS C or D may be desired 
for the design capacity purposes, the actual volume-to-capacity ratio used to define this level of service may 
be subjective and variable depending on the type of facility.  LOS E, however, represents the physical 
capacity of the highway link (V/C = 1.0), regardless of facility type classification, and is therefore the most 
practical value to use in the travel demand model application. 
 
VDF curves can be calibrated to reflect local characteristics of travel such as vehicles diverting to alternate 
facilities at congestion less than ultimate capacity.  According to the NCHRP Report 365, “the selection of 
the volume-delay function is not absolute”.  The final values of alpha and beta coefficients will be the ones 
that best produce highway assignments that reflect the observed, local traffic volumes.11  
 
With that said, to develop the capacity lookup tables, the following process was implemented; 
 

1. Develop general facility type and area type categories that are suitable for regional travel demand 
model highway capacity analysis, 

2. Develop a table of required parameters that are necessary for use in the Highway Capacity Software 
(HCS 2000) analysis for each facility type and area type combination (see Table 2.16), 

3. Run HCS 2000 – and determine the range of capacities for which LOS E conditions exist, 
4. Based on the HCS 2000 analysis, develop a capacity lookup table for the generalized facility type 

and area type groups that follows a logical progression of capacities decreasing as the facility type 
decreases (i.e., freeway capacity is greater than arterials, arterials greater than collector, etc.) and 
capacities decreasing as the area type becomes more urban (i.e., urban capacity less than suburban, 
suburban less than rural), 

5. Expand the capacity lookup table using interpolation to fill in values for all facility type and area 
type combinations. 

 
There are five general facility types and three area types used in the detailed HCS analysis.  These facility 
types are: Freeway, Principal Arterial, Minor Arterial, Collector, and Local Road.  The area types were 
Urban, Suburban, and Rural. Table 2.16 presents the default parameter values used in the application of the 
HCS 2000 software:  

 
11 NCHRP Report 365, Travel Estimating Techniques for Urban Planning, Transportation Research Board, 1998, page 96. 
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Table 2.16 - HCM 2000 Parameters for Travel Demand Modeling 
(HCM 2000: Chapter 10 – Urban Street Concepts; Chapter 12 – Highway Concepts; Chapter 13 – Freeway Concepts) 
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Where, 
 

Code Definition Description 

K Daily Factor or K-Factor 
Refers to the amount of traffic in the design hour as a percent of 
AADT 

D Directional Distribution 
Refers to the directional split of traffic during the  
peak hour 

PHF Peak Hour Factor 
Relationship between the peak 15-minute flow rate  
and the peak hour volume 

Saturation Flow  “Base Capacity” of facility prior to adjustments 

 

Table 2.17 presents the final LOS E hourly capacities for each facility type and area type category, along with 
the assumptions made in its development.  Capacities for intermediate area types were estimated through 
interpolation, while facility types not in the HCM 2000 were assigned capacities based on practical assumptions. 
 

Table 2.17 - “Default” Hourly Capacities (LOS E) for Travel Demand Modeling 
(passenger car per hour per lane) 

 

   Area Type  

NFC Facility 
Type 

Category 
HDUC 

1 
Urban 

2 
Suburban 

3 
Fringe 

4 
Rural 

5 
Assumptions 

1 or 2 1 Freeway 1950 2000 2100 2100 2100  

NA 
2 

High Speed 
Ramp 

1700 1700 1700 1700 1700 HCM Exhibit 13-20 

NA 3 On-Ramp 1200 1200 1200 1200 1200  

NA 4 Off-Ramp 800 800 800 800 800  

3 
5 

Principal Arterial 
w/ TWLTL 

950 1000 1100 1450 1900 
5% Higher than 
Princ. Arterial (or 50 
cars) 

3 6 Principal Arterial 900 950 1050 1400 1850  

3 or 4 
7 

One-Way  Minor 
Arterial 

850 900 950 1350 1800 
20% Higher than 
Minor Arterial (or 50 
cars) 

4 
8 

Minor Arterial 
w/ TWLTL 

750 800 850 1200 1550 
5% Higher than 
Minor Arterial (or 50 
cars) 

4 9 Minor Arterial 700 750 800 1150 1500  

5 or 6 
10 

One-Way 
Collector 

650 700 750 750 750 
20% Higher than 
Collector (or 50 cars) 

5 or 6 
11 

Collector w/ 
TWLTL 

600 650 700 700 700 
5% Higher than 
Collector (or 50 cars) 

5or 6 12 Collector 550 600 650 650 650  

7 
13 

Local Road w/ 
TWLTL 

500 500 500 500 500 
5% Higher than Local 
Road (or 50 cars) 

7 14 Local Road 450 450 450 450 450  

NA 
15 

Centroid 
Connector 

10000 10000 10000 10000 10000  

 

Legend: 
1000 Highlighted cells based on HCS 2000 Analysis  
1000 Interpolated Values 
1000 Italicized cells based on Noted Assumption 
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Principal Arterials (with TWLTL) have a slightly higher capacity than other principal arterials because of 
the continuous center left turn lane.  This reduces the amount of deceleration on the thru lanes, since turning 
vehicles can enter the turn lane sooner.  Thus, the effect is a slightly higher (5%) capacity. 
 
2.3.1.1 Capacity Adjustments for Parking and Lane Width/ 
There are adjustment factors that consider on-street parking and sub-standard lane width.  As part of the 
simplification of the capacity calculation process, the details of these geometric features need not be known; 
but rather only whether these conditions are present.  Two new attributes are added to the model network 
geographic file, and the convention for coding these attributes are: 
 
 PARKING 
  Value: 0  Definition:  No on-street parking  
  Value: 1  Definition:  On-street parking (one side) 
  Value: 2  Definition:  On-street parking (both sides) 
 
 LN_WIDTH 
  Value: 0  Definition:  Standard 12-foot lane width  
  Value: 1  Definition:  Sub-Standard (< 12-foot) lane width  
 
As a default, it is assumed that the presence of on-street parking will reduce capacity by 5% for one side and 
10% for parking on both sides.  The parking reduction will be taken off the capacity for the entire network 
link.  Sub-standard lane width reduces capacity by 4%.   
 

2.3.1.2 Capacity Factor Methodology 
The time-of-day capacity factors utilized for all SUAs were calculated from the hourly traffic count data 
collected for the Bay-Midland-Saginaw SUA (in the future, all SUAs should have their own unique capacity 
factors – recalculated for each model update).  The peak hour capacity for each period is calculated as the 
ratio of the total percent of daily traffic within each period to the percent of the highest peak hour within that 
period.  The example below shows a sample calculation of the capacity factor for the PM Peak period 
indicated in Table 2.18.  Table 2.18 represents the summary of hourly counts for the Bay-Midland Saginaw 
SUA and the resulting calculated capacity factors for each designated time-period. Typically (depending on 
region and location), the peak hour of the day contains 10% to 15% of the 24-hour volume in urban areas – 
rural areas can be much higher (but, volumes are usually much lower). From Table 2.18, the peak hour of 
the day is 3:00 p.m. to 4:00 p.m. (8.67% of the daily volume). A default value of 10% is a common value 
for this factor when calculating the peak hour – however, it should always be checked to make sure this 10% 
default value is valid for a SUA region (a check of this factor was added to the capacity LUT for this 
purpose). 
 

Example: PM Peak Period Capacity Factor Calculation (using data from Table 2.18): 
 
    % of Daily Total Period % divided by Maximum Peak Hour % 
 Period Hour 1  8.67% 
 Period Hour 2  7.96%  24.8% divided by 8.67% = 2.86  Capacity Factor 
 Period Hour 3  8.17% 
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Table 2.18 – Default Values for Capacity Factors 

Hour Total 
Count 

Hour 
Share 

of 
Daily 

Period Period 
Total % 
/ Peak 
Hr % 

Capacity Factor 

1 131,658 0.69% NT   

2 83,081 0.43% NT 

3 69,713 0.36% NT 

4 71,700 0.37% NT 

5 130,193 0.68% NT 

6 470,173 2.45% NT 

7 842,430 4.39% AM 10.47% 
/ 6.08% 

1.72 
8 1,168,205 6.08% AM 

9 846,605 4.41% MD 

34.55 % 
/ 6.60% 

5.24 

10 994,331 5.18% MD 

11 1,070,649 5.58% MD 

12 1,189,554 6.19% MD 

13 1,266,168 6.59% MD 

14 1,267,108 6.60% MD 

15 1,664,740 8.67% PM 
24.80% 
/ 8.67% 

2.86 16 1,528,268 7.96% PM 

17 1,568,586 8.17% PM 

18 1,405,918 7.32% NT 30.18% 
/ 7.32% 

4.12 

19 845,513 4.40% NT   

20 808,591 4.21% NT 

21 667,528 3.48% NT 

22 522,900 2.72% NT 

23 354,508 1.85% NT 

24 233,877 1.22% NT 

Total 19,201,997 100.0%   13.94 
AM Peak Period = 7 am – 9 am 
PM Peak Period = 3 pm – 6 pm 
Mid-Day Peak Period = 9 am – 3 pm 

3 Traffic Analysis Zones 
A Traffic Analysis Zone (TAZ, or zone) is a geographic area (polygon) that divides a planning region (i.e. the 
area that is to be modeled) into similar areas of land use and travel activity. Each zone captures the land use 
types and socioeconomic data (demographic and employment) for the subarea it represents. This information 
and data are aggregated to the zone-level and then further simplified into a single node, called a centroid, 
which represents the center of activity (not necessarily the geographic center) within each zone. Thus, zones 
represent the origins and destinations (or, productions and attractions) of travel activity within a region. Trips 
begin and end at the centroids and are loaded (i.e. assigned) onto the model network via centroid connectors, 
which represent the many paths that travelers can use to access the roadway network. 
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3.1 Zone Development 

3.1.1 Delineating the TAZ Structure - Summary of Considerations 

Several general guidelines / recommendations for delineating TAZ boundaries for a region are summarized 
below. There are instances when these guidelines will contradict each other, and professional judgement will 
need to be used to make the final judgement.  Remember that there are exceptions to all the recommendations 
and the functionality of the model should be the priority. Always keep in mind how trips will load to the 
network when developing the TAZ structure.  
 
 The TAZ structure should be compatible with the associated model roadway and transit networks.  

There should be a limited number of roadway links traversing through a zone. Accessibility to services 
(e.g. transit) should be carefully evaluated. 

 TAZ boundaries need to be compatible with Census geographic units. Zones, wherever possible, 
should not split a Census Block.  Also, zones should nest within Census Tracts and Census Block 
Groups, where possible. This will assist with summarizing demographic data at the zone-level. 

 Respect natural and manmade features and the physical make-up of the region. 
 The TAZ structure should be compatible with political boundaries that exist within the region.  TAZ 

boundaries should not cross over two political areas; whether those are jurisdictional (e.g. city, 
township, county) or MPO boundaries. 

 TAZ boundaries should be compatible with the current Statewide Model TAZ structure. 
 Avoid irregular shaped zones – if irregular shaped zones cannot be avoided, make sure that trips are 

loaded onto the roadway network in a realistic way. 
 Attempt to maintain homogeneity, within a zone, as it pertains to socioeconomic factors and land use 

characteristics. 
 Special generators should be in separate zones from adjacent land uses, wherever feasible. 
 The TAZ structure should accommodate transit access, and the possible need to analyze the transit 

system (if transit is significant in the area). 
 Accommodate trucks, freight, and intermodal needs by keeping truck and freight generators in separate 

zones from adjacent land uses. 
 The number of potential intrazonal trips needs to be carefully considered when determining zone size.  

In general, all zonal centroid connectors combined should load less than 10,000 to 15,000 vehicle trips 
per day onto the roadway network.   

 Zone size should be dependent on the proposed level of analysis.  Generally, the more specific the 
analysis, the smaller and more refined the TAZ structure. 

 Zone size is also dependent on the land use and density of roads.  The more urbanized (or denser) the 
area, the smaller the zone. 

 For MPO model areas, it is suggested that zonal population remain below 4,000 for population and 
employment totals to avoid possible assignment errors. 

 Plan for future land use activities by delineating zones in areas with proposed development or new 
roads as if the proposed development existed in the base year. 

 
These guidelines serve to minimize potential problems in calibrating and validating the traffic assignment 
model, as well as other modeling steps. 
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3.1.2 Numbering the TAZ Structure 

A systematic methodology for numbering the TAZ structure is desirable.  Such a system enables the user to 

quickly locate a zone based on its number and relationship to the numbering pattern.  Systematically 

numbered zones tend to: 

 

 Result in closer proximity of contiguously numbered zones;  

 Enable the planner to more easily locate zones by proximity; and,  

 Improve the efficiency of network related computer processing. 

 
Two, of the many, methodologies for numbering TAZs are the range and consecutive numbering technique.  
Range numbering sets aside specific ranges of numbers based on geographic or jurisdictional boundaries.  
Consecutive numbering often begins with “1”, though it is not required, and all subsequent TAZs are 
numbered consecutively. With either method, a pattern for numbering the zones is usually selected and 
maintained throughout the TAZ structure. 
 
The range numbering method is the most often utilized technique in SUA models. Again, range numbering 
involves the use of “reserved zones” in numbering the TAZ structure (both internal and external zones).  
This method assigns a range of numbers to specific physical and/or political jurisdictions (usually cities, 
townships, and counties – and external stations).  Setting aside a range of TAZs simplifies the process when 
individual zones need to be added or refined, which often happens during model development and with 
model updates. The number of additional zones allotted to each jurisdiction would depend on anticipated 
growth and the size of the jurisdiction. 
 

3.1.3 Creating Centroid Connectors 

Centroid connectors should represent the access provided by the local street system and driveway cuts to those 
links included in the model roadway network.  The general guidelines for establishing centroid connectors are 
as follows: 
 
 Centroid connectors should connect to the roadway network at locations that represent real world 

loading points. 
 Centroid connectors should connect to a network link at a mid-block point, wherever feasible. 
 Centroid connectors should connect to lower class facilities and not ramps, freeways or other access-

controlled highways. 
 Centroid connectors should not cross TAZ boundaries to connect to a network link. 
 Centroid connectors should not cross physical barriers (i.e. freeways, rivers, railroad tracks, utility 

easements) unless there are roads or bridges that cross those barriers within the zone. 
 Centroid connectors should not connect at a roadway intersection. 
 Centroid connectors of adjacent zones should not use the same loading point to the shared network 

link. 
 Centroid connectors should not connect to multiple nodes along the same segment of roadway. 
 Centroids representing an external zone should only have one connection to the highway network, 

except for a divided road (e.g. interstate) which would have two one-way connectors. All external 
station connectors should be of the same length or have the same travel time designation.  Having 
varying lengths on the external connectors will inevitably affect the trip length. 
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3.2 Area Type 
Area type categories are used in travel demand modeling to represent how the various zonal land-use (e.g. 
population and employment density) and roadway network characteristics (e.g. parking, signal density) affect 
roadway network speeds and capacities. The area type definitions used in all SUA models are indicated below. 
 

Table 3.1 - Area Type Codes and Definitions 

Area Type 
Code Name General Description 

1 
Central 
Business 
District  

Area characterized by predominately high-density commercial 
development. Area primarily developed with non-residential 
type development although a few high-density residential 
development areas can be included 

2 Urban  
Area having mixture of development characterized by medium 
to high density commercial and/or residential developments. 

3 Suburban 

Mixture of low to medium density commercial and residential 
development. These areas may range from primarily residential 
in nature with isolated pockets of commercial development to 
equal amount of commercial and residential developments. 

4 Fringe 
A developing area with both rural and spotty suburban 
characteristics.     

5 Rural 

Very low development density which is almost completely 
residential in nature. These areas are characterized by large 
vacant or under cultivation parcels. Residential density is less 
than 1 unit per acre. If there is commercial development, it 
would take the form of a service station/convenience store. 

 
 
The approach to defining the area type for an individual zone is to use the population and employment 
densities of the zone and selected surrounding zones to determine the overall zonal density. The determination 
as to which of the surrounding zones to include in the calculation is based upon the distance from the 
individual zone that is being analyzed. Generally, all zones within a specified distance (based on geographic 
centroid) are included in the calculation. This distance is in the range of 0.5 to 1.5 miles and is dependent 
upon the characteristics of the urban area. This procedure is referred to as the “floating zone” method. This 
approach generally results in a TAZ structure defined more appropriately when transition between higher and 
lower density areas exist. 
 
The Density Index formula is written as;  �� = {�� +  (�� ∗ ��)} / �� 
 
Where, 

DI = activity density index 
TP = total floating zone population 
AF = activity factor = regional total population / regional total employment (usually around 2.0) 
TE = total floating zone employment 
TA = total floating zone area (in acres)  
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Each SUA will have its own exact area type density index ranges that create the five area type categories.  
Thus, what is urban in one SUA might be suburban in another area.  The density index ranges for the categories 
will be determined through an iterative process of matching the ranges to what is known in the region (ground 
truth).  Once the area types are created using this iterative process, there is always a manual process that is 
undergone to finalize the designations for the entire TAZ structure – the current model is always used as a 
reference. In fact, it is common practice to use the current model area type designations as a starting point. In 
general, the area types should fall from high density to lower density as one travels from the central business 
district out towards the rural areas, but not inevitably in concentric rings. 
 
Once the area types for the TAZ structure has been established, the area type is determined for each link in 
the highway network by assigning the area type of the closest zone. A roadway link should have the same 
area type value for both directions of travel.  The modeler will need to use judgment to determine the transition 
between area types - the entire corridor should be considered when these decisions are made. 
 
It is common practice in all SUAs that the area type designation as defined in the base year is reflected in all 
future year TAZ structures and roadway networks (i.e. area types are static). 
 

3.3 Terminal Times & Intrazonal Impedance 
Terminal times or out of vehicle travel times (OVTT) are used in the travel demand modeling process to 
estimate the travel between the parked vehicle and the true origin or destination of the trip. At the origin end 
of the trip, the terminal time represents the time required to walk from the actual origin of the trip to the parked 
vehicle. At the destination end of the trip, the terminal time represents the time required to walk from the 
parked vehicle to the actual destination of the trip. Terminal times are typically based upon population and 
employment densities (i.e. area type). 

 

Table 3.2 - Terminal Times used in Current Models (for reference only) 

Area Type Lansing Flint Kalamazoo Battle 
Creek 

Jackson Holland Benton 
Harbor 

Muskegon Traverse 
City 

Bay-
Midland-
Saginaw 

CBD 5 3 1.5 3 2.5 3 n/a 3 3 2 
Urban 4 3 1.0 2 1.75 2 3 3 3 1 
Suburban 3 2 1.0 2 1.25 1 2 2 2 1 
Fringe 2 2 n/a 1 1.0 0 2 2 1 1 
Rural 1 2 0.75 1 0.7 0 2 1 1 1 
Externals 0 5 0 0 0 0 0 0 0 0 

 
Terminal times are included in the overall modeling process as part of the development of the skim paths for 
input into the trip distribution and mode choice model components – based upon the area type classification 
of the origin and destination zone. 
 
For trips that have an origin and destination as the same TAZ (i.e. travel within the same TAZ, or intrazonal 
travel), the shortest path matrix procedure will compute a zero travel-time. The trip distribution procedure 
requires a good estimate of these intrazonal travel times for the results of the distribution to be accurate. These 
intrazonal times, or estimates of intrazonal impedance, are calculated using the nearest (or closest) neighbor 
rule. The nearest neighbor rule is applied by multiplying the time to the nearest three TAZs by a factor of 0.5 
(this is the SUA methodology - you can choose how many neighbor TAZs to include, and what factor to 
apply). 
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4 Trip Generation 
The goal of trip generation is to predict the number of trips that are generated by and attracted to each of the 
internal zones within a model area boundary. This first step of the overall modeling process is only 
concerned with estimating the number of trips that start and end in each internal zone and does not make 
any connection between the trip origins and destinations – that connection takes place in trip distribution. 
The zone that contains the home end of a home-based trip is considered to have produced the trip, whereas 
the out-of-home end of the trip is considered to have attracted the trip. Thus, trip generation consists of two 
sub-models, trip production and trip attraction models. As is the case with SUAs, trip production models are 
usually in the form of a cross classification model (using average trip rates based on common household 
characteristics), while trip attraction models are usually regression equations. 
 

4.1 Trip Purposes 
Trip making is highly variable, reflecting the diverse activities pursued by people in their work and non-
work activities. Trips are usually grouped into categories to simplify the modeling process. The journey to 
work is typically the most important trip purpose, accounting for a large portion of the daily travel, and most 
often occurs during the peak periods of the day when congestion and reliability are of most concern. 
The following represent the seven trip purposes used in the SUA trip generation model: 
 

 Home Based Work - Low Income Category (HBWL) 
 Home Based Work - Medium Income Category (HBWM) 
 Home Based Work - High Income Category (HBWH) 
 Home Based Retail (HBR) 
 Home Based K-12 School (HBS) 
 Home Based Other (HBO) 
 Non-Home Based (NHB) 
 
Where, 

Income = median household income 
Low Income Category = less than $30,000 
Medium Income Category = $30,000 to less than $60,000 
High Income Category = greater than $60,000 

 
It is current SUA practice to complete the trip production and attraction estimation using the HBW trip 
purpose stratified into the three income categories, and subsequently, aggregate the results into one HBW trip 
purpose prior to trip distribution. The reason for this is based on how the analysis of the MITC-I Household 
Travel Survey Data was conducted, which was stratified by income category when developing the production 
and attraction models. These models would have to be re-developed if these three purposes were combined. 
At this point, the MITC-III data is available, and revisiting the MITC-I data analysis was found to be futile. 
 

