








 

NIRPC Transportation Model Documentation 

1.0 Introduction 

This report provides documentation of the Northwestern Indiana Regional Planning 
Commission (NIRPC) Travel Model.  The model represents the forecasting process as it 
was employed to obtain travel estimates for the NIRPC region. 

The original NIRPC transportation planning model was applied using the TRANPLAN 
software package.  That model was modified as part of the Interstate Route 80/94 
Congestion Relief Study, known as the Lugar Study, in the early 1990s to be more 
compatible with the Chicago Area Transportation Study (CATS).  It was at that time that 
NIRPC switched to EMME/2.  That original EMME/2 model revised boundaries and 
reduced the number of zones in order to better reflect the administrative and geographical 
territory of the NIRPC region and to adjust to the EMME/2 license dimensions. 

The new version of the model is an overall enhancement and refinement of the original 
model.  It is an enhancement in the sense that the new travel model incorporates the 
development of a disaggregate mode choice model, makes use of the most up to date 
socioeconomic data available and uses recent local data such as the information collected 
in the 1995 household travel survey.  The model is a refinement of the original version in 
that the highway network is realigned using the National Highway Planning Network 
coordinate system, links and nodes were developed using an appropriate coding system 
in order to identify these elements by geography, further refinements were made to the 
Traffic Analysis Zone structure, and the new version includes coding of the existing 
transit network. 

 1.1 Objectives 

The need to comply with recent federal legislation, such as the 1991 Intermodal Surface 
Transportation Efficiency Act (ISTEA) and the 1990 Clean Air Act Amendments (CAAA) 
has prompted the development of travel demand models as a way to provide the 
information necessary to perform the required analyses.  Recent and current research into 
travel demand modeling practices, as well as improvements in computing software and 
equipment, are improving the methods by which travel demand is modeled. 

There are several objectives for developing the regional models for the Northwest Indiana 
area.  These include: 

• The need to provide information necessary for the analyses to be performed for other 
NIRPC MPO activities, such as analysis of transportation demand management (TDM) 
and public transportation policy alternatives; 
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• The ability to provide necessary inputs to the various management systems mandated 
by ISTEA; 

• The provision of input data for air quality analysis; and 

• The ability to analyze, in detail, transportation policy alternatives affecting corridors of 
the region. 

 1.2 Travel Demand Modeling Practices 

Although most travel demand modeling experience is for urban areas and substate 
regions, the procedures used in the hundreds of models in the U.S. vary widely from place 
to place.  In this section, we refer to the “state of the art” and the “state of the practice” for 
travel demand modeling.  Below, these terms are defined. 

1.2.1  State of the Art 

“State of the art” refers to the most advanced procedures used in travel models 
maintained by U.S. metropolitan planning organizations, regional governments or 
planning agencies, or states.  This definition does not include academic research efforts or 
planned model improvements that have not been implemented as part of “official” 
modeling efforts.  State of the art procedures include: 

• Traditional four-step modeling process, with refinements; 

• Person-trip-based modeling; 

• Modeling of non-motorized (i.e., walk and bicycle) trips; 

• Use of nested logit choice (mode, destination, auto ownership, etc.) models; 

• Use of feedback loops among model steps; 

• Addressing the issue of the effects of transportation accessibility on location decisions 
(land use); 

• Use of multipath trip assignment procedures; 

• Disaggregate trip production procedures, where the households within zones are 
classified by variables such as income, household size, and numbers of workers or 
vehicles; 

• Use of models to estimate inputs to trip generation, such as auto ownership; and 

• Use of activity-based household travel survey data. 
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The following list provides examples of procedures that would be considered beyond the 
state of the art because they have not yet been implemented in “official” U.S. urban, 
regional, or statewide models: 

• Household activity modeling; 

• Consideration of trip chains; 

• Time of day (departure time) choice modeling; 

• Dynamic traffic assignment; and 

• Use of panel surveys in developing travel models. 

1.2.2  State of the Practice 

“State of the practice” refers to modeling procedures that are generally considered 
acceptable and are used in a large number of places in the U.S.  Many of the areas whose 
procedures are less sophisticated than these are relatively small, and the failure to use 
these procedures may be perfectly acceptable since the needs and resources of such areas 
are often far less than those for larger areas.  State of the practice procedures include: 

• Traditional four-step modeling process; 

• Person-trip-based modeling in areas with significant non-auto travel, otherwise 
vehicle-trip-based modeling; 

• Use of disaggregate mode choice models (if non-auto modes are modeled); 

• Use of multipath trip assignment procedures for peak periods; 

• Use of some aggregate modeling procedures, such as gravity models for trip distribution; 
and 

• Use of factors to develop trip tables or trips for peak periods. 

In the NIRPC travel models, the intention is to use state of the art procedures, and perhaps 
to stretch the limits of these procedures.  Utilizing the available data, it will be possible for 
NIRPC to have a useful and advanced model system. 

1.2.3  Overview of the NIRPC Model System 

Figure 1.1 provides an overview of the structure of the NIRPC model system, as well as its 
major data flows.  The core of the system are the four steps of trip generation, trip 
distribution, mode choice, and traffic assignment.  In addition, time of day modeling is 
included in the trip generation step, necessitating different models for each of the 
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remaining steps by time of day.  Air quality emissions modeling is an integrated part of 
the model system, and the analyst also has the option of using direct feedback from traffic 
assignment to trip distribution and mode choice, to ensure that consistent highway and 
transit travel times are used in each step of the modeling process.  (See Section 9.3 of the 
Users’ Manual for details on the feedback options available in the model system.)  Each of 
the model system components shown on Figure 1.1 is discussed briefly in this section with 
references to the subsequent chapters of this report (using the designation FRn for 
Section X.X of this Final Report) and sections of the companion Users’ Manual (designated 
UMx for Section X.X of the Users’ Manual) which provide complete information on the 
development and implementation of the model system.  Figures illustrating the structure 
of individual components of the NIRPC model system are included in the User Manual. 

Zonal Data Preparation 

Zonal data is one of the two classes of basic system inputs (along with networks) which 
must be specified for each transportation alternative to be tested using the model system.  
Normally, zonal data will vary by analysis year, but not by transportation alternative.  
Zonal data includes demographic, employment, and other data; the latter includes 
parking costs, zonal areas and area type categories, and intrazonal travel distances and 
travel times.  When zonal data are required for a new analysis year, the system provides 
for a flexible combination of existing zonal data (such as zonal areas), projections of base-
year data (household incomes, for example), allocations of new totals to more detailed 
categories (for employment by type), and/or detailed specification of the new information 
(for population, households, and total employment).  Zonal data is used to provide inputs 
to the trip generation and mode choice steps (UM4). 

Network Data Preparation 

The full range of EMME/2 network specification, editing, and revision capabilities can be 
used to specify highway and transit networks, the second class of basic system inputs.  
These networks are likely to change for each alternative to be tested using the model 
system.  Networks include nodes, zone centroids, links, volume/delay functions, and 
transit route descriptions.  Skimmed network data (levels of service such as travel time, 
distance, and cost by mode and by zone pair) is required for input to the trip distribution 
and mode choice steps and the basic network definition data is needed for the highway 
and transit assignment steps (FR2). 

Trip Generation/Time of Day 

Trip production models for internal-internal person trips of the cross-classification type 
are applied to zonal demographic data to predict daily trip ends by trip purpose at all 
residences in the study area.  Trip attraction models for these same trips of the linear 
regression type are applied to zonal demographic and employment data to predict the 
non-residential daily trip ends by purpose within the study area.  Time of day factors 
obtained from the NIRPC travel survey are then used to allocate daily trip ends to three 
time periods.  These trip ends are then input to the trip distribution step (FR5, FR7, UM5, 
UM6). 
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Trip Distribution 

Gravity-type trip distribution models by trip purpose and time period are applied to the 
internal-internal trip ends.  The trips are distributed based on highway travel time 
skimmed data, generating person trips by purpose, time of day, origin zone, and 
destination zone.  These trips are then input to the mode choice step.  (FR6, UM7) 

Internal-Chicago CBD Person Trips 

NIRPC travel survey data provided the information required on base-year daily trips 
made by study area residents to the Chicago CBD.  This travel market is treated separately 
because of the importance of transit for its travelers.  Allocation of the base-year daily trips 
by time of day and by direction was necessary because the survey data was not detailed 
enough to provide this information.  Growth factors are applied to estimate future-year 
trips for this market segment.  The resulting trip tables are used in the mode choice step 
(FR6, FR7, UM8). 

Mode Choice 

Logit mode choice models are used to allocate the person trips in two market segment – 
internal-internal and internal-Chicago CBD – to the available travel modes, which include 
auto by occupancy-level, non-motorized, transit and, in the case of school trips, school 
bus.  The person trips by purpose, time of day, origin and destination, market segment 
and mode are converted to vehicle trips for highway assignment and transit trips for 
transit assignment (FR8, UM8). 

Other Vehicle Trips 

For a number of market segments, the model system deals only with vehicle trips.  These 
segments include auto trips between external and internal zones in Indiana, between pairs 
of Illinois zones, and between Illinois non-CBD and internal Indiana zones.  Also included 
are both heavy and light truck trips.  Both base-year and horizon-year (2020) trip tables by 
time of day for each of these segments were developed using a combination of CATS and 
former NIRPC trip tables.  Trip tables for intermediate years can be obtained using the 
system’s trip table interpolation procedures.  Each of these other vehicle trip tables are 
included in the trips assigned in the highway assignment step (FR6, UM7). 

Highway Assignment 

Equilibrium highway assignments are performed for each time period.  The resulting 
loaded highway networks provide assigned volumes both by time period and for the 
entire day, as well as estimated speeds by time period.  These results constitute one of the 
major outputs of the model system; they are also used as inputs to the air quality step 
(FR9, UM9). 
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Transit Assignment 

Transit assignments are performed by time period to three sets of transit paths:  bus/rail 
with walk access for internal trips, rail with drive access for internal-CBD trips originating 
in Indiana, and rail with drive egress for CBD-internal trips originating in Illinois.  The 
results are available by time of day and for the entire day; these also constitute a major 
system output (FR9, UM9). 

Air Quality 

Highway network link volumes and times by time period are used to estimate vehicular 
emissions for each highway facility in the study area.  These emissions estimates 
constitute the third major system output.  (FR11, UM10) 

Additional Model Components 

The model system includes two additional components not shown in Figure 1.1: 

• A number of EMME/2 tools are provided for summarizing the model results.  In each 
of these, a major system output is processed to provide summaries such as total 
emissions by area type, facility type and county; or total vehicle-miles of travel for the 
same categories (many used to prepare FR10, UM11). 

• A matrix interpolation procedure is provided to facilitate the preparation of trip table 
inputs for intermediate-year model runs.  (UM12) 

1.2.4  Potential Extensions of the NIRPC Model System 

There are a number of possible advancements of the NIRPC model system which were 
considered but not incorporated in the present version for a variety of reasons.  In general, 
these advancements were given lower priorities than the updates and extensions 
identified above because they either represent advanced state of the art features or 
capabilities which are beyond the state of the art.  The sections which follow discuss a 
number of these capabilities from the standpoint of how they can be added to the current 
version of the NIRPC model: 

• Subarea and focused modeling – Section 2.3.2; 

• Modeling the impacts of road pricing – Section 2.4.2.3; 

• Use of zonal accessibility in trip generation – Section 5.1.7.8; 

• Land use modeling – Section 5.1.9; and 

• Link speed post-processor – Section 3.3.2. 
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2.0 Definition of the Highway and 
Transit Networks 

 2.1 Introduction 

The definition of the highway and transit transportation networks of the NIRPC EMME/2 
model consists of first reviewing, and then refining the coding of the road facilities in the 
region.  The codification of the NIRPC model network is a refinement effort of NIRPC’s 
existing regional model.  This refinement of the existing network was accomplished 
through the following actions: 

• Aligning the components of the existing network with an appropriate coordinate 
system; 

• Developing an appropriate coding system for the links and nodes in order to identify 
these elements by state, county, city, township etc.; and 

• Coding of the existing transit network. 

The next step in the codification of the network was to define a Traffic Analysis Zone 
(TAZ) system related to the aggregation level of the new network. 

The definition of the road network was completed by estimating/calibrating the elements 
of the network which have an impact on the results of an auto assignment.  These include: 

• Volume-delay functions; 

• Free flow speeds; and 

• Lane capacities. 
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 2.2 Coding the Road and Transit Networks 

The coding of the road and transit networks is subdivided into three steps: 

• Realignment of the road network to an appropriate coordinate system; 

• Definition of the link and node system (numbering of the nodes, definition of the link 
type); and 

• Coding the transit network. 

2.2.1  Realignment of the Network of an Appropriate Coordinate System 

The spatial reference used to align the network component is the National Highway 
Planning Network developed by the Federal Highway Administration and used in the 
production of the Proposed National Highway System Maps. 

These geographic data files include line databases and polygon databases. 

Line Databases 

• National Highway Planning Network; 

• National Principal Rail Network; 

Polygon Databases 

• Principal Hydrographic Features; 

• National/State Boundaries with Coastlines; and 

• Major Airport Runways. 

The appropriate files covering the NIRPC territory were extracted from Line Databases 
and transformed into EMME/2 annotations format.  These annotations were then used in 
EMME/2 Module 2.12:  Network Editor and as reference to align the existing elements of 
the coded network.  The projections of the elements available were quite different.  The 
original EMME/2 network was in UTM, the CATS network in Stateplane and the TIGER 
file line database data in Geographic (DD) projection.  These projections were all changed 
into UTM using ARC/INFO’s built in translator and then exported and transformed into 
EMME/2 annotation files using an AWK text editing procedure.1 

1 AWK is a UNIX utility used by users and programmers working with text files. This 
programming language allows the easy manipulation of structured data and the generation of 
formatted reports.  It is named after its developers Aho, Weinberger and Kernighan. 
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The available annotations are the following: 

Roads 

• A All major roads (Interstates, U.S. Highways, State Highways, major roads) 

• O Other roads (ramps, local roads etc., BIG file) 

• I Interstates only 

• U U.S. highways only 

• S State highways only 

• M Major roads only (none in LaPorte county) 

TAZ boundaries 

• Y Illinois TAZ 

• Z NIRPC TAZ (external zones not shown) 

Others 

• C County boundaries 

• R O’Hare & Midway runways 

Legends 

• F First digit of old Link Type definition 

• G Second digit of old Link Type definition 

• V Third digit of old Link Type definition (NIRPC classification) 

• W Third digit of old Link Type definition (CATS classification) 

2.2.2  Link and Node System 

These are several ways to identify the network (base and transit) elements according to 
geographic or administrative variables such as State, County, City, or even the TAZ in 
which they are located.  Using a systematic way to identify the elements of the networks 
offers the possibility to simply and rapidly select subsets of network components for 
specific analysis and illustration. 

The original network contained only one extra-attribute, @v, which is the link 
volume/capacity ratio.  The standard node user attributes were not used whereas the link 
user attributes were: 
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• ul1:  posted speed; 

• ul2:  free flow speed (used as calibration parameter); and 

• ul3:  lane capacity. 

The link type was also used as an identifier, the three-digit number is broken down in 
these categories: 

• 1st digit:  county (IN) or city (IL); 

• 2nd digit:  city (IN) or Illinois; and 

• 3rd digit:  facility type (different if IL or IN). 

The four-digit node numbering of the previous model did not follow a particular system.  
For the new network, the following system was implemented: 

Node numbers are allocated by county and for Illinois as a whole, progressing from North 
to South in one-kilometer-wide strips, then west to east in Indiana and east to west in 
Illinois: 

• Lake County 1000-2999; 

• Porter County 3000-3999; 

• LaPorte County 4000-4999; and 

• Illinois 5000-7999. 

Each set of node numbers leaves more than enough room for new links (over 500 numbers 
available per set).  The original link-type number was preserved in four extra-attributes:  
@otype, @first, @second and @third.  The whole link type is stored in @otype and the 
individual digits are stored in the other three. 

The link type was reformulated in a new three-digit number with the following 
characteristics: 

• 1st digit: facility type; 

• 2nd digit: area type; and 

• 3rd digit:  number of lanes. 

This kind of classification allows the user to readily see the main characteristics of a link 
solely by its link type number.  Since the node numbers also give its approximation 
location, this facilitates the reading of map outputs zoomed into a small area.  The details 
of each category are the following: 

Facility Type 

• 00x: transit link (001=rail, 002=other); 

• 021 or 091: centroid connector; 
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• 1xx: freeway; 

• 2xx: expressway; 

• 3xx: toll; 

• 4xx: major (or principal) arterial; 

• 5xx: minor arterial; 

• 6xx: collector; 

• 7xx: other or local street; 

• 8xx: freeway to freeway ramp; and 

• 9xx: freeway to arterial ramp. 

Area Type 

• x1x: Chicago CBD; 

• x2x: Urban; and 

• x9x: Rural. 

2.2.3  Transit Network 

The transit network was coded in once the base (road) network definition was completed.  
This coding also allows one to refine the road network where necessary. 

Five bus operators and the NICTD commuter rail line were coded for a total of 38 lines.  
These networks were adjusted for the three time periods, a.m. peak (6:00 to 9:00), p.m. 
peak (3:00 to 6:00) and off-peak. 

The following data is required to code a transit line:  the line name, the mode of the line, 
its vehicle type, its headway and its default speed, the boarding/alighting policies at 
stops/stations and a detailed description of its itinerary. 

The codification of the NICTD South Shore rail line was given some specific attention in 
order to respect the true alighting/boarding policies at the stations of this line.  It was 
important to define the line such that boarding was not allowed at the stations located in 
Illinois in direction of the Chicago CBD terminal and such that alighting was not allowed 
at the same stations when leaving the Chicago CBD.  The “dwt” (dwell time) variable was 
used to characterize the alighting/boarding policies at the stations. 

Four transit lines (tp1 “Transporte 1 NE,” tp2 “Transporte 2 NW,” tp3 “Transporte 3 SW” 
and tp4 “Transporte 4 SE”) were coded differently to account for the “demand response” 
operation policy followed by these lines.  According to this policy, the bus lines do not 
follow a predetermined itinerary but respond to the demands of the transit service users.  
To reproduce the “demand response” policy: 
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• All six trip generators (zones 167, 168, 173, 289, 290 and 291) of the local area where this 
type of service is provided were directly connected to a node of the itinerary of one of 
the four lines; and 

• The headway of these lines was reduced from 60 to five minutes. 

These actions make at least one of the four lines locally accessible to each of the six trip 
generators of the territory where the “demand response” policy is applied. 

2.2.4  Transit Fare Matrix Definition 

Bus Fares 

Bus fares vary by transit operator in the NIRPC region.  The average fare for each operator 
was determined assuming 40 rides per month using a monthly pass.  The resulting fares 
by operator are the following: 

• East Chicago (EC) – free 

• Gary Local (G – $1.13 

• Gary Express (XG) – $2.00 

• Hammond (H) – $1.25 

• Michigan City (MC) – $0.50 

• La Porte (L) – $0.65 

The zones within the service area of each operator were next specified, as well as the 
zones served by more than one operator.  This led to the specification of 11 zone groups: 

• All zones not served by any transit operator (NONE); 

• Five groups of zones served by a single bus operator (H, EC, G, XG, L and MC); 

• Three groups of zones served by two bus operators (H/EC, H/XG and EC/XG); and 

• One group of zones served by three bus operators (H/EC/XG). 

The fare for any two zones in the NONE group was not specified; for any two zones in the 
same group served by a single operator, the fare for this operator was applied.  Wherever 
the origin and destination zones are in different groups, the fare was determined using the 
assignment shown in Table 2.1.  With the exception of trips between Hammond and Gary, 
no transfer or combined fares were applied.  The cells between Hammond and Gary are 
shown in bold type; for these zone pairs, a $0.75 transfer surcharge was applied. 
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Table 2.1 Bus Fare Code Assignment by Origin/Destination Zone Group 

      To Zone Group     

  H EC G XG H/EC L MC H/XG EC/XG H/EC/XG None 
 H H H G XG XG H H H H H H 

From EC H EC G XG EC EC EC H EC EC EC 
Zone G G G G XG G G G H XG XG G 

Group XG XG XG XG XG XG XG XG XG XG XG XG 
 H/EC H EC G XG EC H H H EC EC EC 
 L L L L L L L L L L L L 
 MC MC MC MC MC MC MC MC MC MC MC MC 
 H/XG H H XG XG XG XG XG H H H H 
 EC/XG H EC XG XG EC EC EC H EC EC EC 
 H/EC/XG H EC XG XG EC EC EC H EC EC EC 
 None H EC G XG EC L MC H EC EC None 
             

 

It should be noted that this approach to fare matrix definition results in the specification of 
fares for many zone pairs between which no transit service is available.  However, since 
the existence of transit service is determined in the transit path skimming process, these 
extraneous fares do not cause inconsistencies in the mode choice process. 

Rail Fares 

Reflecting the limitations used when the Indiana/Chicago CBD mode choice model is 
applied, only the last six stations in Illinois are considered as inbound destinations and 
outbound origins.  The South Shore Line specifies fares for all station pairs using a zone 
system.  There are two fare zones representing Chicago CBD attractions and eight fare 
zones representing Indiana productions.  By allocating traffic analysis zones in both states 
to their closest stations, fares are determined for all relevant zone pairs.  Rail fares were 
calculated based on the cost of a monthly pass divided by 40.  The rail fares by fare zone 
are presented in Table 2.2. 

Table 2.2 Rail Fares by Fare Zone on South Shore Line 

 From/To 
From/To  Zone 1  Zone 2 

Zone 3 $2.13  $1.87  
Zone 4 $3.10  $2.91  
Zone 5 $3.48  $3.30  
Zone 6 $4.14  $3.73  
Zone 7 $4.68  $4.31  
Zone 8 $4.89  $4.67  
Zone 10 $6.02  $5.65  
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Final Combined Fare Matrix 

The final transit fare matrix was calculated by adding the train and bus fare matrices 
together. 

 2.3 Definition of the Traffic Area Zones 

2.3.1  Zone Revisions for the New Model 

The next step in the codification of the network is the definition of a TAZ system related 
with the aggregation level of the new network.  This work not only relies on the physical 
characteristics of the territory but also on the socioeconomic information that characterizes 
the generation of trips. 

Essentially, the effort consisted of aggregating the TAZ system defined by CATS in the 
Illinois sector.  The TAZ system within the NIRPC territory and the rest of Indiana was 
maintained as it was. 

The TAZ system of the old NIRPC model had 702 zones divided as follows: 

• 293 zones in Indiana; 

• 19 zones in the rest of Indiana and in Michigan; 

• 117 zones in Chicago Central Business District; and 

• 273 zones in the rest of Illinois. 

The TAZ system of the CATS model, which focuses on the Chicago CBD area, has 1,790 
zones, divided as follows: 

• 68 zones in Indiana; 

• 66 zones in Chicago Central Business District; and 

• 1,656 zones in the rest of Illinois. 

For this new model, the CATS model was used as a basis for the Illinois area.  However, 
given the main object of the NIRPC transportation model, the number of zones of the 
CATS model was reduced considerably.  Both the zones in Chicago CBD and in the rest of 
Illinois were reduced. 

The resulting NIRPC model has only 383 zones, of which the majority are in NIRPC 
territory: 

• 293 zones in the NIRPC territory; 

• 19 zones in the rest of Indiana and in Michigan; 
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• 24 zones in Chicago Central Business District; and 

• 47 zones in the rest of Illinois. 

The TAZ system of the model is consistent with the objectives of the model.  While the 
previous NIRPC model had 390 zones in Illinois, the model produced for this project has 
only 71 zones.  This number is still sufficient to localize the main trip generators in Illinois, 
and therefore to maintain the flow pattern on the links of the NIRPC territory.  Moreover, 
it reduces the size of the matrices to handle and therefore, accelerates some operations like 
the computation of an auto equilibrium assignment. 

2.3.2  Future Network and Zone Revisions for Subarea Modeling 

In the past, large metropolitan areas often found it necessary to use subarea modeling 
strategies to overcome software limitations.  Since these limitations have largely 
disappeared with the advent of larger and faster computers, subarea modeling is now 
much less likely to be required.  In NIRPC’s case, it was possible to significantly reduce 
the number of analysis zones by aggregating the zones in the CATS region from 390 to 71 
zones, thus reducing model running times without limiting the system detail within the 
NIRPC region.  Furthermore, the zone numbering system is structured to facilitate the 
addition of additional zones within the NIRPC region without increasing the maximum 
zone number, which is 471.  A total of 88 zone numbers (294 to 350 and 370 to 400) are 
available for these additional zones. 

The 293 zones currently defined for the NIRPC region are expected to be sufficient for 
most purposes, but dividing selected zones into subzones may be desirable for some 
analysis purposes.  Examples are the following: 

• If new rail transit services are to be studied, the zone system surrounding the proposed 
new stations should be sufficiently detailed to provide separate zones for potential 
users who live within walking distance and those who must drive to access the new 
service.  Also, the highway network should be expanded, to represent the new links 
required not only for centroid connectors to the new zones, but also for both drive and 
walk access. 

• If bus transit lines are to be extended to new areas, the highway network may require 
expansion to include all links on the new routes.  Additional zones may also be 
desirable to represent areas within walking distance of the new line separately from 
areas beyond this distance. 

• If new highway interchanges are to be studied, the zone system and local street 
network may require expansion to allow for realistic paths between the new 
interchange and nearby residential and commercial areas. 

Whenever new links and/or zones are required, the following procedures will be required 
to capture the additional detail in the model system: 
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• Zones – Using Census and other demographic data, all zonal data (population, 
employment, etc) must be allocated from the larger existing zones to the new subzones 
and the zonal data spreadsheet entries for both the base year (1995) and the forecast 
year revised accordingly. 

• Links – Existing links must be subdivided where necessary to accommodate new links 
and new links must be added with all of the attributes discussed in the next section.  
New node numbers should be kept in the ranges by county discussed in Section 2.2 to 
facilitate the reporting of assignment results. 

• Procedures – Whenever new zones are added within the NIRPC region, the entire set 
of model procedures will require review to ensure the proper treatment of all new 
internal zones.  Examples of the types of revisions which will be required are the 
following: 

- The zonal data and trip generation spreadsheets will require expansion to include 
the new internal zones; 

- The trip production Basic program will not require internal changes, but the number 
of zones for which inputs must be prepared and outputs obtained will increase; and 

- The submatrix zone ranges specified in the entire set of EMME/2 macros must be 
reviewed to ensure that all operations on either internal or external zones are 
specified for the new zone definitions. 

 2.4 Definition of the Network Elements Related to Modeling 

2.4.1  Travel Delays on Links 

With EMME/2, travel time is computed with auto and transit assignment of trip demands 
on the network.  The auto assignment requires the definition and allocation of volume-
delay functions (vdf), that is, functions that reproduce the delay versus simulated flow 
pattern on each link. 

The assignment of the transit demand by EMME/2 follows other rules and, with this 
model, relies on the known average speed of the transit lines (based on the schedule and 
itinerary of the transit lines). 

2.4.2  Volume-delay Functions for the Auto Assignments 

The auto assignment is computed by successive assignments of the demand on the 
shortest path of each O-D pair of the model.  The travel time on links are computed using 
the volume-delay function allocated to each auto link.  As the demand is assigned to the 
network, the travel time on each link is re-evaluated (with the volume-delay function) and 
the assignment process is repeated until all the trips are assigned on paths for which the 
travel time is equal to the shortest path of the same O-D pair. 
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For the assignment process to converge, the vdf of the model has to respect the property 
of being monotone-increasing.  In practice, this means that the travel time computed on a 
link always increases with the volume assigned on the same link and that the travel time 
on a link is only dependent on the volume assigned on that link. 

The definition of several vdf’s are necessary to reproduce the traffic conditions in relation 
to the auto flow on different types of links on the road network. 

Nine different vdf’s were defined, among which three were fixed time functions 
associated to the connectors of the network.  Two important parameters of some of these 
vdf’s are the capacities (ul3) and free flow speeds (ul2).  The definition of the capacities 
and the free flow speeds are discussed in sections 2.4.3 and 2.4.4, respectively. 

The volume-delay functions defined for the NIRPC auto network are presented in 
Table 2.3.  Those are the a.m. peak period vdf.  They are different from the p.m. and off-
peak vdf because of the different value of their peak-hour factor, equal to 2.55 in the a.m. 
peak period factors.  The peak-hour factor values estimated for the p.m. and off-peak 
periods is respectively 2.84 and 8.31.  The peak-hour factors originally came from the 
NIRPC O-D survey.  They were not modified except for the a.m. peak period factor which 
was originally equal to 2.14 and was modified to obtain a better correspondence with the 
a.m. traffic counts. 

Table 2.3 Volume-delay Functions Defined for the NIRPC Auto Network 

Vdf  Definition 

fd1 (1+(.15*((volau/(2.55*ul3*lanes)).min.1))) * 
(((length/ul2)*60)*(1+.15*((volau/(2.55*ul3*lanes))^8))) 

fd2 (length / ul2) * 60 * (1 + .15 * (volau / (2.55*ul3 * lanes))^4) 

fd5 ul1 * (2 + 40 * (volau / (2.55 * ul3 * lanes))^6) 

fd6 (length / ul2) * 60 * 1.35 

fd7 1 

fd8 2 

fd9 5 

 

2.4.2.1  Delays on Freeway Links 

The vdf 1 is allocated on the freeway links of the model.  It is an adapted version of the 
BPR function.  It is different than the standard BPR function since: 
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• The slope of the function is larger than .15 when the volume/capacity ratio is greater 
than 1.0; 

• The exponent of the volume/capacity ratio is increased from 4 to 8. 

These modifications have been made to penalize the use of the freeway links when the 
volume/capacity ratio exceeds 1.0.  This is a result of the calibration effort made with the 
model. 

2.4.2.2  Delays on Arterials 

The vdf 2 is defined for the major arterials, minor arterials and collectors is a standard 
BPR function. 

2.4.2.3  Delays on Toll Links/Road Pricing 

The vdf 5 is defined for toll links only.  It should be noted that the signification of ul1 and 
ul3 is distinct with vdf 5.  Link attribute ul1 designates the toll in dollars and ul3 
designates the maximum volume which is the capacity per toll lane.  The computation of 
the maximum volume is described in Section 2.4.3. 

Although the base-year network only represents road pricing on the existing toll facilities 
in the region, future network alternatives can be defined which can be used to test more 
extensive road pricing policies.  The first portion of the vdf 5 function implies a value of 
vehicle travel time of $30 per hour, since the units of the 2 in this formula is in minutes per 
dollar.  Additional vdf functions can be defined to represent other levels of fixed values of 
vehicle time as well as of tolls which vary with the congestion level.  A fixed toll (collected 
electronically, without toll booth delay) for a value of vehicle time of $40 per hour, for 
example, would be represented by the function 1.5 * ul1.  A variable toll based on the 
minutes of delay for an arterial link would be represented by adding toll cost per minute 
(tollrate) and value of vehicle time (VOVT) variables to the delay portion of vdf2, resulting 
in a function of the form (.15 * (length / ul2) * 60 * (volau / (2.55 * ul3 * lanes))^4) * (60 * 
tollrate / VOVT).  Thus, if the toll rate is 20 cents per minute of delay and the value of 
vehicle time is $30 per hour, then the reduced form of this formula would be 3.6 * 
(length/ul2) * (volau / (2.55 * ul3 * lanes))^4.  The equivalent minutes due to road pricing 
estimated by this function would be added to the minutes of delay and the freeflow travel 
time, as in vdf2, to obtain the total delay for all links subject to road pricing. 

Road pricing alternatives would thus be modeled by specifying new fixed or variable toll 
link functions as summations of the existing functions, plus the new equivalent delay due 
to toll terms.  Next, the analyst must identify the links to which each of these functions 
will be applied and change their vdf function pointers to those of the new functions.  With 
these changes, road pricing alternatives involving both fixed toll levels collected either at 
toll booths or electronically, and delay-dependent toll levels, can be represented. 
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2.4.2.4  Delays on Connectors 

Three value volume-delay functions were associated with the connectors of the network.  
These vdf’s (7, 8, 9) each have a different fixed delay.  A fixed delay is allocated to both 
trip ends of each trip to account for the travel time on the local roads not codified in the 
network.  This fixed delay is estimated in relation of the area covered by the zone.  For 
instance, some Chicago CBD zones are numerous in a little area and therefore cover a 
relatively small area.  The vdf 7 (one minute) is associated to the connectors of these zones 
in Chicago CBD.  The vdf 8 (two minutes) is associated to the connectors in the urban 
zones that are in the periphery of the Chicago CBD and in the dense urban areas of the 
NIRPC territory. 

The vdf 9 (five minutes) is allocated on the connectors in the zones of the model which are 
far from the main cities (Chicago, Gary, Hammond) of the model.  These zones are located 
in the south-east area of the territory covered by the model.  In these zones, the 
codification of the road network is very much aggregated and justifies this time of five 
minutes associated to the connector links. 

2.4.2.5  Delays on Links of Illinois 

Initially, the BPR vdf 1 and 2 were associated with the arterials and freeways of Illinois.  
However, this portion of the network is very aggregated considering the amount of traffic 
flow circulating on it and this was causing slow convergence of the computation of auto 
assignments on the network, as the auto volumes were in most cases above the link 
capacities in the unstable portion of these volume-delay functions.  Therefore, given the 
main object of the model, it was decided to simplify the computation of delays on many 
links of Illinois by defining a function not sensitive to the auto volume assigned. 

The vdf 6 computes a travel time that is 35 percent higher than the one that corresponds to 
the free flow speed.  This vdf was allocated to the freeway and arterial links of Illinois for 
which the bulk of the traffic consists of trips internal to Illinois. 

The result of this vdf is a rough estimation of the actual travel time on links but since the 
main purpose of the model is the evaluation of the effect of the NIRPC trips on the 
network, it has little consequence.  Moreover, the freeway and arterials links of the sector 
of Illinois closest to Indiana were all allocated the vdf 1 and 2, as all the links of Indiana.  
This allows for a more accurate estimation of the travel times and of the flow pattern of 
the trips between Indiana and Illinois.  This strategy helps to increase the speed of 
convergence of the NIRPC auto assignment. 

2.4.2.6  Transit Delays 

With EMME/2, it is possible to define transit time functions on links which can be based 
on factors such as link length or auto travel time following the computation of an auto 
assignment.  Different transit time functions can be allocated to the different segments of 
the transit lines.  The main result is a speed that varies for the transit lines on the different 
segments of their itineraries. 
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It is however difficult to develop transit time functions that can reproduce the total travel 
time of a transit line that corresponds to its known average travel speed.  For this reason, 
the transit assignments were performed on the basis of the known average speeds of all 
the transit lines.  The average operating speed of a transit line, derived by dividing the 
line’s distance by the scheduled travel time, is one of the transit line attributes of 
EMME/2. 

2.4.3  Capacities 

The lane capacities are stored in user link attribute ul3.  This information is required by 
most of the vdf’s defined in this model.  The lane capacities on the links of the network 
were defined as vehicle equivalents as presented in Table 2.4.  These capacities generally 
equate with level of service D from the Highway Capacity Manual (HCM), but are not 
derived directly from the HCM since model volume-delay functions permit traffic 
volumes to exceed the link capacity. 

Table 2.4 Lane Capacity on Links According to the Different Components of 
the Link Type (Facility Type, Area Type and Number of Lanes) 

Link Types Facility CBD Urban Rural 
  1 lane 2-9 lanes 1 lanes 2-9 lanes 1 lane 2-9 lanes 

100,199 Freeway 1,850 1,850 1,850 1,850 1,850 1,850 
200,299 Expressway 1,700 1,700 1,700 1,700 1,700 1,700 
400,499 Major arterial 600 700 750 800 900 1,000 
500,599 Minor arterial 500 600 700 750 800 900 
600,699 Collector – – 500 700 700 800 
700,799 Other 400 450 450 600 600 700 
800,899 Freeway ramps 1,200 1,200 1,200 1,200 1,200 1,200 
900,999 Arterial ramps 800 800 800 800 800 800 

 

The capacities on toll links are conceptually designated as maximum volumes.  The 
maximum volume is the traffic flow measured through the link without tolls.  This is 
obtained by assigning the travel demand on the network with a standard BPR function on 
toll links.  The resulting flows per lane are used as the maximum volume in vdf 5.  
However, due to the difficulties in specifying in advance the maximum volumes which 
will occur when a trip matrix is assigned, the minimum and maximum “maximum 
volumes” values have been set at 600 and 2,000 vehicles per lane, respectively.  The 
evaluation of delay on toll links is approximate since the number of toll approaches is not 
integrated in the model. 
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2.4.4  Free Flow Speeds 

The free flow speeds are stored in the user link attribute ul2.  These speeds were defined 
based on the different components of the link type (area type, facility type and number of 
lanes).  However, some free flow speeds were modified in the calibration process.  
Defining the free flow speeds was less straightforward than estimating the lane capacities. 

The free flow speeds originate from those of the CATS model in which posted speeds 
were used as a base for free flow speeds and then usually reduced to take intersection 
friction into account. 

Table 2.5 and Table 2.6 present the relationship between the posted speeds and the 
estimated free flow speeds respectively in urbanized and rural areas. 

Table 2.5 Free Flow Speeds on Links in Urbanized Areas According to Facility Type 

Facility Posted Speed ff Speed 

Expressway 40 40 

Ramps 30 25 
 35 28 
 45 35 

Other Links 25 22 
 30 28 
 35 32 
 40 36 
 50 48 
 55 51 
 65 60 

Toll Links 5 5 
 15 5 
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Table 2.6 Free Flow Speeds on Links in Rural Areas According to Facility Type 

Facility Posted Speed ff Speed 

Ramps 30 30 
 35 35 
 45 38 

Arterials 40 40 
 45 45 
 50 48 

Others 40 38 

 

2.4.5  Modes 

Some 10 modes were defined in the NIRPC transportation model, two auto modes and 
eight transit modes. 

2.4.5.1 Auto Modes 

The default auto mode, allocated on all links where the automobiles are allowed, is mode 
“a.”  It is allocated on 14,531 links of the network. 

Mode “h” is an auxiliary auto mode defined to limit the circulation of the heavy trucks on 
the network.  This follows the hypothesis that heavy trucks are generally not allowed to 
circulate on minor roads.  This mode is associated with the assignment of the heavy truck 
trip matrix when preparing a multiclass auto assignment. 

Mode “h” was allocated on links of type less than 499 (connectors, freeways, expressways, 
toll links, major arterials) or greater than 800 (freeway and arterial ramps).  It is allocated 
on 11,880 links of the network. 

2.4.5.2 Transit Mode 

There are three transit modes and five auxiliary transit mode defined in the model. 

The three transit modes are the local bus “b,” commuter bus “c” and commuter rail “r” 
mode.  They are allocated on 14,533, 14,531 and 112 links of the network, respectively.  
The commuter bus mode is not used in the actual definition of the model as there are no 
commuter bus lines coded in neither the a.m., p.m. and OP periods.  Mode “b” 
characterizes all 37 bus lines and mode “r” characterizes the South Shore rail line. 
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The “base” pedestrian mode is “p.”  It is defined to allow access to the transit lines by trips 
of the O-D transit trip matrices.  This mode is allocated on all pedestrian links of the 
networks and on all connectors of zones that are transit trip generators.  Pedestrians are 
estimated to walk at four miles per hour and are allowed to circulate on 12,368 links of the 
network. 

A specific auxiliary transit mode, “x,” was also defined to characterize the transfer links 
between the road network and the rail line network.  The speed associated to the “train 
transfer pedestrians” is four miles per hour as for the other pedestrian mode.  There are 46 
transfer links from the road network to the train stations coded in the network. 

The three remaining auxiliary transit modes, “d” drive access, “e” drive egress and “f” 
pedestrian Illinois, were defined to model “auto connect to rail” (rail drive) trips. 

Modes “d” and “e” are used to assign “auto connect to rail” trips.  Mode “d” is used in the 
assignment of rail drive trips designated as Productions to Attractions while mode “e” is 
used in the assignment of Attractions to Productions rail drive trips.  These modes are 
defined on the network to model the auto portion of the rail drive trips in the transit 
assignments.  A speed of 35 mi/h is associated with this mode.  In the “rail drive” 
assignments, transit users that connect to the South Shore rail line circulate on links with 
mode “d” or “e” at this speed of 35 mi/h. 

Both modes “d” and “e” are allocated to 11,755 links.  They are both allocated to the 
connectors of Illinois, expressways, majors arterials, minor arterials and local roads of the 
network (all road links except freeways).  However, the drive access mode (d) is allocated 
to the “production” connectors of Indiana while the drive egress mode (e) is allocated to 
the “attraction” connectors of Indiana. 

Mode “f” was allocated to connectors of Illinois.  This mode is used with mode “x” to 
estimate the auxiliary (pedestrian) time of the rail drive trips.  As for the auto pedestrian 
mode, its speed is four miles per hour. 

2.4.6  Traffic Counts 

Many extra-attributes have been defined to facilitate the elaboration of the network.  
However, only a subset of the traffic counts in the NIRPC1 databank contain valid and 
updated data.  These extra-attributes are presented in Table 2.7.  They were constructed 
from existing extra-attributes as well as other information provided by NIRPC. 

It is important to note that some extra-attributes that have the same name as those 
mentioned in this table, but that are in other scenarios have not been maintained and 
updated.  For instance, extra-attribute @am of scenarios 1002 and 1003 might be older than 
the updated @am count extra-attribute in scenario 1001. 
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Table 2.7 Extra-Attribute Descriptions 

Extra-Attribute Scenario Description 

@am 1001 a.m. traffic counts 
@pm 1002 p.m. traffic counts 
@op 1003 OP traffic counts 
@amco 1000 a.m. traffic counts 
@pmco 1000 p.m. traffic counts 
@opco 1000 OP traffic counts 
@toco 1000 24-hour traffic counts 

 

Some other important extra-attributes (@aii, @aie, @anh and @aht) are used to store the 
results of a multiclass auto assignment.  They will be described in the assignment section 
of the document of the NIRPC model.  Other extra-attributes (@hc, @co and @nox) are 
used to store the estimation of the pollutant emissions on the links of the network.  They 
are presented in the Air Quality Procedure documentation.  The computation of Vehicle 
Miles Traveled and Vehicles Hours Traveled also use different extra-attributes. 

 2.5 Overview of the Resulting Network 

The network defined in this project has 383 centroids, 4,864 regular nodes and 14,683 
links.  This section constitutes an overview of the characteristics of this network.  The 
following tables characterize the network with some statistics on the number according to 
the area, the vdf, the facility type, etc. 

Table 2.8 gives an indication of the link density of the network in the four large regions of 
the model (Lake County, Porter County, LaPorte County and Illinois). 

Table 2.8 Number of Links by Region (Excluding Connectors) 

Area Number of Links 

Lake County (i node = 1000, 2999) 4,309 

Porter County (i node = 3000, 3999) 1,668 

LaPorte County (i node = 4000, 4999) 1,555 

Illinois (i node = 5000, 7999) 6,277 
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The high number of links in Illinois is misleading.  In reality, some parts of the network in 
Illinois have been more aggregated than elsewhere.  The high density of the actual road 
network in the Chicago CBD area and in the surroundings explains this relatively high 
number of links. 

Table 2.9 and Table 2.10 present the number of links, respectively according to the vdf and 
to the facility type.  From Table 2.8 and Table 2.9, we observe that vdf 6 is allocated to 
more or less two thirds of the Illinois links (4,162 / 6,277).  This vdf is defined to improve 
the convergence speed of the auto assignment and allocated solely on Illinois links. 

Table 2.9 Number of Links According to the Vdf 

 Vdf  Number of Links 

1 410 
2 8,189 
5 26 
6 4,162 
7 24 
8 1,356 
9 364 

 

Table 2.10 Number of Links According to the Facility Type 

Facility  Number of Links 

Freeway 813 
Expressway 118 
Toll 81 
Major arterial 2,623 
Minor arterial 3,270 
Collector 2,949 
Other 1,705 
Freeway to freeway ramp 140 
Arterial to freeway ramp 1,088 
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3.0 Trip Purposes 

Based on a careful examination of the data collected in the 1995 Household Survey, the 
trip purposes used in the new NIRPC Transportation Model remain as they were in the 
old model.  These trip purposes are: 

• Home-Based Work trips; 

• Home-Based Shopping trips; 

• Home-Based Other trips; and 

• Non-Home-Based trips. 

These purposes were retained after careful analysis of the household survey which 
provided an excellent source of local data, and provided information for use in the 
development of the Trip Generation, Trip Distribution, and Mode Choice models.  
Additionally, use of these four purposes allows for simplified analysis and consistency 
with prior work.  The following section summarizes the Household Survey analysis. 

 3.1 Data Analysis 

When first examined, the Household Survey appeared to accommodate six trip purposes:  
Home-Based Work, Home-Based Shopping, Home-Based School, Home-Based Other, 
Work-Related,1 and Non-Home-Based.  The Household Survey’s trip ends provide 
enough definition to support all six purposes (trips were identified as going to/from 
school, going to/from work but not home, etc.) However, the number of trips observed 
for two purposes proved insufficient.  The survey collected information about only 891 
Work-Related trips and 1,035 Home-Based School trips (see Table 3.1, Trips by Purpose). 

1 Work-Related trips are trips from the primary workplace to another (non-home) work location, 
trips from a non-home work location to the primary workplace, or trips between non-home work 
locations. 

Cambridge Systematics, Inc. 3-1 

                                                      



 

NIRPC Transportation Model Documentation 

Table 3.1 Trips by Purpose 

Purpose Trips 

Home-Based  
HB Work 4,387 
HB Shop 2,567 
HB School 1,035 
HB Other 7,618 

Non-Home-Based  
Work Related 891 
Other 6,187 

Total 22,685 

 

The Household Survey data available for these two purposes seems especially skimpy 
when the total trips are further separated by mode and auto occupancy (see Table 3.2, 
Trips by Mode of Travel and Purpose).  These purposes show very few transit and walk 
observations.  These data will not support mode-choice model development for either 
Home-Based School or Work-Related trips. 

Table 3.2 Trips by Mode of Travel and Purpose 

 Home-Based Non-Home-Based Total 
 HBW HB Shop HB School HB Other Work-Related Other  

Auto 4,231 2,464 772 7,078 838 5,722 21,105 
SOV 3,894 1,547 347 3,815 720 3,245 13,568 
HOV2 304 742 215 2,377 100 1,774 5,512 
HOV3+ 33 175 210 886 18 703 2,025 

Bike 13 9 13 46 2 12 95 
School Bus 6 - 158 4 7 42 217 
Bus/Rail/Taxi 35 17 30 44 17 145 288 
Walk 102 77 62 446 27 266 980 

Total 4,387 2,567 1,035 7,618 891 6,187 22,685 

 

Therefore, the four trip purposes used by the existing model will continue to be used in 
the new transportation model.  Home-Based School trips are absorbed into Home-Based 
Other trips and Work-Related trips are combined with Other trips into Non-Home-Based 
trips. 
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 3.2 Data Consistency 

In addition to being supported by the data from the household survey, these trip purposes 
will allow for consistency with earlier NIRPC modeling work.  They provide a continuity 
between earlier results and those from the new model.  The choice of the four trip 
purposes, Home-Based Work, Home-Based Shopping, Home-Based Other, and Non-
Home-Based will allow for a simple, straight-forward, yet accurate modeling approach for 
the NIRPC region. 
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4.0 Goods Movement 

 4.1 Introduction 

This section summarizes the status of the truck trip estimation process currently used by 
NIRPC and presents a strategy for improving this process based on data now available 
and/or possibly available in the future.  The purpose of the memo is to provide a basis for 
the discussion of future truck travel forecasting procedures which is called for in Task 4 of 
the model improvement project.  Following this discussion, we will make a final 
recommendation of an improved method for truck travel estimation in the NIRPC 
regional travel forecasting system. 

This section contains four major sections.  In the first, NIRPC’s current truck travel 
estimation procedure is summarized, based on the documentation and data sets provided 
to the project team.  The second section summarizes the current state of the practice in 
urban truck trip forecasting.  In the third section, a listing is provided of the data currently 
available at NIRPC which could be used to enhance the current forecasting procedures.  
The last section outlines an enhancement strategy which could be used by NIRPC, and 
identifies the major areas in which additional data are required to carry out this strategy. 

 4.2 The Current Truck Travel Estimation Process 

Currently there is limited information on NIRPC’s truck travel estimation process.  The 
sources of this information are the report Transportation Model Process:  Methods and 
Assumptions, October 18, 1994; information obtained from NIRPC’s EMME/2 database, 
primarily lists of zonal and matrix data previously created by NIRPC in support of its 
transportation planning efforts; and information provided by members of the NIRPC staff 
involved in travel forecasting. 

Prior to the presentation of the existing models, it is important to define the types of zones 
for which trips are currently predicted, and those for which new forecasting methods 
must be developed as part of the enhanced NIRPC model.  In the current NIRPC models, 
internal zones are defined as all zones representing the NIRPC study area, as well as all 
zones representing the CATS study area.  The current external zones represent cordon 
crossings into and out of both the NIRPC and CATS study areas.  Furthermore, since the 
two study areas both consist of internal zones, there are no external zones for any facilities 
crossing the Indiana-Illinois border. 