4.2 Socio-economic Data 
The trip generation models use socio-economic and land use data to describe the quantity and type of travel 
activity in a region. Required data include characteristics of the population at the household-level, as well as 
employment information at the place of work. This information is distributed throughout the region 
according to the TAZ structure that is appropriate for the size of the region, level of analysis and detail of 
the model roadway network. The household-level data will be used in the trip generation models to calculate 
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the person-trip productions using a cross-classification method. Person-trip attractions are mostly based 
upon employment data, stratified by type of employment, and utilize linear regression equations to quantify 
trip estimates. 
 
4.2.1 Demographic Variables 

The main source of demographic data (for the model base year) is the U.S. Census Bureau, through the 
Decennial Census (most recently 2010) and American Community Survey (ACS) data products. UTA staff 
maintain data, GIS files and documentation for all Census products (on the NAS server), including the 1990, 
2000, and 2010 decennial census, as well as the 1-, 3-, and 5-year ACS dataset for 2010 to current. 
 
Every 10 years, the U.S. Census Bureau conducts a census to determine the number of people living in the 
United States. The U.S. Census Bureau conducts the census in years ending in zero, on Census Day, which 
is April 1. The most current census, the 2010 Decennial Census, was a “short form only” census (Summary 
File 1 & 2 data forms) due to the implementation of the ACS Program – no long form data (Summary File 3 
& 4) was collected. The difference between the “short form” and “long form” is sample size – the short 
form contains questions/answers asked of everyone (100% sample), where the long form contains 
questions/answers asked of everyone in 1 in 6 households. Thus, the long form was replaced by the ACS for 
the 2010 decennial census and thereafter. 
  
Summary File 1 (SF 1) contains the data compiled from the questions asked of all people and about 
every housing unit. Population items include sex, age, race, Hispanic or Latino origin, household 
relationship, household type, household size, family type, family size, and group quarters. Housing 
items include occupancy status, vacancy status, and tenure (whether a housing unit is owner-occupied or 
renter-occupied). Data is summarized at the lowest level of geography, the Census Block. 
 
ACS data is gathered within a “period of time” rather than a “point in time” (like the decennial Census 
data). The decennial census is an actual count of the population – ACS is a survey, and thus is a sample of 
the population, with reports on the average characteristics of a population over a specific period of time (1 
or 5-year period, entire year of Jan 1st thru Dec 31st). No data is averaged over the sampling period, except 
for the financial data, which is adjusted forward to reflect existing conditions on January 1st of the “final” 
year of the 5-year period. The final year of the multi-year period also designates what decennial geography 
is used (e.g. ACS 2005-09 5-year dataset is based on the 2000 decennial Census geography, where the ACS 
2006-10 5-year dataset is based on the 2010 decennial Census geography). Do not mix multi-year datasets 
together, i.e. do not “cherry pick” the data from differing period estimates. And, do not attempt to compare 
datasets with overlapping time periods. In general, a 5-year estimate will be more “reliable” than a 3-year 
estimate (no longer available), and a 3-year estimate will be more reliable than a 1-year estimate, mainly 
because of how many samples are gathered within the period. The most “recent” data (and thus current 
estimates) are the 1-year datasets (about a 1% sample size).  
 
When developing the demographic data for a SUA, always use the appropriate 5-year datasets (matching the 
model base year) in combination with the 2010 decennial data. The Census Bureau usually releases 1-year 
data in September of every year and releases the 5-year data in December (PUMS data is usually released 
one month afterwards). 
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Tables 4.1 & 4.2 and Figures 4.1 & 4.2 describe common Census terms and definitions, and show 
geographic concepts related to the various Census data products. 

 

Table 4.1 - Census Definitions of Subject Characteristics 
Variables Used in the SUA Modeling Process 
(U.S. Census Bureau, 2010 Census Summary File 1) 

 

Living Quarters classified as either a housing unit or group quarters 

Housing Unit 

usually houses, apartments, mobile homes, groups of rooms, or single rooms that are 

occupied as separate living quarters; they are residences for single individuals, groups of 

individuals, or families who live together. 

Occupied Housing Unit 
the usual place of residence of the individual or group of individuals living in the housing unit 

on Census Day 

Vacant Housing Unit 
no one is permanently living in the housing unit on Census Day (excludes those people not 

present on Census Day due to a temporary condition, e.g. vacation) 

Household 
a single individual or a group living in a housing unit (occupied) – people not living in 

households are classified as living in group quarters 

Median Household Income refers to the median total household income for the past 12 months 

Group Quarters 
places where people live or stay in a group living arrangement, which are owned or managed 

by an entity or organization providing housing and/or services for the residents 

Institutional Group Quarters 

facilities that house those who are primarily ineligible, unable, or unlikely to participate in the 

labor force while residents (e.g. correctional facilities for adults, juvenile facilities, nursing 

facilities) 

Noninstitutional Group Quarters 
facilities that house those who are primarily eligible, able, or likely to participate in the labor 

force while residents (e.g. college/university student housing, military quarters) 

Total Population population residing in living quarters 

Group Quarter Population that portion of the total population living in group quarters 

Household Population that portion of the total population living in a household 

Children, K-12 
that portion of the household population that is of age to be eligible to attend kindergarten 

through 12th grade, usually those persons aged 5 thru 17 (or 18) 

Worker refers to a person (in a household) whom was employed full time for the past 12 months 

Vehicles Available 
the number of passenger cars, vans, and pickup or panel trucks of one-ton capacity or less 

kept at home and available for the use by household members. 

Average Household Size obtained by dividing the household population by the number of households 
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Table 4.2 - Census Geographic Terms and Concepts 
(U.S. Census Bureau, 2010 Census Summary File 1) 

 

Census Block 

a statistical area bounded by visible features such as streets, roads, streams, railroad tracks, 

and by nonvisible boundaries such as property lines and city, township, school district and 

county limits. Blocks nest within all other tabulated Census geography entities and are the 

basis for all tabulated data 

Census Block Group 

is a statistical division of Census Tracts and are generally defined by a population between 

600 and 3,000 people. Block Groups consist of a cluster of Blocks (they control Block 

numbering) within the same Census Tract 

Census Tract 

relatively permanent statistical subdivisions of a county or equivalent entity – the primary 

purpose of the Tract is to provide a stable set of geographic units for the presentation of 

statistical data. Census Tracts generally have a population size of between 1,200 and 8,000 

people, with an optimum size of 4,000 

Metropolitan Statistical Area consists of at least one urbanized area that has a population of at least 50,000 

Micropolitan Statistical Area 
consists of at least one urban cluster that has a population of at least 10,000 but less than 

50,000 

Minor Civil Division 
primary governmental or administrative divisions of a county in many states (including 

Michigan) 

Public Use Microdata Areas (PUMAs) 
geographic areas for which the Census Bureau provides selected extracts (PUMS) of raw data 

from a small sample (5%) of Census records that are screened to protect confidentiality 

Urbanized Area (UAs) 

consists of densely developed territory that contains 50,000 or more people – used to 

delineate the separation between urban and rural population, housing and territory near 

large places 

Urban Clusters (UCs) 

consists of densely developed territory that has at least 2,500 people but fewer than 50,000 

people – provides a more consistent and accurate measure of urban population, housing and 

territory throughout the U.S. 
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Figure 4.1 - Standard Hierarchy of Census Geographic Entities 
(U.S. Census Bureau, 2010 Decennial Census) 

 

 

 

Figure 4.2 - Census Small Area Geography 
(U.S. Census Bureau, 2010 Decennial Census) 
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4.2.2 Employment Variables 

The main source of employment data (for the model base year) is the Employment Database maintained by 
the Statewide Model Unit. The database contains a list of businesses (employers) for the entire State of 
Michigan and was developed from a master-list of business data purchased (over many years) from several 
private company sources; Claritas, Nielsen, Infogroup and Hoovers (a Dunn-Bradstreet Company). The 
business records include general business information, industry type (see below), geographic location 
(latitude & longitude) and employee count. The data is extensively reviewed and amended by SUTA staff, 
as well as MPO and local agency staff, prior to use in both the Statewide Model and the SUA models. 
 
Table 4.3 provides the description of the North American Industry Classification System (NAICS) codes at 
the two-digit level, which is the level of detail most often used to define variables in the attraction 
regression equations (see “Attraction Model” section below). 

 

Table 4.3 - North American Industry Classification System (NAICS) Codes 

NAICS 
US 

Code 
NAICS US Title 

11 Agriculture, Forestry, Fishing and Hunting 

21 Mining, Quarrying, and Oil and Gas Extraction 

22 Utilities 

23 Construction 

31 Manufacturing - Food, Beverage, Textiles 

32 Manufacturing - Wood, Paper, Printing, Petroleum, Chemical, Plastics, Nonmetallic 

33 Manufacturing - Primary & Fabricated Metal, Machinery, Computer & Electrical 
Equipment, Transportation Equipment, Furniture 

42 Wholesale Trade 

44 Retail Trade - Motor Vehicles, Furniture, Electronics, Building Materials, Food, Health, 
Gasoline, Clothing,  

45 Retail Trade - Sporting Goods, Hobby, Musical, Book, General, Misc., Mail Order 

48 Transportation - Air, Rail, Water, Truck, Transit, Pipeline, Sightseeing, Support 

49 Warehousing - Postal, Couriers, Storage 

51 Information 

52 Finance and Insurance 

53 Real Estate and Rental and Leasing 

54 Professional, Scientific, and Technical Services 

55 Management of Companies and Enterprises 

56 Administrative and Support and Waste Management and Remediation Services 

61 Educational Services 

62 Health Care and Social Assistance 

71 Arts, Entertainment, and Recreation 

72 Accommodation and Food Services 

81 Other Services (except Public Administration) 

92 Public Administration 

99 Unclassified 
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4.2.3 Socio-economic Data Forecasts 

On a final note, demographic and employment data forecasts (i.e. for the plan horizon and interim years) are 
usually calculated by referencing the Statewide Model demographic forecasts that are maintained by the 
Statewide Model Unit. These forecasts are based upon the work performed by The University of Michigan 
Institute for Research on Labor, Employment, and the Economy – forecasts are usually produced every five 
years, with 2045 being the current forecast horizon. These forecasts, and the methodology used to create 
them, are documented in a report entitled “The Economic and Demographic Outlook for Michigan through 
2045”. The forecasts are developed at the county-level for all 83 counties in Michigan – thus, the Statewide 
Model Unit disaggregates these county-level estimates down to the Statewide Model TAZ level. The 
Statewide Model TAZ-level estimates are what the SUA model forecasts are based upon – in other words, 
these become the control totals for the SUA model forecasts (lending further to the requisite that SUA zones 
nest within Statewide Model zones). 
 

4.3 Production Model 
The goal of trip production is to estimate the total number of trips, by purpose, produced or originating in 
each internal zone. Trip production estimation is performed by relating the number or frequency of trips to 
the characteristics of the household. The current technique employed to model trip production is the cross-
classification method. Average household-level trip production rates were developed from the MITC-I 
Household Travel Survey Data based on relevant household-level characteristics.  
 
The variables utilized in the cross-classification method to estimate internal person trips in the SUAs are 
displayed in the Table 4.4 for each trip purpose.  The variables include; household size, autos available, 
number of workers, income group, and number of school-aged (K-12) children.  Household income group 
ranges were chosen to coincide with thresholds where travel behavior decisions seem to change, as well how 
the Regional Economic Model, Inc. (REMI) and U.S. Census Bureau tabulate this household income variable. 
Tables 4.5 thru 4.9 display the breakdown of average trip rates for each internal trip purpose (passenger car) 
based on the corresponding household characteristics.  
 
The truck model is the exception to the protocol used to calculate trip productions – regression equations are 
used to calculate the truck-class productions as well as the attractions. The composition of these regression 
equations is covered under the Attraction Model Section, and are based on the Quick Response Freight 
Manual, Version I (QRFM-I). The results obtained from these regression equations represent both the truck 
productions and attractions, thus there is no need to balance these trips (further discussed in the Trip Balancing 
Section). 
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Table 4.4 - Cross-Classification Variables by Trip Purpose 
(Passenger Car (PC) Internal Trips) 

 

 
 

Trip 
Purpose 

 
 

Cross-Classification Variables 

Category Ranges 
 

Variable 1 
 

Variable 2 

HBWL 
No. of Workers 

In Low HH Income Group 
Workers 

0, 1, 2, 3+ 
Low Income Range 

$0 - $29,999 

HBWM 
No. of Workers 

In Middle HH Income Group 
Workers 

0, 1, 2, 3+ 
Middle Income Range 

$30,000 - $59,999 

HBWH 
No. of Workers 

In High HH Income Group 
Workers 

0, 1, 2, 3+ 
High Income Range 
$60,000 and above 

HBO 
Household Size 

X 
No. of Autos Available 

 
Household Size 

1, 2, 3, 4+ 

 
Autos Available 

0, 1, 2, 3+ 

HBR 
Household Size 

X 
No. of Autos Available 

 
Household Size 

1, 2, 3, 4+ 

 
Autos Available 

0, 1, 2, 3+ 

HBS No. of Children in K-12 0, 1, 2, 3+ -NA- 

NHB 
Household Size 

X 
No. of Autos Available 

 
Household Size 

1, 2, 3, 4+ 

 
Autos Available 

0, 1, 2, 3+ 

 
 

Table 4.5 - HBW Cross-Classification – Trip Rates 
(Passenger Car (PC) Internal Trips) 

 

No. 
Workers 

HBWL HBWM HBWH 

0 0.05 0.05 0.05 

1 1.13 1.13 1.13 

2 2.09 2.09 2.09 

3+ 2.95 2.95 2.95 

 
 

Table 4.6 - HBO Cross-Classification – Trip Rates 
(Passenger Car (PC) Internal Trips) 

 

 
No. Vehicles 

   

No. 
Person 

0 1 2 3+ 

1 0.47 1.04 2.10 3.52 

2 1.00 2.16 2.33 2.30 

3 2.10 2.99 2.97 2.79 

4+ 3.52 4.63 4.89 4.20 
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Table 4.7 - HBR Cross-Classification – Trip Rates 
(Passenger Car (PC) Internal Trips) 

 
 

No. Vehicles 
   

No. 
Person 

0 1 2 3+ 

1 0.47 0.47 0.47 0.47 

2 1.13 0.96 0.95 0.83 

3 2.21 1.28 0.96 0.94 

4+ 3.08 1.24 0.98 1.07 

 
 

Table 4.8 - HBS Cross-Classification – Trip Rates 
(Passenger Car (PC) Internal Trips) 

 

No. K-
12 

Children 

 

0 0.11 

1 2.28 

2 4.19 

3+ 4.99 

 

 
Table 4.9 - NHB Cross-Classification – Trip Rates 

(Passenger Car (PC) Internal Trips) 
 

 
No. Vehicles 

   

No. 
Person 

0 1 2 3+ 

1 0.52 0.97 1.08 1.94 

2 0.57 1.67 1.8 2.08 

3 1.08 2.19 2.34 2.64 

4+ 1.94 2.91 3.06 3.8 

 

4.4 Attraction Model 
The goal of trip attraction is to estimate the total number of trips, by purpose, attracted to each internal zone. 
This trip estimation is performed by relating the number or frequency of trips to the characteristics of the 
household and, most importantly, to locations of employment. The current technique employed to model 
trip attraction is the linear regression method. 
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Listed below are the current trip attraction regression equations, based on trip purpose (e.g. HBW, HBS) and 
trip type (e.g. internal - internal), as well as by mode (i.e. passenger car, commercial vehicle, and heavy 
truck). It is extremely important to note the difference in the configuration of each equation (both variable 
definitions and coefficients) – considering the definition of each trip purpose, trip type, mode, as well as the 
applicable household variable and employment category (by NAICS code). 

 

Table 4.10 - Regression Equation by Trip Purpose 
Passenger Car (PC) Internal Trips 

Attractions Only 
 

Passenger Car (PC) Internal -to- Internal Trips   
Equation Coefficients 

Trip 
Purpose 

 
Total 

Population 
Occupied 

Housing Unit 
School 

Enrollment 
Retail Trade Services Other 

 
NAISC 

   
44, 45 54, 55, 56, 

61, 62, 71, 
72, 81 

11, 21, 22, 
23, 31, 32, 
33, 42, 48, 
49, 51, 52, 
53, 92, 99 

HBWL 
  

0.218 
 

0.292 
  

HBWM 
    

0.465 0.366 0.281 

HBWH 
 

0.047 
   

0.419 0.322 

HBS 
   

2.243 
   

HBR 
    

4.586 
  

HBO 
  

1.311 
  

1.449 0.702 

NHB 
   

1.095 4.695 1.255 
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Table 4.11 - Regression Equation by Trip Purpose 
Commercial Vehicle (CV) & Heavy Truck (TK) Internal Trips 

Productions & Attractions (QRFM-I) 
 

Commercial Vehicle (CV) and Heavy Truck (TK) Internal -to- Internal Trips   
Equation Coefficients 

Trip 
Purpose 

 
Agriculture, 

Mining, 
Construction 

Manufacturing, 
Transportation, 

Communications, 
Utilities, 

Wholesale Trade 

Retail Trade Office and 
Services 

Occupied 
Housing Unit 

 
NAISC 11, 21, 23 22, 31, 32, 33, 42, 

48, 49, 51, 52, 53 
44, 45 54, 55, 56, 

61, 62, 71, 
72, 81, 92, 

99 

 

CV  
 

1.399 1.18 1.141 0.505 0.35 

TK 
 

0.174 0.104 0.065 0.009 0.038 

 

Table 4.12 - Regression Equation by Trip Purpose 
Combined Passenger Car (PC) & Commercial Vehicle (CV) Internal - External Trips 

Attractions Only 
 

Passenger Car and Commercial Vehicle Internal -to- External Trips   
 Equation Coefficients 

Trip 
Purpose 

 
Occupied 

Housing Units 
Retail Trade Services Other 

 
NAISC 

 
44, 45 54, 55, 56, 61, 62, 71, 

72, 81 
51, 52, 53, 92, 99 

PC+CV 
 

0.5 1.4 1.2 0.5 
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Table 4.13 - Regression Equation by Trip Purpose 
Heavy Truck (TK) Internal - External Trips 

Attractions Only 
 

Heavy Truck (TK) Internal -to- External Trips        

Trip 
Purpose 

 
Occupied 
Housing 

Units 

Retail Trade Agriculture 
and Mining 

Manufacturing, 
Transportation 
and Wholesale 

Trade 

Communication, 
Office and 
Services 

 
NAISC 

 
44, 45 11, 21 31, 32, 33, 42, 

48, 49 
51, 52, 53, 54, 
55, 56, 61, 62, 
71, 72, 81, 92, 

99 

TK 
 

0.038 0.2 0.2 0.25 0.018 

 

4.5 Special Generators 
Special generators represent unique development conditions within the region that do not conform to 
general trip generation characteristics, in other words, trip making characteristics not captured by the 
estimated trip production and attraction models. In certain cases, the trip production and/or attraction 
estimates for a zone may need to be adjusted to better reflect the characteristics of a special type of 
development (see below). There are no prescribed rules for identifying special generators. However, there 
are types of development that can be identified that might require application of special generator 
procedures, such as; 
 

 Major retail developments such as regional shopping centers; 
 Major sports/convention venues; 
 Major regional airports; 
 Military installations; 
 Major medical facilities such as regional hospitals, and 
 Colleges and universities. 

  
It is important to note that the need for special generators is not necessarily identified before the model 
development process.  Rather, special generators are identified as part of the model calibration/validation 
process. Use of special generators should be considered as a last resort technique for improving model 
validation.  
 
Generally, the model is developed without the use of special generators, and through calibration/validation 
efforts, the application of special generators would be evaluated if a validation issue was uncovered. Other 
potential reasons for not meeting the calibration/validation criteria in certain locations within the region 
should be exhausted prior to the consideration of using special generators, including; 
 

 Possible miscoded network characteristics, 
 Need to adjust/add centroid connectors (network loading issues), 
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 Inaccurate socio-economic data in a zone, and/or 
 The need to adjust the trip production rates or attraction relationship for a trip purpose 

 
All these potential factors should be thoroughly examined before the use of special generator is considered. 