The definitions of internal and external zones will be different in the enhanced NIRPC 
model being developed in this project, in which the number of zones representing the 
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CATS study area have been reduced through aggregation from 477 internal and 37 
external zones to 71 zones, all of which are now designated as external zones.  The net 
result of these changes is that the zones in the new model include 293 internal zones, all in 
the NIRPC Indiana study area, and 90 external zones, including 71 in the CATS Illinois 
study area, and 19 representing cordon crossings between other areas of Indiana and the 
NIRPC study area.  Reflecting this new zone system, most zonal references in the 
remainder of this memorandum use the terms internal zones and truck trip ends to refer 
only to the NIRPC Indiana study area, and external zones and truck trip ends to refer to 
both cordon crossings in Indiana and aggregated zones and CATS cordon crossings in 
Illinois.  In discussions of the current models, however, the former internal and external 
zones are referenced. 

4.2.1  Trip Generation 

The current NIRPC models, transferred from the Chicago Area Transportation Study 
(CATS), estimate truck trip ends by zone in both the NIRPC and CATS study areas (the 
former internal zones) for four vehicle types: 

• B-plate vehicles; an Illinois vehicle registration category consisting of four-tire vehicles 
used for commercial purposes, including passenger autos, small delivery vehicles, and 
pickup trucks; 

• Light trucks; 

• Medium trucks; and 

• Heavy trucks. 

A rich set of independent variables are used to forecast these zonal trip ends, including 
population, total households, low-income households, and four employment categories:  
manufacturing, retail, service, and other.  Two employment categories, transportation/ 
communications/utilities/warehousing and government, are not used to estimate truck 
trip ends.  Although estimates of truck trip ends at the former external zones, at least for 
heavy truck trips, are apparently used in the trip distribution process discussed below, no 
information is available on how these trip ends are estimated. 

4.2.2  Trip Distribution 

Information provided by NIRPC staff members plus the truck trip matrices included in a 
NIRPC EMME/2 database provided to the project team indicate that a Fratar growth 
procedure is used to update base-year truck trip tables to the forecast year.  This process is 
apparently performed for three trip tables: 
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• Combined B-plate, light and medium trucks between all former internal zones; 

• Heavy truck trips from former internal to external zones; and 

• Heavy truck trips from former external to internal zones. 

4.2.3  Traffic Assignment 

Following the development of the three truck trip tables identified above, these tables are 
converted to passenger vehicle equivalents and then added to total passenger vehicle trips 
for assignment to the NIRPC highway network using an equilibrium assignment 
procedure. 

 4.3 The Current State of the Practice for Urban Truck 
Travel Estimation 

The state of the practice for urban truck travel estimation can be specified as the usual set 
of procedures currently being used or implemented in those U.S. metropolitan planning 
organizations (MPOs) which deal with all aspects of urban truck movements.  A very few 
MPOs are expected, in the near future, to go beyond the state of the practice as defined 
here, usually by dealing not only with truck travel but also with commodity flows, but 
these planning agencies are definitely rare exceptions.  At the other extreme, many MPOs 
do very little to estimate truck travel.  Most MPOs, however, recognize the need to deal 
more explicitly with trucks in support of travel forecasting procedures which are valid for 
air quality planning.  This section details the methods most commonly in use or being 
developed to meet the needs of air quality planning. 

4.3.1  Truck Travel Surveys 

The initial major component of a state of the practice truck modeling process consists of 
up-to-date surveys of truck travel.  For completeness, these surveys typically include all 
travel made by a sample of trucks registered or garaged in the study area, as well as a 
sample of all trucks entering or leaving the study area using the major highway facilities 
on a typical workday.  These surveys typically include information on the company or 
individual owning the truck, the type of truck, and its garaging location.  In addition, 
either for each trip made on the survey day (for trucks registered or garaged in the region) 
or for the trip being intercepted in an external survey, the following information is 
typically obtained: 

• Origin and destination locations; 

• Primary commodity being transported; 

• Industry and employment types at origin and destination; 
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• Trip start and end times; and 

• Purpose of stopping at origin and destination. 

These surveys provide a wealth of information on truck travel which can be used to 
support many of the state of the practice modeling methods described in the remainder of 
this section. 

4.3.2  Truck Trip Generation 

The NIRPC truck trip generation models represent a typical example of the state of the 
practice for modeling the internal trip ends of both internal/internal (I/I) and 
internal/external (I/E) truck trips.  Truck travel survey data are used as the basis for the 
use of linear regression to develop forecasting equations which can be used to predict the 
numbers of truck trips, by truck type, which have their origins and destinations in each 
traffic analysis zone.  The independent variables are typically population and/or 
households, and employment by type.  For I/E trips, an additional independent variable 
is likely to be the distance from the analysis zone to the boundary of the study area.  
Alternative approaches are based on developing truck trip rates per employee or per 
resident by truck type and employee type.  For external zones or cordon stations, current 
counts of truck trips by vehicle type are typically projected into the future based on 
projections of total vehicular volumes and trucks as percentages of total flows at these 
locations, or based on the results of statewide or other inter-regional travel models, as 
discussed below. 

4.3.3  Truck Trip Distribution 

The truck trip ends estimated in the generation step are typically distributed either using 
gravity models or Fratar procedures, as NIRPC uses.  Gravity models calibrated to 
replicate the trip length distributions obtained from the travel surveys are generally 
preferred for I/I and I/E trips because they are more sensitive to the levels of service 
provided by the highway network.  In either case, separate models or procedures are 
typically implemented for truck trips by trip type (I/I and I/E) and by vehicle weight 
class.  For E/E trips, Fratar procedures are typically used because only a portion of the 
total trip, not including either actual trip origin or destination, is being modeled.  
Whenever Fratar trip distribution procedures are used, a base-year trip table is required.  
Unfortunately, the typical size of the truck surveys does not include enough trip 
observations to provide ‘smooth’ trip tables, and there is generally no other source of 
truck trip patterns.  This results in a modeling dilemma which cannot easily be solved; it is 
another reason that gravity models are preferred over Fratar procedures in most cases. 
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4.3.4  Using Statewide Model Results for I/E and E/E Truck Travel 
Forecasting 

As statewide model systems are implemented in a number of states, new sources of I/E 
and E/E truck travel data are becoming available.  Typically, these models deal with 
many fewer zones in the areas also included in metropolitan area models, but are likely to 
include all major numbered highways.  Thus, by obtaining ‘select area’ trip tables for the 
portion of statewide flows which are I/E and E/E trips for the urban model, MPOs can 
obtain estimates of these flows without having to develop new trip generation and 
distribution procedures.  Typically, it will be necessary to allocate the internal ends of 
these statewide trips to the detailed urban model zone system, but this can be done using 
the same trip generation models used for I/I trips. 

4.3.5  A Strategy When No Truck Survey Data Are Available 

Trip table estimation is a procedure which can be used to overcome, to some extent, the 
lack of truck trip tables based on travel survey data.  Tables of truck travel by vehicle type 
can be developed which replicate observed truck traffic counts and are based on an initial 
estimate of truck trip patterns as represented by base trip tables.  This is done using an 
iterative process which is an extension of the Fratar trip table adjustment procedure.  
Adjustments are typically made to all flows predicted to use each count location in turn, 
until the errors in the flows at each location are within acceptable limits.  The data 
required for this approach are simply a set of existing truck traffic counts and some 
approximation of existing truck trip patterns between all zone pairs.  Usually, the 
approximation of existing patterns is provided by some previously estimated, but usually 
suspect, truck trip tables.  In NIRPC’s case, the truck trip tables previously estimated for 
1996 would provide a useful base trip table for I/I and I/E trips, using the former 
definitions of the terms internal and external, but not of E/E trips. 

4.3.6  Truck Traffic Assignment 

The final step in predicting truck travel is the assignment of the truck trip tables to the 
highway network.  Typically in the past, truck trips are converted to passenger vehicle 
equivalents and these are added to passenger vehicle trip tables for a combined 
assignment to the highway network.  This approach, however, has some significant 
deficiencies: 

• In spite of the major differences between auto and truck trip pollutant emission rates, 
truck trip emissions cannot be analyzed separately; 

• No differences in auto and truck trip route choice criteria can be modeled, for example, 
trucks may be found to minimize travel distance rather than travel time, while favoring 
designated truck routes as well as Interstate and other numbered routes; 
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• No differences in toll rates for autos and cars and their effects on route choices can be 
modeled; and 

• No links may be modeled on which either autos or trucks are prohibited from operating. 

By keeping auto and truck trip tables separate and using multiclass assignment 
procedures, in which different paths may be determined for different vehicle classes, these 
deficiencies can be overcome.  For these reasons, some MPOs are beginning to use 
multiclass assignment procedures with truck trips by vehicle type (or total truck trips) 
assigned separately, but simultaneously, with auto trips. 

 4.4 Data Available at NIRPC for Truck Travel Estimation 

This section identifies the data provided to the consultant team to date by NIRPC which 
are potentially useful for estimating truck travel in the study area.  For each type of data, 
its usefulness is specified as well as its deficiencies, if any. 

4.4.1  Zonal Socioeconomic Data 

NIRPC’s existing zonal data provides the independent variables required to predict both 
internal and Illinois external truck trip ends by zone based on the levels of total 
population, population in group quarters, total households, low-income households, 
average household income, zone type (urban or suburban), and employment by type 
(manufacturing, retail, service, transportation/communications/utility/warehousing, 
government, and other).  These variables are expected to continue to be sufficient for truck 
travel estimation. 

4.4.2  Base-Year Truck Travel Patterns 

Also available for use in truck trip estimation in the NIRPC region are the observed and 
predicted truck flow information recently developed for statewide travel forecasting.  This 
information is documented in Transport Flows in the State of Indiana:  Commodity Database 
Development and Traffic Assignment, Phase 2, Transportation Research Center and 
Department of Geography, Indiana University, July 15, 1997.  This report documents work 
done to develop a transport flow prediction process for county-to-county flows.  Either 
the report itself or the modeling process which it documents include the following 
information which is potentially useful for truck trip estimation in the NIRPC region: 

• Observed and estimated productions and attractions of both tons and truckloads of 
freight by commodity type and county for 1993; and estimated values for 2005 and 
2015; and 
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• Estimated highway flows of freight by commodity type for 1993, 2005, and 2015 over 
all major highways in the NIRPC study area, including flow estimates at most of 
NIRPC’s Indiana external zones and at most of the major facilities connecting the 
NIRPC region with Illinois. 

4.4.3  Observed Truck Trip Volumes 

A large number of traffic counts have been collected within the NIRPC study area over the 
past six years.  A small fraction of these counts include vehicle classifications.  For the 
1994-1996 period, a total of 142 classification counts have been identified; additional 
counts have been collected in 1997.  The available counts provide a rich sample of 
information for most numbered highways in each of the three counties in the study area.  
Minor exceptions are any counts on state routes 152 and 312 in Lake County.  Much more 
important gaps are Interstates 80/90 and 94 in LaPorte and Porter Counties.  Also, it 
would be desirable to have classification counts on a sample of the major arterials which 
are not state highways throughout the study area.  It would be useful to determine if any 
additional classification counts are available for the locations currently appearing to have 
deficiencies to provide a more complete basis for enhanced truck travel estimation 
procedures. 

4.4.4  Truck Network Characteristics 

The highway network being developed in this project will provide a useful basis for truck 
trip estimation.  Potential improvements for this purpose would be the identification of 
designated truck routes, facilities with truck prohibitions, and truck-only facilities (if any).  
Also, separate coding of truck tolls on truck-only links would aid in modeling truck route 
choice patterns. 

 4.5 Potential Truck Trip Estimation Strategies for NIRPC 

4.5.1  A Long-Term Strategy 

In the long term – over the next five years – NIRPC should consider funding and 
conducting surveys of the travel patterns of trucks garaged in the study area, and of 
trucks entering and/or leaving the study area.  The first survey could be based either on a 
sample of all local establishments which operate trucks, or of all trucks registered in the 
study area.  The first definition of the population to be sampled would be preferred for 
modeling purposes, but the difficulties of identifying this population may make a sample 
of all trucks registered in the area preferable.  The external survey may be most efficiently 
conducted as part of a roadside survey designed to obtain a sample of I/E and E/E 
vehicular travel on all major streets and highways entering and/or leaving the study area. 
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The long-term strategy should also take full advantage of the Indiana statewide 
commodity flow models discussed in the previous section.  Possibly, if this forecasting 
process is sufficiently accurate, it could remove the need for an external truck survey and 
would provide the basis, after allocation of the statewide predictions of truck travel from 
the county level to the analysis zone level, of all I/E and E/E truck trips. 

The next element of the long-term strategy would be developing truck trip generation and 
distribution models for all truck trips which cannot be obtained by refining the statewide 
model results.  The trip generation models would be obtained by performing linear 
regressions on data sets based on the truck surveys and NIRPC’s zonal socioeconomic 
data.  These models would be similar to NIRPC’s current truck trip generation models, 
but would be based entirely on information obtained from trucks operating in the NIRPC 
region.  For trip distribution, gravity models should be developed which will replicate the 
trip length distributions obtained from new truck survey data. 

The long-term strategy would also include the expansion of NIRPC’s new highway 
network to provide an integrated auto and truck network in which truck travel 
prohibitions are reflected as well as truck-only facilities, including separate truck toll 
links, and indicators on links which are parts of truck routes.  This network would then 
provide the basis for multiclass assignments of auto and truck traffic in which both classes 
of vehicles have subnetworks, different for just a few facilities, but integrated to allow the 
two classes to compete for highway capacity on congested facilities.  Separate trip tables of 
autos and trucks, possibly by truck size, would then be assigned to this integrated 
network to provide the basis for emissions estimation by vehicle type for each highway 
facility.  The final component of the long-term strategy would be the implementation of a 
vehicle type-specific emissions estimation process having separate emissions rates by 
vehicle type. 

4.5.2  A Short-Term Strategy 

The potential short-term truck trip estimation strategy summarized in this section is 
designed to provide NIRPC with an improved forecasting process which can be 
implemented without waiting for truck travel surveys to be completed.  By avoiding the 
need for new travel surveys, work can begin immediately on developing a truck trip 
estimation process which can provide improved truck volumes by highway facility for use 
in air quality planning.  In summary terms, this short-term strategy focuses on using the 
trip table estimation approach discussed above to provide improved truck trip forecasts in 
the NIRPC region.  The remainder of this section outlines the model development 
activities which are required to accomplish this short-term strategy. 

4.5.2.1 Obtain Initial Estimate of I/E and E/E Flows from the Statewide Model 

The potential short-term and long-term strategies are identical in their preferred approach 
to estimating I/E and E/E truck travel.  In both cases, the statewide model results; 
currently available for 1993, 2005 and 2015; would be adjusted to the desired base or 
future year based on the growth trends reflected in the data.  The results of interest can be 
obtained by performing a subnetwork extraction process for the NIRPC study area which 
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will provide a reduced matrix of all truck trips predicted between all possible zone pairs 
in the corresponding subnetwork, including both the centroids in the three counties which 
constitute the NIRPC study area, plus new centroids defined for each link in the statewide 
model which crosses NIRPC’s study area boundary, approximately 25 external stations.  
After removing the I/I trips from this subnetwork, the internal ends of the remaining trips 
can be allocated from the county totals to NIRPC zones based on the relative values of trip 
ends as predicted by NIRPC’s current truck trip generation models. 

4.5.2.2 Compare Statewide-Based I/E and E/E Flows with Prior NIRPC Forecasts 

The existing NIRPC truck trip forecasts provide (based on the new definitions of internal 
and external trip ends) estimates of a large share of the I/E and E/E truck flows occurring 
in the NIRPC study area.  This is because the existing I/I trip tables include all flows 
between the NIRPC region and the CATS region (now designated I/E trips), and the 
existing I/E trip tables include flows both between the former external Illinois zones and 
the NIRPC region (still termed I/E trips), and between Indiana external zones and the 
CATS region (newly designated E/E trips).  These flows can be compared with the I/E 
and E/E flows provided by the statewide model to determine which are more reasonable; 
the resulting base truck trip tables by truck size category for use in NIRPC’s enhanced 
model system may be developed as a blend of the existing trip tables and the statewide 
model results. 

4.5.2.3 Use Trip Table Estimation Procedures to Obtain Adjusted Truck Trip Tables 

Using the base truck trip tables by truck size category from the previous step and the 
classification traffic counts available in the NIRPC region, adjusted base-year truck trip 
tables can be obtained which will approximately replicate the truck count data throughout 
the NIRPC region, including at all external zones and Indiana-Illinois border locations for 
which classification counts are available. 

4.5.2.4 Develop Zonal Growth Factors for Future Years 

There are two sources of trip end estimates by zone for all internal zones, the statewide 
trip generation models and the existing NIRPC/CATS generation models.  The former are 
more detailed because they were designed to predict flows by commodity type, but they 
are based on Indiana statewide data rather than NIRPC region-specific data.  Also, they 
are oriented toward major heavy truck movements rather than toward all urban truck 
travel.  The latter are easier to apply and deal with all truck types, but are based primarily 
on CATS data.  Both should be analyzed to determine which better reflects the trip ends 
obtained in the trip table estimation process; after this is done zonal growth rates can be 
determined for future years based on the selected truck trip generation models. 

For external zones in the CATS region, the existing NIRPC/CATS trip generation models 
can be used, as they are currently.  For external zones in Indiana, both statewide model 
results and truck traffic counts can be used to develop growth factors.  As in the case of 
internal zones, the two sets of forecasts should be analyzed prior to the selection of a final 
basis for growth factors at external zones. 
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4.5.2.5 Use Fratar Procedures to ‘Grow’ the Adjusted Trip Tables for Future Years 

This portion of the short-term strategy remains unchanged from the current process, but 
will be performed using different truck trip tables – the adjusted tables discussed above – 
and potentially different growth factors, depending on the results of the previous step. 

4.5.2.6 Develop Tables of Auto Vehicle Equivalents for each Future-Year Trip Table 

As in NIRPC’s current model system, each O/D element of the future-year truck trip 
tables developed in the previous step can be multiplied by a vehicle type-specific 
‘equivalent autos per truck’ factor to convert all truck trips to equivalent auto trips.  
Equivalent autos per truck can be determined based on the relative contribution to 
highway delays of autos and trucks of various sizes. 

4.5.2.7 Assign the New Tables of Vehicle Equivalents Using a Multiclass Assignment 
Process 

Even if truck and auto trips are assigned to the same highway network, assigning them 
from separate trip tables allows different emissions rates to be defined for each vehicle 
class.  This will be highly desirable in the enhanced NIRPC model.  In addition, it will be 
possible but not necessary to refine the subnetworks available for both auto and truck 
trips to reflect facilities and route impedance factors which vary by vehicle type. 

4.5.2.8 Estimate Emissions for Use in Air Quality Analysis 

As for the long-term strategy, the final component of the short-term strategy would be the 
implementation of a vehicle type-specific emissions estimation process having separate 
emissions rates by vehicle type. 
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5.0 Trip Generation Models 

 5.1 Trip Production Models 

This section documents the revised trip production models developed as part of the 
updated NIRPC travel forecasting process.  As in the case of NIRPC’s current forecasting 
procedures, the new models have been developed using cross-classification methods, 
providing trip rates per household by purpose for each cell defined by household size and 
household income.  Also discussed in the final subsection are alternative concepts of zonal 
accessibility and how these might be used in subsequent model refinement efforts to 
obtain trip generation models which include sensitivity to transportation level of service. 

5.1.1  Introduction 

The new NIRPC trip production models are based on the NIRPC home interview survey 
of 2,656 households conducted in 1995 throughout the NIRPC planning region.  Since all 
linked trips reported in the survey have been used to develop the new models, they 
represent the total of three types of trips produced by households in the NIRPC region:  
internal/internal, internal/external, and external/internal.  Prior processing of this survey 
by NIRPC resulted in expansion factors for both households and trips.  The household 
factors vary by superdistrict, by vehicle ownership, and by income level.  The trip factors 
also vary by the age of the traveler. 

Processing during this project involved defining the production zone and the attraction 
zone for each trip, and performing trip linking to remove trips with the purpose of pick-
up or drop off passengers which are parts of tours involving more than two unlinked trip 
segments, pick-up and drop-off trip ends.  The linking process removed 783 of the total of 
22,840 unlinked trips from the survey data set, resulting in a linked trip data file of 22,057 
trips.  The processing performed prior to trip production modeling also involved 
combining the 10 trip end purposes in the survey data into four general purposes:  home-
based work (HBW), home-based shop (HBSh), home-based other (HBO), and non-home 
based (NHB).  This was done by classifying any linked trip beginning at home and having 
the work purpose, and any linked trip beginning at work and having the return home 
purpose, as an HBW trip.  Similarly, any linked trips between home and shopping, in 
either direction, were classified as HBSh trips.  HBO trips are all those linked trips 
between home and any of the following purposes:  work related, school, recreational, 
eating out, banking, pickup or drop off passengers (if part of a two-trip tour), and other.  
All remaining linked trips (those neither beginning or ending at home) were classified as 
NHB.  Following all trip record processing, when the expansion factors are applied, the 
survey data represents a regional population of 252,032 households making the following 
total numbers of trips by purpose: 
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• 464,520 HBW trips; 1.843 per household; 

• 277,012 HBSh trips, 1.099 per household; 

• 1,002,308 HBO trips, 3.977 per household; and 

• 696,451 NHB trips, 2.763 per household. 

These regional average trip rates compare with the following rates implied by NIRPC’s 
prior travel predictions for 1996: 

• 2.016 HBW trips per household; 

• 1.325 HBSh trips per household; 

• 2.706 HBO trips per household; and 

• 1.281 NHB trips per household. 

Comparisons of the two sets of trip rates is difficult because they are based on different 
travel surveys conducted differently in separate years.  The large increases in HBO and 
NHB trips suggest that the respondents were prompted to remember many more trips 
than in the past, but also that the amount of trip-making has increased since the prior 
travel survey.  The results also suggest that a focus on obtaining information for both 
motorized and non-motorized travel results in much higher trip rates per household.  
When the new reported trips are compared with the former model results, total trips per 
household increase from 7.33 to 9.68 (+32 percent), with non-work trips increasing 48 
percent and work trips decreasing 9 percent.  The decrease in work trips may reflect a 
combination of more trip chaining (replacing some HBW trips with HBO/NHB trip 
chains), and poor economic conditions in the region in 1995; more than compensating for 
any increase due to the increase in the average number of workers per household since the 
prior survey.  The reported number of non-home based trips per household has increased 
the most; more than double the former rate.  The shift in the shares of total trips from 
home-based to non-home based reflects a national trend in longer trip tours. 

5.1.2  Uncompressed Trip Rates 

Initial analysis of the survey data and of the forecast socioeconomic variables available at 
NIRPC led to the decision to retain the same variables used previously – household size and 
household income – as classification variables for the new trip production models.  The 
range in household sizes in the survey data is from one to eight.  Also, the survey defined 
seven income classes, with break points at the following annual household income levels, in 
thousands of dollars:  15, 25, 40, 60, 75, and 100.  Table 5.1 shows the trip rates per house-
hold for each of the 56 cells when the full ranges of both independent variables are used.  
Each rate is defined as the sum of all expanded trips made by members of households in a 
specified cell divided by the sum of all expanded households in the same cell.  Because no 
households were surveyed in some of the cells, rates are missing for each of these 10 cases.  
The rates in the remaining 46 cells exhibit a high level of variation, particularly at high-
income levels and high-household sizes, due primarily to small numbers of observations in 
these cells.  Some compression of both classification variables was necessary to begin the 
process of obtaining trip rates which vary consistently between adjacent cells. 
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Table 5.1 Trip Rates by Purpose without Compression (Trips Per Household) 

 Income Category 
Persons $ 0-15K $ 15-25K $ 25-40K $ 40-60K $ 60-75K $ 75-100K $ 100K + All 

Home-Based Work Purpose 
1 0.365 0.620 1.405 1.294 1.462 1.734 1.284 0.749 
2 0.297 0.885 1.273 2.089 2.182 2.464 1.761 1.389 
3 1.593 2.130 2.683 3.987 3.321 3.495 4.058 3.120 
4 0.913 3.535 3.008 3.333 3.569 4.094 4.066 3.298 
5 3.297 2.101 2.798 3.201 3.141 3.163 3.109 3.044 
6 2.401 0.919 3.085 3.518 5.031 4.551  3.235 
7 0.673 3.154 3.312 3.196 0.314   1.848 
8    3.934   1.964 3.468 

All 0.503 1.060 1.830 2.731 2.821 3.241 2.845 1.843 

Home-Based Shop Purpose 
1 0.475 0.509 0.710 0.571 0.676 0.167 0.167 0.537 
2 1.380 1.154 1.096 1.082 0.770 0.785 0.483 1.092 
3 1.912 1.578 1.433 1.228 1.234 1.214 2.584 1.427 
4 0.709 1.458 1.631 1.630 1.820 1.236 1.457 1.554 
5 1.344 0.745 1.716 1.030 1.149 4.287 2.175 1.503 
6 3.601 0.500 1.579 2.535 2.354 1.063  1.704 
7   2.815 0.345 2.581   1.223 
8    1.967   0.491 1.618 

All 0.888 0.996 1.183 1.175 1.176 1.246 1.292 1.099 

Home-Based Other Purpose 
1 1.287 1.533 2.018 2.326 0.663 1.400 0.683 1.568 
2 2.141 2.514 2.683 3.133 3.257 2.874 3.370 2.750 
3 6.655 5.675 6.057 5.410 5.560 6.177 6.214 5.814 
4 5.685 7.900 7.238 8.185 7.937 7.089 6.951 7.598 
5 5.422 8.662 9.782 7.777 7.149 13.774 9.611 8.575 
6 8.403 2.911 8.063 16.243 11.595 7.898 15.112 9.810 
7 5.286 6.308 18.046 8.953 10.253   10.017 
8    37.373   5.891 29.926 

All 2.194 2.862 4.096 5.122 5.200 5.663 5.395 3.977 

Non-Home-Based Purpose 
1 0.984 1.287 1.728 2.271 1.494 4.243 1.444 1.349 
2 1.154 1.863 1.955 2.752 2.982 3.093 2.239 2.153 
3 3.689 3.143 4.503 3.875 4.185 4.338 7.194 4.114 
4 1.573 2.959 4.281 5.036 5.411 4.680 3.808 4.519 
5 4.219 3.783 6.737 4.132 2.942 8.855 8.160 5.118 
6 0.000 1.511 7.260 8.882 6.450 3.272 12.593 6.088 
7 2.824 3.154 3.228 3.396 2.581   3.004 
8    9.835   1.964 7.973 

All 1.318 1.890 2.904 3.563 3.763 4.211 4.313 2.763 
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5.1.3  Trip Rates for Compressed Categories 

The first step in ‘smoothing’ the trip rates was the compression of the classification 
variables to ensure that the marginal trip rates – those which vary either only by 
household size, or only by income level – would have increasing trends for larger 
households and for more wealthy households.  For each trip purpose, this involved 
compressing all household sizes of four or more into a single category, 4+.  For the HBW 
purpose, the three highest income categories were combined into a single category, 
$60,000 or more.  For the HBSh and HBO purposes, the four highest income groups were 
combined into a single category, $40,000 or more.  Finally, for the NHB purpose, the four 
highest income groups were combined to define two new categories:  $40,000 to $75,000 
and $75,000 or more.  Table 5.2 shows the rates for these compressed categories.  As 
desired, in each case the marginal rates are always increasing with increasing household 
size and household income.  This is not true, however, for many pairs of cells for specific 
household size and household income categories.  Further smoothing was required to 
obtain fully consistent sets of rates for each trip purpose. 

Table 5.2. Unsmoothed Compressed Trip Rates by Purpose (Trips Per Household) 

 Income Category 
Persons $ 0-15K $ 15-25K $ 25-40K $ 40-60K $ 60-75K $ 75K + All 

Home-Based Work Purpose 
1 0.365  0.620  1.405  1.294  1.462  1.404  0.749  
2 0.297  0.885  1.273  2.089  2.182  2.231  1.389  
3 1.593  2.130  2.683  3.987  3.321  3.677  3.120  
4+ 1.591  2.617  2.977  3.314  3.487  3.833  3.193  

All 0.503  1.060  1.830  2.731  2.821  3.100  1.843  

 Income Category 
Persons $ 0-15K $ 15-25K  $ 25-75K  $ 75K + All 

Home-Based Shop Purpose 
1 0.475 0.509  0.663  0.167 0.537 
2 1.380 1.154  1.047  0.685 1.092 
3 1.912 1.578  1.302  1.657 1.427 
4+ 0.891 1.059  1.602  1.739 1.548 

All 0.888 0.996  1.179  1.262 1.099 

 

Cambridge Systematics, Inc. 5-4 



 

NIRPC Transportation Model Documentation 

Table 5.2. Unsmoothed Compressed Trip Rates by Purpose (Trips Per Household) 
(continued) 

 Income Category 
Persons $ 0-15K $ 15-25K $ 25-40K $ 40-60K $ 60-75K $ 75K + All 

Home-Based Other Purpose 
1 1.287  1.533  2.018  2.326  0.663  0.874  1.568  
2 2.141  2.514  2.683  3.133  3.257  3.038  2.750  
3 6.655  5.675  6.057  5.410  5.560  6.189  5.814  
4 5.685  7.900  7.238  8.185  7.937  7.043  7.598  
5 5.422  8.662  9.782  7.777  7.149  11.757  8.575  
6+ 5.932  3.143  9.649  18.550  11.229  8.319  10.967  

All 2.194  2.862  4.096  5.122  5.200  5.567  3.977  

 Income Category 
Persons $ 0-15K $ 15-25K $ 25-40K $ 40-60K $ 60-75K $ 75K + All 

Non-Home-Based Purpose 
1 0.984  1.287  1.728  2.271  1.494  2.192  1.349  
2 1.154  1.863  1.955  2.752  2.982  2.810  2.153  
3 3.689  3.143  4.503  3.875  4.185  5.261  4.114  
4 1.573  2.959  4.281  5.036  5.411  4.387  4.519  
5 4.219  3.783  6.737  4.132  2.942  8.518  5.118  
6+ 2.239  1.623  6.619  8.229  5.395  3.959  5.605  

All 1.318  1.890  2.904  3.563  3.763  4.248  2.763  

 

5.1.4  Final Smoothed Trip Rates 

For each trip purpose, a smoothing procedure was used to provide final trip production 
rates which vary as expected between adjacent cells.  For three of the trip purposes – 
HBW, HBO, and NHB – this procedure involved finding the smoothed rates which are 
linearly related to three variables:  the marginal values for both classification variables, 
and the product of these two marginal values.  In addition, by using linear regression to 
obtain these relationships, the procedure ensures that the sum of the squared deviations 
between the observed and smoothed values are minimized.  Also, for each trip purpose, a 
final adjustment was made to ensure that the marginal rates by household size would be 
matched exactly by the smoothed rates.  By adding a new set of row-specific factors to the 
adjustment process, the deviations in the smoothed rates were reduced further and the 
smoothed marginal rates by income level were also generally improved over the prior 
values. 

For the HBSh trip purpose, the smoothing process described above did not result in rates 
that varied as desired from cell to cell, apparently due to the very slight variation in the 
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observed rates by income level.  For this trip purpose, the smoothing process involved 
maintaining the marginal differences by income category within each row of the table, 
while also ensuring that the observed marginal rates by household size would not change.  
As it turned out, this smoothing process also retained the observed marginal rates for each 
income category. 

Table 5.3 provides the final smoothed trip rates for each trip purpose.  These are the 
values recommended for use in the updated NIRPC forecasting process for all Indiana 
internal zones; trip productions in the Illinois zones can continue to be estimated using the 
present CATS-based trip production rates.  The new Indiana rates can be substituted into 
NIRPC’s existing computer program which calculates trip productions by trip purpose 
and by zone.  In addition to revising the trip rates for Indiana zones, the program must 
also be revised to reflect the new household income categories used in the travel survey.  
At the same time, the regional table of fractions of households by household size and 
household income can be updated using the 1990 U.S. Census.  Cambridge Systematics is 
currently processing the Census data to provide the required new household distribution 
table for the entire Indiana portion of the NIRPC analysis area. 

Table 5.3 Final Trip Rates by Purpose (Trips Per Household) 

 Income Category 
Persons $ 0-15K $ 15-25K $ 25-40K $ 40-60K $ 60-75K $ 75K + All 

Home-Based Work Purpose 
1 0.341  0.620  1.308  1.308  1.437  1.437  0.721  
2 0.341  0.885  1.308  2.089  2.182  2.231  1.404  
3 1.593  2.130  2.683  3.563  3.563  3.677  3.016  
4+ 1.593  2.617  2.977  3.563  3.487  3.833  3.280  

All 0.503  1.060  1.829  2.713  2.875  3.101  1.843  

 Income Category 
Persons $ 0-15K $ 15-25K  $ 25-75K  $ 75K + All 

Home-Based Shop Purpose 
1 0.524 0.535  0.554  0.563 0.537 
2 1.069 1.081  1.099  1.108 1.092 
3 1.401 1.413  1.431  1.440 1.427 
4+ 1.519 1.531  1.549  1.558 1.548 

All 0.814 0.982  1.200  1.322 1.099 
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Table 5.3 Final Trip Rates by Purpose (Trips Per Household) (continued) 

 Income Category 
Persons $ 0-15K $ 15-25K $ 25-40K $ 40-60K $ 60-75K $ 75K + All 

Home-Based Other Purpose 
1 1.459  1.539  1.688  1.811  1.820  1.865  1.568  
2 2.377  2.514  2.768  2.979  2.995  3.070  2.750  
3 4.872  5.157  5.684  6.122  6.155  6.312  5.814  
4 6.216  6.587  7.273  7.843  7.886  8.090  7.598  
5 7.020  7.438  8.210  8.853  8.901  9.131  8.575  
6+ 9.215  9.748  10.734  11.554  11.615  11.909  10.967  

All 2.301  2.857  3.985  4.999  5.430  5.805  3.977  

 Income Category  
Persons $ 0-15K $ 15-25K $ 25-40K $ 40-60K $ 60-75K $ 75K + All 

None-Home-Based Purpose 
1 1.013  1.272  1.730  2.029  2.119  2.338  1.349  
2 1.405  1.696  2.211  2.546  2.647  2.893  2.153  
3 2.965  3.333  3.986  4.410  4.539  4.851  4.114  
4 3.164  3.549  4.230  4.673  4.807  5.133  4.519  
5 3.690  4.098  4.822  5.292  5.435  5.781  5.118  
6+ 4.272  4.699  5.457  5.949  6.099  6.461  5.605  

All 1.417  1.901  2.828  3.534  3.837  4.227  2.763  

 

5.1.5  Adjustments for Future-Year Model Runs 

The results reported in this section update initial runs of the 2020 model.  The former 
results reflect changes in travel in the NIRPC region due to the following factors: 

• An increase in the number of households in the NIRPC region of 12.9 percent; and 

• An increase in trip-making due to higher real incomes; the net effect of this factor on 
regionwide VMT was predicted using the NIRPC Model to be 2.0 percent. 

The combined effect of these two factors plus others such as changes in mode shares and 
average trip lengths was an increase in VMT of 13.1 percent.  Since submitting these 
results, the following additional factors expected to influence travel in the future have 
been identified: 
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• An increase in workers per household, approximated by the ratio of total employment 
to total households, of 3.7 percent; 

• An increase in vehicles per household, estimated to be at half the annual rate observed 
in the CATS region over the 1980-1990 time period, or 0.4 percent per year; a total 
increase by 2020 of 11.2 percent.  The corresponding increase in trips per household, 
based on NPTS data, is 10.6 percent; and 

• A comparison of a similar regional determination of the predicted increase in CATS 
VMT, which showed that a factor of 0.93 must be applied to the combined effect of each 
of the factors identified above in order to explain CATS’s estimate of a total increase in 
VMT in 2020 of 31 percent. 

Although these variables are not previously included explicitly in the NIRPC Model, their 
expected combined effect of an 8.5 percent increase in work trips and a 4.6 percent 
increase in non-work trips was included in this revised 2020 existing plus committed 
forecast.  As discussed below, the resulting regionwide increase in VMT for the NIRPC 
region predicted by the revised NIRPC model is 19.9 percent.  The remaining sections of 
this section provide additional details on the results of the revised 2020 E+C forecast. 

5.1.6  Adding Level of Service Sensitivity to the Trip Production Models 

The trip production models documented in the prior subsections are typical of those used 
in nearly all U.S. metropolitan areas in that they are not sensitive to the level of service 
(LOS) provided by the transportation system.  This subsection discusses alternative 
approaches which can be used to incorporate this sensitivity to the models.  Although 
these approaches have significant promise for the future, they were not explored in this 
project for a number of reasons related to data availability, the likelihood of obtaining 
successful results, and project resources.  The availability of data was judged to be too 
limited to support the greater model detail required for LOS sensitivity.  The new models 
contain 112 parameters based on data from 2,656 households; an average of less than 24 
households per parameter.  Reducing this number to four to six households to 
accommodate an additional variable is not feasible.  The rarity of LOS-sensitive trip 
production models in the U.S. reflects, to a major degree, the difficulty of developing these 
models.  This factor, combined with the limitations of project resources, resulted in the 
focus on more traditional models to be included in the new NIRPC model system.  In spite 
of this focus, it is useful to specify how future work, ideally after a larger travel survey has 
been conducted, may be structured to explore the possibility of adding LOS sensitivity to 
a future revision of the NIRPC model system. 

5.1.7  Alternative Accessibility Measures 

In order to include LOS sensitivity meaningfully in trip production models, it is necessary 
to devise one or more LOS measures which capture the general concept of accessibility as 
it applies to a particular trip purpose:  how well is a particular household or travel zone 
‘connected’ to all possible trip attractions for this purpose?  Obviously, measures of this 
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concept must include as variables both the impedances between the production area and a 
large number of attraction areas, and the number of attractions by purpose in each of these 
areas.  Furthermore, it is necessary to reflect in some way the fact that nearby attractions 
are more important than ones far away.  The two following definitions of accessibility 
provide ways of obtaining numerical measures which are consistent with these 
requirements: 

• The total number of attractions within a specified ‘catchment area’ of a given trip 
production area can be summed and then expressed as a fraction of the total attractions 
in a region to provide a measure of accessibility.  The size of the catchment area must 
be decided somewhat arbitrarily, but basing it on the impedance (generally expressed 
in minutes of travel time) within which some fraction (two-thirds, perhaps) of total 
regional trips occurs is a reasonable initial strategy. 

• The summation of the numerator of a trip distribution model (trip attractions at each 
potential destination weighted by a decreasing function of the impedance between 
production and attraction areas) provides another possible measure of accessibility.  It 
has the advantage of including all possible attractions in the measure, and of weighting 
them just the way the trip-maker weights them in choosing the zone to which to travel.  
This consistency with subsequent steps in the modeling process is highly desirable. 

Both of these accessibility measures are easily computed in EMME/2 for use both in 
model development and model application using a destination vector of trip attractions by 
purpose and a matrix of travel times between all zone pairs.  The results can be kept in 
one origin vector per trip purpose. 

5.1.8  Expanding Trip Production Models to Include Accessibility Measures 

Following the calculation of one or more measures of purpose-specific zonal accessibility, 
a two-step process is recommended to obtain trip production models: 

• Initially, repeat the process described above using cross-classification and smoothing to 
obtain trip production rates based entirely on household variables; term these rates 
TPR(hhtype); and 

• Use linear regression to test models based on household-level data with the following 
general form as refinements of the initial models: 

TPR(hhtype, access) = a + b*TPR(hhtype) + c*Accessibility 

The coefficients of these models should have the following characteristics: 

• a should be small relative to the initial trip rates, it can be either positive or negative; if 
a small value cannot be estimated using regression, then this coefficient should be set 
equal to zero by performing linear regression without a constant coefficient; 
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• b should be positive with a value close to one; and 

• c should also be positive; its value may be quite small. 

For each trip purpose, alternative accessibility measures can be used in a search for the 
measure which provides the best statistical fit.  Once the best possible model is estimated 
for each trip purpose, its residuals at the household level should be compared with the 
residuals of the initial model based on household variables only to ensure that the model 
which includes accessibility variables is at least as accurate as the initial model. 

5.1.9  Using Accessibility to Model Land Use Changes 

Accessibility measure such as those discussed in the previous section can also be used as 
an essential variable in models of land use changes over time which are sensitive to the 
transportation system.  Although the development of an integrated land 
use/transportation forecasting process was far beyond the scope of the current model 
development effort, expansion of NIRPC’s model system to include land use forecasting 
can be accomplished in the future using a number of the existing model system’s 
components.  In addition to accessibility, a number of additional elements will also be 
required, however, to capture the essential features of urban development, including 
models of the markets for residential and non-residential land.  Zonal data, for example, 
must be expanded to include measures of developable land and limitations imposed by 
zoning regulations. 

Since many of the issues in land use modeling are being addressed in the land use 
allocation modeling being done by NIRPC for the entire Chicago metropolitan area, the 
first step in developing a future integrated land use/transportation forecasting system for 
the NIRPC region will be to explore the feasibility of combining the NIRPC land use 
allocation process with the NIRPC transportation model, essentially expanding the 
DRAM/EMPAL models to include transportation forecasting as structured in the 
Integrated Transportation/Land Use Procedure1 (ITLUP).  Alternatively, other integrated 
approaches such as MEPLAN or the family of models developed by Anas should be 
explored to determine if they are more appropriate for use in the NIRPC region. 

After selecting one of the alternative integrated model structures, it will be necessary to 
calibrate the land use forecasting portion of the model using land use, demographic, and 
transportation system data for at least two periods of time; normally 5 or 10 years apart.  
Normally, the land use modeling system will be structured to predict land use changes 
between two points in time, such as from 2000 to 2005, as a function of transportation 
system, accessibility and demographic changes during the prior period, such as from 1995 
to 2000.  Typically, three sets of land use projections by zone or district are required: 

1 See Urban Land-use and Transport Interaction, Gower Publishing, 1988, edited by F.V. Webster, P.H. 
Bly, and N.J. Pauley. 
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• Non-residential land for basic or non-population serving employment growth, some of 
which may require external specification by the analyst to deal with new employment 
developments which are not significantly affected by transportation or accessibility 
considerations; 

• Residential land use and population growth which may be significantly affected by 
transportation and accessibility between potential residential locations on the one hand 
and both existing and projected future employment locations on the other; and 

• Non-residential land for population-serving employment growth, which may be 
significantly affected by transportation and accessibility between potential employment 
locations and both existing and future population locations. 

As land use modeling continues in the future for the NIRPC region, the current 
transportation model can provide a number of variables for use in model development 
and application, either as a by-product of the existing procedures (travel times by 
highway and transit between all zone pairs, for example), or as new variables, like 
accessibilities, which can be readily computed in EMME/2 as extensions of the current 
model system.  By keeping the two types of modeling consistent in terms of zone 
definitions, accessibility variables, and zonal variables, it will be possible to facilitate the 
development of a truly integrated land use/transportation forecasting process.  In 
addition, if the integrated model system is based in EMME/2, many issues of coordination 
and interface of the two classes of models will be simplified significantly. 

 5.2 Trip Attraction Models 

The purpose of this section is to describe the results of the attraction model estimation for 
the Northwest Indiana Regional Planning Commission (NIRPC) model development 
project.  Attraction rate estimation is concerned with the development of mathematical 
relationships that will be used to predict the attraction end of the trip. 

5.2.1  Attraction Model Estimation 

The method employed for attraction model estimation for the NIRPC project consisted of 
linear regression techniques, which is a fairly typical method for attraction rate 
development.  Linear regression is used to estimate a dependent variable (attractions) 
based on applying linear equations that include a variety of independent (socioeconomic 
and demographic) variables.  District-based linear regression is preferred over zonal-
based linear regression, since the level-of-detail of the home interview survey could result 
in many zones being under-represented in the observed database, resulting in poor zonal-
based regression estimation results.  The first step in the attraction rate development was 
to define a logical set of districts, or groupings of contiguous traffic analysis zones, by 
which to aggregate observed attractions and socioeconomic data.  The 25 superzones 
defined by NIRPC was chosen as the set of rational districts for the regression analysis. 
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5.2.2  Processing of the Home Interview Survey 

The primary source of information used to develop the trip attraction rates was the 1995 
Northwest Indiana Home Interview Survey.  For attraction rate estimation, the dataset 
was processed to define trip codes and traffic analysis zones from origin-destination 
format to production-attraction format.  Trip productions and attractions are basically a 
synthetic definition used to equate productions with the household characteristics of the 
trip end, and attractions with the employment or non-home characteristics of the trip end.  
Therefore, for home-based trips, productions always occur at the home-end, while 
attractions occur at the non-home-end.  To process the survey, any trip end originating or 
destined to the home was defined as a production, and conversely, any trip end 
originating or destined to the non-home end was defined as an attraction.  However, for 
non-home-based trips, the origin end of the trip was defined as a production, while the 
destination end of the trip was defined as an attraction.  The production-attraction format 
processing was also applied to the coded traffic analysis zone to convert from origin and 
destination zone to production-attraction zone. 

After converting origin-destination codes to production-attraction codes, the attractions 
were summarized by trip purpose and by the 25 superzones.  Only internal zone to 
internal zone trip attraction were summarized for estimation purposes, that is, if a trip had 
either an origin or destination zone outside of the study area, the trip attraction was not 
included in the summary.  Attraction rates for the following internal trip purposes were to 
be estimated: 

• Home-based Work, 

• Home-based Shopping, 

• Home-based Other, and 

• Non-home-based. 

Table 5.4 shows the summary of observed trip attractions by purpose for each of the 25 
superzones.  In addition to the observed trip attraction data from the household survey, 
the socioeconomic data provided by NIRPC was summarized by each superzone for use 
in the attraction equations.  These included the number of total workers, workers in 
manufacturing, trade, service, and other employment categories, households, population 
and square miles of land area. 

Table 5.4 NIRPC Observed Trip Attractions by Superzone and Trip Purpose 

Superzone Home-Based Work Home-Based Shop Home-Based Other Non-Home-Based 

1 18,793 6,112 41,326 17,531 
2 11,446 0 603 1,391 
3 17,216 6,022 32,264 18,736 
4 18,447 9,558 40,190 25,933 
5 9,189 9,497 35,373 21,227 
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Table 5.4 NIRPC Observed Trip Attractions by Superzone and Trip Purpose 
(continued) 

Superzone Home-Based Work Home-Based Shop Home-Based Other Non-Home-Based 

6 13,205 10,016 32,103 25,187 
7 16,252 16,254 43,984 31,502 
8 13,357 14,951 46,588 31,803 
9 8,785 0 124 1,095 

10 5,523 8,183 16,295 8,595 
11 19,302 5,516 42,120 25,336 
12 2,884 3,136 11,835 7,504 
13 8,794 5,193 50,076 20,630 
14 8,866 8,658 36,035 23,440 
15 32,475 39,363 67,521 69,571 
16 10,243 15,727 52,138 25,227 
17 15,244 4,890 39,785 22,265 
18 7,684 6,364 23,972 13,750 
19 22,407 5,364 27,758 15,178 
20 17,135 17,691 49,750 29,216 
21 3,274 2,052 23,385 9,053 
22 34,082 18,961 58,485 53,838 
23 26,890 18,765 60,521 45,921 
24 19,945 9,261 26,170 26,799 
25 8,447 1,700 24,292 10,734 

All 369,884 243,232 882,692 581,461 

Source:  NIRPC 1990 Home Interview Survey. 

5.2.3  Attraction Rate Calculation 

For each trip purpose, district-based linear regression analysis was performed testing a 
variety of socioeconomic variables.  Two basic regression statistics were analyzed to 
measure the performance of the regression formulations; the regression correlation 
coefficient, or R-squared statistic, and the t-score of the regression coefficient.  The 
R-squared statistic measures how closely the estimated values relate to the observed 
values.  An R-squared of 1.00 would reveal a perfect positive correlation of estimated to 
observed values and would be the optimum result of the regression.  R-squared values of 
0 would mean that no measured relationship existed between the independent and 
dependent variables being tested.  The coefficient t-score describes the significance of the 
variables used in the regression.  Typically, t-score values for variables of greater than 2.0 
and less than -2.0 are considered significant. 

Development of the attraction rates is an iterative process, as typically the analyst would 
include many different variables and combinations of variables that are hypothesized to 
influence the particular trip purpose.  For example, home-based work attractions would 
be most influenced by the location of employment, and home-based shopping attractions 
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would be most influenced by the location of shopping, or retail trade employment.  
Inclusion of a variable is basically a result of the significance of the t-score of the 
coefficient for that variable.  However, variables can be included in the regression 
equations even with an insignificant t-score if there is a strong belief that the variable 
exerts some influence. 