 

4.5.1 Data Sources 

The primary source of data for estimating the magnitude of the trip ends associated with a special generator 
is the latest edition of the Institute of Transportation Engineers (ITE) Trip Generation Manual. This 
document estimates the total number of vehicle trip ends generated at a site, both inbound and outbound, for 
many land use activities. It is also important to consider that the trip estimates in the ITE Trip Generation 
Manual are vehicle trips and not person trips. Therefore, these trip rates must be adjusted for average 
vehicle occupancy to estimate person trips. 
 
Other sources of data include special studies that have been conducted for the special development under 
consideration. In many cases, special traffic studies may have been conducted to address the traffic issues 
associated with the development.  These studies provide a source of data for estimating the total number of 
trips entering and exiting the development. Again, these data are generally vehicle trips and must be 
adjusted to reflect person trips. This information is then used to develop trip rates based upon the 
characteristics of the special generator, such as total gross square feet of floor space or number of 
employees. Development of trip rates is important since these trip rates must be used in the horizon year to 
estimate future year total trip attractions. 
 

4.6 Trip Balancing 
As the last step in trip generation estimation, the balancing of trip productions (P) and trip attractions (A) by 
trip purpose is performed. Regarding home-based internal trips, the regional total trip productions should be 
equal to the regional total trip attractions for each trip purpose to efficiently apply the gravity model in the 
trip distribution step (the NHB trip purpose is a unique situation). 
 
Since the estimation of trip productions (using average trip rates) and trip attractions (using regression 
equations) is based upon independent mathematical relationships, the regional totals by trip purpose will not 
be exactly equal. While trip production and attraction rates may contribute to the imbalance, most of the 
difference can be explained by the estimation of the number of households, the socio-economic 
characteristics of the households, and the estimation of the number of employees by industry type. 12 Prior to 
balancing, it is recommended to check the ratio of productions to attractions, by trip purpose - this ratio 
should be between 0.90 and 1.1013. 
 
The trip attractions should be balanced to the trip productions for all home-based trip purposes. For the 
nonhome-based trips, each zonal trip attraction is first balanced using the trip production total as the control, 

 
12 NCHRP 365, Travel Estimating Techniques for Urban Planning, TRB, 1998, page 32. 
13 FHWA, TMIP, Model Validation and Reasonableness Checking Manual, Barton-Aschman Associates, Inc. and Cambridge 
Systematics, Inc., February 1997, page 54. 
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then each zonal production is set equal to its corresponding balanced zonal attraction14,15,16,17. Household 
surveys collect information about the frequency of NHB trips, so household characteristics are used to 
estimate control totals for NHB trips. But since NHB trips, by definition, do not begin or end at the home, 
attraction variables determine the magnitude and location of both productions and attractions. Because of 
the balancing process, NHB productions will be equal to NHB attractions for each zone, but that is not the 
case for the home-based trip purposes, where zonal productions and attractions will not necessarily be equal. 
 
Truck trips are basically nonhome-based trips, so they are treated in a similar manner as nonhome-based 
trips18. In fact, the QRFM-I trip generation rates and equations from Table 4.11 are applied to both trip 
productions and attractions, so balancing is not required. 
 
For balancing external-internal (E-I) and internal-external (I-E) trips, the external station volumes minus the 
thru trips are generally used as the control total for balancing19. I-E / E-I trips are currently not estimated 
separately in the SUA external estimation process – the directional count data is not available to do this – 
therefore, the production end is always the external station, and the attraction end is always the internal 
zone. {If directional count data was available at the external stations, then I-E and E-I trips could be 
estimated separately, and the appropriate production value (I-E or E-I) would be used as the control total} 
 
The balancing procedure is split into two conditions: balancing P-As with and without the use of special 
generators. The special generator condition includes two subparts: special generators that are within an 
isolated zone and those that are not. Most often in SUA models, special generators are not used – refer to the 
User’s Guide for a description of the process by which P-As are balanced when special generators are 
implemented. 
 
Table 4.14 provides a summary of the control totals for balancing the trip productions and attractions 
(without special generators). These procedures can be carried out using TransCAD or by using an Excel 
spreadsheet – the current SUA model process (the preferred method) performs this procedure in TransCAD. 
 
  

 
14 NCHRP 365, Travel Estimating Techniques for Urban Planning, TRB, 1998, page 32. 
15 FHWA, TMIP, Model Validation and Reasonableness Checking Manual, Barton-Aschman Associates, Inc. and Cambridge 
Systematics, Inc., February 1997, page 54. 
16 Virginia Department of Transportation, Travel Demand Modeling Policies and Procedures, Virginia Transportation Modeling 
(VTM), Version 1.3, May, 2009, page 39, Table 18. 
17 Florida Department of Transportation Systems Planning Office, Draft Technical Memorandum No. 1, Trip Generation Review 
and Recommendations, March 2009, page 3-3. 
18 FHWA, TMIP, Model Validation and Reasonableness Checking Manual, Barton-Aschman Associates, Inc. and Cambridge 
Systematics, Inc., February 1997, page 51. 
19 FHWA, TMIP, Model Validation and Reasonableness Checking Manual, Barton-Aschman Associates, Inc. and Cambridge 
Systematics, Inc., February 1997, page 53. 



 

62 
 

Table 4.14 - Control Totals for Production & Attraction Balancing 
I-I and I-E / E-I Trip Types 

 

 
Trip Purpose 

Balancing 
Control Total 

Internal 
Productions 

and 
Attractions 

HBWLI Productions 

HBWMI Productions 

HBWHI Productions 

HBS Productions 

HBR Productions 

HBO Productions 

NHB Productions 

Commercial N/A 

Heavy Trucks N/A 

IE/EI Auto 
and Trucks 

IE/EI Autos  External Station Passenger Car + 
Commercial Vehicle Productions 

IE/EI Trucks External Station Heavy Truck 
Productions 

 
 
The output of this process will be a set of production and attraction trip ends by trip purpose or vehicle class 
that are ready to be factored for the removal of non-motorized trips (see mode choice) prior to trip 
distribution (where only motorized trips are distributed). 

5 External Travel Estimation 
External trips are identified as having at least one trip end, of which either the origin, destination, or both is 
outside of the geographical area served by the model. External trips refer to three classifications of travel: 
 

 External-to-External trips (E-E, or through trips) - Trips that pass completely through the model 
area (neither the origin nor the destination lies within the geographical area served by the model). 
 

 Internal-to-External (I-E) - The trip is classified as I-E if the origin-end of the trip is within the 
model area, and the destination-end lies outside of the model area.20 

 
 External-to-Internal (E-I) - The trip is classified as E-I if the origin-end of the trip lies outside of the 

model area, while the destination-end lies within the model area.21  
 
Figure 5.1 illustrates these three types of external travel. 

 

 
20 NCHRP Report 365 Travel Estimation Techniques for Urban Planning, Transportation Research Board National 

Research Council, Washington, D.C., 1998, p. 48 

21 NCHRP Report 365 Travel Estimation Techniques for Urban Planning, Transportation Research Board National 

Research Council, Washington, D.C., 1998, p. 48 
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Figure 5.1 - Examples of External Trip Types 

 
 

Estimating external travel requires different information and data in comparison with what is used in the other 
steps of the modeling process. External trip model parameters are difficult to obtain, particularly for small 
urbanized areas – thus, the estimation of external travel sometimes can become more art than science. Two 
key sources of information provide the data needed to estimate the external travel within a SUA: 
 

 Extracted Subarea Trip Table (and O-D Matrix) from the Statewide Model (refer to Figure 5.4) – The 
Statewide Model Specialist, upon request, will provide an extracted subarea trip table of ‘Passenger 
Vehicle Volumes’ for each of the external stations that are represented in the Statewide Model 
Network (note that there is a good chance that not all external stations represented in a SUA model 
will also be represented in the Statewide Model). In addition, an Origin-Destination (O-D) matrix will 
be included with the data-table that will provide the travel patterns for the E-E trips only (remember 
that external travel estimates are based on SUA-specific traffic count data, not Statewide Model 
volumes). Data can be provided for the model base year, as well as the horizon year, and any pertinent 
interim years. Note that the current Statewide Model cannot provide information related specifically 
to heavy truck volumes. 

 Individual SUA Traffic Counts for External Station Network Links – traffic count data can be 
extracted from the UTA Traffic Count Database (currently maintained by UTA staff), which will 
include MDOT, MPO, and local agency count data / information. Note that traffic count data is utilized 
in two major ways in the model process – estimate external travel and to validate the base year model 
link volumes. 

5.1 External Travel Estimation Table 
The External Travel Estimation Table (once completed), in conjunction with the Statewide Model E-E O-D 
trip matrix, will provide all the modeling parameters and data necessary to represent external vehicle travel in 
a SUA travel demand model.  An example of an external travel estimation table is shown in Figure 5.2.  
Columns in the table are number coded, to aid in explaining the meaning / purpose of each column of data. 
 



 

64 
 

The following is a brief explanation of each of the data columns in the External Travel Estimation Table. The 
key input (beyond the determination of the total vehicle volume) to the estimation of external travel is the 
percentage of heavy trucks (commercial vehicles are combined with passenger cars for external travel 
estimation), and the percentage of E-E trip movements; 
 

 Column 1 – “SeqNo” is a generic, unique sequence number used to designate each external 
station record, 

 Columns 2 thru 6 are network / TAZ descriptive information for each external station, 

 Column 7 is the “final” value of total vehicle volume to be used to represent the external 
station, 

 Column 8 is the percent of heavy trucks to be applied to the total external station vehicle 
volume (Column 7) to determine the share of heavy truck – use a default value (most common 
method) or use the percentage calculated from classified count data, if available. (Note: in this 
context, the “heavy truck” category is defined by FHWA Bins 8 thru 13), 

 Columns 9 thru 16 include equations that calculate the volumes of passenger car and heavy 
truck for I-E and E-E trips. The percentage E-E trips for passenger (including commercial 
vehicles) and truck categories is obtained from the Statewide Model. Regarding E-E trips, note 
that it is common practice to include “through” travel in the SUA for those external stations 
that are included in the Statewide Model only – if there are external stations (in the SUA and 
not in the Statewide Model) that have through trip movement, these through trip movements 
will require further estimation by the modeler, 

 Columns 18 thru 37 provide a summary of available data from various sources (e.g. traffic 
count data, previous model versions, adjacent model areas, data sufficiency [decommissioned 

in 2015], etc.) that can be used in the support of determining the external station total vehicle 
volume (Column 7), heavy truck (Column 8), and E-E (Columns 10 and 14) percentages. These 
columns are present in the table to allow for transparency, and to assist the modeler in 
determining the required external travel parameters (this does not preclude the use of other 
worksheets, etc.). Seek local agency input concerning vehicle volumes and through trip 
movements, especially if supporting data is not available for an external station, 

 Once completed, the volumes in Columns 12 and 16 become the control totals that are 
represented in the Trip Generation - Balancing Table. The production end of an I-E or E-I trip 
is the external station, while the internal TAZ becomes the attraction end. The attraction (for 
each TAZ) will be calculated using the appropriate regression equation (see Trip Generation – 
Attraction) 

 
In addition, the volumes in Columns 11 and 15 become the marginal control totals that will be used to develop 
the through trip movements from the Statewide Model E-E O-D matrix. The Statewide Model E-E O-D matrix 
provides the “pattern” of E-E trip movements, while the volumes in Columns 11 and 15 provide the actual 
“flow”. 
 
Figure 5.2, “Column 8 - Percent Heavy Truck Factors” is a supplementary Excel worksheet that provides 
default values for the percent of heavy trucks represented in Column 8 of the External Travel Estimation 
Table. Each of the SUA external stations will require a “% heavy truck” factor, which can be developed from 
classified count data, if available. However, classified count data is usually not available for this purpose, so 
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the use of default values is the common practice. The current table provides default values, from various 
sources, based on the functional class of the link. 
 
Finally, Figure5.4, “Statewide Model Subarea Output (example)” represents an example (in this case, the 
Jackson SUA – 2040 LRP) of the output from the Statewide Model subarea analysis. This table will provide 
the TAZ number equivalency between the Statewide and SUA models (very important when utilizing the 
Statewide Model E-E O-D matrix), as well as the total passenger vehicle volumes and through trip percentages 
for each of the external stations that correspond to the Statewide Model Network – for the base and horizon 
year (in this case, 2010 & 2040) of the SUA model (and/or any interim years, if requested). 
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Figure 5.2 - External Travel Estimation Development Table (example) 

(values represented in this table are for illustrative purposes only) 
 

 
This Excel Worksheet is a good starting point and can be modified based upon each individual modeler’s preference. 
Reference the User Guide for further information regarding this procedure.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

input input input input input input input calc calc / input calc calc calc calc / input calc calc input input input input input input input input input input input input input input input input input input input

(use)

SeqNo ExtStaID CityTwp FeName OLD_NFC NumLn Volume
3

Pct HvyTK
2

PC_Cnt Pct EE PC_EE PC _IE HvyTK_Cnt Pct EE TK_EE TK_IE Volume Pct HvyTK Volume Pct CV Volume EE IE Pct HvyTK ID Volume Pct EE Year1Cnt Year2Cnt Year3Cnt Year4Cnt Year5Cnt PC_Cnt HvyTK_Cnt Pct HvyTK Outside Model Limits @ Model Boundary

1 4,590 5.23% 4,350 37.40% 1,627 2,723 240 37.40% 90 150 37.40%

2 60,702 7.74% 56,004 38.90% 21,786 34,218 4,698 38.90% 1,828 2,870 38.90%

3 0 input 0 input

4 0 input 0 input

5 0 input 0 input

6 0 input 0 input

7 0 input 0 input

8 0 input 0 input

9 0 input 0 input

10 0 input 0 input

Totals 65,292 60,354 23,413 36,941 4,938 1,918 3,020 0 0 0 0 0 0 0 0 0 0 0 0 0

Comments:

1 EE trips - remember that they represent a production and attraction, therefore, one EE trip = two counts (think about it!)

2 Column 8 - use the default heavy truck percent if no other value is available (see "Pct HvyTK Defaults") 

3 Columns 18 thru 37 are sources for Column 7 Volume data

4 "Count" could be a raw count, ADT, or AADT from any of the possible data sources (any source that can help to inform your decision)

5 "Pct" = Percent

6 "PC" = passenger car (FHWA Classification Bins 1 thru 5)

7 "CV" = commercial vehicle (from MDOT Sufficiency)

8 "HvyTK" = heavy truck (FHWA Classification Bins 6 thru 13)

9 "Cnt" = count (traffic)

10

Volume Data Sources
Raw Traffic Counts (two way)External Station Description Sufficiency Statewide ModelPassenger Car (PC) Heavy Truck (HvyTK) Previous Model Adjacent MPO / TMA
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Figure 5.3 - Column 8 - Percent Heavy Truck Factors (example) 
(For Reference only - when no other information is available) 

 

 
 

 

Figure 5.4 - Statewide Model Subarea Output (example) 

(values represented in this table are for illustrative purposes only) 
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5.2 Future Year External Travel Modeling Procedure  
Unless major development or travel pattern changes are anticipated near the boundary or on the outskirts of a 
SUA, the exact same modeling procedure, with some updated parameters and forecasted volumes, would be 
used to estimate the external travel for any future year (planning horizon or interim years).  
 
Future year updates to model parameters could include the following: 

 Future year traffic volume projections for each external station, 

 Percent heavy trucks (common practice is to use the same values as the base year); and,  

 Percent E-E from the Statewide Model subarea analysis. 
 
Remember, there is credibility and safety in the base year estimate of parameters and validation of the base 
year travel demand model.  Unless there is strong evidence and local agency buy-in to support otherwise, it 
is best practice to use the base year parameters / factors when estimating future year external traffic volumes 
/ travel patterns. 
 
5.2.1 Future Year Traffic Volume Projections 

Forecasted estimates of future year daily traffic volumes (classified, if possible) would be needed at each 
external station. In general, the following two tasks will always be done to make future year projections at the 
external stations: 
 

 Trend-line analysis at each external station, using available counts.  The net product of this analysis 
would be trend-based estimates of average annual and cumulative growth in average daily traffic from 
base year to the planning horizon year.  If the trend-line analysis could be done separately for passenger 
cars and heavy trucks, that would be preferred. 

 
 Base, interim and future year volumes for vehicles from the Statewide Model. The net result from 

comparing base and future year trip end summaries from trip table matrices extracted from the 
Statewide Model would be to identify average annual and cumulative growth percentage changes in 
average daily traffic volumes from the model’s base year to its planning horizon. 

 
These two sources of future year growth, in combination, should suffice for developing a credible estimate of 
the amount of future year growth at each external station. 
 
In general, and to maintain consistency, the percent of heavy trucks and the percent E-E trips should stay the 
same (i.e. use the same percent for any future year as was used for the base year), unless there is clear evidence 
that an expected change is to occur.  In fact, for roadways not represented in the Statewide Model, these 
factors should remain unchanged unless there is strong evidence / knowledge of a definite change in future 
years. 

6 Trip Distribution 
A trip distribution model is used to predict the spatial pattern of trips between origins and destinations, i.e. to 
predict the destination choice of travelers. Trip distribution is the second major step in the traditional four-
step travel demand modeling process, and it is in this step where trip productions are allocated to attraction 
zones, resulting in trip tables containing the number of trips that travel between every production and 
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attraction zone pair combination. Accurately estimating the magnitude of trip-making between individual 
zone pair combinations is challenging because people are not simply “agents” that make travel choices based 
upon a well-defined decision-making process. People make travel choices based on a myriad of complex 
personal situations. Such complex personal decisions are essentially impossible to reflect in mathematical 
relationships. Nevertheless, the estimation of travel demand requires the use of some form of mathematical 
relationship. 

6.1 The Gravity Model 
The gravity model formulation, shown below, is the preferred trip distribution model currently used in all 
SUA models. This model explicitly relates the trips between each zone pair combination to the interzonal 
impedance to travel. Many different measures of impedance can be used – travel distance, travel time, and/or 
travel cost – currently all SUA models use travel time as the impedance. 
 
The resulting form of the classical gravity model formula can be written as: 
 

��� = �� × �
��×����×���

∑ (��×����×���)�
���

� 

 
where, 
 

Tij = the number of trips from zone i to zone j 
Pi = the number of trip productions in zone i 
Aj = the number of trip attractions in zone j 
FFij = the friction factor for the zone i to zone j trip interchange 
Kij = K-factor (optional adjustment factor) 

 
Thus, all trip attracting zones (j) are in competition with each other to attract those trips produced by each trip 
producing zone (i). All things being equal, more trips will be attracted by zones that have a higher level of 
“attractiveness”. The trip productions and attractions represent the mass in the “gravity” relationship, so the 
larger these values become, the larger the number of trips between the zone pairs. Friction factors are used to 
represent the “distance” in the “gravity” relationship – friction factors quantify the impedance or the measure 
of separation between two zones. Since this is an inverse relationship, as the travel impedance (e.g. travel 
time) increases, friction factors decrease, resulting in fewer trips between the two zones “i” and “j”.  
 
It is common for friction factors to be represented with mathematical functions (SUA model applications) or 
as friction factor lookup tables (not currently used in SUA models). The most commonly used mathematical 
functions include the gamma, exponential and power functions. Notice, from the equations, that the 
Exponential function is simply the Gamma function without the power term, and the Power function is simply 
the Gamma function without the exponential term. Currently, all SUA models utilize the Exponential function 
with differing coefficients. 
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The general form of the Gamma function is; 
   

���� = � ∗  ���
� ∗  ��∗ ��� 

 
where, 

 

FFij = the friction factor between zones i and j 
   a, b, c = model coefficients (a is a scaling factor, b and c should both be negative) 
   tij = the travel time between zones i and j 
 e = the base of the natural logarithm 
 
The general form of the Exponential function is; 
 

���� = � ∗ ��∗ ���  
 
where, 

 

FFij = the friction factor between zones i and j 
   a, c = model coefficients (a is a scaling factor, c should be negative) 
   tij = the travel time between zones i and j 
 e = the base of the natural logarithm 
 
The general form of the Power function is; 
 

���� = � ∗  ���
�  

 
where, 

 

FFij = the friction factor between zones i and j 
   a, b = model coefficients (a is a scaling factor, b should be negative – making this an inverse power function) 
   tij = the travel time between zones i and j 
 
K-factors are sometimes used to improve the consistency between base year travel patterns and model results. 
Conceptually, K-factors represent an adjustment to account for the complex individual decisions that are not 
explained through the standard gravity model variables (productions, attractions and impedance functions). 
Since K-factors indirectly address complex situations, there is no guarantee of their stability over time. For 
this reason, their use should be minimized, or avoided altogether, and if used their values should be 
constrained to a value close to 1.00. In cases where there is a reasonable assurance of stability over time, then 
K-factors can be useful. As an example, K-factor adjustments for topographic barriers, such as water bodies 
and mountain ranges, can be somewhat likely to remain stable over time. However, if the perceived “penalty” 
associated with topographic barriers is reduced with the construction of a new bridge or tunnel (for instance), 
then the use of K-factor adjustments become less valid. 