5.2.4  Regression Analysis Results 

A variety of variables and equations were tested during the development of the attraction 
equations.  To approximate the process, all socioeconomic variables were initially tested 
for each purpose as explanatory variables.  Based upon the magnitude and direction of the 
coefficient, the statistical significance of each coefficient and the R-squared value, 
variables were either retained or eliminated from consideration.  In addition to testing 
new equations for each purpose, regression analyses were performed on the variables that 
are used in the existing NIRPC attraction rates.  The existing NIRPC variables and 
equations were used to estimate the attraction rate models for possible use in the 
recommended rates and as a point of comparison.  Table 5.5 summarizes the results of 
using the existing NIRPC variables in the attraction equations. 

Table 5.5 Estimated Trip Attraction Rates Using Existing NIRPC Variables 

Purpose Attraction Rate (t-score) R-squared 

Home-Based Work Equations    
HBW 1.360 * Workers (10.28) 0.82 
 - 402.0 (-0.11)  

Home-Based Shopping Equations    
HBSHOP 5.660 * Trade Employment (9.2) 0.89 
 -1.596 * Service Employment (-2.5)  
 +0.0988 * Population (1.5)  
 - 1660.0 (-0.6)  

Home-Based Other Equations    
HBOTHER 5.398 * Trade Employment (5.3) 0.85 
 - 0.254 * Population (-0.3)  
 + 2.930 * Households (1.3)  
 - 153.1 (-0.01)  

Non-Home-Based Equations    
NHB 8.115 * Trade Employment  (15.3) 0.93 
 + 0.1917 * Population (2.49)  
 - 1997.0 (-0.2)  
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The existing NIRPC equations resulted in rates that are for the most part reasonable and 
have high-R-squared values.  However, there were a few coefficients that are illogical, or 
unexpected.  For example, for the home-based shopping rates, the negative coefficient on 
service employment would typically be positive, as shop trips would tend to attract trips 
made for purposes of shopping, as opposed to repelling such trips.  In addition, the 
negative coefficients on population is somewhat counterintuitive for home-based other 
trips, as these trips would be positively correlated to the places where people would be 
located, such as schools and the home. 

Using the information provided from application of the existing NIRPC variables, new 
attraction equations were tested with the objective of either improving the R-squared 
value, or developing coefficients on variables that are more logical.  Based upon these 
tests, a set of recommended attraction rates for the four trip purposes was developed, and 
these rates are summarized in Table 5.6.  Each of the regressions resulted in high-
R-squared values as well as regression coefficients that are both logical (in magnitude and 
sign) and statistically significant.  None of the regression constants were found to be 
significant in the equations. 

Table 5.6 Recommended Trip Attraction Rates 

Purpose Attraction Rate (t-score) R-squared 

Home-Based Work Equations    
HBW= 1.360 * Workers (10.28) 0.82 
 - 402.0 (-0.11)  

Home-Based Shopping Equations    
HBSHOP= 4.499 * Trade Employment (11.96) 0.86 
 - 1252.0 (-0.39)  

Home-Based Other Equations    
HBOTHER= 5.512 * Trade Employment (5.89) 0.84 
 + 2.210 * Households (5.61)  
 - 417.6 (-0.06)  

Non-Home-Based Equations    
NHB= 8.001 * Trade Employment  (14.76) 0.94 
 + 0.567 * Households (2.50)  
 - 1988.0 (-0.48)  

 

The results of the recommended regression equations exhibit expected characteristics.  
The home-based work attraction rate is somewhat lower than what is typical, especially 
considering that the trip rates include trips made by both motorized and non-motorized 
modes.  The lower rate could be influenced by changes in the labor force participation 
rates, such as increased part-time workers and decreased full-time workers, or the 
inclusion of retired or non-working households in the survey database.  Lower work 
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attraction rates could also be due to an overestimate of employment totals for the region, 
which are used to develop the model coefficients.  Home-based shop rates based on retail 
employment are also logical.  Home-based other rates included the variables of trade 
employment and households as the most significant factors influencing this purpose. 

Significance of the household variable for home-based other trips is probably influenced 
by the fact that home-based other trips would include such purposes as serve passenger, 
school and home visit trips, and these purposes may be highly correlated to the household 
variable.  While trade employment is logical for non-home-based trips, the significance of 
the household variable may be explained by socializing trips (visiting households), 
deliveries and serving passengers.  Also, for the home-based other and non-home-based 
attractions, households was found to be slightly more significant variable than population, 
and was therefore used as an explanatory variable. 

5.2.5  Attraction Rate Application 

While the attraction rates were estimated with a regression constant, in order to correctly 
apply the attraction rates to the socioeconomic variables at the individual traffic analysis 
zone, the estimated rates were applied to the data without the constant and then the 
resulting attractions were scaled to match the observed control totals.  The removal of the 
constant was done to ensure that attractions are not calculated for zones that do not have 
any socioeconomic data, which is what would result if the regression constant were 
included in the attraction rate application.  The scaling factor was then applied to the 
estimated coefficients to derive the final trip attraction rates, which are shown in Table 5.7.  
Figures 5.1 through 5.4 compare the estimated trip attractions by district to the observed 
trip attractions from the NIRPC home interview survey. 

Table 5.7 Recommended Final Trip Attraction Rates 

Purpose  Attraction Rate 

HBW 1.324 * Workers 
HBSHOP 3.986 * Trade Employment 
HBOTHER 5.448 * Trade Employment + 2.185 * Households 
NHB 7.372 * Trade Employment + 0.523 * Households 

 

5.2.6  Comparison with Existing NIRPC Attraction Rates 

The final step in the estimation process was to compare the recommended rates to the 
existing NIRPC attraction rates.  The source for the existing attraction rates was the 
NIRPC model documentation description in the Transportation Model Process section.  
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Both rates are compared in Table 5.8.  Overall, the recommended attraction rates still show 
the tendency for trade (retail) employment to be a significant variable for all the non-work 
purposes, as was exhibited with the existing attraction rates.  However, it should be noted 
that trade employment was used as an employment variable for the recommended rates, 
while retail employment was used for the existing rates.  Therefore, the comparison 
shown below may not be an exact side by side comparison. 

Table 5.8 Comparison of Existing and Recommended NIRPC Trip Attraction 
Rates1 

Status Purpose Attraction Rate 

Existing HBW= 1.456 * Total Employment 
Recommended HBW= 1.324 * Total Employment 

Existing HBSHOP= 4.505 * Retail Employment - 0.925 * Service + 0.154 * Population 
Recommended HBSHOP= 3.986 * Trade Employment 

Existing HBOTHER= 6.822 * Retail Employment + 0.459 * Population - 0.656* Households 
Recommended HBOTHER= 5.448 * Trade Employment + 2.185 * Households 

Existing NHB= 4.589 * Retail Employment + 0.077 * Population 
Recommended NHB= 7.372 * Trade Employment + 0.523 * Households 

1 NIRPC Existing rates are for Non-Chicago CBD rates. 
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6.0 Trip Distribution Models 

 6.1 Introduction 

This section presents the trip distribution procedures implemented in the NIRPC 
transportation model.  Given the nature of the available data, the processing of the four-
step demand model (generation, distribution, mode choice, assignment) is not 
straightforward.  There is a distinct trip distribution procedure for the trips within 
Indiana, designated as “internal” trips and for the other trips, designated as “internal-
external” trips.  These are the trips between Illinois and Indiana.  The “internal-external” 
trip matrices also include the trips that are internal to Illinois.  The trips between Indiana 
and Chicago CBD are excluded from the “internal-external” trip matrices, as they are 
handled separately. 

The procedure developed for the internal trips relies on three-dimensional matrix 
balancing.  A gravity approach is implemented for the distribution of the future-year 
origin and destination vectors. 

The procedure strongly links two different operations (auto trip estimation and two-
dimensional trip distribution) for what are called the “internal-external” trips.  This 
procedure is based on the use and analysis of the existing auto person trips of the CATS 
model and the person trips used in the previous NIRPC model. 

The approach to distribute the Indiana internal trip end vectors is not the same for the 
base year and the future year.  For the base year, internal/internal trips are distributed to 
match the trip length distributions of the travel data obtained in the 1994 NIRPC travel 
survey.  For the future years, the trip time-specific weights required to obtain the desired 
base-year distribution are applied.  This reflects the assumption that the future-year trip 
time distribution will change from that in the base year as required to reflect the new 
pattern of trip ends.  Furthermore, the trip distribution of the internal-external trips of the 
future year is preceded by the estimation of person trip matrices that correspond to those 
available for the base year.  For these reasons, this section is divided in two main sections, 
base year and future year. 

The NIRPC transportation model is implemented to be applied for what are called 
‘intermediate’ or target years (years between the base year and the future year).  The 
methodology followed for the trip distribution of internal trips of an intermediate year is 
exactly the same as for the future year.  However, the internal-external trips of an 
intermediate year are generated by an interpolation tool and the trip distribution 
methodology developed for the base-year and future-year cases is not executed in the case 
of the intermediate years. 
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The two-dimensional balancing procedure used for future years implements trip 
distribution models that satisfy production totals at origins and attraction totals at 
destinations.  The inputs of this process are the productions, attractions and a matrix to be 
balanced.  The output is a balanced matrix, which is the product of the matrix to balance 
and of the origin and destination balancing coefficients.  The three-dimensional balancing 
procedure used for the base year also allows the consideration of constraints associated 
with intervals of a third dimension.  The third dimension can be defined by traffic counts 
of a screen line or the subdivision of O-D pairs into classes which are based on the 
impedance of making these trips; this latter approach is used in the NIRPC model system. 

 6.2 Base Year (1995) 

Trip distribution is, in fact, made up of two distinct trip distribution procedures:  one for 
the internal trips and another one for the internal-external trips. 

6.2.1 Internal Trips 

The internal person trips are obtained by performing a three-dimensional matrix 
balancing.  An “entropy” approach has been implemented, since the initial seed matrix to 
balance uses a negative exponential deterrence function.  Entropy trip distribution models 
are essentially the subset of all gravity models which are based on a negative exponential 
deterrence function.  For the more general gravity models, the deterrence function is not 
constrained to the negative exponential form; in fact the gravity model deterrence function 
is typically defined only as a arbitrary set of constants for each allowable value of the 
deterrence variable. 

The trip generation step for internal trips considers four different purposes and the 
NIRPC transportation model studies three periods of the day.  Therefore, 12 
productions/attractions vectors are produced in the trip generation step and thus, 12 
different matrix balancing operations are performed, one for each period-purpose 
combination.  These matrix balancing operations are three-dimensional where the third 
dimension is the travel time interval. 

6.2.1.1 Inputs of the Procedure 

Performing the three-dimensional trip distribution model developed within the NIRPC 
transportation model requires some input data.  The basic inputs required by this 
procedure are the 12 production/attraction internal person trip ends, the 12 matrices of 
observed person trips and three auto travel time matrices (one for each period). 
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A.  Attraction/Production Vectors 

The 12 production/attraction internal person trip ends constitute the main input of the 
procedure.  The production/attraction internal person trip vectors issued by the trip 
generation process are presented in Table 6.1. 

Table 6.1 Description of the Production/Attraction Vectors (Internal Trips) for 
Year 1995 

 
Vectors 

 
Description 

Productions 
mo 

Attractions 
md 

mo01/md01:  W95am 1995 a.m. Peak Period internal-
internal HBW trip ends 

168,390 168,383 

mo02/md02:  S95am 1995 a.m. Peak Period internal-
internal HBS trip ends 

15,040 15,052 

mo03/md03:  O95am 1995 a.m. Peak Period internal-
internal HBO trip ends 

175,494 175,483 

mo04/md04:  N95am 1995 a.m. Peak Period internal-
internal NHB trip ends 

53,120 53,120 

mo05/md05:  W95pm 1995 p.m. Peak Period internal-
internal HBW trip ends 

100,604 100,590 

mo06/md06:  S95pm 1995 p.m. Peak Period internal-
internal HBS trip ends 

70,847 70,853 

mo07/md07:  O95pm 1995 p.m. Peak Period internal-
internal HBO trip ends 

256,538 256,536 

mo08/md08:  N95pm 1995 p.m. Peak Period internal-
internal NHB trip ends 

183,560 183,560 

mo09/md09:  W95op 1995 Off-peak Period internal-internal 
HBW trip ends 

157,845 157,845 

mo10/md10:  S95op 1995 Off-peak Period internal-internal 
HBS trip ends 

190,715 190,717 

mo11/md11:  O95op 1995 Off-peak Period internal-internal 
HBO trip ends 

648,456 648,458 

mo12/md12:  N95op 1995 Off-peak Period internal-internal 
NHB trip ends 

465,817 465,817 

 

B.  Observed Trip Matrices 

The matrices of trips observed (surveyed) by NIRPC for year 1995 are also required for the 
construction of the third dimension, which establishes the number of trips in each interval 
of travel time.  These matrices are presented in Table 6.2. 
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Table 6.2 Description of the Matrices of the Observed Trips 

Matrix Description Number of Trips 

mf39:  hbwpam 1995 Observed HBW Person trips – a.m. peak period  146,339 
mf40:  hbspam 1995 Observed HBSHOP Person trips – a.m. peak period  13,562 
mf41:  hbopam 1995 Observed HBOTH Person trips – a.m. peak period 142,629 
mf42:  nhbpam 1995 Observed NHB Person trips – a.m. peak period 36,553 
mf43:  hbwppm 1995 Observed HBW Person trips – p.m. peak period 85,127 
mf44:  hbsppm 1995 Observed HBSHOP Person trips – p.m. peak period 62,508 
mf45:  hboppm 1995 Observed HBOTH Person trips – p.m. peak period 212,621 
mf46:  nhbppm 1995 Observed NHB Person trips – p.m. peak period 143,247 
mf47:  hbwpof 1995 Observed HBW Person trips – OP peak period 138,178 
mf48:  hbspof 1995 Observed HBSHOP Person trips – OP peak period 166,799 
mf49:  hbopof 1995 Observed HBOTH Person trips – OP peak period 532,348 
mf50:  nhbpof 1995 Observed NHB Person trips – OP peak period 373,668 

 

C.  Auto Travel Time Matrices 

The procedure also requires three travel time matrices, one for each period considered in 
the model.  A feedback approach is implemented to ensure that the most recent travel 
time matrices are always used.  These matrices can be generated by performing auto 
assignments of the most recent auto and truck trip matrices in the a.m., p.m. and OP 
scenarios of the NIRPC1 EMME/2 databank.  The a.m., p.m. and OP travel time matrices 
are stored in mf55, mf56 and mf57, respectively, in the NIRPC2 EMME/2 databank. 

These matrices are used to define the matrix to balance, following the “entropy” approach, 
as well as the third dimension of the three matrix balancing process. 

6.2.1.2 Steps of the Procedure 

The internal trip distribution procedure consists of performing 12 three-dimensional 
balancing operations of a seed matrix.  However, the three-dimensional balancing process 
requires the preparation of some inputs.  The first step is the definition of the matrix to 
balance or seed matrix.  The following equation determines the matrix to balance for every 
O-D pair p-q: 

cpq = e-fupq 

where f is a calibration parameter, estimated at 0.10 in this study, and upq is the impedance 
of the O-D pair.  In practice, only one seed matrix is used for the 12 matrix balancing of 
this procedure since the a.m. auto travel time matrix is always used as the “impedance” 
matrix.  Given the nature of the third dimension constraint – the matrix resulting of the 
balancing process has to respect the number of trips in each travel time interval of the auto 
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travel time matrix of the period of the trips to balance – it was observed that the “seed” 
matrix has very little impact on the final result.  Matrix mf51 is used as the seed for the 
base-year distribution of internal trips. 

Following the construction of the “seed” matrix, a number of steps need to be followed 
when distributing the trips of one set of production/attraction vectors: 

• Preparation of sum scalars:  sum of production (mo) vectors and sum of observed 
person trip matrices; 

• Adjustment of the auto time matrix:  two elements imply the multiplication of the auto 
times by a coefficient; first, the number of classes k for the third dimension totals is 
limited to 99 with EMME/2 and second, the construction of the vector of the third 
dimension totals (values will be read from a batch-in file which is a report of module 
3.16 (plot histogram of matrices)) is such that the travel time interval selected has to be 
converted to one minute; for instance, if the modeler chooses the total travel time 
interval to be of 150 minutes, the matrix has to be adjusted by dividing its values by 1.5; 
the 99 “one-minute” travel time intervals applied in the procedure will, in fact, 
correspond to 1.5-minute intervals; 

• Computation of index matrix:  this matrix characterizes all the O-D pairs of the auto 
travel time matrix according to their travel time interval; it is based on the values of the 
“adjusted” auto time matrices of the period that correspond to the 
production/attraction to distribute; this matrix is computed following the equation:  
(int(mf “time”)+1).min.99) where mf “time” is the auto travel time matrix used; one 
index matrix is computed for each period: 

- mf58 is the index matrix based on mf55, the a.m. auto time matrix; 

- mf59 is the index matrix based on mf56, the p.m. auto time matrix; 

- mf60 is the index matrix based on mf57, the OP auto time matrix; 

• Computation of interval totals of the third dimension; this step is performed by 
outputting the time intervals in a batch-out file (with module 3.16) and reading these 
time intervals in user node attribute ui2 in module 2.41 (network calculator); the 
histogram stored in a file is that of the relevant auto travel times matrix weighted by 
the relevant matrix of NIRPC observed trips; 

• Adjustment of the interval totals of the third dimension to reflect the trip ends to 
balance; the totals stored in ui2 are multiplied by the ratio of the scalar of the sum of 
production vectors to the scalar of the corresponding observed person trip matrix; 

• Readjustment of the auto time matrix:  once the index matrix and the interval totals of 
the third dimension have been constructed, the auto time matrix values are readjusted 
to their initial values (the travel times are multiplied by the coefficient that was used to 
divide them in the “adjustment” step); 

• Three-dimensional matrix balancing; every three-dimensional balancing operation is 
performed with the “seed” matrix, the appropriate productions/attractions vector set 
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and the corresponding totals for the third dimension; results are stored in matrices 
mf19-mf30; a substep of the matrix balancing is the storage of the third dimension 
multipliers in a batch-out file; and 

• Results are transferred from matrices mf19-m30 to matrices mf1-mf12. 

Since the results of the whole demand model lead to the production of new, more refined 
auto travel time matrices, this process could be considered as iterative.  During model 
development and calibration, the three auto times matrices obtained from the auto 
assignment were reinjected into the trip distribution process.  Once calibration was 
completed these matrices were stored externally from EMME/2 and the feedback 
procedure was revised to read these external files, enabling replication of results from the 
model. 

6.2.1.3 Outputs of the Procedure 

The internal trip distribution process generates two types of output: 

1. The 12 internal person trip matrices, one for each period-purpose combination; and 

2. The 12 multiplier vectors of the third dimension of the balancing procedure, one for 
each period-purpose combination, stored in 12 batch-out files; these multiplier vectors 
are necessary for the application of the gravity approach of trip distribution of the 
production/attraction vectors for future-year scenarios. 

6.2.2 Internal-External Trips 

The trip distribution process for the internal-external trips is rather cumbersome due to 
the nature of the available data.  The trips considered as internal-external are: 

• The Indiana<->Illinois trips; 

• The external trips, trips that have both their origin and their destination in Illinois; and 

• The internal <-> external trips according to the old definition of internal and external 
trips. 

The trips between one zone of the Chicago Central Business District or the NIRPC 
territory are not considered in this definition of “internal-external” trips as they are taken 
from another source and used as the input to a distinct mode choice model.  The trip 
distribution process for Indiana – Chicago CBD trips is discussed in Section 6.2.3. 
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6.2.2.1 Inputs of the Procedure 

Two different data sources are used to generate the “internal-external” trips: 

• The 1995 person trip matrices of the original NIRPC model: 

- The 1995 person Home Based Work (HBW) trips matrix (mf91 in NIRPC2 EMME/2 
databank); 

- The 1995 person Home Based Shop (HBS) trips matrix (mf92 in NIRPC2 EMME/2 
databank); 

- The 1995 person Home Based Other (HBO) trips matrix (mf93 in NIRPC2 EMME/2 
databank); 

- The 1995 person Non Home Based (NHB) trips matrix (mf94 in NIRPC2 EMME/2 
databank); 

- The 1995 person Internal-External (IE) trips matrix (mf95 in NIRPC2 EMME/2 
databank); and 

- The 1995 person External-Internal (EI) trips matrix (mf96 in NIRPC2 EMME/2 
databank); 

• The 1996 auto-person trip matrices of the CATS Chicago model: 

- The 1996 auto person HBW trips matrix (mf61 in NIRPC2 EMME/2 databank); 

- The 1996 auto person HBO trips matrix (mf62 in NIRPC2 EMME/2 databank); and 

- The 1996 auto person NHB trips matrix (mf63 in NIRPC2 EMME/2 databank). 

Before importing the CATS matrices into the NIRPC transportation model, it was 
necessary to define a dictionary of correspondence between the Illinois zones of the 
NIRPC model and those of the CATS model.  This dictionary, defined as an ensemble in 
EMME/2, was used to transfer the CATS matrices into the NIRPC model format. 

The trips that have both their origin and their destination in the NIRPC territory (internal 
trips) have been extracted from the mf91-mf96 matrices. 

The NIRPC mf91-mf94 matrices contain person trips between the NIRPC territory and the 
Illinois zones (Chicago CBD and the rest of Illinois) as well as trips within Illinois. 

The NIRPC IE matrix (mf95) contains person trips from the NIRPC territory, the Chicago 
CBD zones and the other Illinois zones to the Indiana zones that exclude the NIRPC 
territory, the Michigan zones, and the Illinois zones considered as externals in the 
previous NIRPC model.  The EI trip matrix (mf96) is the transpose of the IE matrix.  The 
main difference between the “purpose” matrices (mf91-mf94) and the IE and EI matrices, is 
the fact that the mf91-mf94 matrices do not have trips from the Indiana zones that exclude 
the NIRPC territory and Michigan; these zones were the external zones of the previous 
NIRPC transport model.  In the new definition of the NIRPC transportation model, the 
Illinois zones are also handled as external zones.  In this document, we will refer to the 
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internal zones of the IE and EI matrices as “old internal” zones and the external zones of 
the IE and the EI as the “old external” zones. 

These internal-external trips were not handled by extraction of the auto trips from person 
trips through a mode choice model.  The auto person trips (CATS model) and person trips 
(NIRPC model) matrices are used to generate auto trips for these zones.  This conversion 
process is based on coefficients that were estimated to account for the mode choice and the 
average occupancy rate of vehicles. 

6.2.2.2 Steps of the Procedure 

The steps of this procedure are: 

1. The estimation of the period factors of the old internal-old external trips; 

2. The estimation of the peak period internal-external auto trip ends; and 

3. The trip distribution of the internal-external and old internal-old external auto trip ends. 

A.  Estimation of Period Factors of Old Internal-Old External Trips 

The first step is the estimation of period factors of the old internal-old external trips based 
on the available data.  As opposed to the period factors of the other internal-external trips, 
these trips are not characterized by their purpose and, therefore, their period factors have 
to be estimated in other ways. 

For these trips, period factors are estimated by summing up all internal-internal and 
internal-external person trips for all three periods.  In this case, the internal-internal trips 
totals are contained in the mo1-mo12 and md1-md12 trip end matrices and the internal-
external trips totals are contained in matrices mf91-mf94 only.  The period factors used to 
estimate the 12 pairs of period trip ends from the mf91-mf94 matrices are the same as those 
previously used to generate mo1-mo12 and md1-md12 vectors. 

Four sets of total trips are defined as follows: 

• mo43/md43 is the sum of a.m. trips; 

• mo44/md44 is the sum of p.m. trips; 

• mo45/md45 is the sum of OP trips; and 

• mo46/md46 is the sum of daily trips. 

For each period (a.m., p.m. and OP), the period factor of the trip ends will be the ratio of 
the total number of trips for the period to the total number of daily trips. 

These period factors will be applied only to the old internal trip ends of the old internal-
old external trip matrices.  Other period factors will be applied to the old external trip 
ends. 
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In the NIRPC transportation model implemented in EMME/2, the estimation of period 
factors of old internal-old external trips is performed by the pie.mac macro. 

B.  Estimation of Peak Period Internal-External Auto Trip Ends 

The procedure developed to generate peak period internal-external auto trip ends is 
relatively cumbersome, mainly due to the nature of the data available.  The internal-
external trip ends were generated using many coefficients accounting for the mode choice 
and the average occupancy rates of vehicles and using the period factors developed for 
the internal-internal trips.  This lack of data necessitated the readjustment of these 
coefficients when the result of the whole process – the auto volumes assigned on the 
network – were compared to traffic counts.  This was part of the calibration effort of the 
model and will be described in further detail below. 

i.  Production of Auto Trip Matrices 

The first step in the estimation of peak period internal-external trip ends is converting the 
existing NIRPC person trip matrices (m91-mf96) and CATS auto person trips matrices 
(mf61-mf63) into auto trip matrices. 

This step requires two ensembles (sets of zone groups) that were defined in the NIRPC2 
EMME/2 databank: 

• The gc ensemble, in which: 

- gc01 groups the NIRPC internal zones (zones 1-293); 

- gc02 groups the other Indiana zones and Michigan zones (zones 351-371, previously 
external zones); 

- gc03 groups the Chicago CBD zones (zones 401-424); and 

- gc04 groups the other Illinois zones (zones 425-471). 

• The gd ensemble, in which: 

- gd01 groups the Indiana zones (zones 1-371); 

- gd02 groups the Chicago CBD zones (zones 401-424); and 

- gd03 groups the other Illinois zones (zones 425-471). 

The HBW, HBS, HBO and NHB person trips were handled differently than the old 
internal-old external trips.  For these trips, the NIRPC matrices were used to generate trips 
between zones of the NIRPC territory and the zones of Illinois (other than the Chicago 
CBD zones); the trip matrices of the Chicago Area Study (CATS) were used to generate the 
trips within Illinois. 

In this step, the trips in NIRPC matrices (mf91-mf94) were divided by an occupancy rate 
and a factor accounting for mode choice while the trips in CATS matrices (mf61-mf63) 
were only divided by an occupancy rate, since they already constitute auto person trips. 
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It was found necessary to divide the matrices mf91-mf94 by a mode choice factor before 
applying the auto occupancy rate, since these matrices contain person-trips.  The mode 
choice factor for these trips is 2.75, which, after considerable testing, was found to produce 
internal-external assigned traffic flows that have good correspondence with available auto 
counts. 

Table 6.3 presents the occupancy rates estimated when converting the HBW, HBS, HBO 
and NHB auto person trips into auto vehicle trips.  These estimations are based on the 
time period trip table factors and the time period auto occupancy rates generated by 
CATS for their Chicago Area model, for the eight periods of the day defined in that model. 

Table 6.3 Auto Occupancy Rates 

Purpose Estimated Occupancy Rate 

HBW – destination Chicago CBD 1.19 
HBW – destination other than Chicago CBD 1.09 
HBS 1.29 
HBO 1.29 
NHB 1.18 

 

For the O-D pairs within Illinois, the CATS HBO person trips are converted both as HBS 
and HBO trips in the model.  The split of the CATS HBO person trips was performed 
according to the values in Table 6.4, based on the actual distribution of HBS and HBO 
person trips. 

Table 6.4 Auto Occupancy Rates 

Origin Zones Destination Zones HBS Share HBO Share 

Chicago CBD Chicago CBD 0.442 0.558 
Rest of Illinois Rest of Illinois 0.319 0.681 
Chicago CBD Rest of Illinois 0.206 0.794 
Rest of Illinois Chicago CBD 0.416 0.584 

 

Due to the lack of available information, the old internal-old external person trips in 
matrices mf95 and mf96 were divided by factors to account for both, the mode choice and 
the average occupancy rate of vehicles.  Two factors were applied, one for the trips of the 
O-D pairs within each zone group of ensemble gc and one for the trips of O-D pairs where 
the origin and the destination are in different zone groups of ensemble gc.  Therefore, all 
trips that are made within the three-county NIRPC area, the rest of Indiana, the Chicago 
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CBD and the rest of Illinois are divided by 4.50, and all trips between two of these four 
groups of zones are divided by 1.50, assuming that more local trips are realized other than 
by car.  These values were found to generate assigned traffic flows that have good 
correspondence with available auto counts. 

Following this process, some six daily auto trip matrices are produced: 

• mf31, the 1995 HBW auto trips matrix, constructed from mf91 and mf61; 

• mf32, the 1995 HBS auto trips matrix, constructed from mf92 and mf62; 

• mf33, the 1995 HBO auto trips matrix, constructed from mf93 and mf62; 

• mf34, the 1995 NHB auto trips matrix, constructed from mf94 and mf63; 

• mf87, the 1995 IE auto trips matrix, constructed from mf95; and 

• mf88, the 1995 EI auto trips matrix, constructed from mf96. 

The macro cadjie.mac handles the estimation of internal-external auto trip matrices for the 
base year in the procedure. 

ii.  Production of Auto Trip Ends for the Three Periods 

The methodology for generating auto trip ends by period is different for the internal-
external trips than for the old internal-old external trips.  This is described below. 

Internal-External Trip Ends 
The period factors estimated for the generation of the productions/attractions vectors of 
the internal trips are also used as period factors of the productions/attractions vectors 
generated from the mf91-mf94 matrices and from the CATS matrices.  This can be done 
since in both cases these matrices characterize trips by their purpose (HBW, HBO, HBS 
and NHB).  Table 6.5 recalls these period factors. 

Table 6.5 Internal-External Period Factors 

 A.M. P.M. OP 
Purpose Productions Attractions Productions Attractions Productions Attractions 

HBW 0.3830 0.0115 0.0296 0.2061 0.1668 0.2030 
HBS 0.0430 0.0114 0.0895 0.1666 0.2916 0.3978 
HBO 0.1356 0.0268 0.0975 0.1399 0.2561 0.3440 
NHB 0.0756 0.0756 0.2613 0.2613 0.6631 0.6631 

 

The first action of this step is the definition of the four pairs of daily trip ends (origins and 
destinations).  These pairs of trip ends are mo81/md81, mo82/md82, mo83/md83 and 
mo84/md84.  Then, using the period factors developed for the internal-internal trips, these 
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trips are subdivided into the three periods, creating 12 pairs of period trip end vectors, 
one for each combination of period and purpose.  These period trip end vectors are 
presented in Table 6.6. 

Table 6.6 Internal-External Period Trip Ends 

Vectors Description Number of Trips 

mo31/md31 1996 a.m. Peak Period internal-external HBW trip ends 1,807,828 
mo32/md32 1996 a.m. Peak Period internal-external HBS trip ends 97,707 
mo33/md33 1996 a.m. Peak Period internal-external HBO trip ends 616,009 
mo34/md34 1996 a.m. Peak Period internal-external NHB trip ends  282,273 
mo35/md35 1996 p.m. Peak Period internal-external HBW trip ends  1,080,114 
mo36/md36 1996 p.m. Peak Period internal-external HBS trip ends  459,978 
mo37/md37 1996 p.m. Peak Period internal-external HBO trip ends  900,496 
mo38/md38 1996 p.m. Peak Period internal-external NHB trip ends  975,632 
mo39/md39 1996 Off-peak Period internal-external HBW trip ends 1,694,638 
mo40/md40 1996 Off-peak Period internal-external HBS trip ends 1,238,223 
mo41/md41 1996 Off-peak Period internal-external HBO trip ends 2,276,275 
mo42/md42 1996 Off-peak Period internal-external NHB trip ends 2,475,858 

 

Old Internal-Old External Trip Ends 
The creation of the old internal-old external trip ends involves creating one set for the old 
internal-old external trips and one for the old external-old internal trips.  These pairs of 
trip ends are mo87/md87 and mo88/md88.  These trip ends are then converted into period 
trip ends, with the objective of generating three sets of trip ends for these old internal-old 
external trips (one for each period of the model). 

As the mf95-mf96 matrices describe trips in the productions and attraction formats, (and 
consequently so do the mf87-mf88 matrices) both mo87/md87 and mo88/md88 are used to 
generate period trip ends. 

Two sets of period factors are used to subdivide the mo87/md87 and mo88/md88 trip ends: 

1. One set of period factors is applied to the old internal trip ends (mo87 and md88); these 
are the period factors estimated at the first step of the internal-external trip 
distribution procedure (based on the internal-internal and internal-external total 
person trips for each period); vector mo87 is successively multiplied by the mo43/mo46, 
mo44/mo46 and mo45/mo46 ratios to generate period trip ends (stored respectively in 
mo61, mo62 and mo63) and vector mo88 is successively multiplied by the md43/md46, 
md44/md46 and md45/md46 ratios (stored respectively in md61, md62 and md63); and 

2. One set of period factors is applied to the old external trip ends (md87 and mo88); these 
period factors are 0.166, 0.198 and 0.636 for the a.m., p.m. and OP periods, respectively; 
the daily trip ends of md87 and mo88 are successively multiplied by these period factors. 
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The origin and destination trip ends by period computed as described above are 
combined and lead to the definition three pairs of trip ends, mo71-md71, mo72-md72 and 
mo73-md73, one for each period of the model.  A last operation is the adjustment of these 
three pairs of vectors to ensure that the sum of each origin trip ends is equal to the sum of 
the corresponding destination trip end.  The three pairs of period trip ends constructed are 
presented in Table 6.7. 

Table 6.7 Old Internal-Old External Period Trip Ends 

 
Vectors 

 
Description 

Attractions 
md 

mo71/md71 1996 a.m. Peak Period old internal-old external HBW trip ends 62,644 
mo72/md72 1996 p.m. Peak Period old internal-old external HBS trip ends 78,604 
mo73/md73 1996 Off-Peak Period old internal-old external HBO trip ends 202,970 

 

Creation of Origin/Destination Matrices to Balance 
The last task in this step of the procedure is the definition of the matrices to balance in the 
trip distribution step that follows. 

Four matrices are created: 

1. A matrix to balance for the distribution of the three pairs of HBW trip ends; this matrix 
is obtained by adding mf31 (HBW auto trips) to its transpose and by dividing the 
result by two; the result is stored in mf31; 

2. A matrix to balance for the distribution of the three pairs of HBS trip ends; this matrix 
is obtained by adding mf32 (HBS auto trips) to its transpose and by dividing the result 
by two; the result is stored in mf32; 

3. A matrix to balance for the distribution of the three pairs of HBO trip ends; this matrix 
is obtained by adding mf33 (HBO auto trips) to its transpose and by dividing the result 
by two; the result is stored in mf33; and 

4. The matrix to balance in the distribution of the three pairs of old internal-old external 
and old external-old internal trip ends; this matrix is defined in mf90 and is the result 
of the sum of mf87 and mf88. 

The NHB auto trip matrix (mf34) describes all NHB trips according to their direction.  
Therefore, there is no need to transpose this matrix before using it as the matrix to balance 
in the process of distributing NHB trip ends. 

The cadjie.mac macro also handles the estimation of peak period internal-external auto 
trip ends and the preparation of the matrices to balance in this process. 
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iii.  Trip Distribution of Internal-External and Old Internal-Old External Auto Trip Ends 

The trip distribution process involves 15 different two-dimensional balancing of matrices, 
12 for the distribution of the internal-external trip ends, for each combination of period 
and purpose, and three for trip distribution of the old internal-old external trip ends.  The 
elements involved (inputs and outputs) in each one are presented in Table 6.8. 

Table 6.8 Inputs and Outputs of the Two-Dimensional Balancing for the 
Distribution of the Internal-External and Old Internal-Old External 
Trip Ends 

 
Period 

 
Purpose 

Matrix to 
Balance 

Origin Trip 
Ends 

Destination 
Trip Ends 

Balanced Auto 
Trip Matrix 

Internal-External Trips 
a.m. HBW mf31 mo31 md31 mf71 
a.m. HBS mf32 mo32 md32 mf72 
a.m. HBO mf33 mo33 md33 mf73 
a.m. NHB mf34 mo34 md34 mf74 
p.m. HBW mf31 mo35 md35 mf75 
p.m. HBS mf32 mo36 md36 mf76 
p.m. HBO mf33 mo37 md37 mf77 
p.m. NHB mf34 mo38 md38 mf78 
OP HBW mf31 mo39 md39 mf79 
OP HBS mf32 mo40 md40 mf80 
OP HBO mf33 mo41 md41 mf81 
OP NHB mf34 mo42 md42 mf82 

Old Internal-Old External Trips 
a.m. all mf90 mo71 md71 mf84 
p.m. all mf90 mo72 md72 mf85 
OP all mf90 mo73 md73 mf86 

 

This process produces 15 auto vehicle trip matrices – five for each period.  These matrices 
are involved in the auto assignment procedure. 

This step is performed by macro tdmie.mac of the trip distribution procedure. 

6.2.2.3 Outputs of the Procedure 

The outputs of the trip estimation/distribution of internal/external trips are 15 auto trip 
matrices: 

• 4 a.m. auto trip matrices for each purpose (HBW, HBS, HBO and NHB); 

• 4 p.m. auto trip matrices for each purpose (HBW, HBS, HBO and NHB); 
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• 4 OP auto trip matrices for each purpose (HBW, HBS, HBO and NHB); 

• 1 a.m. auto trip matrices of the old internal-old external and old external-old internal trips; 

• 1 p.m. auto trip matrices of the old internal-old external and old external-old internal trips; 
and 

• 1 OP auto trip matrices of the old internal-old external and old external-old internal trips. 

6.2.3 Internal – Chicago CBD Trips 

The trip table for trips between the NIRPC territory and the Chicago Central Business 
District were developed from the 1995 NIRPC Household Survey using expansion factors 
included in the survey dataset.  Trip records from the household survey were aggregated 
by production & attraction zone to determine daily person-trip tables by purpose for trips 
between the NIRPC area and the Chicago CBD. 

Indiana – Chicago CBD trips have been aggregated into three trip purposes.  These are 
home-based work (HBW), home-based other (HBO), and non-home-based (NHB) trips. 

The total daily Indiana – Chicago CBD person-trips by purpose in the base-year model are: 

Purpose Daily Trips 

HBW 14,928 
HBO 6,843 
NHB 5,358 
Total 27,129 

 

The disaggregation of daily Indiana – Chicago CBD production – attraction trip tables into 
time of day origin-destination trip tables is described in Section 7.0. 

 6.3 Future Year (2020) 

The procedure developed for the future year is strongly related with the base-year 
procedure.  The internal trips of year 2020 are distributed using some results computed 
with the base-year trip distribution procedure. 

The distribution process applied on the internal-external trips is also the same, but the 
extraction of the auto trips from the available data now implies some growth factoring of 
the base-year data.  This growth factoring of internal-external trips represents the main 
effort of the adaptation of the trip estimation-trip distribution process of the internal-
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external trips for the future year.  This process has been automated although not to the 
same level as the other elements of the four-step demand model developed in this project. 

The grown origin and destination vectors are then used to generate estimated 2020 person 
trip matrices based on the mf91-mf96 NIRPC 1995 person trip matrices, already used in 
the trip distribution process of the internal-external trips for the base year. 

6.3.1 Internal Trips 

The distribution of the 2020 production/attraction vectors is performed using a two-
dimensional matrix balancing technique.  A gravity approach is implemented (see INRO’s 
User Manual) where the deterrence function uses the third dimension multipliers of the 
third dimension balancing process carried out for the base year. 

As in the base year, 12 different matrix balancing operations are performed, one for each 
period-purpose combination. 

6.3.1.1 Inputs of the Procedure 

The inputs of this procedure are: 

• The 12 production/attraction internal person trip ends; 

• The 12 files containing the third dimension multipliers of the base-year balancing 
process; and 

• Three auto travel time (one for each period). 

A.  Attraction/Production Vectors 

The 12 production/attraction internal person trip ends for the year 2020 actually overwrite 
those of the base year if the procedure is executed from the NIRPC2 databank as they bear 
the same names mo1/md1..mo12/md12 as for the base year.  The production/attraction 
internal person trip vectors issued by the trip generation process are presented in Table 6.9. 

B.  Third-Dimension Multipliers 

For each of the 12 two-dimensional balancing operations performed, the third dimension 
multipliers obtained from the corresponding (same period-purpose combination) balancing 
performed for the base year are used as part of the deterrence function of the matrix to be 
balanced.  The deterrence function and its justification are explained elsewhere in this 
document.  To summarize, the third dimension multipliers are directly input into the 
matrices to be balanced instead of being computed through a three-dimensional balancing.  
The third dimension is, therefore, present but implicit in the balancing process. 

The 12 vectors of third dimension multipliers lay in files bal1.rep, bal2.rep, ..,bal12.rep.  In 
the trip distribution process, they are read into user node attribute ui3. 
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Table 6.9 Description of the Production/Attraction Vectors (Internal Trips) for 
Year 2020 

 
Vectors 

 
Description 

Productions 
mo 

Attractions 
md 

mo01/md01:  W20am 2020 a.m. Peak Period internal-internal 
HBW trip ends 

207,588 207,584 

mo02/md02:  S20am 2020 a.m. Peak Period internal-internal HBS 
trip ends 

17,058 17,051 

mo03/md03:  O20am 2020 a.m. Peak Period internal-internal 
HBO trip ends 

195,374 195,377 

mo04/md04:  N20am 2020 a.m. Peak Period internal-internal 
NHB trip ends  

61,828 61,828 

mo05/md05:  W20pm 2020 p.m. Peak Period internal-internal 
HBW trip ends  

124,029 124,023 

mo06/md06:  S20pm 2020 p.m. Peak Period internal-internal HBS 
trip ends  

80,311 80,311 

mo07/md07:  O20pm 2020 p.m. Peak Period internal-internal 
HBO trip ends  

285,608 285,603 

mo08/md08:  N20pm 2020 p.m. Peak Period internal-internal 
NHB trip ends  

213,673 213,673 

mo09/md09:  W20op 2020 Off-peak Period internal-internal HBW 
trip ends 

194,589 194,589 

mo10/md10:  S20op 2020 Off-peak Period internal-internal HBS 
trip ends 

216,202 216,195 

mo11/md11:  O20op 2020 Off-peak Period internal-internal HBO 
trip ends 

721,948 721,953 

mo12/md12:  N20op 2020 Off-peak Period internal-internal NHB 
trip ends 

542,219 542,219 

 

C.  Auto Travel Time Matrices 

As for the base year, the procedure requires three auto travel times matrices, resulting 
from the most recent auto assignment computed for each period.  These are usually those 
resulting of the most recent auto assignments computed.  In the case of year 2020 it is 
suggested that the most recent auto travel times for the base year be used for the initial 
2020 assignments. 

The a.m., p.m. and OP auto travel time matrices for year 2020 are stored in mf64, mf65 and 
mf66, respectively, in the NIRPC2 EMME/2 databank. 

These matrices are used to define the matrix to be balanced, following the entropy 
approach, as well as the index matrix of the third dimension:  the travel time interval. 
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6.3.1.2 Steps of the Procedure 

Due to the nature of the trip distribution for the future year, a seed matrix is computed 
before each two-dimensional balancing operation.  As opposed to the three-dimensional 
balancing process, this step is integrated within the whole procedure.  The following steps 
outline the distribution process for one set of production /attraction vectors: 

• Adjustment of the auto time matrix:  division of the auto travel time matrix by a 
coefficient that reflects the total travel time interval considered by the model; 

• Computation of the third dimension index matrix based on the equation:  
(int(mf“time”)+1).min.99) where mf “time” is the auto travel time matrix used; one 
index matrix is computed for each period: 

- mf67 is the index matrix based on mf64, the a.m. auto time matrix; 

- mf68 is the index matrix based on mf65, the p.m. auto time matrix; 

- mf69 is the index matrix based on mf66, the OP auto time matrix; 

• Readjustment of the auto time matrix:  once the index matrix and the interval totals of 
the third dimension have been constructed, the auto time matrix values are readjusted 
to their initial values (the travel times are multiplied by the coefficient that was used to 
divide them in the “adjustment” step); 

• Storage of the third dimension multipliers (from the appropriate bal%x%.rep file where 
%x%=1..12) in user node attribute ui3; 

• Creation of the third dimension multipliers:  the third dimension multiplier value 
which corresponds to the travel time interval of the O-D pair is allocated to each cell in 
the matrix; this is performed using the third dimension index matrix; 

• Definition of the matrix to be balanced or seed matrix following the equation: 

cpq = gkpqefupq 

where f is a calibration parameter, estimated at 0.10 in this study, gkpq is the third 
dimension balancing coefficient associated with travel interval k and upq is the auto 
travel time of the O-D pair.  In this equation, the third dimension balancing coefficients 
are interpreted as the “deterrence” associated with travel interval k.  For each 
balancing, either the a.m., p.m. or OP auto travel time matrix is used to define the 
matrix to balance, according to the period of the production/attraction trip ends to 
balance.  Matrix mf52 is used as the seed for the base-year distribution of internal trips; 
and 

• Two-dimensional matrix balancing; every two-dimensional balancing operation is 
performed with the seed matrix and the appropriate productions/attractions vector; 
the results are stored in matrices mf1-mf12. 
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As is the case in the base-year demand model, this process is optimized when applied 
iteratively.  Since there are no future year “observed” data and the initial auto travel time 
matrices reflect base-year travel times, the iterative process becomes more significant. 

6.3.1.3 Outputs of the Procedure 

The internal trip distribution process for year 2020 generates 12 internal person trip 
matrices, one for each period-purpose combination. 

6.3.2 Internal-External Trips 

This procedure is practically the same as for the base-year internal-external trips, but for 
the fact that it uses different person trips.  For this reason, a trip distribution step that uses 
growth vectors is added to generate the equivalent of the 1995 NIRPC person trip matrices 
for year 2020. 

6.3.2.1 Inputs of the Procedure 

Two different data sources are used to generate the internal-external trips: 

• The 1995 person trip matrices of the NIRPC model: 

- The 1995 person Home Based Work (HBW) trips matrix (mf91 in NIRPC2 EMME/2 
databank); 

- The 1995 person Home Based Shop (HBS) trips matrix (mf92 in NIRPC2 EMME/2 
databank); 

- The 1995 person Home Based Other (HBO) trips matrix (mf93 in NIRPC2 EMME/2 
databank); 

- The 1995 person Non Home Based (NHB) trips matrix (mf94 in NIRPC2 EMME/2 
databank); 

- The 1995 person Internal-External (IE) trips matrix (mf95 in NIRPC2 EMME/2 
databank); 

- The 1995 person External-Internal (EI) trips matrix (mf96 in NIRPC2 EMME/2 
databank); 
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• The 2020 auto-person trip matrices of the CATS Chicago model: 

- The 2020 auto person Home Based Work (HBW) trips matrix (mf53 in NIRPC2 
EMME/2 databank); 

- The 2020 auto person Home Based Other (HBO) trips matrix (mf54 in NIRPC2 
EMME/2 databank); and 

- The 2020 auto person Non Home Based (NHB) trips matrix (mf83 n NIRPC2 
EMME/2 databank). 

6.3.2.2 Steps of the Procedure 

A.  Growth Factors for Year 2020 

As there is no equivalent to the 1995 NIRPC person trips matrices (mf91-mf96 in the 
NIRPC2 databank) for year 2020, it was necessary to artificially create such matrices from 
the available data, in order to reproduce the methodology developed for the production of 
internal-external auto trips for the base year.  Some 2020 NIRPC matrices could be 
estimated by applying growth origin and growth destination vectors on the 1995 NIRPC 
matrices. 

Growth factors for year 2020 are estimated using the 2020 productions and attractions 
person trip vectors defined for the internal trips and the CATS 2020 auto person trips 
matrices.  These have been compared to the 1995 productions and attractions person trip 
vectors for the internal (NIRPC) trips and the CATS 1996 auto person trips matrices. 

Thus, for one group of zones, those within the NIRPC territory, 1995 person trips were 
compared to 2020 expected person trips while for other groups of zones, other Indiana 
zones, for example, the 1996 auto person trips were compared to the 2020 expected auto 
person trips. 

i.  Construction of Growth Vectors 

The process of constructing vectors uses different sources of data to estimate the growth 
percentage for each zone in the model as a trip producer and as a trip attractor.  Four 
groups of zones were handled distinctively: 

• The internal (NIRPC) zones; 

• The other Indiana zones; 

• The Chicago CBD zones; and 

• The other Illinois zones. 

Different sources of information (which are discussed below) were used for each of these 
four groups of zones.  Given the nature of the internal-external trip estimation/trip 
distribution procedure, five pairs of growth vectors were defined, as described in 
Table 6.10. 
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Table 6.10 Description of Origin and Destination Growth Vectors 

Description Origin Vector Destination Vector 

HBW trips mo51 md51 
HBS trips mo52 md52 
HBO trips mo53 md53 
NHB trips mo54 md54 
IE-EI trips mo55 md55 

 

It should be noted that growth vectors were also defined for the internal-Chicago CBD 
trips following a very similar approach.  However, given the nature of the mode choice 
models applied on those trips, the HBS and HBO trips were combined into one purpose to 
generate more general HBO growth vectors.  In that case growth vectors were defined by 
period since the internal-Chicago CBD trips are generated by period like the internal trips.  
However the matrices obtained from that particular application constitute an input of the 
2020 mode choice macros. 

Internal Trip Ends 
The origin growth vectors for the 293 NIRPC internal zones are established by dividing 
the 2020 expected internal trip productions by the 1995 internal trip productions.  
Likewise, the destination vectors for these zones are defined by division of the 2020 
expected internal trip attractions by the 1995 trip attractions. 