6.2 Trip Length and Trip Length Frequency Distribution 
A set of validation target values (evaluation measures) for the gravity model / friction factor calibration was 
developed from the MITC I household travel survey data.  The two evaluation measures are: 
 

 target average trip length, and 
 target trip length frequency distribution 

 

The average trip lengths for all SUAs by trip purpose and by size category are shown in Table 6.1 and 6.2. 
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Table 6.1 - Average Trip Lengths 
I-I Trip Purposes 

(In Minutes) 
 

SUA Areas HBWLI HBWMI HBWHI HBS HBR HBO NHB 

All Areas 14.64 14.90 15.52 11.84 12.31 12.93 11.95 

Large Areas1 15.25 15.44 15.23 11.14 11.66 12.93 12.23 

Medium Areas2 15.53 15.55 16.72 12.20 12.95 13.70 12.58 

Small Areas3 12.38 13.96 14.47 11.95 11.98 12.10 10.99 

  1 Tri-Cities (Bay City-Saginaw-Midland) 
  2 Kalamazoo (classified as a SUA in MITC-I), Muskegon, and Jackson 
  3 Benton Harbor/St. Joseph, Niles, Battle Creek, Holland/Zeeland and Traverse City 

   
 

Table 6.2 - Average Trip Lengths 
I-E / E-I Trip Purposes 

(In Minutes)  
 

SUA Size I-E / E-I I-E E-I 

All SUA 17.39 17.21 17.60 

Large1 18.84 18.86 18.81 

Medium2 17.92 17.62 18.28 

Small3 15.23 15.25 15.22 
1 Tri-Cities (Bay City-Saginaw-Midland) 

  2 Kalamazoo (classified as a SUA in MITC-I), Muskegon, and Jackson 
  3 Benton Harbor/St. Joseph, Niles, Battle Creek, Holland/Zeeland and Traverse City 

 

Calibration of the friction factors (based upon trip purpose) involves making iterative adjustments to the model 
coefficients (a, b, c) based on the comparison of the trip length frequency distributions of modeled trips and 
the frequency distributions derived from the MITC-I household travel survey data. Several calibration 
statistics are evaluated duration this iterative process, including the percent difference and the coincidence 
ratio, for three differing time increments; 1 minute, 3 minutes, and 5 minutes. An example of a trip length 
frequency distribution and a friction factor curve, as well as a summary table of calibration statistics, are 
illustrated in Figures 6.1 thru 6.2, and Table 6.3. 
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Figure 6.1 - Trip Length Frequency Distribution Curves (example) 

HBO Trip Purpose, All SUA 
(5-minute time increment) 

 

 
“TLF” = trip length frequency 
“GM” = gravity model results 
“Target” – developed from the MITC-I Household Travel Survey Data 

 
 

Figure 6.2 - Friction Factor Curve (example) 
HBO Trip Purpose, All SUA 

 

 
“FF” = friction factor 
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Table 6.3 - Calibration Statistics Table (example) 

HBO Trip Purpose, All SUA 
 

Calibration Statistics 
Statistic Value Criteria 

Target Average Trip Length (Minutes - 1 Min. Increments) 12.97 N/A 

GM Average Trip Length (1 Min. Increments) 13.32 N/A 

% Difference (Target vs. GM - 1 Min. Increments) 2.66% +/- 3.0% 

Coincidence Ratio (1 Min. Increments) 0.70 0.70 Min 

Target Average Trip Length (Minutes - 3 Min. Increments) 12.50 N/A 

GM Average Trip Length (3 Min. Increments) 12.83 N/A 

% Difference (Target vs. GM - 3 Min. Increments) 2.62% +/- 3.0% 

Coincidence Ratio (3 Min. Increments) 0.74 0.70 Min 

Target Average Trip Length (Minutes - 5 Min. Increments) 11.84 N/A 

GM Average Trip Length (5 Min. Increments) 12.31 N/A 

% Difference (Target vs. GM - 5 Min. Increments) 3.91% +/- 3.0% 

Coincidence Ratio (5 Min. Increments) 0.80 0.70 Min 

   Values in red indicate target criteria was not met 
 
 
{Note: The National Cooperative Highway Research Program (NCHRP) Report 365 provides a step-by-step example22 
of how to calibrate friction factors that are based on a gamma function. This commonly used method uses log-linear 
regression to estimate the gamma function model coefficients. The SUA process for calibrating friction factors mirrors 
this procedure.} 

6.3 Truck Model – Quick Response Freight Manual (QRFM) 
The Federal Highway Administration (FHWA) has sponsored some of the research and the publication of 
two quick response freight manuals over the last fifteen years, as part of their Travel Model Improvement 
Program (TMIP) and commitment to support the consideration of freight in developing metropolitan and 
statewide transportation plans. The Quick Response Manual I was completed in 1996 and subsequently used 
by several MPO’s to include trucks and commercial vehicles, explicitly, in their four-step travel demand 
models.   
 
The first version of the document provided modelers with background information on methods used to 
conduct planning analyses with freight data as well as transferable parameters for incorporating freight into 
a traditional four-step travel model or for application in site development studies.  The formulas, methods, 
and equations in the Quick Response Freight Manual – I (QRFM-I) were widely adopted into urban 
transportation planning and state transportation planning models, as evidenced to the QRFM-I research team 
from MPO model documentation accompanying transportation and conformity plans.   Many travel demand 
models prepared or updated from 1997 to 2007 defined their truck purpose as "Quick Response Freight 
Manual”.23 
 

 
22 Pages 41 and 43 
23Final Report - Quick Response Freight Manual, Federal Highway Administration, September, 1996  
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Friction factor equations to facilitate trip distribution with a highway network skim of travel times were also 
reported.  These are listed below for three different vehicle types:24 
                                                               

Four-tire commercial vehicles:  ���  =  ���.��  ∗ ��� 
                                            

Single Unit Trucks:  ��� =  ���.��  ∗ ���  
                                   

Combinations:  ��� =  ���.��  ∗ ���  

 
where,   
 

Fij = the gravity model friction factor applied to the trip interchange between zone � & zone � 
tij = is the travel time between zone i and zone j 

7 Mode Choice and Time of Day 
As denoted in the Determination of the State of the Practice in Metropolitan Area Travel Forecasting: 
 

“Mode choice models are not an absolute requirement of the travel demand modeling process for regions without 
significant transit usage. Therefore, mode choice models only apply to regions operating more advanced models with 
person trip capabilities. For the most rudimentary of these models, auto occupancy factors, by purpose, would suffice 
for acceptable mode choice practice.”25 
 

Mode choice models are used to analyze and predict the choices that individuals or groups of individuals 
make in selecting the transportation modes that are used for a trip purpose. Typically, the goal is to predict 
the aggregate share of trips made by mode for each origin and destination pair. The important objective in 
mode choice modeling is to predict the share of trips that are attracted to public transportation, and thus to 
generate a trip matrix to use for either traffic (vehicle) assignment and for transit assignment. 

7.1 Mode Choice Model (Simplified Approach) 
This section outlines the “simplified” procedure for estimating the internal – internal (I-I) motorized mode 
shares. The process uses a qualitative measure of transit network service at the zonal level to estimate transit 
mode shares. Therefore, in this approach, detailed transit route coding is replaced with a TAZ level 
representation of transit service. The simplified approach is an enhanced version of the Sioux Falls, SD 
mode split process. With this approach, auto mode shares are a function of trip purpose, production zone 
average autos per household, attraction zone area type, and trip distance. Transit mode shares are a function 
of trip purpose, production zone average autos per household and attraction zone area type. After transit 
shares are estimated, the auto shares are scaled proportionally to keep the average auto occupancy consistent 
at the trip interchange level. The split between single occupancy vehicles (SOV) and shared ride trips (SR2 
& SR3+) is based on the average auto occupancy for the applicable trip purpose. Currently, all SUA models 
except Benton Harbor / St. Joseph utilize this simplified mode split process.  
 
Figure 7.1 represents the hierarchy of mode choices – the non-motorized (walk, bike and school bus) shares 
are estimated with fixed factors and removed from the total I-I auto trips after the trip generation step (prior 
to trip distribution). 

 
24Final Report - Quick Response Freight Manual, Federal Highway Administration, September, 1996, p. 4-18   
25 Determination of the State of the Practice in Metropolitan Area Travel Forecasting, Findings of the Surveys of Metropolitan 
Planning Organizations, Vanasse Hangen, Brustlin, Inc., June 2007, page C-6. 
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Figure 7.1 – Mode Split Hierarchy 

 

 

7.1.1 Non-Motorized Trips 

Non-motorized trips primarily consist of walk, bicycle and school bus trips.  These trips are removed from 
the travel demand modeling sequence after balancing zonal production and attractions and prior to trip 
distribution.  Non-motorized trips are estimated using trip purpose-specific trip rates for the seven I-I model 
trip purposes. 
 
The portion of the total person trips represented by non-motorized travel was developed based upon the 
MITC-I household travel survey. Table 7.1 indicates the percentage of non-motorized trips by trip purpose. 
 
  

Choice
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(SOV)
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Shared Ride 3+ 
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Transit

Walk Access Drive Access

Non-Motorized

Walk Bike
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Table 7.1 - Non-Motorized Trips by Trip Purpose 

Trip 
Purpose 

Total 
Trips 

Total 
Non-

Motorized 
Trips 

Percent 
Non-Motorized 

Trips 

Percent 
Motorized Trips 

HBWLI 111,310 5,387 4.84% 95.16% 

HBWMI 253,782 11,995 4.73% 95.27% 

HBWHI 321,621 7,106 2.21% 97.79% 

HBW 686,713 24,488 3.57% 96.43% 

HBS 543,481 176,323 32.44% 67.56% 

HBR 470,960 9,447 2.01% 97.99% 

HBO 1,519,945 94,009 6.19% 93.81% 

HBNW 2,534,386 279,779 11.04% 88.96% 

NHB 1,156,881 44,803 3.87% 96.13% 

All Trips 4,377,980 349,070 7.97% 92.03% 
Source: MI Travel Counts 2005 Survey 

 

7.1.2 TAZ Coding 

Each TAZ is assigned a qualitative measure of its transit service. The qualitative codes are as follows: 

 No Transit Service: 0 

 Low Level of Transit Service: 1 

 Medium Level of Transit Service: 2 

 High Level of Transit Service: 3 

 Very High Level of Transit Service: 4 
 

The quality of transit service provided to each TAZ depends strongly on the proximity of transit service to 
the zone (walking distance) and on the frequency of transit service (transit vehicle headway). Table 7.2 
provides a general guide for determining appropriate transit service flags. 

 

Figure 7.2 - Qualitative Transit Service Flags 

 

 
  

Short Medium Long

Short Very High (4) High (3) Medium (2)

Medium High (3) Medium (2) Low (1)

Long Medium (2) Low (1) No Transit (0)
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Since the transit service flags are qualitative, strict definitions of the categories in the table above (i.e. short, 
medium, etc.) may be inappropriate. However, based on common modeling practices (observed in other 
State’s / MPOs), the following levels are used as a general guide: 
 

 Walking 
o Short – 0 to 0.25 miles 
o Medium – 0.25 to 0.5 miles 
o Long – 0.5 to 2 miles 
o Very Long – over 2 miles 

 

 Headway 
o Short – less than 20 minutes 
o Medium – 20 to 40 minutes 
o Long – over 40 minutes 

 

7.1.3 Transit and Auto Share Estimation 

A total motorized share is determined by subtracting the non-motorized share from the overall person trips 
calculated in the trip generation model, as described in previous sections. The next step is to determine the 
split of the motorized share that are transit, and those that are auto. The transit share is first estimated, with 
the auto share becoming the difference between the total motorized share and the transit share (reference 
Figure 7.1). 
 
Transit shares are calculated as a function of trip purpose and are the product of a maximum transit share 
(based on the production zone’s average autos per household), an attraction zone area type factor, and a 
zonal level transit service factor. Each of the factors are provided as input tables to the modeling process. 
The splits between SOV and SR2 & SR3+ for each number of autos per household level (0, 1, 2, 3+) were 
estimated from observed shares from the MITC-I household travel survey. Since autos per household levels 
do not apply to NHB trips, a single split for this purpose is used. 
  

7.2 Time of Day 
The output from the Mode Choice Step provides a set of 24-hour, person-level trip tables (for I-I trips) 
categorized by trip purpose (HBW, HBNW, NHB) and by mode classification (SOV, SR2, SR3+, transit) - 
but still in the production-attraction (P-A) format. Note that after trip distribution, and prior to mode choice 
and time of day, the I-I trip purposes are combined into three (from the original seven) purposes; 

 
 HBW = HBWLI + HBWMI + HBWHI (i.e. all work trips) 
 HBNW = HBR + HBO + HBS (i.e. all nonwork trips) 

 NHB = NHB 
 
The intent of the Time of Day Step is to output a set of trip tables, for input to traffic assignment, that are in 
the origin – destination (O-D) format, that have been converted to vehicle trips (using average vehicle 
occupancy factors), and that have been partitioned into the four time periods of AM peak (7:00 am to 9:00 
am), Mid-day (9:00 am to 3:00 pm), PM peak (3:00 pm to 6:00 pm), and Night-time (6:00 pm to 7:00 am). 
The conversion of the trip tables from P-A to O-D format, the application of vehicle occupancy factors, and 
the separation of the trip tables into four time periods is performed in one single process within the 
TransCAD environment (see Figure 7.3), a procedure called “P-A to O-D” (under Planning). 
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Figure 7.3 - TransCAD P-A to O-D Procedure (example) 
(input values are from the JACTS 2010 base year model, I-I passenger car trips) 

 

 
 

There are other “trip types” that are not indicated in the Figure 7.3 but are also processed through this step 
and prepared for traffic assignment in a similar fashion.  These trip types are: 

 internal – internal (I-I) commercial vehicle and heavy trucks, 

 internal – external (I-E) passenger cars and heavy trucks, and  

 external – external (E-E) passenger cars and heavy trucks 

The external-type trips were developed using traffic count data, and thus are already in vehicle trip format 
(as opposed to person trip) and do not require an auto occupancy factor conversion. Therefore, only hourly 
departure and return rates are applied to these trips to split the matrices into the four time periods. 
 
An “HOURLY” look-up table is used (“Lookup Dataview” drop-down menu in Figure 7.3) to not only 
separate the trips into each period, but to also convert from P-A to O-D format – using fixed factors 
developed from MTC-I household travel survey data. Thus, the departure/return rates (“Hourly % 
Departure”, “Hourly % Return” from Figure 7.3) represent the percentage of the total daily trips that occur 
during each period, as well as the proportion of those trips in each period that depart from the home and 
return to the home – the home is the key to determining the directionality of the trip (for home-based trips) 
and provides the basis for the conversion from the P-A to O-D format.  
 
Note in the HOURLY - Departure/Return Table 7.2 that the return for NHB trips is 0% (i.e. neither end of 
the trip is the home), thus 100% of the trips depart and 0% return. Also note in this table that for each of the 
home-based trip types, the sum of the departure rates is 50% and the sum of the return rates is 50%, though 
there are differing breakdowns for each of the four time periods. 
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Table 7.2 - “HOURLY” Lookup Table for Departure / Return Rates by Trip Purpose based on Time 
Period - TransCAD Binary Table 

(values in the table represent percentages) 

 

 
 

  
 

    

Period D_HBW_SOV R_HBW_SOV D_HBW_SR2 R_HBW_SR2 D_HBW_SR3 R_HBW_SR3 

AM 19.4 1.2 13.8 0 22.4 0 

MD 10.7 9.9 12 12 6.9 14.5 

PM 3.5 26.6 0 26.3 0 15.1 

NT 16.4 12.3 24.2 11.7 20.7 20.4        

Period D_HBNW_SOV R_HBNW_SOV D_HBNW_SR2 R_HBNW_SR2 D_HBNW_SR3 R_HBNW_SR3 

AM 10.3 5.5 17.1 3 25.4 1.9 

MD 20.7 20 16.1 18.7 9.3 12.1 

PM 8.3 12.1 8.1 15.4 6.3 19.3 

NT 10.7 12.4 8.7 12.9 9 16.7        

Period D_NHB_SOV R_NHB_SOV D_NHB_SR2 R_NHB_SR2 D_NHB_SR3 R_NHB_SR3 

AM 11.2 0 7.5 0 6.2 0 

MD 53.3 0 52.5 0 44.4 0 

PM 24.1 0 23.1 0 28.6 0 

NT 11.4 0 16.9 0 20.8 0        

Period D_II_CV R_II_CV D_II_HT R_II_HT 
  

AM 7.25 7.25 5.6 5.6 
  

MD 21.95 21.95 19.8 19.8 
  

PM 9.7 9.7 7.2 7.2 
  

NT 11.1 11.1 17.4 17.4 
  

       

Period D_IE_PC R_IE_PC D_IE_TK R_IE_TK 
  

AM 7.4 7.4 5.6 5.6 
  

MD 14.9 14.9 19.8 19.8 
  

PM 14 14 7.2 7.2 
  

NT 13.7 13.7 17.4 17.4 
  

       

Period D_EE_PC R_EE_PC D_EE_TK R_EE_TK 
  

AM 6.15 6.15 5.6 5.6 
  

MD 16.94 16.94 19.8 19.8 
  

PM 13.25 13.25 7.2 7.2 
  

NT 13.66 13.66 17.4 17.4 
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Where, 
 

AM Period 7 am - 9 am morning peak period 

MD Period 9 am - 3pm mid-day period 
 

PM Period 3 pm - 6pm afternoon peak period 

NT Period 6 pm - 7 am night-time (evening) period 
    

SOV single occupancy vehicle 
 

SR2 shared ride vehicle - 2 persons 
 

SR3+ shared ride vehicle - 3 or more persons 

II internal - internal trip 
 

IE internal - external / external – internal trips 
 

EE external - external trip 
 

D departure 
  

R return 
  

    

HBW Home-based Work (all work categories) 

HBNW Home-based Non-Work (all non-work categories) 

NHB Non-Home based 
 

    

PC passenger car 
  

CV commercial vehicle 
 

TK heavy truck 
  

 

As discussed in the previous section on mode choice, the auto occupancy factors are (by definition) 1.0 for 
SOV and 2.0 for SR2, while the factors for the SR3+ mode are based upon the MITC-I household travel 
survey data and vary based upon the purpose of trip (the same factor is used for all time periods – see Table 
7.4). Currently the “transit” mode does not move forward to a transit assignment (i.e. a transit route network 
is not maintained when using the simplified method), and the transit shares are retained for informational 
purposes only. 

 
Figure 7.4 - SR 3+ Average Vehicle Occupancies by Trip Purpose & Time-of-Day Periods 

(input values to the TransCAD PA to OD Procedure) 
 

 

 

Time

Period HBW NHBW NHB

AM 3.10 3.40 3.50

Mid-Day 3.10 3.40 3.50

PM 3.10 3.40 3.50

Evening 3.10 3.40 3.50

MODE - SR3 
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One further note concerning truck trips, there are varying definitions for the several truck-type trips based 
on truck classification, and thus each are handled a little differently: 

 For internal-internal (I-I) trips, the commercial, light, & medium trucks (combined, and labeled as 

“commercial”) and heavy trucks are separate trip types, and are governed by the Quick Response 

Freight Manual, Version 1 (QRFM-I). 

 For internal-external (I-E) trips, the commercial, light, and medium truck trips are incorporated in 

with the passenger car category, while heavy trucks are dealt with separately (using QRFM-I), and  

 For external-external (E-E) trips, again, the commercial, light, and medium truck trips are 

incorporated in with the passenger car category, while heavy trucks are dealt with separately (using 

QRFM-I). 

7.3 Return-Departure Factors for the Various Modes and Trip Types 
This section provides additional background information concerning the source for the “HOURLY” 
departure and return rates (found in the Table 7.2) for the various commercial vehicle and heavy truck 
categories, as well as the E-E passenger car category. 
  
7.3.1 I-I Percent of Commercial Vehicles by Hour 

The Quick Response Freight Manual I (QRFM I) is the data source of the default percentages used for I-I 
commercial vehicles. These values are shown in the table below. 
 