The approach followed was found to be too much disaggregated.  It would have been 
preferable to use super-zones within the NIRPC group of zones but such definition of the 
NIRPC zones was not available.  This would have lead to the definition of more reliable 
growth factors, as they would rely on the comparison of higher trip numbers.  However, 
the factors obtained are much more precise than if total trips would have been compared 
to generate only one pair of growth factors by purpose for all the NIRPC internal zones. 

The actual comparison of 1995 and 2020 person trips for each zone lead to some 
aberrations, that have been corrected: 

• When both the 1995 person trips and the 2020 trips are equal to zero for one zone, a 
growth value of 1.0 is associated with that zone; 

• When there are no person trips for one zone in 1995 but a positive number of expected 
person trips for 2020, a growth value of 1.5 is associated with that zone; and 

• The maximum growth value is set at 2.0 for all zones; although a higher growth value 
is very possible, the actual comparisons between the 1995 and 2020 person trips 
productions and attractions lead to a very high number of these zones, due to the very 
low number of person trips generated in several zones; this rule was defined to avoid 
unrealistic growth factors. 
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Some statistics on the origin and destination growth values computed on the Indiana 
internal zones are presented in Table 6.11.  For each combination of origin and destination 
growth values, it presents the average growth, the number of growth factors below 1.0 
and the number of growth factors above 1.0. 

Table 6.11 Description of Growth Coefficients in the Indiana Internal Zones 

  Origin Growth Destination Growth 
Vectors Description Avg. #<1.0 #>1.0 Avg. #<1.0 #>1.0 

mo51/md51 HBW growth rates of person trips 1.15 108 142 1.20 126 150 
mo52/md52 HBS growth rates of person trips 1.15 109 140 1.11 121 105 
mo53/md53 HBO growth rates of person trips 1.12 122 126 1.15 141 148 
mo54/md54 NHB growth rates of person trips 1.17 135 154 1.17 135 154 
mo55/md55 IE-EI growth rates of person trips 1.15 137 152 1.17 133 160 

 

Table 6.11 shows that the average internal growth is positive (growth rates above 1.0) but 
also that the number of zones with negative growth is significant and almost as important 
as the number of zones with positive growth. 

Other Indiana Trip Ends 
There is very little information on other Indiana trip ends.  These trips are basically 
considered as external trips in the CATS model as well as in the former zone definition of 
the NIRPC model.  It is very difficult to interpret anything from the CATS data or the 1995 
and 2020 person trips produced/attracted by the NIRPC internal zone to estimate growth 
factors for these zones. 

However, following the assumption that the growth of these trips will be the same as for 
the NIRPC internal zones, the best option appeared to be to divide the total number of 
trips of the 12 2020 internal productions vectors by the total number of trips of the 12 1995 
internal productions vectors.  The result of this division is 1.08.  This growth factor was 
applied to all the “other” Indiana and Michigan zones. 

Chicago CBD Trip Ends 
Production and attraction growth factors for the Chicago CBD zones were extrapolated, 
by purpose, from the CATS 1996 and 2020 auto person trip matrices.  These aggregated 
growth factors are presented in Table 6.12.  Since the CATS matrices do not distinguish 
HBS and HBO trips, the aggregated growth factors computed from the HBO CATS auto 
trip matrices are applied to both HBS and HBO NIRPC person trips.  Also, growth rates 
computed for HBW trips are also applied to IE-EI trips. 
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Table 6.12 Description of Growth Coefficients in the Chicago CBD Zones 

Description Avg. Origin Growth Avg. Destination Growth 

HBW growth rates of auto person trips 1.42 1.01 
HBS growth rates of auto person trips 1.34 0.97 
HBO growth rates of auto person trips 1.34 0.97 
NHB growth rates of auto person trips 1.10 1.09 
IE-EI growth rates of auto person trips 1.42 1.01 

 

Other Illinois Trip Ends 
The growth factors for the Illinois trip ends were based on the CATS 1996 and 2020 auto 
trip matrices as well.  As with the Chicago CBD zones, these growth factors are based on 
the ratios of the sum of CATS 2020 auto trips over the sum of CATS 1996 auto trips, for 
each purpose.  The results of these operations are presented in Table 6.13. 

Table 6.13 Description of Growth Coefficients in the Illinois Zones 

Nature of Trips Avg. Origin Growth Avg. Destination Growth 

HBW growth rates of auto person trips 1.31 1.34 
HBS growth rates of auto person trips 1.20 1.21 
HBO growth rates of auto person trips 1.20 1.21 
NHB growth rates of auto person trips 1.29 1.29 
IE-EI growth rates of auto person trips 1.31 1.34 

 

ii.  Estimation of 2020 NIRPC Person Trips Matrices Based on Growth Vectors 

As the trip estimation/trip distribution process of the internal-external trips developed for 
the base-year trips is reproduced for year 2020, six 2020 NIRPC person trips that 
correspond to the six 1995 NIRPC person trips are defined. 

The 2020 NIRPC person trips are generated following the application of a two-
dimensional balancing procedure.  The inputs of this procedure are the five pairs of growth 
vectors described in Table 6.10 and the 1995 NIRPC person trip matrices (mf91-mf96 in 
NIRPC2 EMME/2 databank). 

The origin and destination vectors used in each of these two-dimensional balancing 
procedures are created by multiplying: 

Cambridge Systematics, Inc. 6-23 



 

NIRPC Transportation Model Documentation 

• The productions of the appropriate 1995 NIRPC person trips matrix by the corresponding 
origin growth vector; and 

• The attractions of the appropriate 1995 NIRPC person trips matrix by the corresponding 
the destination growth vector. 

When generating the 2020 NIRPC matrix by two-dimensional balancing, the corresponding 
1995 NIRPC matrix is used as the matrix to be balanced. 

The five pairs of growth vectors constructed are not symmetric.  Therefore, the trip ends 
of the vectors to be balanced do not have the same number of trips.  These trip ends are 
normalized to ensure that the trip distribution process behaves correctly and generates a 
pre-determined number of trips.  In this application, the trip end values are normalized 
such that the total origins and total destinations are equal to the average of both these trip 
end vectors before normalization.  For example, if 12 trips produced and 10 trips attracted 
are to be distributed before normalization, the normalization result will be to convert this 
to 11 trips produced and attracted. 

The inputs and outputs of the six two-dimensional balancing operations for the estimation 
of 2020 NIRPC person trip matrices are presented in Table 6.14.  This matrix balancing 
process is performed with macro balfut.mac. 

Table 6.14 Inputs and Outputs of the Two-Dimensional Balancing for the 
Estimation of the 2020 “NIRPC” Person Trip Matrices 

Description  
of Trips 

Matrix to 
Balance 

Origin  
Trip Ends 

Destination 
Trip Ends 

Balanced (2020 NIRPC) 
Person Trip Matrices 

HBW mf91 mf91*mo51 mf91*md51 mf13 

HBS mf92 mf92*mo52 mf92*md52 mf14 

HBO mf93 mf93*mo53 mf93*md53 mf15 

NHB mf94 mf94*mo54 mf94*md54 mf16 

IE mf95 mf95*mo55 mf95*md55 mf17 

EI mf96 mf96*mo55 mf96*md55 mf18 

 

Table 6.15 compares the 1995 NIRPC person trips to the 2020 NIRPC person trips.  Only 
trips between Indiana zones and Illinois zones (excluding Chicago CBD) are compared 
since these are the only relevant trips in this procedure.  Other sources are used to 
generate internal Illinois trips and trips between Indiana and Chicago CBD. 
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Table 6.15 Comparison of the 1995 and 2020 “NIRPC” Internal-External Person 
Trip Matrices 

Description 
of Trips 

1995 NIRPC 
Trips 

2020 NIRPC 
Trips 

 
Indiana->Illinois 

 
Illinois->Indiana 

   1995 2020 1995 2020 

HBW mf91 mf13 114,347 147,096 12,601 15,198 

HBS mf92 mf14 38,772 42,107 24,552 26,774 

HBO mf93 mf15 100,488 107,319 88,411 92,576 

NHB mf94 mf16 44,305 48,938 43,230 47,724 

IE mf95 mf17 22,161 26,078 83,013 95,698 

EI mf96 mf18 83,013 97,839 22,161 26,992 

 

B.  Estimation of Period Factors of Old Internal-Old External Trips 

The estimation of period factors for the old internal trip ends of the old internal-old 
external trips follows exactly the same methodology as for the base year.  The only 
difference lies in the person trip matrices and vectors used for the estimation of the period 
factors. 

For year 2020, the internal-internal trip totals used are those read in the mo1-mo12 and 
md1-md12 trip ends and the internal-external trip totals are those in matrices mf13-mf16 
(NIRPC 2020 person trips). 

The same four sets of total trips as for the base year are generated: 

• mo43/md43 is the sum of a.m. trips; 

• mo44/md44 is the sum of p.m. trips; 

• mo45/md45 is the sum of OP trips; and 

• mo46/md46 is the sum of daily trips. 

For each period (a.m., p.m. and OP), the period factor of the trip ends will be the ratio of 
the total number of trips for the period to the total number of trips. 

The pie.mac macro estimates the period factors of the old internal-old external trips for the 
year 2020. 

C.  Estimation of Peak Period Internal-External Auto Trip Ends 

The creation of peak period internal-external auto trip ends for year 2020 follows exactly 
the same methodology, which follows three steps: 
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• Production of auto trip matrices; 

• Production of auto trip ends for the three periods; and 

• Trip distribution of internal-external and old internal-old external auto trip ends. 

The only difference in that process is the nature of the matrices used to extract internal-
external auto vehicle trip ends for all three periods of the model.  These are the 2020 CATS 
auto person trip matrices (instead of the 1996 CATS matrices) and the 2020 NIRPC person 
trip matrices. 

In the following section, the process of estimating the peak period internal-external auto 
trip ends is not extensively presented as it already has been demonstrated for the base-
year model.  However, some different intermediate results are described and presented 
for year 2020. 

i.  Production of Auto Trip Matrices 

In this step, the NIRPC 2020 person trip matrices (mf13-mf18) and the CATS 2020 auto 
person trips matrices (mf53, mf54 and mf83) are converted to auto trip matrices. 

Following this process, six daily auto trip matrices are produced: 

• mf31, the HBW auto trips matrix, constructed from mf13 and mf53; 

• mf32, the HBS auto trips matrix, constructed from mf14 and mf54; 

• mf33, the HBO auto trips matrix, constructed from mf15 and mf54; 

• mf34, the NHB auto trips matrix, constructed from mf16 and mf83; 

• mf87, the IE auto trips matrix, constructed from mf17; and 

• mf88, the EI auto trips matrix, constructed from mf18. 

The cadjie.mac macro handles the estimation of these 2020 auto trip matrices. 

ii.  Production of Auto Trip Ends for the Three Periods 

The procedure for the production of auto trip ends by period is the same for the base year 
as it is for the future year; thus, for the future year as for the base year, the auto trip ends 
by period are generated differently for the internal-external trips and for the old internal-
old external trips. 

Internal-External Trip Ends 
The 12 pairs of internal-external trip end vectors, one for each combination of period and 
purpose are presented in Table 6.16. 
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Table 6.16 Internal-External Period Trip Ends 

Vectors Description Number of Trips 

mo31/md31 2020 a.m. Peak Period internal-external HBW trip ends 2,373,047 
mo32/md32 2020 a.m. Peak Period internal-external HBS trip ends 117,429 
mo33/md33 2020 a.m. Peak Period internal-external HBO trip ends 741,541 
mo34/md34 2020 a.m. Peak Period internal-external NHB trip ends 358,967 
mo35/md35 2020 p.m. Peak Period internal-external HBW trip ends 1,417,813 
mo36/md36 2020 p.m. Peak Period internal-external HBS trip ends 552,825 
mo37/md37 2020 p.m. Peak Period internal-external HBO trip ends 1,084,001 
mo38/md38 2020 p.m. Peak Period internal-external NHB trip ends  1,240,714 
mo39/md39 2020 Off-peak Period internal-external HBW trip ends 2,224,468 
mo40/md40 2020 Off-peak Period internal-external HBS trip ends 1,488,158 
mo41/md41 2020 Off-peak Period internal-external HBO trip ends 2,740,140 
mo42/md42 2020 Off-peak Period internal-external NHB trip ends 3,148,556 

 

Old Internal-Old External Trip Ends 
The origin and destination old internal-old external trip ends are computed in mo71-md71, 
mo72-md72 and mo73-md73, as described for the base-year model.  These three pairs of 
period trip ends are presented in Table 6.17. 

Table 6.17 Old Internal-Old External Period Trip Ends 

Vectors Description Number of Trips 

mo71/md71 2020 a.m. Peak Period old internal-old external HBW trip ends 79,769 
mo72/md72 2020 p.m. Peak Period old internal-old external HBS trip ends 99,252 
mo73/md73 2020 OP Peak Period old internal-old external HBO trip ends 256,957 

 

The cadjie.mac macro also generates the peak period internal-external auto trip ends in 
this process. 

iii.  Trip Distribution of Internal-External and Old Internal-Old External Auto Trip Ends 

The matrices (inputs and outputs) involved in the 15 two-dimensional balancing of 
matrices of the internal-external and old internal-old external 2020 trip ends are the same 
as for the base-year trip distribution procedure.  These elements are presented in Table 6.8. 
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The macro tdmie.mac, performs the distribution of the 2020 internal-external trip ends. 

6.3.2.3 Outputs of the Procedure 

The outputs of the trip estimation/distribution of internal/external trips are 15 auto trip 
matrices for year 2020: 

• 4 a.m. auto trip matrices for each purpose (HBW, HBS, HBO and NHB); 

• 4 p.m. auto trip matrices for each purpose (HBW, HBS, HBO and NHB); 

• 4 OP auto trip matrices for each purpose (HBW, HBS, HBO and NHB); 

• 1 a.m. auto trip matrices of the old internal-old external and old external-old internal 
trips; 

• 1 p.m. auto trip matrices of the old internal-old external and old external-old internal 
trips; and 

• 1 OP auto trip matrices of the old internal-old external and old external-old internal trips. 
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7.0 Time of Day Models 

 7.1 Time of Day Model Structure 

Time of day models can be applied at a number of points in the transportation modeling 
process, ranging from pre-trip generation to post-traffic assignment.  Typically, in the first 
case, the trip generation models themselves would be developed specifically for each period 
of the day to be modeled.  At the other extreme, link-specific factors would be applied to 
highway and transit daily link volume estimates to provide estimates by time period. 

In the NIRPC model system, it was decided to apply time of day models to internal-
internal trips in two stages.  These trips are separated into the three time periods between 
trip generation and trip distribution so that all travel models except trip generation can be 
sensitive to transportation levels of service by time of day.  Then, between trip distribution 
and mode choice, the trips by time period are divided by direction (production zone (P) to 
attraction zone (A) and attraction zone to production zone) to ensure that the proper 
highway and transit levels of service are considered in the mode choice process.  This 
structure, although requiring each of the subsequent modeling steps – trip distribution, 
mode choice, and traffic assignment – to have separate models for each time period, 
provides the greatest level of specificity for the models at each level.  For internal-Chicago 
CBD person trips, these two stages are combined because the trip generation and trip 
distribution steps are in effect also combined. 

Three periods were used for time of day modeling:  a.m. and p.m. peaks, and the 
remainder of the day, termed off-peak.  Based on as analysis of highway traffic counts by 
hour of the day on a range of facilities, these periods were defined as follows: 

• A.M. peak:  6 to 9 a.m.; 

• P.M. peak:  3 to 6 p.m.; and 

• Off-peak:  9 a.m. to 3 p.m. and 6 p.m. to 6 a.m. 

Three-hour peak periods were defined both to capture the full extent of existing peaking 
characteristics and to provide the possibility in the future of modeling the relationship of 
the ratio of peak-hour volumes to peak period volumes to the relative congestion levels in 
the peak-hour and shoulder portions of the peak period. 

For internal-internal and internal-Chicago CBD trips in the NIRPC model system, time of 
day modeling is based on constant factors which subdivide daily trip ends (productions 
and attractions) by purpose into six categories of trips: 
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• A.M. peak period trips which begin at the production end of the trip and end at the 
attraction end; 

• A.M. peak period trips which begin at the attraction end of the trip and end at the 
production end; 

• P.M. peak period trips which begin at the production end of the trip and end at the 
attraction end; 

• P.M. peak period trips which begin at the attraction end of the trip and end at the 
production end; 

• Off-peak period trips which begin at the production end of the trip and end at the 
attraction end; and 

• Off-peak period trips which begin at the attraction end of the trip and end at the 
production end. 

For all internal-external trips (other than those between Indiana zones and the Chicago 
CBD) and truck trips, time of day modeling was included in the trip table development 
process documented in Section 6.0. 

 7.2 Time of Day Model Parameters 

7.2.1  Internal-Internal Trips 

The six parameters defined above were obtained for each of the three home-based 
internal-internal trip purposes by tabulating all relevant expanded person trips in the 1995 
NIRPC travel survey by trip purpose, time of day, and direction of travel (from P to A or 
from A to P), and then computing ratios of the tabulated trip totals to the corresponding 
daily totals.  For non-home based trips, production and attraction zones are not defined, 
so the trips were only tabulated by time of day.  Table 7.1 provides the results of these 
tabulations and calculations. 

These factors reflect the prevailing traffic patterns.  Most a.m. peak period trips represent 
work trips made from home to work.  P.M. peak period trips include about a quarter of 
total daily trips for each trip purpose, with more being made to home than from home.  
Off-peak trips are almost twice as likely to be for non-work purposes than for work. 
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Table 7.1 Internal-Internal Time of Day Factors 

 Trip Purpose 
Factor HBW HBSh HBO NHB 

A.M. Peak     
P to A 0.3830 0.0430 0.1356  
A to P 0.0115 0.0114 0.0268  
Total 0.3945 0.0544 0.1624 0.0756 

P.M. Peak     
P to A 0.0296 0.0895 0.0975  
A to P 0.2061 0.1666 0.1399  
Total 0.2357 0.2561 0.2374 0.2613 

Off-peak     
P to A 0.1668 0.2916 0.2561  
A to P 0.2030 0.3978 0.3440  
Total 0.3698 0.6894 0.6001 0.6631 

7.2.2  Internal-Chicago CBD Trips 

The daily Indiana-Chicago CBD production to attraction person trip tables discussed in 
Section 6.0 were disaggregated into time of day origin-destination person trip tables 
before being used for mode choice modeling.  This disaggregation could not be based on 
the time of day directional distribution of trips in the expanded household survey dataset 
(as used for internal-internal trips) since this would result in more than 2,000 more trips 
entering the Chicago CBD than exiting.  Instead, time of day and directional factors were 
developed from the entire NIRPC dataset and adjusted so that an equal number of trips 
enter and exit the Chicago CBD.  The resulting factors are provided in Table 7.2. 

Table 7.2 Internal-Chicago CBD Time of Day Factors 

 Trip Purpose 
Factor HBW HBO NHB 

A.M. Peak    
Ind-CBD 0.4300 0.1200 0.1260 
CBD-Ind 0.0200 0.0424 0.0540 

P.M. Peak    
Ind-CBD 0.0339 0.0600 0.0630 
CBD-Ind 0.2361 0.1774 0.2520 

Off-peak    
Ind-CBD 0.1263 0.2561 0.1515 
CBD-Ind 0.1537 0.3440 0.3535 

Daily    
Ind-CBD 0.5902 0.4361 0.3405 
CBD-Ind 0.4098 0.5638 0.6595 
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 7.3 Time of Day Model Application 

7.3.1  Internal-Internal Trips 

The purpose-specific total factors shown in Table 7.1 are applied to the daily trip ends – 
both productions and attractions – predicted by zone as part of the trip generation 
calculations, providing productions and attractions by time of day.  These zonal values are 
then used in the trip distribution models.  Following trip distribution, the ratios of P to A 
factors to total factors by purpose and time period are applied to the zone-to zone trips to 
provide a P to A table for use in mode choice calculations.  Also, the ratios of A to P 
factors to total factors are applied to transposed trip tables to provide the A to P tables.  
Finally, after mode choice model application, the trip tables by purpose, time of day, 
direction and mode are summed for the two directions to provide total trips by purpose, 
time of day and mode for use in highway and transit assignments. 

7.3.2  Internal-CBD Trips 

The factors provided in Table 7.2 are applied to the base-year total daily internal-Chicago 
CBD trip tables by purpose discussed in Section 6.2.3.  The resulting trips by time period, 
direction and purpose are shown in Table 7.3. 

Table 7.3 Base Year Internal-Chicago CBD Trip Totals by Time of Day and 
Direction 

 Trip Purpose 
Factor HBW HBO NHB Total 

A.M. Peak     
Ind-CBD 6,419 821 675 7,915 
CBD-Ind 299 290 289 878 

P.M. Peak     
Ind-CBD 506 411 338 1,254 
CBD-Ind 3,524 1,214 1,350 6,089 

Off-peak     
Ind-CBD 1,885 1,753 812 4,450 
CBD-Ind 2,295 2,354 1,894 6,543 

Daily     
Ind-CBD 8,811 2,985 1,824 13,620 
CBD-Ind 6,117 3,859 3,534 13,510 
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8.0 Mode Choice 

 8.1 Introduction 

New behavioral mode choice models have been developed as part of the Northwest 
Indiana Regional Planning Council regional travel forecasting model system developed in 
this project.  These models are designed for use by NIRPC as an important new 
component of its regional travel forecasting process, for use in analyzing future land use 
and transportation system alternatives.  For the first time, these models provide NIRPC 
with the ability to consider the effects of changes in public transit systems and services on 
future travel by both motorized and non-motorized modes in the region.  The models are 
designed for use with new highway and transit networks; as well as other new models of 
person trip generation, time of day travel, and trip distribution; to provide a forecasting 
tool which can be used to develop regional transportation plans, perform conformity 
analyses, and test a wide range of transportation improvement projects. 

The objective of Task 7 of the NIRPC Travel Model Development Project is to develop, 
implement, and calibrate mode choice models for all residence-based trips made either 
entirely in Indiana or between Indiana and the Chicago CBD area.  Models have been 
developed for three trip purposes:  home-based work (HBW), home-based non-work 
(HBNW), and non-home based (NHB).  The HBNW model also includes purpose-specific 
variables which reflect differences between the travel behavior of residents making 
shopping, school, and all other non-work purposes.  Each of these models considers five 
alternative modes of transportation:  single-occupant auto (SOV), high-occupancy auto 
with two occupants (HOV2), high-occupancy auto with three or more occupants (HOV3), 
non-motorized modes, including walk and bicycle (NM), and public transit (TRN).  The 
public transit mode includes both rail and fixed-route buses, but not demand-responsive 
services.  In addition, school buses (SB) are available as a mode for the portion of HBNW 
trips made to and from school.  Finally, each model is sensitive to the time of day during 
which a specific trip is made:  a.m. peak (6-9), p.m. peak (3-6), and off-peak (the remainder 
of the day).  This memo presents the results of the model development, implementation, 
and aggregate validation process. 

This chapter contains three major sections.  This section discusses the objectives of the 
mode choice modeling process and provides an overview of the technical approach taken 
to accomplish these objectives.  Section 8.2 discusses the model estimation process and the 
results obtained for each of the three trip purposes.  Finally, Section 8.3 presents the 
results of the aggregate model validation process and provides the final model forms as 
they have been implemented in the new NIRPC model system.  Section 5.0 of the 
companion Users’ Manual documents the model application procedures as these have 
been developed in EMME/2. 
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8.1.1  Objectives of the Mode Choice Modeling Process 

In NIRPC’s current travel forecasting process, residence-based person trips are converted 
to auto vehicle trips using fixed regionwide factors, specific to two trip purposes (home-
based work and all other) which in effect remove all travel by public transit and non-
motorized modes and also account for auto occupancy levels.  Because these factors are 
fixed, neither auto occupancy, public transit ridership, or non-motorized mode usage is 
sensitive to any land use or transportation system characteristics.  The primary objective 
of the mode choice modeling process is to provide forecasts of travel by mode which are 
sensitive to a wide range of policy options.  The resulting travel forecasting process will 
not only provide improved forecasts of auto travel, but also policy-sensitive forecasts of 
auto occupancy, transit ridership, and non-motorized travel not previously available.  
Because the mode choice models are developed at the origin/destination level for each of 
the three trip purposes and each of three times of the day, forecasts of travel by mode are 
also available at this highly detailed level. 