Table 7.3 - Percent of I-I Commercial Vehicles by Hour 

AM 
Hour 

Range 

Hour 
Ending 
(Military 
Time) 

Percent of 
Daily CV 

Trips 

PM 
Hour 

Range 

Hour Ending 
(Military Time) 

Percent 
of 

Daily 
CV 

Trips 

12-1 100 0.7% 12-1 1300 6.8% 
1-2 200 0.6% 1-2 1400 7.1% 
2-3 300 0.6% 2-3 1500 7.7% 
3-4 400 0.5% 3-4 1600 7.7% 
4-5 500 1.1% 4-5 1700 6.6% 
5-6 600 3.0% 5-6 1800 5.1% 
6-7 700 5.0% 6-7 1900 3.5% 
7-8 800 7.3% 7-8 2000 2.4% 
8-9 900 7.2% 8-9 2100 1.6% 

9-10 1000 7.8% 9-10 2200 1.3% 
10-11 1100 7.0% 10-11 2300 1.0% 

11-12 1200 7.5% 11-12 2400 1.0% 
 

7.3.2 I-I Percent, I-E/E-I Percent, and E-E Percent of Heavy Trucks by Hour 

The percent of I-I, I-E/E-I, and E-E heavy trucks is based upon the default hourly distributions in QRFM I. 
These values are shown in the Table 7.4. 
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Table 7.4 - Percent of I-I, I-E/E-I, & E-E Heavy Trucks by Hour 

AM 
Hour 

Range 

Hour 
Ending 
(Military 
Time) 

Percent of 
Daily HT 

Trips 

PM 
Hour 

Range 

Hour Ending 
(Military Time) 

Percent 
of 

Daily 
HT 

Trips 

12-1 100 2.3% 12-1 1300 6.9% 
1-2 200 1.8% 1-2 1400 6.3% 
2-3 300 1.5% 2-3 1500 6.2% 
3-4 400 1.7% 3-4 1600 5.3% 
4-5 500 2.3% 4-5 1700 5.1% 
5-6 600 3.7% 5-6 1800 4.0% 
6-7 700 4.3% 6-7 1900 3.9% 
7-8 800 6.0% 7-8 2000 3.0% 
8-9 900 5.1% 8-9 2100 2.9% 
9-10 1000 7.1% 9-10 2200 2.6% 

10-11 1100 6.3% 10-11 2300 2.5% 

11-12 1200 6.8% 11-12 2400 2.3% 

 

7.3.3 E-E Passenger Car Trips (includes Commercial Vehicles and Medium Trucks) by Hour 

The percent of E-E passenger trips is based upon the distribution of trips (summarized for all trip purposes) 
provided in NCHRP Report 365. These values are shown in Table 7.5. 
 

Table 7.5 - Percent of E-E Passenger Cars by Hour from NCHRP Report 36526 

AM 
Hour 

Range 

Hour 
Ending 
(Military 
Time) 

Percent of 
Daily 

Passenger 
car 

PM 
Hour 

Range 

Hour Ending 
(Military Time) 

Percent of 
Daily 

Passenger 
car 

 12-1 100 0.41% 12-1 1300 7.13% 
1-2 200 0.12% 1-2 1400 6.12% 
2-3 300 0.33% 2-3 1500 6.71% 
3-4 400 0.27% 3-4 1600 8.70% 
4-5 500 0.36% 4-5 1700 8.95% 
5-6 600 1.01% 5-6 1800 8.85% 
6-7 700 3.30% 6-7 1900 6.55% 
7-8 800 7.06% 7-8 2000 5.01% 
8-9 900 5.25% 8-9 2100 3.47% 

9-10 1000 3.80% 9-10 2200 3.10% 
10-11 1100 4.68% 10-11 2300 2.02% 

11-12 1200 5.44% 11-12 2400 1.37% 
 

7.4 Final Development of “Time of Day” Matrix Files 
A total of sixteen matrix file cores (four matrix files with 4 cores each) will be the input to traffic 
assignment, so some post-processing of the time of day output (after running the P-A to O-D procedure) 
needs to be completed prior to moving forward with assignment. Vehicle trips will be assigned to the 

 
26 NCHRP 365 Table 41, page 83. 
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highway network four times, one for each period (AM, MD, PM, NT). All trip tables (SOV, SR2, SR3+, 
TK) will get assigned simultaneously for any given period. Consequently, to obtain the 24-hour assignment, 
sum the four time of day period assignments. 
So, for each of the four time-period matrix files (one matrix file for each period AM, MD, PM, NT), each 
core will be created by summing the individual matrix cores from the P-A to O-D procedure as follows;  

 SOV core = PC SOV I-I  + CV I-I + PC I-E + PC E-E 

 SR 2 core = PC SR2 I-I 

 SR 3+ core = PC SR3+ I-I 

 TK core = TK I-I + TK I-E + TK E-E 

Where, 

 PC SOV I-I = HBW + HBNW + NHB 

 NCHRP Report 387As a side note, capacities used in the assignment process are similarly scaled to 
correspond to each of the periods (coded in the highway line layer and network) – a further discussion on 
this topic is provided in the next section. 

8 Multi-Modal, Multi-Class Assignment 
Traffic, or highway, assignment models are used to estimate the vehicular (auto and truck) traffic flows on a 
roadway network. Inputs to these models include the output from the mode choice / time -of- day step that 
provides information concerning the volume of traffic between each origin and destination “TAZ” pairing. 
Other inputs include the topology (i.e. directionality) and characteristics (e.g. capacity, speeds), as well as 
the performance functions (i.e. volume-delay function), associated with each link in the roadway network. 
The flows for each origin and destination TAZ pairing are “loaded” onto the roadway network based upon 
the travel time (or impedance) of all the paths that could carry the traffic flow. 
 
The link topology and characteristics are maintained in the “network” file (.NET), which is created from the 
geographic line layer and turn penalty / prohibition information. The assignment routine / method and the 
volume-delay function are determined from a list of options provided in TransCAD (pre-programmed in the 
software) and are briefly described in the following sections.  
 
Currently, the SUA models do not include a “transit” assignment step – thus, the transit shares (trip 
matrices) are maintained for informational purposes after being estimated in the mode choice process. These 
resultant trip matrices are in “person” trip format and have not been split into the four defined time periods, 
thus they represent a daily (24 hour) period. 

8.1 Current Methodology Employed in SUA Models 
The Multi-Modal Multi-Class Assignment (MMA) is the current static assignment routine used in all SUA 
models, along with utilization of the User Equilibrium (UE) method as the assignment model, and the 
Bureau of Public Roads (BPR) as the volume-delay function (VDF). Each of these is briefly described in the 
following discussion. 
8.1.1 MMA 

The MMA is a generalized cost (static) assignment routine that allows the assignment of vehicle trips by 
individual modes (e.g. auto and truck) or user classes (e.g. personal income level) to the roadway network 
simultaneously. The vehicle trips are assigned to the roadway network four times, once for each time-of-day 
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period (AM, Mid-day, PM, & Night-time). Four modes of vehicle trips will be simultaneously assigned for 
each time-period; single occupancy vehicles (including commercial vehicles), shared ride auto (2), shared 
ride auto 3+, and heavy truck.  
 

Table 8.1 - Trip Table Matrices and Cores 

Matrix Core 
(definition) 

Time-of-Day Period Matrix  
AM (7am-9am) Mid-Day (9am-3pm) PM (3pm-6pm) Night (6pm–7am) 

Single 
occupancy + 
commercial 
vehicles 

SOV SOV SOV SOV 

Shared ride 
2 auto 

SR2 SR2 SR2 SR2 

Shared ride 
3+ auto 

SR3+ SR3+ SR3+ SR3+ 

Heavy Truck TK TK TK TK 
 

Thus, the daily (24-Hour) assignment output is calculated by summing the assignment results (volumes, 
VMT, VHT, etc.) from the four individual time periods. Most often, the daily assignment output will be 
required to calibrate and validate the traffic assignment model (since most traffic count data is based on a 
daily, 24-hour, time-period). 
 
8.1.2 UE 

User equilibrium algorithms use an iterative process to achieve a convergent solution, in which no travelers 
can improve their travel times by shifting their route, between TAZ pairings, to another. This is called the 
Wardrop UE condition (i.e. Wardrop’s first principle), where the problem is to find the equilibrium traffic 
flows where each traveler travels along his/her shortest path – thus, travel time is dependent on link flow. 
The key assumptions underlying this UE assignment model are that every traveler has perfect information 
concerning their choice of route(s), that travelers always choose routes that minimize their travel times 
and/or other costs (e.g. tolls), and that all travelers have the same value of travel time and/or other network 
attributes.  
 
The Conjugate Frank-Wolfe (CFW) Method, for solving the UE convergence problem, is currently the 
preferred method used in SUA models – designated as the N Conjugate UE method in TransCAD, where the 
“N” is usually two (thus, it becomes a bi-conjugate Frank Wolfe, or BFW).  
 

8.1.3 VDF 

The traffic assignment process is driven by the relationship between the assigned link volumes and the 
resulting delay due to congestion. As link volumes increase, travel speeds decrease, and travel times 
increase because of the increased congestion. The BPR function (a modified version of the “original”) is 
used to estimate the link travel times (i.e. update the travel times iteratively) based upon the volume -to- 
capacity ratio, where the BPR function is written as: 
 

���� =  ��� ∗ [1 + � ∗ �
�

�
�

�

] 
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Where, 
 

tnew = congested travel time on a link 
tff = free flow travel time on a link 
ν = assigned volume on a link (vehicle) 

ⅽ = capacity of a link 
α, β = alpha, beta = volume/delay coefficients 

 

The capacity used in the “v/c” ratio of the modified BPR function is the ultimate capacity (LOS E for most 
facilities) and not the design capacity (LOS C), as was used in the original BPR function. The values of the 
alpha and beta coefficients vary depending upon functional class and [sometimes] area type designations of 
each link (see Table 8.2), with the original BPR curve having an alpha value of 0.15 and a beta value of 4.0 
for all links (regardless of classification). {see Alan Horowitz’s FHWA Report “Delay-Volume Relations 
for Travel Forecasting (1985)} 
 
An example is shown in Figure 8.1 – the “original” BPR curve compared to the “modified” BPR curve 
using two differing sets of alpha / beta values (speed is a proxy for time in this example). The “alpha” 
coefficient governs the speed (or the percent of free flow speed) at which the “v/c” ratio equals 1.0, and the 
beta coefficient governs the “steepness” of the curve as the “v/c” ratio increases and the speed decreases 
from free flow. 
 

Figure 8.1 - BPR Volume Delay Function (example) 
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The Table 8.2 provides examples of possible values of the alpha and beta coefficients (borrowed from Ohio 
DOT), based on the facility and area type classification of each link, that could be used as a starting point 
for running the initial traffic assignment (if no other information is available). These values are usually 
adjusted, where appropriate, during the process of calibrating the assignment model. Most often, the alpha / 
beta values from the current model are used when running the initial traffic assignment for a new / updated 
model. 
 



 

87 
 

Table 8.2 - “Default” Values of Alpha & Beta based on Facility and Area Type (example) 
(can be used when no other information is available) 

 

  
Area Type = CBD (1) Area Type = Urban (2) Area Type = Suburban (3) Area Type = Fringe (4) Area Type = Rural (5) 

Facility Type Alpha Beta Alpha Beta Alpha Beta Alpha Beta Alpha Beta 

1 Freeway 0.10 10.00 0.10 10.00 0.18 8.50 0.25 9.00 0.32 7.00 

2 Ramp (High Speed) 0.85 5.50 0.85 5.50 0.85 5.50 0.85 5.50 0.85 5.50 

3 Ramp (Entrance) 0.85 5.50 0.85 5.50 0.85 5.50 0.85 5.50 0.85 5.50 

4 Ramp (Exit) 0.85 5.50 0.85 5.50 0.85 5.50 0.85 5.50 0.85 5.50 

5 Principal Art. w/ CTL 1.50 5.00 1.20 5.00 0.96 5.00 0.34 4.00 0.34 4.00 

6 Principal Art. 1.50 5.00 1.20 5.00 0.96 5.00 0.34 4.00 0.34 4.00 

7 One Way Art. 1.50 5.00 1.20 5.00 0.96 5.00 0.34 4.00 0.34 4.00 

8 Minor Art. w/ CTL 1.50 5.00 1.20 5.00 1.11 5.00 0.34 4.00 0.34 4.00 

9 Minor Art. 1.50 5.00 1.20 5.00 1.11 5.00 0.34 4.00 0.34 4.00 

10 One Way Collector 1.50 5.00 1.20 5.00 1.11 5.00 0.34 4.00 0.34 4.00 

11 Collector w/ CTL 1.50 5.00 1.20 5.00 1.11 5.00 0.34 4.00 0.34 4.00 

12 Collector 1.50 5.00 1.20 5.00 1.11 5.00 0.34 4.00 0.34 4.00 

13 Local w/ CTL 1.50 5.00 1.20 5.00 1.11 5.00 0.34 4.00 0.34 4.00 

14 Local 1.50 5.00 1.20 5.00 1.11 5.00 0.34 4.00 0.34 4.00 

15 Centroid Connector 0.00 4.00 0.00 4.00 0.00 4.00 0.00 4.00 0.00 4.00 



 

88 
 

8.1.4 Network File (.NET) - Revisited 

Remember that a network file is a special TransCAD data structure that stores important 
characteristics of the transportation system – a geographic line layer is used to create maps, but a 
network is used to solve transportation problems (and is critical in the trip distribution and traffic 
assignment models). A shortest path is a route (i.e. set of links) on a network between an origin 
and destination that has the shortest distance, time, or lowest generalized cost (cost can be a 
combination of time, cost of travel, etc.), as defined by the user. 
 
A network, which is based upon a geographic line layer, includes attributes that indicate the cost 
of travel using each link (e.g. length, speed, travel time, tolls) and can contain other attributes 
that affect flow over the network (e.g. directionality, centroid connector identification, link 
capacity and link alpha / beta values). These required attributes are coded and stored in the 
geographic line layer and referenced when creating a network file (Procedures – Networks/Paths 
– Create…). 
 
It is very common to apply either or both turn penalties (restrictions, penalties or delays between 
two links) and turn prohibitions (prohibited turns on a sequence of links up to ten) when creating 
a network. In TransCAD, these are two separate concepts, and are created using two separate 
tools; Procedures – Networks/Paths – Turn Penalty Toolbox and the Procedures – 
Networks/Paths – Turn Prohibition Toolbox. 
 

8.1.5 Performing an MMA Assignment 

Below is an example of the MMA routine input screen. The topics discussed thus far are all 
inputs to the MMA routine, and include; 
 

 The geographic line layer and network (.NET) file, 
 The assignment method (N conjugate user equilibrium, where N = 2) and volume-delay 

function (BPR) – iterations are set at 500 with a relative gap (convergence) of 0.0001, 
 The Origin-Destination (O-D) matrix for each time-of-day period, each period containing 

matrix cores for four different vehicular modes (the AM period is indicated in the 
example), 

 The “global” passenger car equivalent (PCE) value for the truck mode, currently set at 1.5 
(indicating that a truck is equivalent to 1.5 autos) – this value could be adjusted during 
assignment calibration, 

 Network attributes used in the volume-delay function algorithm, such as the alpha / beta 
values, free flow travel times (in minutes) and link capacity for the period being assigned 
(there will be an AB/BA capacity value for each of the four periods) 
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Figure 8.2 - TransCAD MMA Routine Input (example) 

 
 

MMA routine options that are not currently used in the SUA model assignment procedure 
include the application of tolling (not common in Michigan) and value of time (VOT). To 
perform a generalized cost assignment (cost = time), the VOT (value in dollars converted to 
time) for each vehicular mode and/or user class would need to be specified – this can be a 
cumbersome process. 
 
Some MMA routine options that could be utilized with minimal effort, but are not currently 
used, include the preloading of external trips and possibly truck trips to the network (usually 
done with an all-or-nothing assignment routine), and the use of exclusion sets (i.e. link selection 
sets) that would prohibit certain vehicular modes from traveling on selected links (e.g. excluding 
trucks from traveling on certain links, links that are transit only, etc.).  
 
All these unused options / features require additional research and evaluation to determine their 
added value to the assignment process. 
   



 

90 
 

8.1.6 Assignment Results 
The standard output from a traffic assignment routine includes the flows, volume-to-capacity 
ratios, congested travel times and speeds, and vehicle miles and vehicle hours traveled for each 
link in the network. The Table 8.3 indicates the standard output from an MMA, which will be 
written out as a binary table that can be joined to the geographic line layer based upon the Link 
ID. The result of each time-of-day assignment run will output a binary table with this 
information – the daily (24 hour) assignment results will be the sum of the four time-of-day 
assignment outputs (CAUTION - not all variables are additive).  
 

Table 8.3 - “Standard” Traffic Assignment Results 

Link 
Output 

Field 
Description 

AB / 
BA_Flow 

Volume on a link from A to B / B to A 

Total_Flow Total link volume in both directions 

AB / 
BA_Time 

Loaded travel time for a link from A to B / B to A 

Max_Time Maximum loaded travel time for a link considering both directions 

AB / 
BA_VOC 

Volume -to- capacity ratio for a link from A to B / B to A 

Max_VOC Maximum volume -to- capacity ratio for a link considering both directions  

AB / 
BA_Speed 

Link speed from A to B / B to A based on last iteration of assignment 

AB / 
BA_VMT 

Vehicle miles traveled for a link from A to B / B to A 

Total VMT Total vehicle miles traveled in both directions 

AB / 
BA_VHT 

Vehicle hours traveled for a link from A to B / B to A 

Total_VHT Total vehicle hours traveled in both directions 

AB / 
BA_VDF 

Loaded cost for a link from A to B / B to A 

“A” and “B” designate the end nodes of a link 
Results may vary depending on options chosen in the MMA routine 

 

The assignment results can be displayed in a Flow Diagram using flow and volume-to-capacity 
ratio themes using the “Create Flow Map” tool under Procedures – Planning - Assignment 
Utilities. Other useful post-assignment TransCAD tools include (all found under Procedures - 
Planning - Assignment Utilities): 
 

 “Scatter Plot” – creates a plot to compare the assignment link flows and the traffic counts 
for those links that have that data available (this tool can plot the relationship of any two 
link attributes, e.g. free flow and congested speeds);  
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 “VDF Chart” - creates a plot of the speed or travel time with respect to the volume -to- 
capacity ratio, regarding the volume delay function (useful when calibrating the VDF 
alpha/beta parameters) 

 “Screenline Analysis Tools” – compare traffic counts with assignment results across a 
predefined cut-line, screen-line or cordon, and;  

 “RMSE Calculator” – calculates the root mean square error and percent root mean square 
error, which are common calculations performed during assignment calibration to 
determine how closely modeled volumes match traffic counts. 

 
Another valuable utility can be found under Procedures - Statistics, namely the “Pivot Table”. 
This tool can be developed using one or more fields from a geographic line layer (or joined view 
with the assignment results). This feature is very useful for organizing the assignment output and 
summarizing the volume, VMT and VHT statistics by link facility and area type (or other 
relevant link attributes) for general reporting purposes or during calibration / validation of the 
assignment model. 
 

8.2 Speed Feedback Loop 
The SUA models developed in-house by the Urban Travel Analysis Unit currently do not 
implement the feedback loop process – one major reason for this is that most models are run 
manually, and feedback requires the model process to be automated (i.e. run through a script). 
However, this process is being researched and the methodology is under development. 

9 Validation, Reasonableness Checks and Sensitivity Testing 

9.1 Introduction 
“… every component of a model must be validated, as well as the entire model system. For 
conventional four-step travel models, this includes the four major components – trip generation, 
trip distribution, mode choice, and mode specific trip assignment – along with the model input 
data and other components that might be part of the model system, such as vehicle availability or 
time-of-day modeling processes.” (Travel Model Validation and Reasonability Checking 
Manual, Second Edition) 

Many of the terms and methodology discussed in this section originated from the “Travel Model 
Validation and Reasonability Checking Manual, Second Edition” (TMVRCM-2) prepared by 
Cambridge Systematics, Inc. for the Federal Highway Administration (dated Sept. 24, 2010). 
Other sources of data and information that were referenced, include:  

 Michigan Department of Transportation (MDOT) – “Urban Model Calibration Standards” 

(dated April 23, 1993);  

 “Travel Demand Modeling Policies and Procedures” prepared by Cambridge Systematics, 

Inc. for Virginia Department of Transportation (VDOT), dated June 2014; 
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 “Minimum Travel Demand Model Calibration and Validation Guidelines for State of 

Tennessee” prepared by The University of Tennessee (Updated 2012) for Tennessee 

Department of Transportation; and, 

 Two documents prepared for the State of Florida Department of Transportation – 

“Accuracy Standards and Data Coverage Requirements for Model Validation in FSUTMS” 

(dated October 2005) and “FSUTMS – Cube Framework Phase II Model Calibration and 

Validations Standards” (dated October 2008). 

It is highly recommended that the following documents (including those mentioned above) be 
read by those UTA staff responsible for developing SUA models: 

 NCHRP Report 365 Travel Estimation Techniques for Urban Planning prepared by 

Barton-Aschman Associates, Inc. (dated 1998), 

 NCHRP Report 716 Travel Demand Forecasting: Parameters and Techniques prepared by 

Cambridge Systematics Inc. et al. (dated 2012), 

 Quick Response Freight Manual prepared by Cambridge Systematics, Inc. et al. for the 

Federal Highway Administration (dated Sept. 1996), 

 Quick Response Freight Manual - II prepared by Cambridge Systematics, Inc. for the 

Federal Highway Administration (dated Sept. 2007), 

 NCHRP Report 765 Analytical Travel Forecasting Approaches for Project-Level Planning 

and Design prepared by CDM Smith et al. (dated 2014), and 

 NCHRP Research Report 852 Method Selection for Travel Forecasting prepared by RSG 

et al. (dated 2017). 

All these documents (and others) are available on the NAS server > Urban_Model_Team > 
Documentation > ReferenceLibrary. 

The model calibration, validation and application processes are iterative – model validation, 
reasonableness checking, and sensitivity testing may uncover issues that lead back to the model 
estimation and calibration stages in order to amend the modeling parameters and coefficients so 
that the model better replicates observed “base” year data. 

Throughout this section, the following definitions will be utilized to describe the various steps in 
the overall model development and application process, as outlined in Figure 9.1: 

 Model Estimation; is the use of empirical data (e.g. household travel survey, traffic counts) 

and data analysis techniques, and possibly borrowing from similar regions to develop / 

establish model parameters and coefficients. 

 Model Validation; is the application of an estimated and/or calibrated model and 

comparison of the model results with observed data. Model results are evaluated against 

established guidelines / targets and assessed for reasonableness. The observed data should 

not be the same data used to estimate the model parameters and coefficients – this can be 

one of the major obstacles to overcome with the validation process, obtaining these two 

sets of data (estimation and validation). 
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 Model Calibration; is the adjustment of model parameters and coefficients (whether 

estimated or borrowed) to produce reasonable model results and/or replicate observed data 

for a specific (calibration or base) year. 

 Sensitivity Testing; is the application of the model using alternative data and/or planning 

assumptions, commonly related to socioeconomic data and the transportation system 

(roadway and transit networks). The results are evaluated for reasonableness to determine 

if the model is ‘sensitive” to likely (or extreme) changes in land use, regional policies and 

supply system characteristics. 

Figure 9.1 - Overview of Model Development Cycle 
(typical of base year model development) 

 

 
In general, validation checks can be summarized in four broad categories: 

 Traditional validation; is the comparison of the base year model results with observed data 

– the best practice is to use observed data that is “independent” of the model estimation, or 

to aggregate the data (– e.g. traffic counts, transit boardings) to another level (e.g. township, 

region) if independent data is not available. 

 Temporal validation; (back-casting or fore-casting) involves comparing results to data not 

used in the model estimation process (e.g. historical or future year data that is readily 

available) 

o Example 1: if a model has a base year of 2015 (estimated using 2015 SE Data), a 

back-cast to 2010 could be done and compared to 2010 traffic counts, or 

o Example 2: if a model has a base year of 2010 (estimated using 2010 SE Data), a 

forecast to 2015 could be done and compared to 2015 traffic counts 

 Model sensitivity testing; the most common sensitivity checks include using alternative 

demographic, employment, or transportation system estimates / assumptions and 

determining whether the model results are reasonable, or what would be reasonably 

expected. 

 Reasonableness and logic checks; commonly, these checks include comparison of 

estimated modeling parameters against those from other agencies or regions with similar 

characteristics. 
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Throughout the remainder of this Section, these four categories of validation checks will be 
presented in the context of each of the steps of the modeling process, as they might apply to both 
model input and model output. Some topics compliment / expand on what has been discussed 
previously in this technical report, and some discussions will be reiterated for clarity purposes. 

9.2 Validating Model Input 
9.2.1 Transportation System Data 

The model roadway network contains the input data required of trip distribution and traffic 
assignment and consequently should reflect the actual transportation system as represented by 
the base year of the model. The base year transportation system will provide the basis for future 
year scenarios, with each model scenario having its own network based on modifications to the 
base year network. The main source for the transportation network is the Michigan Geographic 
Framework (MGF), with secondary sources of information provided by the local planning 
agencies (i.e. MPO, MDOT Regions/TSCs), local transit providers (for transit route 
information), aerial imagery (e.g. Google), and the U.S. Census Bureau (TIGER). These 
secondary resources will provide the information necessary to check and enhance the MGF, both 
geographically (missing or misrepresented links) and with link attribution. 
 
The checks of the transportation system are mostly visual, and thus are time consuming, using 
the various tools available in TransCAD. After first confirming that the network is 
geographically correct, the next objective is to check the network attributes for accuracy – some 
of the important attributes are those that feed the travel time and capacity calculations, including; 
directionality, functional classification, number of lanes, lane width, the presence of center 
turning lanes and street parking, among others. A first level of checks could be to create color 
themed maps of network characteristics [and assess for accuracy and reasonableness], such as: 
directionality, facility type, area type, speed, number of lanes, etc. It is always good practice to 
confirm network structure and attribution with the local planning agencies, and to review aerial 
imagery of the SUA.   
Once the network geography and attribution are checked for accuracy, several post processing 
tasks are completed in order to further refine the network for modeling purposes. Thus, it is also 
imperative that these post processing tasks are confirmed to have terminated successfully, 
including the area type, grade separation, and network simplification (aka link consolidation) 
algorithms, centroid connector placement, as well as the coding of additional attributes for travel 
time, capacity, alpha/beta values, and the transit network. Finally, once all these checks have 
been completed, the TransCAD “.NET” network file should be created and checks of shortest 
paths (path building), turn penalty and prohibition files, and travel time skims should be 
completed. 
 

9.2.2 Traffic Analysis Zone (TAZ) Structure 

The TAZ structure contains the input data (i.e. land use and socioeconomic) required of the trip 
generation step and is represented in the model framework as a polygon GIS layer – denoted in 
the roadway network as a centroid node and connected to the network by centroid connectors. 
Listed below are some of the items to keep in mind when evaluating the TAZ structure – some of 
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these items may be replicated from earlier discussions in this technical report while others build 
upon those concepts. There is no established hierarchy for these general TAZ development 
criteria, keeping in mind that there will be instances where these criteria may conflict with each 
other, and it is at that point when modeling judgement will play a role in the final decision. 
 

 Census Compatibility (alignment of TAZ and Census boundaries will help facilitate 
socioeconomic data development); 

o Generally, TAZs are larger than Blocks but smaller than Block Groups 
o If possible, TAZ boundaries should not split Block boundaries (most often, blocks 

are aggregated to create TAZs) 
o If possible, TAZ boundaries should nest within Block Group boundaries 
o General Note: MI Geographic Framework files contain a Census Tract and Block 

Group “layer” that has been re-aligned to match other Framework “layers” 
(Census geography is based upon TIGER\Line and does not exactly align with MI 
Framework). State of Michigan GIS has not taken the time to align Census Blocks 
to the MI Framework (be cognizant of this when using these layers) 

 Highway Network Compatibility; 
o In general, network roadways should serve as TAZ boundaries (unless 

“undesirable” results are obtained), for example; 
 Define interstates/freeways/expressways as TAZ boundaries 
 Define arterials as TAZ boundaries 
 Define collectors as TAZ boundaries 
 Define “new” roadway alignments as TAZ boundaries – under construction, 

planning stages with the environmental phase complete, etc. – this will 
maintain proper traffic assignment for future year networks 

o Roads should not pass through a TAZ 
o When developing the TAZ structure, consider screen-line and cut-line locations 

(validation) 
 Physical Geography Compatibility; 

o Generally, physical features should serve as TAZ boundaries (features such as 
rivers, lakes, wetlands/conservation areas, and railroads) 

o Centroid connectors should not cross a physical feature – trips need to be assigned 
in a “realistic” fashion 

 Political Geography Compatibility; 
o Reasons for recognizing political borders – TAZ boundaries should not cross 

political borders (e.g. counties, townships, cities, towns, planning regions) owing 
to data availability, sub area analysis, growth rate calculations, and air quality 
conformity analysis (among others) 

 Transit Access Considerations; 
o Bus routes should be considered when developing the TAZ and Highway 

Network systems 
o Bus routes must be associated with a link in the model highway network.  A local 

road can be maintained in the geo-file and have no effect on the model network 
o Designate each TAZ as walk access, based upon “percent walk”.  In an instance 

where a model will have a full modal choice step, the ideal situation would be to 
have TAZs as small as possible to capture 100% “walk access” 
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 Irregular Shaped TAZs; 
o Avoid (as much as possible) irregular shaped TAZs, for they could represent an 

unrealistic “loading” of trips to the highway network 
o The most effective TAZ shape is the square (the most compact shape is the circle) 
o TAZs should be as small as possible, and roughly the same size (regarding 

population & employment levels) 
o TAZs should be compact in shape (reducing the bias created by centroid 

egress/ingress) and relatively homogeneous (minimizing the “within” zone 
variance) in terms of socioeconomic characteristics 

o Zones should be mutually exclusive (nothing in one belongs to another) 
 Intrazonal Trips; 

o Centroid connectors should load from 10,000 to 15,000 vehicles per day onto the 
model network 

o When developing the TAZ structure, consider the potential number of intrazonal 
trips that could result from larger TAZ sizes – a decrease in the TAZ size results 
in a decrease in the intrazonal travel time which results in a potential for gravity 
model performance enhancement 

 Statewide Model TAZ Compatibility; 
o SUA TAZ boundaries should align with Statewide Model TAZ boundaries – both 

the passenger and freight models – to facilitate socioeconomic data development 
(forecasts) 

 Maintain Land Use and Socioeconomic Homogeneity; 
o Consider trip making characteristics (trip generation) 

 Ideally, the maximum number of trips produced in, or attracted, to an 
individual TAZ should be less than 10,000 

o Consider density, i.e. population per acre 
 For MPO planning, TAZs should contain no more than 4,000 persons 
 For corridor analysis, TAZs should contain between 1,200 and 3,000 

persons 
o Consider dwellings per structure (e.g. apartment buildings) 
o Consider income (low, medium, high) 
o Consider future development 
o Consider special generators – isolate special generators in separate TAZs from 

other land use 
o TAZ size should be representative of the amount of activity occurring 

 TAZ size in a suburban area are usually ½ to 1 square mile 
 TAZ size in an urban area are usually ¼ to ½ square mile 
 TAZ size in a CBD are usually 1 to 2 blocks 

o Plan for trucks, freight, and/or inter-modal facilities - isolate major freight 
generators in separate TAZs from other land use 

 
9.2.3 Socioeconomic Data 

The socioeconomic dataset is one of the key inputs into the modeling process and is applied in 
trip generation. The ability of the model to accurately reflect travel demand is directly related to 
the quality of the socioeconomic dataset. Without a quality socioeconomic dataset, the model 
development and calibration/validation process can be greatly hindered. 
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The sources of data that are used for the validation are the same exact datasets that are used to 
develop the socioeconomic data which creates a problem for validation. Additional data might be 
available on an individual SUA basis (local area stats regarding population and employment), but 
the decennial Census, ACS, and CTPP (which now uses the ACS) will be the major sources of 
both input and validation data. Other data is available regarding school enrollment (and 
employment) through the MI School Data, employment information through the U.S. Census 
Bureau Longitudinal Employer-Household Dynamics Program (LEHD), U.S. Bureau of 
Economic Analysis (BEA) and the Bureau of Labor Statistics (BLS), and private company 
listings – usually purchased (e.g. Dun & Bradstreet, Nielsen, Hoovers, etc.) – all of which are 
also used in some way to create the input dataset. 
 
Thus, the primary aggregate validation check [there are limited, if any, disaggregate checks] for 
socioeconomic data are the summation of the TAZ-level data to different geographic scales (e.g. 
cities, townships), and comparison to observed data. Demographic and employment statistics and 
trends should be created for the SUA and compared to national trends. Thematic maps should be 
created, using densities (e.g. population, employment) and plots of changes between model years 
(e.g. the base and horizon years), and reviewed for reasonableness and consistency. Comparing 
these thematic maps to the area type classification of each TAZ could also be very helpful. 
 
The following tables (9.1 thru 9.3) provide summaries of travel trends from the 2017 National 
Household Travel Survey (NHTS). The values in these tables could be used in a reasonableness 
check of the socioeconomic data for any of the SUAs. 
 

 

Table 9.1 - 2017 National Household Travel Survey 
Summary of Travel Trends 

Major Indicators of Travel – National Level Statistics 
 

 1969* 1977 1983 1990 1995 2001 2009 2017 Avg* 

Persons per 
Household 

3.16 2.83 2.69 2.56 2.63 2.58 2.50 2.55 2.62 

Vehicles per 
Household 

1.16 1.59 1.68 1.77 1.78 1.89 1.86 1.88 1.78 

Licensed Drivers per 
Household 

1.65 1.69 1.72 1.75 1.78 1.77 1.88 1.89 1.78 

Vehicles per 
Licensed Driver 

0.70 0.94 0.98 1.01 1.00 1.06 0.99 1.00 1.00 

Workers per 
Household 

1.21 1.23 1.21 1.27 1.33 1.35 1.34 1.33 1.29 

Vehicles per Worker 0.96 1.29 1.39 1.40 1.34 1.39 1.39 1.42 1.37  
* 1969 survey excluded pickups and other light duty trucks (not included in "Avg.") 
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Table 9.2 - 2017 National Household Travel Survey 
Summary of Travel Trends 

Major Indicators of Travel – Midwest Survey Region Statistics 
 

 
Persons per 
Household 

Vehicles 
per 

Household 

Licensed 
Drivers per 
Household 

Vehicles per 
Licensed 

Driver 

Workers 
per 

Household 

Vehicles 
per Worker 

Midwest (2017) 2.42 1.96 1.83 1.07 1.29 1.52 

 

 

Table 9.3 - 2017 National Household Travel Survey 
Summary of Travel Trends 

Percent of Households by Availability of a Vehicle 
National Level Statistics 

 

 1969 1977 1983 1990 1995 2001 2009 2017 Avg 

No Vehicle 20.6% 15.3% 13.5% 9.2% 8.1% 8.1% 8.7% 8.9% 11.6% 

One Vehicle 48.4% 34.6% 33.7% 32.8% 32.4% 31.4% 32.3% 33.5% 34.9% 

Two Vehicle 26.4% 34.4% 33.5% 38.4% 40.4% 37.2% 36.3% 33.1% 35.0% 

Three or More 
Vehicles 

4.6% 15.7% 19.2% 19.6% 19.1% 23.2% 22.7% 24.4% 18.6% 

Total 100.0% 100.0% 99.9% 100.0% 100.0% 99.9% 100.0% 99.9% 100.0% 

 

 
Every SUA should have an up-to-date (using applicable US Census data for the SUA & base 
year) set of disaggregate models/curves/look-up tables for each major household characteristic, 
including; size, number of workers, number of vehicles available and number of K-12 children. 
These household disaggregation models are used to estimate the univariate distributions of the 
common household characteristics using average TAZ-level household statistics (e.g. average 
number of persons per occupied household = how many 1-person households, 2-person 
households, etc.) for the base year and all forecast years. Then, these univariate distributions are 
used to develop the bivariate distributions for each TAZ, that are ultimately applied to the 
bivariate cross classification models (trip production models) that have been developed from the 
most recent Michigan-based household travel survey data. An example of a household size 
disaggregate model is shown in Figure 9.2. 
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Figure 9.2 - Household Size (Person) Disaggregate Model / Curve(s) 
For Use in Developing Marginal Distribution Look-up Tables 

(example from Traverse City SUA) 
 

 
 

9.3 Validating Model Output 
9.3.1 Trip Generation 

Trip generation, or the generation of travel activity for a modeled time period, is the first 
modeling step in the tradition four step trip-based travel demand forecasting process. The amount 
of travel, or trip activity, is calculated using two different sub-models, and categorized by trip 
classification (e.g. internal-internal) and by trip purpose (e.g. home-based work, nonhome-
based). The results from these sub-models are trips aggregated to the TAZ-level, calculated using 
trip production and trip attraction sub-models. The most common, and those that are used in the 
SUA trip generation process, are the cross-classification model for calculating trip productions 
(related to the home end of a trip), and the linear regression model for calculating trip attractions 
(related to the nonhome end of a trip). 

The main checks for trip generation are the comparison of aggregate model results to observed 
data from a national household travel survey. Usually, as is the case with SUA models, the trip 
generation modeling parameters (e.g. trip rates, regression equations) are estimated using a local 
household travel survey. Unfortunately, few independent data sources are available for use in 
validating this modeling step – this is especially true for trip attraction. One easy check of the 
trip attraction sub-model that should be done is the comparison of home-based work attractions 
to the total employment at the TAZ-level. 
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The following tables (9.4 thru 9.7) provide summaries of travel statistics from the NCHRP 
Report 365 (1998) and the 2017 National Household Travel Survey (NHTS). The values in these 
tables could be used in a reasonableness check of the household travel statistics for any of the 
SUAs. 
 

Table 9.4 - Typical Trip Estimation Variables 
NCHRP Report 365 (Table 9, page 29) 

For Urbanized Areas in 50,000 – 199,999 population range 
 

Household 

Size 

Avg. Autos 

Per 

Household 

Avg. Daily 

Person Trips 

Per Household 

Avg. Daily 

Vehicle Trips 

Per Household 

Shares of Average Daily Person 

Trips by Purpose 

HBW HBO NHB 

1 Person 0.9 3.7 3.2 20% 54% 26% 

2 Person 1.8 7.6 6.5 22% 54% 24% 

3 Person 2.1 10.6 9.4 19% 56% 25% 

4 Person 2.4 13.6 11.8 19% 58% 23% 

5+ Person 2.4 16.9 14.0 17% 62% 21% 

All 

(weighted 

average) 

1.8 9.2 8.1 20% 57% 23% 

 

 

Table 9.5 - 2017 National Household Travel Survey 
Summary of Travel Trends 

Summary of Household Travel Statistics 
 

 
1969 1977 1983 1990 1995 2001 2009 2017 Avg 

Daily Person Trips 
per Household 

6.36 7.69 7.20 8.94 10.49 9.66 9.50 8.60 8.56 

Daily PMT* per 
Household 

61.55 68.27 62.47 83.06 94.41 95.24 90.42 99.46 81.86 

Daily Vehicle Trips 
per Household 

3.83 3.95 4.07 5.69 6.36 5.95 5.66 5.11 5.08 

Daily VMT* per 
Household 

34.01 32.97 32.16 49.76 57.25 58.05 54.38 53.81 46.55 

* PMT = Person Miles Traveled, VMT = Vehicle Miles Traveled 
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Table 9.6 - 2017 National Household Travel Survey 
Summary of Travel Trends 

Daily Trip Rates per Person & Trip Purpose 
National Level Statistics 

 

Trip Purpose 1969 1977 1983 1990 1995 2001 2009 2017 Avg 

All x 2.92 2.89 3.76 4.30 4.09 3.79 3.37 3.59 

to/from Work x 0.57 0.59 0.62 0.76 0.65 0.59 0.59 0.62 

Shopping & Errands x 0.91 1.02 1.71 1.97 1.79 1.61 1.30 1.47 

School or Church x 0.35 0.34 0.35 0.38 0.40 0.36 0.37 0.36 

Social / Recreation x 0.71 0.80 1.01 1.07 1.09 1.04 0.93 0.95 
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Table 9.7 - 2017 National Household Travel Survey 
Summary of Travel Trends 

Percent of Person Trips by Mode and Trip Purpose 
National Level Statistics 

 

Mode & Trip 
Purpose 

1969 1977 1983 1990 1995 2001 2009 2017 Avg 

Private Vehicle 

All x x x 87.8% 89.3% 86.3% 83.4% 82.6% 85.9% 

to/from Work x x x 91.2% 92.8% 92.4% 91.4% 88.2% 91.2% 

Shopping & Errands x x x 92.7% 92.6% 90.9% 87.8% 88.5% 90.5% 

School or Church x x x 61.9% 69.6% 71.3% 70.7% 70.5% 68.8% 

Social and 
Recreation 

x x x 86.3% 87.6% 80.7% 76.9% 77.1% 81.7% 

Public Transit 

All x x x 1.8% 1.8% 1.6% 1.9% 2.5% 1.9% 

to/from Work x x x 4.0% 3.6% 3.7% 3.7% 5.5% 4.1% 

Shopping & Errands x x x 1.0% 1.2% 1.1% 1.4% 1.8% 1.3% 

School or Church x x x 3.8% 2.6% 2.1% 2.2% 2.5% 2.6% 

Social and 
Recreation 

x x x 1.2% 1.5% 1.0% 1.3% 1.6% 1.3% 

Walk & Bike 

All x x x 7.2% 5.4% 8.6% 10.4% 10.5% 8.4% 

to/from Work x x x 4.0% 2.3% 2.8% 3.0% 3.9% 3.2% 

Shopping & Errands x x x 5.6% 5.0% 7.1% 9.1% 8.1% 7.0% 

School or Church x x x 12.8% 8.8% 9.6% 9.4% 10.3% 10.2% 

Social and 
Recreation 

x x x 9.9% 7.3% 14.5% 17.5% 18.1% 13.5% 

Other (e.g. school bus) 

All x x x 3.2% 3.2% 3.4% 4.2% 4.4% 3.7% 

to/from Work x x x 0.8% 1.3% 1.0% 1.9% 2.4% 1.5% 

Shopping & Errands x x x 0.8% 1.0% 0.9% 1.7% 1.7% 1.2% 

School or Church x x x 21.4% 18.1% 16.9% 17.7% 16.7% 18.2% 

Social and 
Recreation 

x x x 2.6% 3.1% 3.7% 4.2% 3.3% 3.4% 

 

9.3.2 External Travel Estimation 

External travel includes those trips that enter or leave the SUA region from outside the area. 
These trips are made by residents and non-residents of the SUA and can be classified into I-E, E-
I, or E-E trips. Because both the local household travel survey and traffic count data are used to 
estimate external travel, there are no independent sources of information available to perform 
validation. Currently, SUTA does not perform SUA-specific external cordon surveys or visitor 
travel surveys (outside of the statewide household travel survey) mostly due to the cost of such 
tasks – thus, these data sources are not available for estimation nor for validation purposes. The 
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main check is to ensure consistency with model estimation data, and a review of the 
reasonableness of the E-E trip patterns throughout the region. 

9.3.3 Trip Distribution 

The most common format (and the one used by SUA models) for the trip distribution process is 
the gravity model – which is an aggregate model structure that estimates a production-attraction 
trip table from TAZ-level estimates and measures (distance) of TAZ spatial separation. 
Commonly, the reasonableness checks for the trip distribution step are concentrated on the 
friction factor parameters used in the gravity model equation.  
 
There are two other influential modeling parameters that should be assessed for reasonableness, 
and they are the intrazonal travel times and the terminal times. Intrazonal times are calculated 
using the nearest neighbor technique, assuming the travel time within a TAZ is equal to one-half 
the average travel time to the nearest adjacent TAZs. The terminal times represent impedances at 
both ends a trip (e.g. the time to walk to and from an auto) and are usually estimated as a 
function of population and employment density (i.e. area type). Both items should be evaluated 
as possible amendments to the default values might provide better calibration / validation results. 
 
The friction factor calibration procedure is iterative, in which friction factors are amended so that 
the gravity model results reasonably replicate an observed trip length frequency (ref. NCHRP 
Report 365, page 41 for a description of the calibration process). The friction factor is the 
primary independent variable – it quantifies the measure of separation between any two TAZs. 
Friction factors are inversely related to the TAZ separation, so as travel time increases, friction 
factors decrease. The validation of the friction factor parameters is based on the comparison of 
the gravity model results against statistics created from the SUA-specific household travel survey 
data. An outcome of the household travel survey data analysis is a set of calibration curves for 
each trip purpose (refer to the MS-Excel gravity model calibration workbooks). An example of 
the comparison of model output and travel survey data statistics is displayed in Figures 9.3 thru 
9.7 (values in the exhibits are from the Holland SUA, 2010 model calibration – for illustrative 
purposes only). 
 
A few tips for calibrating the trip distribution process: 
 

 Evaluate the three different friction factor functions and determine which one might work 

best for the specific SUA (typical functions are; gamma, exponential, and power). Refer to 

NCHRP Report 365 (Table 14, page 41) and NCHRP Report 716 (Table 4.5, page 47) for 

examples of gamma function parameters that could be used as a starting point if no other 

information is available 

 Regarding the friction factor functions, determine whether the use of a formula is providing 

better results when compared to using a look-up table of friction factors (e.g., see NCHRP 

Report 365, Table 15, page 42) 

 Reconsider the current method for calculating the intrazonal times (this is a GIS nearest 

neighbor technique) – in TransCAD, Planning > Trip Distribution > Intrazonal Travel 



 

104 
 

Times. The default used in SUA models is {½ the average travel time using the nearest 3 

neighbors} 

 Amend the terminal time values used for each area type – or eliminate the use of terminal 

times altogether 

Figure 9.3 - Trip Distribution – Friction Factor Calibration 
(example from 2010 Holland SUA model calibration – HBW trip purpose) 

 

 
 Note: “GM” = Gravity Model Results 

 
 

Current exp -0.054 Revised exp -0.054

Scaling Factor 1000000 Input 

Here

Time Calibration GM GM

Increment TLF TLF Trips Statistic Value Criteria

1 0.00% -               0.01% 0.0001 3.666377 Target Average Trip Length (Minutes - 1 Min. Increments) 14.19 N/A

2 0.00% -               0.07% 0.0017 39.386471 GM Average Trip Length (1 Min. Increments) 14.28 N/A

3 0.00% -               0.36% 0.0127 210.58889 % Difference (Target vs. GM - 1 Min. Increments) 0.69%  +/- 3.0%

4 0.00% -               0.69% 0.0310 400.346776 Coincidence Ratio (1 Min. Increments) 0.68 0.70 Min

5 0.49% 0.03             1.96% 0.1080 1140.83561 Target Average Trip Length (Minutes - 3 Min. Increments) 13.63 N/A

6 1.70% 0.11             3.44% 0.2234 1996.42043 GM Average Trip Length (3 Min. Increments) 13.77 N/A

7 0.85% 0.06             5.23% 0.3920 3035.62196 % Difference (Target vs. GM - 3 Min. Increments) 0.99%  +/- 3.0%

8 0.45% 0.04             5.51% 0.4683 3200.17835 Coincidence Ratio (3 Min. Increments) 0.75 0.70 Min

9 7.90% 0.75             6.22% 0.5905 3610.31275 Target Average Trip Length (Minutes - 5 Min. Increments) 13.16 N/A

10 8.38% 0.88             6.26% 0.6571 3635.14324 GM Average Trip Length (5 Min. Increments) 13.32 N/A

11 7.65% 0.88             7.71% 0.8870 4480.10499 % Difference (Target vs. GM - 5 Min. Increments) 1.25%  +/- 3.0%

12 10.33% 1.29             7.48% 0.9351 4345.05072 Coincidence Ratio (5 Min. Increments) 0.80 0.70 Min

13 8.63% 1.17             6.69% 0.9038 3888.64478

14 8.63% 1.25             7.12% 1.0322 4134.71712

15 8.51% 1.32             6.72% 1.0412 3902.01699

16 7.65% 1.26             6.06% 0.9996 3519.01185

17 3.89% 0.68             5.60% 0.9796 3251.46548

18 4.98% 0.92             4.54% 0.8396 2635.99192

19 2.67% 0.52             3.68% 0.7170 2135.86167

20 4.62% 0.95             3.16% 0.6478 1835.52606

21 2.79% 0.60             2.39% 0.5149 1391.05163

22 1.09% 0.25             2.01% 0.4527 1168.6767

23 0.61% 0.14             1.90% 0.4455 1101.04

24 0.73% 0.18             1.48% 0.3623 858.894575

25 0.85% 0.22             0.96% 0.2441 555.968584

26 1.58% 0.42             0.77% 0.2053 449.991849

27 0.49% 0.13             0.62% 0.1701 359.242853

28 0.24% 0.07             0.41% 0.1175 239.425882

29 0.24% 0.07             0.31% 0.0909 179.030523

30 0.00% -               0.22% 0.0664 126.533879

31 0.00% -               0.17% 0.0521 96.112703

32 0.00% -               0.11% 0.0354 63.32654

33 0.00% -               0.06% 0.0188 32.539877

34 0.00% -               0.03% 0.0092 15.527981

35 0.00% -               0.02% 0.0085 13.981379

36 0.00% -               0.03% 0.0092 14.609339

37 0.00% -               0.01% 0.0037 5.711681

38 0.00% -               0.01% 0.0025 3.71815

39 0.00% -               0.01% 0.0025 3.620339

40 0.00% -               0.00% 0.0010 1.407635

41 0.00% -               0.01% 0.0021 2.993862

42 0.00% -               0.00% 0.0001 0.086286

43 0.00% -               0.00% 0.0002 0.299811

44 0.00% -               0.00% 0.0001 0.128331

45 0.00% -               0.00% 0.0002 0.225607

46 0.00% -               0.00% 0.0004 0.535939

47 0.00% -               0.00% 0.0000 0

48 0.00% -               0.00% 0.0000 0

49 0.00% -               0.00% 0.0000 0

50 0.00% -               0.00% 0.0000 0

95.95% 14.19           1.0000 14.28 58085.5744

Calibration Statistics
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Figure 9.4 - Trip Distribution – Friction Factor Calibration 
Trip Length Frequency; one-minute bin Increment 

(example from 2010 Holland SUA model calibration – HBW trip purpose) 
 

 
 

 

Figure 9.5 - Trip Distribution – Friction Factor Calibration 
Trip Length Frequency; three-minute bin Increments 

(example from 2010 Holland SUA model calibration – HBW trip purpose) 
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Figure 9.6 - Trip Distribution – Friction Factor Calibration 
Trip Length Frequency; five-minute bin Increments 

(example from 2010 Holland SUA model calibration – HBW trip purpose) 
 

 
 

 

Figure 9.7 - Trip Distribution – Friction Factor Calibration 
Friction Factor Curve 

(example from 2010 Holland SUA model calibration – HBW trip purpose) 
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The general evaluation criteria can be summarized as: 
 

Table 9.8 - I-I Gravity Model Calibration Measures, Criteria, Targets 

Measure Criteria Targets 

Average Trip Length 
Compare Gravity Model (GM) 

results & household travel survey 
Within 3% +/- 

Trip Length Frequency 

Distribution 

Visual inspection of peak times 

and % of total trips 
 

Trip Length Frequency 

Distribution 
Coincidence Ratio 

HBW; >/= 0.80 

Other; >/= 0.70 

Percent of Intrazonal Trips  
HBW; < 10% 

Other; < 15% 

 

The Table 9.9 provides some general statistics (at the national level) of the average vehicle trip 
length measured in miles, computed from the 2017 NHTS as well as historical data from 
previous NHTS. 

 
 

Table 9.9 - 2017 National Household Travel Survey 
Summary of Travel Trends 

Average Vehicle Trip Length per Trip Purpose (miles) 
National Level Statistics 

 

Trip Purpose 1969 1977 1983 1990 1995 2001 2009 2017 Avg 

All 8.9 8.4 7.9 8.9 9.1 9.9 9.7 10.5 9.2 

to/from Work 9.4 9.0 8.6 11.0 11.8 12.1 12.2 12.8 10.9 

Shopping 4.4 5.0 5.3 5.1 5.6 6.7 6.4 7.9 5.8 

Other Errands 6.5 6.7 6.7 7.4 6.9 7.5 7.1 7.7 7.1 

Social / Recreation 13.1 10.3 10.6 11.8 11.2 11.9 11.2 11.8 11.5 

 

A few more helpful calibration / validation targets (very general) are provided in the NCHRP 
Report 365 and are summarized as: 

Table 9.10 

Average trip length for HBW trips (minutes) 5.0 + {0.10 * √ (ACUB Land Area)} 

Average trip length for non-HBW trips Typically, 75% to 85% of the average trip length 
of an HBW trip 

 

9.3.4 Simplified Mode Choice Model 

Since the simplified mode choice model approach is unique, there are no standard methods of 
calibration - validation. The only reasonableness check that can be made is to compare the model-
generated regional transit linked trips to the transit boardings (unlinked trip), as provided by the 
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public transit agency. Since the model output is in “linked” trip format and the information from 
the public agency is in “unlinked” trip format (boardings), the public agency data must be 
converted to equivalent model output format for comparison purposes. 
 
In Figure 9.11, the unlinked trip data (boardings) obtained from the National Transit Database 
(NTD) is converted to linked trips (equivalent to the model output) using “transfer rate” and 
“percent number of transfers per transit trip” information from the American Public Transportation 
Association (APTA) document entitled “A Profile of Public Transportation Passenger 
Demographics and Travel Characteristics Reported in On-Board Surveys” (dated May 2007). 
 

 

Table 9.11 - Conversion of Unlinked Trips (Boardings) to Linked Trips 
Example Calculations for the Holland-Zeeland SUA 

Macatawa Area Express (MAX) 
 

 Input     Output  

  Number of Transfers   

 Unlinked 
Trips 

None One Two 
Three or 

More 
Linked 
Trips 

Comments 

On-Board 
Survey Sample 

Values 

 49.2% 37.3% 10.6% 2.9%  

from APTA "A Profile of 
Public Trans. Pass. Demo. & 

Travel Char." dated May 
2007 (pg. 33-34) 

2010 MAX 2,388 1,175 891 253 69  NTD Average Weekday 
Unlinked Trip Statistic 

2011 MAX 1,462 719 545 155 42  NTD Average Weekday 
Unlinked Trip Statistic 

2012 MAX 1,580 777 589 167 46  NTD Average Weekday 
Unlinked Trip Statistic 

Transfer Rate  0 1 2 3.1  
the traditional generalized 

value used for transfer ratio 
is 1.5 

2010 MAX 
Linked Trips 

 1,175 446 84 17 1,722  

2011 MAX 
Linked Trips 

 719 273 52 11 1,055  

2012 MAX 
Linked Trips 

 777 295 56 12 1,140  

NOTES: “APTA” = American Public Transportation Association, “NTD” = National Transit Database 

 

As part of the mode choice / mode split step, person-based trips are converted to vehicle-based 
trips using average auto occupancy factors (TransCAD > Planning > PA2OD tool) – usually, 
these factors are developed from household travel survey data.  The 2017 NHTS statistics in the 
table below provide average vehicle occupancy rates based on trip purpose (national level) – 
these can be used as a general guide when checking the aggregate vehicle occupancy rates from 
the PA2OD procedure.  
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Table 9.12 - 2017 National Household Travel Survey 
Summary of Travel Trends 

Average Vehicle Occupancy per Trip Purpose 
National Level Statistics 

 

Trip Purpose 1969 1977 1983 1990 1995 2001 2009 2017 Avg 

All x 1.90 1.75 1.64 1.59 1.63 1.67 1.67 1.69 

to/from Work x 1.30 1.29 1.14 1.14 1.14 1.13 1.18 1.19 

Shopping x 2.10 1.79 1.71 1.74 1.79 1.78 1.82 1.82 

Other Errands x 2.00 1.81 1.84 1.78 1.83 1.84 1.82 1.85 

Social / Recreation x 2.40 2.12 2.08 2.04 2.03 2.20 2.10 2.14 

 

9.3.5 Time-of-Day 

The primary element to check in the time-of-day step would be to make sure that the capacity 
factors are based on current, SUA-specific count data. See the discussion in the Capacity – 
Capacity Factor Methodology section of this technical report.  
 
There are four typical time periods currently used in the SUA modeling process - which were 
developed based upon the percentage of trips completed per hour, for all SUAs combined: 
 

 AM Peak Period (7:00 AM – 9:00 AM) 

 Mid-day Period (9:00 AM – 3:00 PM) 

 PM Peak Period (3:00 PM – 6:00 PM) 

 Evening Period (6:00 PM – 7:00 AM) 
 
New (and SUA specific) household travel survey and traffic count datasets should be evaluated 
in order to personalize these time periods for each individual SUA model (i.e. Benton Harbor 
might not have the same TOD periods as Holland). 
 
Note that currently, model validation is performed with the average daily assignment results, not 
for each individual time period – even though model results are sometimes presented on a time-
of-day basis (see discussion next section). 
 

9.3.6 Traffic (Highway) Assignment 

Assignment is the culmination of the overall modeling process, and thus the validation of the 
results from the assignment step often become the primary basis for validating the overall travel 
demand modeling process. 
 
“While it is important that assignment validation be reasonable, highly accurate traffic and transit 
assignments in terms of matching observed traffic and transit volumes are not sufficient for 
proving the validity of travel models. In some cases, the over-emphasis on matching observed 
traffic volumes and transit boardings has led to poor adjustments such as link specific changes to 
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the network speeds and capacities and ‘fine-tuning’ of connector links for better match between 
modeled and observed traffic volumes or transit boardings.” (Travel Model Validation and 
Reasonability Checking Manual, Second Edition” dated Sept. 24, 2010) 
 
Traffic count data are the primary source of data for validating the assignment procedure. The 
development of the validation dataset for a specific SUA is a significant undertaking, so a 
significant amount of time should be allotted for the managing of this dataset. The SUA models 
provide results for a typical, average weekday – thus, the traffic counts should also reflect 
average weekday traffic conditions (AWDT), so keep this in mind when processing the count 
data for use as the validation targets. SUTA maintains a traffic count database that stores data, 
for all SUAs, from a variety sources; MDOT-Data Collection, MPOs, County Road 
Commissions, Cities, Villages, and consultants (among others) – this will be the source for SUA-
related count data (contact: Ryan Gladding). 
 
“Traffic count data are an important independent validation data set. Nevertheless, traffic count 
data are often afforded more credence than they deserve. Counts are often collected from 
multiple sources such as state DOT’s toll authorities, counties, cities, and private contractors 
with each using various counting techniques. For example, counts from permanent traffic 
recorders, 48-hour or 24-hour counts performed using tube counters, and ancillary counts such as 
manual intersection counts may all be stored in the same database. Counts may be stored as raw 
counts or factored counts, such as average annual daily traffic (AADT). In addition, counts from 
multiple years surrounding a base year for model validation may be included for a validation in 
order to maximize the count data available.” (Travel Model Validation and Reasonability 
Checking Manual, Second Edition” dated Sept. 24, 2010) 
 
A reference document that provides an excellent discussion concerning the variability in traffic 
count data is “Variability in Traffic Monitoring Data, Final Summary Report” prepared by Oak 
Ridge National Laboratory for the U.S. Department of Energy (dated August 1997). Also, a 
SEMCOG document entitled “Traffic Count File Development for TransCAD Model Calibration 
and Validation” prepared by Midwestern Consulting, LLC (dated October 2005) is an excellent 
reference document that describes the process of developing the dataset for travel model 
validation. Both documents are available on the NAS server > Urban_Model_Team > 
Documentation > ReferenceLibrary. 

With that said, an appropriate approach to assignment validation is to begin the checks at the 
more aggregate level (such as facility type) and progress towards a more disaggregate, more 
detailed level. The following discussion will progress this topic in that fashion, from the 
aggregate level to the more disaggregate level, including both checks based on vehicle miles 
traveled and traffic volumes. 
 

9.3.6.1  Aggregate Checks - Vehicle Miles of Travel (VMT) 

The VMT checks provide a good assessment of the overall modeling process – maybe much 
more than do other checks. Information regarding the entire modeling process can be inferred 
from each level of VMT summaries, including: 
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 Regional VMT summaries provide an indication of the reasonability of the overall level of 

travel – this will help to confirm that all the modeling procedures (four steps) are 

performing reasonably 

 VMT summaries by facility type provide an overall indication of the operation of the 

assignment procedures – these may help to indicate issues with speeds, capacities, and/or 

volume-delay functions 

 VMT summaries by geographic area (area type) may be useful for uncovering biases based 

on geography 

 
The following tables (9.13 thru 9.16) provide recommended VMT -based validation checks, 
guidelines and target values – all of which should be implemented in any SUA assignment 
validation plan specification. In each table, the “percent difference” (or percent deviation) can be 
calculated as follows (notice that the checks are plus or minus the target): 
 

�
(������������� − ��������)

��������
� ∗ 100 

 

Table 9.13 - Recommended Assignment Validation Guidelines / Targets 
National Functional Classification by Daily Vehicle Miles Traveled (VMT) 

Percent Difference (Pct Diff) 
(source: MDOT) 

 

National Functional Classification (NFC) 
  

Category Description Target (Pct Diff) 
 

Source 

1 Interstate 6% +/- MDOT Report dated 4/23/1993 

2 Other Freeway 6% +/- MDOT Report dated 4/23/1993 

3 Other Principal Arterials 7% +/- MDOT Report dated 4/23/1993 

4 Minor Arterials 10% +/- MDOT Report dated 4/23/1993 

5 Major Collectors 20% +/- MDOT Report dated 4/23/1993 

6 Minor Collectors 20% +/- MDOT Report dated 4/23/1993 

7 Local none 
 

MDOT Report dated 4/23/1993 
 

System-wide 5% +/- MDOT Report dated 4/23/1993 
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Table 9.14 - Recommended Assignment Validation Guidelines / Targets 
Facility Type Code by Daily Vehicle Miles Traveled (VMT) 

Percent Difference (Pct Diff) 
(source: MDOT) 

 

Model Link Facility Type Code (FTyp) 
   

Category Description Target (Pct Diff) 
 

Source 

1 Freeway 6% +/- MDOT Report dated 4/23/1993 

2 High Speed Ramp none 
 

MDOT Report dated 4/23/1993 

3 Entrance (On) Ramp none 
 

MDOT Report dated 4/23/1993 

4 Exit (Off) Ramp none 
 

MDOT Report dated 4/23/1993 

5 Principal Arterial with CTL 7% +/- MDOT Report dated 4/23/1993 

6 Principal Arterial 7% +/- MDOT Report dated 4/23/1993 

7 Minor Arterial - One Way 10% +/- MDOT Report dated 4/23/1993 

8 Minor Arterial with CTL 10% +/- MDOT Report dated 4/23/1993 

9 Minor Arterial 10% +/- MDOT Report dated 4/23/1993 

10 Collector - One Way 20% +/- MDOT Report dated 4/23/1993 

11 Collector with CTL 20% +/- MDOT Report dated 4/23/1993 

12 Collector 20% +/- MDOT Report dated 4/23/1993 

13 Local with CTL none 
 

MDOT Report dated 4/23/1993 

14 Local none 
 

MDOT Report dated 4/23/1993 
 

State Trunkline 6% +/- MDOT Report dated 4/23/1993 
 

System-wide 5% +/- MDOT Report dated 4/23/1993 

 

Table 9.15 - Recommended Assignment Validation Guidelines / Targets 
Area Type Code by Daily Vehicle Miles Traveled (VMT) 

Percent Difference (Pct Diff) 
(source: MDOT) 

 

Model Link Area Type Code 
   

Category Description Target (Pct Diff) 
 

Source 

1 CBD 10% +/- MDOT Report dated 4/23/1993 

2 Urban 10% +/- MDOT Report dated 4/23/1993 

3 Suburban 10% +/- MDOT Report dated 4/23/1993 

4 Fringe 10% +/- MDOT Report dated 4/23/1993 

5 Rural 10% +/- MDOT Report dated 4/23/1993 
 

System-wide 5% +/- MDOT Report dated 4/23/1993 
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Table 9.16 - Recommended Assignment Validation Guidelines / Targets 
Demographic Variable by Daily Vehicle Miles Traveled (VMT) 

(source: FHWA) 
 

VMT per Demographic Variables 
  

 
VMT per HuOcc (HH) 30 to 40 FHWA  
VMT per Pop (no GQ) 10 to 16 FHWA 

 

9.3.6.2  Aggregate Checks – Volume Related 

The RMSE metric provides a good measure of the overall deviation between modeled and 

observed daily traffic volumes for the region and selected subsets of the sample of network links 

having traffic counts.  The statistic (%RMSE) produces a more meaningful measure if the sample 

of counted links is subdivided into volume group ranges, facility type, and area type – this is 

especially true since the assignment procedure uses a look-up table to estimate link capacity based 

upon facility and area types.  

 
The RMSE (and %RMSE) statistic is particularly helpful in understanding the system-wide effects 

of a calibration adjustment, since it is not uncommon to make a calibration adjustment that 

improves modeled daily traffic volumes on some network links while simultaneously worsening 

model assignments on others. A helpful characteristic of this metric is that it is scalable – e.g. a 

RMSE of 1,000 is one-half as large as an RMSE of 2,000 for the same set of links. 

   

The formulae are as follows: 

 

���� = √{�(������
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� ∗ 100 

 

where, 

  Modeli = the model traffic assignment volume for link “i” 

  Counti = the observed traffic count volume for link “i” 

N = the number of links in the validation group, i.e. those links that have a traffic count 

associated with them and used for model validation 

 

Note: The underlying assumption is that errors are unbiased and follow a normal 

distribution - for an “unbiased” estimate of RMSE, use “(N-1)” in lieu of “N” (see Figure 

9.8) 

 



 

114 
 

Figure 9.8 – Biased / Unbiased Estimates (source: 
http://www.statisticalengineering.com/Weibull/precision-bias.html) 

 
 

A commonly quoted target value for the regional %RMSE is 40%, meaning that the assignment 
results are reasonable if the %RMSE is 40 % or less. The usual target range is 30% to 40%, 
while Florida calculates the regional (system-wide) %RMSE based upon the characteristics of 
the urbanized area roadway system (see Table 9.17). In this example, the volume group 
classification is used along with the associated allowable error (i.e. the agreed upon %RMSE 
targets for each volume group) – the input to this procedure is the distribution of the model 
network according to the volume groupings. The resultant “allowable system-wide error” value 
(43% in the example) would be the SUA-specific target value, in lieu of the generic 30% to 40% 
range.  
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Table 9.17 - Recommended Assignment Validation Guidelines / Targets 
Allowable System-wide Error Calculation 

Based on Transportation System Characteristics 
[values in table are for illustrative purposes only] 

(source: FDOT) 
  

   
input 

   

ID Volume Group Mean ADT Distribution Allowable 
Error 

(1) x (2) (3) x (4) 

  
(1) (2) (3) (4) (5) 

1 < 1,000 500 11.38% 150% 56.90 85.35 

2 1,000 - 2,500 1,750 19.73% 100% 345.28 345.28 

3 2,500 - 5,000 3,750 20.18% 65% 756.75 491.89 

4 5,000 - 10,000 7,500 25.95% 45% 1,946.25 875.81 

5 10,000 - 15,000 12,500 12.45% 35% 1,556.25 544.69 

6 15,000 - 25,000 20,000 9.10% 30% 1,820.00 546.00 

7 25,000 - 50,000 37,500 1.21% 25% 453.75 113.44 

8 > 50,000 75,000 0.00% 20% 0.00 0.00 

  Totals   100.00%   6,935.18 3,002.46        

  
ALLOWABLE SYSTEM-WIDE ERROR 43.00% 

   

 

Table 9.18 - Recommended Assignment Validation Guidelines / Targets 
Volume Group by Daily Model Volumes 

Percent Root Mean Square Error 
(source: FDOT) 

 

Model Link Volume Group Classification 
 

Category Description Target (% RMSE) Source 

1 < 1,000 150% Florida Reports dated 10/2005 & 10/2008 

2 1,000 to 2,500 100% Florida Reports dated 10/2005 & 10/2008 

3 2,500 to 5,000 65% Florida Reports dated 10/2005 & 10/2008 

4 5,000 to 10,000 45% Florida Reports dated 10/2005 & 10/2008 

5 10,000 to 15,000 35% Florida Reports dated 10/2005 & 10/2008 

6 15,000 to 25,000 30% Florida Reports dated 10/2005 & 10/2008 

7 25,000 to 50,000 25% Florida Reports dated 10/2005 & 10/2008 

8 > 50,000 20% Florida Reports dated 10/2005 & 10/2008 
 

System-wide see Table 9-17 Florida Reports dated 10/2005 & 10/2008 
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Table 9.19 - Recommended Assignment Validation Guidelines / Targets 
National Functional Classification by Daily Model Volumes 

Percent Root Mean Square Error 
(source: Lincoln Metropolitan Planning Organization) 

 

National Functional Classification (NFC) 
 

Category Description Target (% RMSE) Source 

1 Interstate 30% Lincoln, NE MPO Report 01/2011 

2 Other-Freeway 30% Lincoln, NE MPO Report 01/2011 

3 Other Principal Arterials 35% Lincoln, NE MPO Report 01/2011 

4 Minor Arterials 40% Lincoln, NE MPO Report 01/2011 

5 Major Collectors 50% Lincoln, NE MPO Report 01/2011 

6 Minor Collectors 50% Lincoln, NE MPO Report 01/2011 

7 Local none Lincoln, NE MPO Report 01/2011 

 

It is also worthwhile to calculate the Mean Absolute Error (MAE) and the Mean Absolute 
Percentage Error (MAPE) along with the RMSE and %RMSE metrics. The MAE is simply the 
mean of the absolute errors (see the formula below for comparison to RMSE). One problem with 
the MAE statistic is that it may understate the impact of large errors, thus it is suggested that 
both the RMSE (which gives more weight to the larger errors) and MAE be calculated and 
compared – this should provide an indication if large errors are present in the model forecast. 
Unfortunately, the MAE (and MAPE) is not a metric that is calculated directly by a TransCAD 
tool (like the RMSE Calculator utility), thus this metric needs to be calculated off-line (or within 
the model post-processing script). 
 
The formulae are as follows: 
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where, 

  Modeli = the model traffic assignment volume for link “i” 

  Counti = the observed traffic count volume for link “i” 

N = the number of links in the validation group, i.e. those links that have a traffic count 

associated with them and used for model validation 

 

Percent Differences 
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In addition to the volume-related RMSE and %RMSE metrics, Table 9.20 presents the guidelines 
and target values for the percent deviation statistic. This statistic is based on the National 
Functional Classification System, which is interrelated with the model facility type coding. 
 

Table 9.20 - Recommended Assignment Validation Guidelines / Targets 
National Functional Classification by Daily Model Volumes 

Percent Difference (Pct Diff) 
(source: FDOT) 

 

National Functional Classification (NFC) 
  

Category Description Target (Pct Diff) 
 

Source 

1 Interstate 7% +/- Florida Report dated 10/2008 

2 Other Freeway 7% +/- Florida Report dated 10/2008 

3 Other Principal Arterials 10% +/- Florida Report dated 10/2008 

4 Minor Arterials 15% +/- Florida Report dated 10/2008 

5 Major Collectors 20% +/- Florida Report dated 10/2008 

6 Minor Collectors 20% +/- Florida Report dated 10/2008 

7 Local none 
 

Florida Report dated 10/2008 

 

Screen-lines, Cut-lines, Cordon-lines 
Comparing observed daily traffic counts with their modeled daily volume counterparts by 
screen-line or cut-line is a helpful validation tool.  Screen-lines are usually considered to be 
geographic or topographic barriers that limit the amount of travel across a wide expanse of a 
modeled region.  Large river basins and rail lines are commonly used features.  A model 
validation screen-line would consist, at a minimum, of all major roadway facilities crossing the 
screen-line.  Cut-lines, in contrast, are segments or polygon boundaries (aka cordon-lines) that 
intersect strategically important subsets of a model region’s roadway network.  These could 
include a collection of all highway network locations that coincide with the model’s external 
stations or perhaps all segments of major road facilities leading into/out of a CBD. Table 9.21 
provides guidelines and target values for these validation checks. 
 
A few things to consider when creating screen-, cut- and cordon-lines (below, “screen-line” is 
used generically to represent a screen-line, cut-line, or cordon-line as defined above): 

 Do not intersect centroid connectors, nor include volumes on connectors in the 

analysis 

 All links that are “crossed” should have traffic count data on both sides of the 

intersecting screen-line 

 A single screen-line should capture traffic on all roadways that are alternatives in 

a corridor – do not include non-parallel roadways 

 Each screen-line should cross from three to seven roads (except those that bisect 

the entire model area), 
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 In general, jurisdictions with pop > 25,000 should have a cordon-line (polygon) 

around both the CBD and city limit, 

 In general, small model areas (SUAs) – include 10% of the roadway links in the 

screen-line analysis; Large model areas (TMAs) – include 5% of the roadway 

links in the screen-line analysis 

 
Table 9.21 - Recommended Assignment Validation Guidelines / Targets 

Screen-Lines by Daily Model Volumes 
(source: MDOT) 

 

Model Link Screen-lines, Cut-lines and Cordons 
  

 
Description Target (Pct Diff) 

 
Source  

Screen-lines 5% +/- MDOT Report dated 4/23/1993 
 

Cut-lines 10% +/- MDOT Report dated 4/23/1993 
 

Cordon-lines 10% +/- MDOT Report dated 4/23/1993 
 

External Station Cordon 0% +/- MDOT Report dated 4/23/1993 

 

Range Checks 
Roadway links with high observed traffic count volumes and very low assigned volumes, or 
vice-versa, should be evaluated (use graphical plots, or TransCAD thematic map features to 
uncover these outliers). It is worthwhile to identify and assess links that: have zero assigned 
volumes; trunk-line links that have low assigned volumes, and; interstate ramps that have low 
assigned volumes. 

 

9.3.7 Sensitivity Checks 

Performing sensitivity checks (aka dynamic validation) determines the sensitivity of the model to 
changes in land use and/or the transportation supply (e.g. model input, parameter values, and 
policies). The results of these sensitivity checks should be assessed for reasonableness in both 
the direction and the magnitude of the changes to the model results (assignment). The list below 
(not comprehensive) provides some variables that can be modified when considering sensitivity 
analysis: 

 Add lanes to an existing link 

 Add a new link 

 Delete an existing link 

 Change link speeds 

 Change link capacities 

 Add 100 households to a TAZ 

 Add 1,000 households to a TAZ 

 Add 5,000 households to a TAZ 

 Add 10,000 households to a TAZ 
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 Add 1,000 new manufacturing or retail jobs to a TAZ 

 Remove 500 manufacturing or retail jobs from a TAZ 

 Increase / decrease transit service, or 

 A scenario that the MPO is considering 

9.4 Calibration Troubleshooting Strategies 
When “issues” are uncovered by the validation checks, whether due to significant differences 
between model results (e.g. traffic assignment) and observed data (e.g. traffic counts), or to 
unacceptably high or low sensitivity to input variables, additional model calibration will need to 
be performed. The appropriate calibration action depends on the specific validation issue(s) 
uncovered. Generally, calibration consists of adjusting modeling parameters to improve the 
results, but other actions, including adding, modifying or removing explanatory variables in a 
sub-model (e.g. trip attraction regression equations) may need to be considered. Furthermore, it 
is always good practice to check the observed data and the model input data for errors that might 
be exposed by the validation tests – hopefully, these errors have been discovered and corrected 
with the step-by-step validation process outlined in this section. It is extremely difficult to 
uncover the “real” problem with a poor validation result when there are errors in all the above; 
the input data, empirical / observed data, and model estimation. The calibration process most 
often ends up being a process of elimination. 
 
A good overall method when calibrating / validating a travel demand model is to begin at the 
regional level (more aggregate), and progress to a more detailed, disaggregate level (i.e. checks 
by facility type, area type, volume group, etc.). Always attempt to make amendments to the 
model at an overall system level – not at an individual link/segment/corridor level – for example, 
amend the free flow speeds in the look-up table and apply to all similarly coded facility and area 
types, rather than adjusting the speeds of a few individual links or corridor. 
 
The following tables (9.22 thru 9.28) provide some potential strategies for tackling some of the 
most common issues that may be encountered during calibration / validation. These lists are not 
intended to be all-inclusive nor exhaustive – these are meant as a starting point, and as new 
issues are encountered (as well as strategies), these lists will be expanded. (TMVRCM-2 signifies the 

“Travel Model Validation and Reasonability Checking Manual, Second Edition”) 
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9.4.1 Model Input 
 

Table 9.22 - Troubleshooting Strategies 
Transportation System Input Data 

(TMVRCM-2, Table 3.9) 
 

Issue Potential Strategy 

Selected shortest paths through the network are 
illogical 

 Recheck centroid connectors 

 Check travel time / speed / distance 

attributes for the links in question, and for 

competing links 

 Check link connectivity (stub links & ghost 

nodes), grade separation, network 

simplification process, etc. 

 Check turn penalties and prohibitions – 

especially if the network has been 

modified, which could alter the Link IDs 
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Table 9.23 - Troubleshooting Strategies 
Roadway Network Skims and Path Building 

(TMVRCM-2, Table 3.13) 
 

Issue Potential Strategy 

Very long trip lengths for some TAZ interchanges 

 Check roadway network for improperly 

coded link characteristics, such as speeds 

(check units of measure for distance, 

speeds and time) – also check for 

modifications to Link IDs due to addition 

of new network links 

 Check shortest paths for reasonableness 

 Check link connectivity (stub links & ghost 

nodes), grade separation, network 

simplification process, etc. 

Speeds are not reasonable 

 Check roadway network for improperly 

coded link characteristics, such as speeds 

– check facility and area type coding 

Roadway distances are much longer than 
straight-line (“as the crow flies”) distances 

between some TAZ interchanges 

 Check roadway network for improperly 

coded link characteristics, such as speeds 

(check units of measure for distance, 

speeds and time) 

 Check shortest paths for reasonableness 

 Check link connectivity (stub links & ghost 

nodes), grade separation, etc. 

Paths for some TAZ interchanges are overly 
complex 

 Check roadway network for improperly 

coded link characteristics, such as speeds 

(check units of measure for distance, 

speeds and time) 

 Check shortest paths for reasonableness 

 Check link connectivity (stub links & ghost 

nodes), grade separation, etc. 
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9.4.2 Model Output 
 

Table 9.24 - Troubleshooting Strategies 
Trip Generation Model* 

(TMVRCM-2, Table 5.7) 
 

Issue Potential Strategy 

Trip rates are inconsistent across variables in the 
cross-classification models (related more to the 

parameter development process using the household travel 
survey dataset) 

 Recheck trips rate calculations 

 Check the error levels for estimated trip 

rates 

 Possibly “smooth” trip rates by combining 

cells in cross-classification model 

Total trips generated from the model base year 
are inconsistent with the household travel 
survey results (related more to the parameter 

development process using the household travel survey 
dataset) 

 Check for proper application of survey 

expansion factors 

 Check for differences in the 

socioeconomic data between model base 

year and the year the survey was taken 

 Recheck the model parameter calculations 

Model results are inconsistent with national 
sources of information 

 Recheck estimated modeling parameters 

 Check for ways that local and national 

characteristics differ 

 Adjust parameters if they seem erroneous 

Imbalance between modeled productions and 
attractions by trip purpose 

 Check consistency between household 

travel survey data and model application 

data 

 Check to ensure that external and special 

generator trips have been correctly 

considered 

*Since there is usually no independent source of local data, possible validation checks include reviewing and comparing 

household travel survey results, local demographic and employment data, and other national sources of information 
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Table 9.25 - Troubleshooting Strategies 
External Travel Model 

(TMVRCM-2, Table 5.9) 
 

Issue Potential Strategy 

TAZs near model boundary have a lower 
percentage of external trips than interior TAZs 

 Check model sensitivity of trip generation 

model to distance from the model 

boundary 

Total implied trip rates including both internal 
and external travel significantly higher or lower 

for TAZs near the model boundary 

 Check to ensure that trips are not 

counted twice – trips are either internal 

or external, not both 

Total vehicle trips for each external station for 
base year is inconsistent with the corresponding 

traffic count 

 Check traffic count data for errors, 

seasonal adjustment, or adjustment 

between the count and model years 

 Check to ensure that truck trips are 

excluded from traffic counts when 

comparing to passenger trips from the 

model (if applicable) 

 Make sure E-E trips are not counted twice 

 Check control totals estimated from the 

original traffic counts 
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Table 9.26 - Troubleshooting Strategies 
Trip Distribution Model 

(TMVRCM-2, Tables 6.2 & 6.3) 
 

Issue Potential Strategy 

Average trip length is too short or too long (refer 

to MDOT Friction Factor Calibration Excel-Workbook) 
 Recheck skim data and trip end inputs 

 Check distribution patterns 

 Recalibrate friction factors or adjust 

parameters of friction factor formula – or, 

use a different friction factor formula 

Coincidence ratio too low (refer to MDOT Friction 

Factor Calibration Excel-Workbook) 
 Recalibrate friction factors or adjust 

parameters of friction factor formula – or, 

use a different friction factor formula 

District-level O-D patterns are inaccurate for 
some trip interchanges 

 Check trip lengths 

 Check travel impedances between 

affected districts 

 Introduce K-factors (last resort) 

 Introduce impedance penalties on 

network links (last resort) 

Too many or too few intrazonal trips  Adjust intrazonal travel times for types of 

TAZs affected 

Model is too sensitive or insensitive to changes 
in Level of Service variables (e.g. time/speed and 

cost) 

 Adjust parameters for appropriate level of 

service variables in impedance/utility 

functions or friction factors 

Friction factors do not monotonically decrease 
from a peak occurring at a very short travel time 
(refer to MDOT Friction Factor Calibration Excel-Workbook) 

 Check parameters of friction factor 

formula 

 Check friction factor pattern for match 

with observed trip length frequency 

 Check to ensure that “smoothed” 

observed data pattern is monotonically 

decreasing 
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Table 9.27 - Troubleshooting Strategies 
Time-of-Day 

(TMVRCM-2, Table 8.2) 
 

Issue Potential Strategy 

Modeled percentages of trips by purpose and 
time period poorly match observed household 

travel survey data 

 Check fixed TOD factor calculations, and 

their application in model 

 Check for consistency between trip tables 

and survey data 

Modeled percentages of trips by purpose and 
time period poorly match independent observed 

data (e.g. traffic counts, transit boardings) 

 Check fixed TOD factor calculations, and 

their application in model – consider 

amending factors to achieve a better 

match 

 Check factors by geography or 

socioeconomic strata 
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Table 9.28 - Troubleshooting Strategies 
Traffic Assignment 

(TMVRCM-2, Table 9.4) 
 

Issue Potential Strategy 

Low, high, or unrealistic base year assigned link 
volumes compared to traffic counts 

 Check network attribute coding (e.g. 

speeds, alpha/beta) on affected links, 

adjacent links, and links on competing 

paths 

 Check the creation of the “.NET” network 

file – all required fields and accurate turn 

prohibitions / penalties provided 

 Check TAZ connectors – loading locations, 

number of connectors per TAZ, length of 

connectors, etc. 

 Check traffic count data – processing of 

counts and the creation of the validation 

dataset  

Uneven facility loading on parallel competing 
routes 

 Check TAZ connectors – loading locations, 

number of connectors per TAZ, length of 

connectors, etc. 

 Review facility and area type coding, initial 

speeds 

 Review TAZ structure – number of TAZs (do 

you need more TAZs for finer spatial 

resolution) 

 Review final speeds and volume-delay 

functions 

Travel times not representative of observed 
data 

 Review facility and area type coding, initial 

speeds 

 Review final speeds and volume-delay 

functions 

Link(s) have zero assigned volume  Check network attribute coding on affected 
links, adjacent links, and links on 
competing paths – also check continuity, 
stub links, connector locations / loading 

Link(s) have very high assigned volume, and VOC 
ratios 

 Check network attribute coding on affected 

links, adjacent links, and links on 

competing paths – also check continuity, 

stub links, connector locations/loading 
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