The goal of the mode choice modeling process is to provide forecasting procedures which 
are sensitive to the following types of trip, traveler, land use, and transportation system 
characteristics: 

• Variations in levels of service between origins and destinations:  highway and transit 
travel times and costs, and distances for non-motorized trips; 

• Variations in public transit travel mode (rail or bus); 

• Variations in modal availability:  in the estimated models, the SOV mode is not 
available in households with no autos, transit is only available for travel between a 
portion of the zone pairs as reflected in the transit network, and the school bus mode is 
only available for trips made to or from school; 

• Variations in trip length as reflected by whether the trip is made entirely within a 
single zone (intrazonal) or between two different zones; 

• Variations in household characteristics such as household size, automobile availability, 
and household income; 

• Variations in zonal activity levels as measured by population, employment, and 
household densities; and by zonal locations (central business district versus other); 

• Variations in time of travel during the day; and 

• For HBNW trips, variations in detailed trip purpose:  shopping, school or other. 

In Task 7, Cambridge Systematics has developed, implemented, and tested mode choice 
models which are based on disaggregate (household-level) data provided by the NIRPC 
household travel survey conducted in 1995-1996, combined with network data from the 
new highway and transit networks developed in this project, and with zonal data updated 
by NIRPC for use in this project.  As used in the travel forecasting process, the model 
inputs are the predicted person trips for a specific trip purpose between specified origin 
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and destination zones at a specified time of day.  The model outputs are the predicted 
numbers of these person trips made by each of the modes considered in the models.  In 
addition, the predicted person trips by the three auto modes can be converted to vehicle 
trips using the corresponding vehicle occupancies.  The auto vehicle trips and public 
transit trips are then available as inputs to the updated NIRPC highway and transit 
assignment procedures. 

8.1.2  Overview of the Technical Approach 

In recent years, logit models have become the standard mode choice modeling approach.  
The simplest form of logit model is the binary logit structure which can be used to 
represent the choice between two alternatives; for example auto and transit.  The more 
common form now used in many urban regions is the multinomial logit (MNL) structure 
which is used to represent three or more modal alternatives.  Mathematically, the MNL 
model can be expressed as follows: 

∑
=

)](exp[
)](exp[)(
iU

mUmP  

where: 

P(m) is the probability of choosing mode m. 

U(m) or U(i) is the utility associated with choosing mode m or mode i, and the summation 
is over all available modes.  U(m), in turn, is defined as: 

U(m) = βm0  +  Σ βmj * Xmj 

and: 

βmj (j = 0 to n, the maximum variable number) = a statistically estimated coefficient. 

Xmj = a variable which depends on one or more of the following:  the mode m, 
the traveler making the choice, her/his household, the origin or production zone 
of the trip, or the destination or production zone. 

Although the MNL model is very versatile, it has one limitation which can be a problem in 
mode choice modeling.  Due to its mathematical structure, if the utility of any particular 
mode increases, its probability of being chosen will increase as desired, but the 
proportional shares gained from each other mode will be equal, and this characteristic 
may not reflect the true behavior of travelers.  If both bus and rail services exist for a 
particular trip, for example, and the rail service is improved, bus users may be more likely 
to shift to rail than auto users. 

Another logit model form, the nested logit structure, overcomes this limitation of the 
MNL model by grouping sets of alternatives – perhaps bus and rail in our example – 
which are more ‘alike’ than other sets.  In the case of the NIRPC mode choice models, 
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likely sets of alternatives would be all auto modes (SOV, HOV2 and HOV3) and/or all 
non-auto modes (NM and TRN).  Nested logit models are generally more difficult to 
estimate than MNL models, and often coefficient values which imply illogical travel 
behavior are obtained from the estimation procedures.  Although we attempted to 
estimate nested logit models using the NIRPC travel data, we were not able to obtain valid 
models.  Thus, each of the three models documented in this memo has the MNL model 
form. 

The coefficients of both MNL and nested logit models can be obtained using computer 
programs which apply maximum likelihood statistical procedures to determine the most 
likely values of the β coefficients defined above.  For the NIRPC models, we used the 
ALOGIT estimation package. 

 8.2 Model Estimation 

This section presents the results of coefficient estimations for the three NIRPC mode 
choice models.  The sections which follow describe the data used for model estimation, the 
potential variables which affect travelers’ mode choice decisions, and the estimation 
results. 

8.2.1  Data for Model Estimation 

The primary data source for model development is the trip file from the 1996 NIRPC 
travel survey.  The data file provided by NIRPC consists of 22,840 unlinked trip records 
obtained from a sample of 2,677 households in the NIRPC study area.  A number of 
editing and data set merging steps were performed before these records could be used for 
model estimation.  The major steps in this process, and the number of records which had 
to be eliminated in each of them, are the following: 

• Trip records which were made for the ‘pick up/drop off passenger’ purpose were 
linked with subsequent records to form 22,057 linked trips; 

• A total of 2,212 trip records not from or to internal zones in Indiana or Chicago CBD 
zones were deleted, leaving 19,845 records; 

• Trip records and household records, also from the NIRPC travel survey, were merged 
to provide household variables for use in estimation; because one trip record had an 
invalid household number, 19,844 records remained; 

• Zonal data was next merged with the trip records based on their origin and destination 
zones and the trip records were divided into three data sets, depending on the time of 
day of the midpoint of the trip; due to coding errors in the time of travel data items or 
households coded to zones without zonal data, 204 trip records were lost at this stage, 
leaving 19,640 records consisting of 3,131 in the a.m. peak (6-9), 4,707 in the p.m. peak 
(3-6), and 11,802 in the remaining hours of the day; 
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• The remaining trip records for each time period were merged with the corresponding 
highway and transit level of service data and then recombined into three files by trip 
purpose.  Due to missing level of service data, 82 records were deleted at this stage, 
leaving a total of 19,558 records:  3,292 HBW, 10,933 HBNW, and 5,333 NHB; and 

• Finally, 452 records were deleted because the chosen mode was not available, leaving a 
total of 19,106 records:  3,276 HBW, 10,518 HBNW, and 5,312 NHB. 

In summary, it was necessary to delete a total of just 2,951 records (13 percent) due to bad 
data or inconsistent information.  This percentage is quite low compared with typical 
results elsewhere, reflecting the very ‘clean’ data from the NIRPC survey and the quality 
of the new highway and transit networks. 

The following variables potentially relevant for mode choice modeling are available in the 
final merged estimation data file: 

• From the trip data file, trip purpose, mode of travel, number of passengers if the auto 
mode was chosen, time of day, origin and destination zones, and production and 
attraction zones; 

• From the household data, number of persons, number of vehicles available, and annual 
household income; 

• From the zonal data, employment in five categories (total, manufacturing, retail/trade, 
service, and other), population, number of households, land area, intrazonal highway 
distance and travel time, daily parking cost, and a Chicago CBD indicator; 

• From the highway level of service data, highway travel distance and travel time, 
depending on the time of day of the trip; and 

• From the transit level of service data, in-vehicle travel time by both bus and rail, total 
waiting time, walk access time, transit fare, and number of transit vehicle boardings 
per trip for both bus and rail. 

A number of additional variables were computed from these basic variables, including the 
following: 

• A.M. and p.m. peak period indicators were set to one if the trip was made in the 
corresponding time period, to zero otherwise; 

• Zonal density measures for both production and attraction zones were obtained by 
dividing population, retail employment, service employment, and total employment, 
respectively, by the zonal area; 

• The intrazonal trip indicator was set to one if the origin and destination zones are the 
same; 
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• The estimated intrazonal auto and non-motorized travel distance was computed as 0.67 
times the square root of the zonal area, reflecting the sum of the average north-south 
and east-west distance between two points selected randomly in a square; 

• The estimated intrazonal auto travel time was computed using the following general 
approximate relationships between travel distance, speed, and time: 

- Speed(mph) = 15 + 0.625 * Area (square miles) 

- Time(min) = max(1, 60*Dist(miles)/Speed(mph)) 

• The estimated auto operating cost is 12 cents per mile; 

• Travel costs per person trip for the SOV mode equal auto operating costs plus a 
purpose-specific parking cost:  for HBW trips, the parking cost allocated to each trip is 
half of the daily cost in the attraction zone; for HBNW trips, the parking cost is one-
quarter of the daily parking cost in the attraction zone; and for NHB trips, the parking 
cost is one-quarter of the parking costs in both the origin and the destination zones; 

• Travel costs per person trip for the HOV2 mode are equal to half of the SOV costs; 

• Travel costs per person trip for the HOV3 mode are equal to the SOV costs divided by 
3.55, the average occupancy in the survey data for vehicles with three or more 
occupants; and 

• Out-of-vehicle travel times on transit equal the network-based wait time plus walk 
time. 

8.2.2  Potential Independent Variables 

This section discusses the expected relationships between each of the independent 
variables included in the model estimation data set and the resulting mode choice for a 
trip between a specified origin-destination pair for a specified trip purpose.  These 
expectations provide a basis for determining the reasonableness of the statistical 
estimation results presented in the next section. 

• In-vehicle travel time (IVTT) – As the travel time difference between two modes 
becomes more positive, more travelers are expected to choose the faster mode, 
resulting in a negative coefficient for this variable.  This variable is relevant for all 
modes except non-motorized, and is expected to be more negative for auto users than 
for transit users, indicating that auto users place a higher value on travel time than 
transit users do. 

• Travel distance – Because the non-motorized mode consists of two submodes – walk 
and bicycle – with quite different travel times, travel distance is used as a general proxy 
for impedance by this mode.  Greater trip distances are expected to have a negative 
effect on selecting the non-motorized mode and this effect is expected to be of greater 
magnitude than that of IVTT for the motorized modes. 
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• Transit walk and wait times – These variables are only specified for the transit mode; 
both are expected to have a stronger negative effect on the choice of the transit mode 
than IVTT does.  Furthermore, it may be necessary to combine these variables into a 
single out-of-vehicle travel time variable (OVTT) to obtain acceptable coefficients. 

• Number of transfers for transit trips – The number of transfers required to use transit 
between a specified origin-destination pair is also expected to be negatively correlated 
with the choice of transit, since each transfer is likely to involve a level of effort and 
inconvenience greater than that reflected in the increases in walking and waiting times. 

• Travel costs – All other factors being equal, less expensive modes are expected to be 
chosen more readily than more expensive modes.  In addition, this effect may vary 
depending on the income level of the traveler; travelers from higher income 
households may be influenced less by cost differences than travelers from lower 
income households. 

• Household size – This variable provides a measure of the household’s need to share its 
transportation resources.  Generally therefore household size is expected to be 
positively correlated with the choice of multiple-occupant auto trips and also with each 
of the non-auto modes. 

• Automobile ownership – The number of autos owned by a household also measures 
the household’s need for traveling together or using non-auto modes.  Auto ownership 
is expected to be negatively correlated with the choice of multiple-occupant auto trips 
and with the choice of each of the non-auto modes. 

• Household income – Income measures the household’s resources available to pay the 
costs of transportation purchase, maintenance, and operation.  This variable is also 
expected to be negatively correlated with the choice of multiple-occupant and non-auto 
modes.  However, this relationship may not be simply linear; an increase in annual 
household income from $100,000 to $120,000 is expected to have a smaller effect than 
an increase from $20,000 to $40,000. 

• Population and household densities (POPDEN and HHDEN) – Both of these 
variables are measures of residential activity levels.  Either measure in the trip 
production zone is expected to be positively correlated with the use of multiple-
occupant vehicles because carpooling with non-household members can occur more 
readily.  Also, as zonal activity levels increase, the availability of garaging and parking 
space is likely to decrease, as is the speed and comfort of travel by private auto.  Also, 
transit service is more likely to be available as an alternative travel mode.  More 
potential destinations are also likely to be within walking distance in the more dense 
zones.  For school buses, however, higher densities are likely to be related with lower 
availability, resulting in a negative correlation.  The correlation between POPDEN and 
HHDEN will be very high, so we do not expect both of these variables to be required in 
the estimated models. 

• Employment densities – These variables are defined for each employment category 
(total, manufacturing, retail/trade, service, and other), and each density measure may 
reflect the same effects of non-residential activity levels as those discussed above for 
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residential density measures.  Total employment density is expected to be the most 
relevant for work trips, and retail/trade and service densities for non-work trips. 

• Central business districts – Even after accounting for employment density levels, trips 
beginning and/or ending in CBDs can be expected to be made by walking or using 
transit more frequently than by auto modes.  The choice of multiple-occupant vehicle 
trips may also be less due to the hassle of walking to and from parking locations.  A 
dummy variable, equal to one in CBD zones (limited to the Chicago CBD) and zero 
elsewhere allows the importance of these effects to be determined in the estimation 
process. 

• Intrazonal trips – Since the level of service data for intrazonal trips is not known with a 
high level of accuracy, a variable equal to one for intrazonal trips and zero for all other 
trips provides a means of ensuring that the final models match the observed behavior 
of intrazonal travelers.  Generally, we expect this variable to be highly correlated 
positively with non-motorized trips and negatively correlated with multiple-occupant 
auto trips and school bus trips. 

• Time of day factors – Even after taking into account differences in transit levels of 
service, transit may be chosen more frequently during peak periods than in the off-
peak.  Also, carpooling behavior may differ by time period, with common schedules 
resulting in more pooling for work trips in the peak periods.  For non-work and non-
home based trips, trip tours to and from work with intermediate stops at non-work 
locations are more likely for the SOV mode than for HOV modes.  Finally, walk and 
bike trips may be more likely in off-peak periods when there is more time for travel. 

• Rail versus Bus Transit – There are likely to be a number of reasons beyond time and 
cost considerations which make rail transit a more accepted mode than bus transit.  By 
allowing trips which can be made by rail transit to have an extra variable equal to one 
included in their transit utility function, the magnitude of this effect can be determined 
in the estimation process. 

• Differences between Shop, School and Other Non-Work Trips – By including extra 
variables equal to one for shop and school trips in the home-based non-work model, 
otherwise-unobserved differences between travel for each of these purposes can be 
represented in the single model required due to limitations on the number of transit 
trips for these purposes.  There are no expectations concerning the magnitude and 
signs of these variables for shop trips, but school trips are expected to be made more 
frequently by walkers, transit users, and in HOV3+ autos than other non-work trips 
are. 

8.2.3  Estimation Results 

Mode choice models were estimated for three trip purposes:  home-based work (HBW), 
home-based non-work (HBNW), and non-home based (NHB).  In each, all of the 
observations discussed in Section 8.2.1 were used as possible observations for maximum 
likelihood estimation using the ALOGIT program.  In each model, the SOV mode was 
only available as an alternative if the household owned at least one automobile, and the 
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transit mode was only available if a valid transit path was found in the network between 
the reported origin and destination.  In addition, in the HBNW model, the school bus 
mode was only available for trips made between home and school. 

For each of the three models, a series of estimation runs were made, beginning with one 
including all relevant available variables.  Successive runs were then made after 
eliminating variables which were highly correlated with other independent variables, and 
variables which did not have statistically significant estimated coefficients with the 
expected signs.  New forms of variables were also developed in a few cases.  The results 
obtained for each of the three models are discussed in the following sections. 

8.2.3.1  Home-Based Work Model 

For this model, 16 observations were excluded from the estimation process because the 
chosen mode (either SOV or transit) was not available based on the availability rules 
identified above.  Of the 3,276 remaining observations, five (0.2 percent) do not have the 
SOV mode available and 2,294 (70 percent) do not have the transit mode available.  The 
best model found in the estimation process is summarized in Table 8.1.  Its major 
characteristics and its comparison with the expectations discussed in the previous section 
are the following: 

• Two coefficients, both having the expected negative sign, were estimated for the IVTT 
variable, one for each of the auto modes and one for transit.  The coefficient for the auto 
modes is twice as large as that for transit, indicating the expected result that auto users 
value travel time as being significantly more onerous than transit users do.  The 
statistical significance of these coefficients is low, but the variable was retained in the 
model because of the importance of travel time and the consistency of the coefficients 
with expected values and implied values of time. 

• Travel distance has the expected negative coefficient in the utility function for the non-
motorized mode.  Each mile traveled by this mode is equivalent to 11.2 minutes of in-
vehicle auto time or 22.8 minutes of in-vehicle transit time. 

• It was necessary to combine transit walk and wait times into a single OVTT variable in 
order to obtain coefficients with the expected signs and magnitudes.  The coefficient of 
this combined variable is 3.8 times that of the transit IVTT variable; this ratio is within 
the expected range. 

• It was not possible to obtain a model with coefficients having the proper signs and 
magnitudes which includes the number of transfers for transit trips.  However, since 
the added impedance of transit transfers is reflected in the waiting and walking times 
and possibly also in the transit fare levels, this is not a serious limitation of the model. 

• A single coefficient was estimated for travel costs by mode.  It has the expected 
negative sign and is statistically significant.  Combining the coefficients for IVTT and 
travel costs, the implied values of time are $6.86 per hour for auto trips and $3.36 for 
transit trips.  These values are 26 and 12 percent, respectively, of the average household 
hourly wage rate for the estimation data set.  The percentage for auto trips is typical of 
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Table 8.1 Estimation Results:  Home-Based Work Mode Choice Model 

 Mode 
 
Variable 

 
SOV 

 
HOV2 

 
HOV3+ 

Non-
Motorized 

 
Transit 

 
Totals 

       
Estimated Coefficients and (T Ratios)       

Constants  0.4015 -2.427 -0.6965 9.789  
  (0.3) (0.7) (0.4) (1.9)  

Travel Distance (miles)    -0.2336   
    (3.8)   

In-Vehicle Travel Time (minutes) -0.02094 -0.02094 -0.02094  -0.01024  
 (0.5) (0.5) (0.5)  (0.5)  

Out-of Vehicle Travel Time (minutes)     -0.03907  
     (2.4)  

Travel Cost ($) -0.1831 -0.1831 -0.1831  -0.1831  
 (2.3) (2.3) (2.3)  (2.3)  

Natural log of Household Income  -0.321600 -0.2717 -0.1048 -1.217  
in ($/year)  (2.5) (0.8) (0.6) (2.3)  

Autos Owned  -0.3582 -0.4969 -0.9382 -1.465  
  (3.1) (1.6) (4.7) (2.6)  

Household Size  0.3151 0.4207 0.2282 0.3993  
  (5.9) (3.0) (2.5) (1.8)  

Total Employment Density in    5.24E-06 5.24E-06  
Attraction Zone    (3.8) (3.8)  

Intrazonal Dummy    2.066   
    (6.6)   

A.M. Peak Dummy  0.1021 0.1021 -0.5706 0.8347  
  (0.6) (0.6) (2.0) (0.7)  

P.M. Peak Dummy  0.2373 0.2373 -0.3547 1.786  
  (1.3) (1.3) (1.1) (1.4)  

Rail Transit Dummy     1.494  
     (1.5)  
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Table 8.1 Estimation Results:  Home-Based Work Mode Choice Model 
(continued) 

 Mode 
 
Variable 

 
SOV 

 
HOV2 

 
HOV3+ 

Non-
Motorized 

 
Transit 

 
Totals 

       
Characteristics of the Sample       

Observations 2,923 217 25 96 15 3,276 

Shares 89.2% 6.6% 0.8% 2.9% 0.5%  
Intrazonal       10.0% 

To/from Chicago CBD      1.2% 
A.M. Peak      39.8% 

P.M. Peak      24.1% 
Average Household Income      $53,725 

Autos Owned by Household      2.10 
No Autos Owned      0.2% 

Household Size      2.85 
SOV Not Available (no auto)      0.2% 

Transit Not Available      70.0% 
       
Characteristics of the Estimation       

Final Value of Likelihood      -1,238 

Rho-Squared with Respect to Zero      0.74 

Value of Time ($/hour) $6.86 $6.86 $6.86   $3.36  
(% of household wage rate) 26% 26% 26%   12%  

OVTT/IVTT     3.8  
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that found in many mode choice models while that for transit trips is on the low side of 
the range of usual values. 

• Household size has a significant positive effect on the choice of all other modes, 
relative to the choice of the SOV mode.  This effect increases for increasing auto 
occupancy levels, is nearly as great for transit as for HOV3+, and is somewhat less for 
the non-motorized mode than for HOV2. 

• Automobile ownership has a significant negative effect on the choice of all other 
modes, relative to the choice of the SOV mode.  This effect increases in magnitude for 
increasing auto occupancy levels, is more than double for non-motorized travel than 
for HOV3+, and nearly triple for transit than for HOV3+. 

• The natural logarithm of household income proved to be a better variable than income 
itself; this implies that percentage increases in income have equivalent effects on mode 
choice rather than absolute changes.  These percentage increases have negative effects 
on the choice of all other modes, relative to the choice of the SOV mode.  This negative 
effect is largest for transit, less than for transit but nearly equal for the two HOV 
modes, and less again for the non-motorized mode. 

• The only zonal density variable found to have a significant effect on HBW mode choice 
is total employment density in the attraction zone.  Both non-motorized and transit 
trips are positively related to this density measure. 

• When all other variables are included in the model, no additional effect on the mode 
choice of trips to or from CBD zones could be estimated. 

• Intrazonal trips are much more likely to be made by a non-motorized mode; but no 
additional effect was estimated for intrazonal trips by any other mode. 

• Relative to the SOV mode, both a.m. and p.m. peak period trips are somewhat more 
likely to be made in HOVs, much more likely to be made by transit, and less likely to 
be made by a non-motorized mode.  These effects are more pronounced in the p.m. 
peak for the motorized modes, and in the a.m. peak for the non-motorized mode. 

• If rail transit is available for a trip rather than bus, it is more likely to be made by 
transit. 

Table 8.1 summarizes the estimation results for the final recommended HBW mode choice 
model.  Both the estimated coefficients and their t-statistics, which provide a measure of 
their statistical significance, are provided in the table.  T-statistics greater than 1.96 
indicate significant coefficient estimates.  The rho-squared measure for the complete 
model is 0.74.  Although this measure provides similar information as the r-squared 
statistic for a linear regression model, it typically has a value in a lower range.  The value 
obtained indicates that the model has an very high level of explanatory power. 
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8.2.3.2  Home-Based Non-Work Model 

For this model, 415 observations were excluded from the estimation process because the 
chosen mode (SOV, transit or school bus) was not available based on the availability rules 
identified above.  Of the 10,518 remaining observations, 142 (1.4 percent) do not have the 
SOV mode available because the household does not own an automobile, 694 (6.6 percent) 
do not have this mode available because the trip is made to school, 8,803 (84 percent) do 
not have the transit mode available, and 9,845 (94 percent) do not have the school bus 
mode available because the trip is not made to school.  The best model found in the 
estimation process is summarized in Table 8.2.  Its major characteristics and its 
comparison with the expectations discussed in Section 8.2.2 are the following: 

• It was necessary to combine transit IVTT, walk time, and wait time into a single time 
variable in order to obtain a coefficient with the expected negative sign.  This was done 
using a weight applied to waiting and walking time for the transit mode of 3.8, equal to 
the weight provided by the estimation process in the HBW model.  In addition, it was 
necessary to estimate a single coefficient for auto and transit times to obtain a value 
with the expected sign and a magnitude in the expected range.  The single coefficient 
obtained, however, is statistically significant, consistent with the results of HBNW 
models for other regions, and is associated with an implied value of time which is also 
consistent with expected results. 

• Travel distance has the expected negative coefficients in the utility functions for the 
non-motorized and school bus modes.  Each mile traveled by the non-motorized mode 
is equivalent to 12.7 minutes of in-vehicle time on an auto or transit mode.  The 
corresponding ratio for the school bur mode is just 1.7 minutes per mile; this low value 
is consistent with the unique nature of travel to school. 

• It was not possible to obtain a model having the proper coefficient signs and magnitudes 
which includes the number of transfers for transit trips. 

• A single coefficient was estimated for travel costs by mode divided by the natural 
logarithm of household income to reflect the decreasing importance of costs for 
households as their income levels increase.  The coefficient of this combined cost and 
income variable has the expected negative sign and is statistically significant.  
Combining the coefficients for IVTT and travel costs, the implied values of time for 
households having the average income level are $3.47 per hour, 15 percent of these 
households’ average hourly wage rate.  This percentage is typical of that found in 
many HBNW mode choice models. 

• The coefficients of household size are the most significant in the HBNW model.  
Household size has a positive effect on the choice of all other modes, relative to the 
choice of the SOV mode.  This effect increases for increasing auto occupancy levels, is 
nearly as great for school bus trips as for HOV3+, and is somewhat less for the non-
motorized and transit modes than for HOV2. 

• Automobile ownership has a significant negative effect on the choice of all other 
modes, relative to the choice of the SOV mode.  This effect increases in magnitude for 
increasing auto occupancy levels, is more than double for the school bus mode than for 
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Table 8.2 Estimation Results:  Home-Based Non-Work Mode Choice Model 

 Mode 
 
Variable 

 
SOV 

 
HOV2 

 
HOV3+ 

Non-
Motorized 

 
Transit 

School 
Bus 

 
Totals 

        
Estimated Coefficients and (T Ratios)        

Constants  -0.3624 -2.615 -0.6542 1.766 -2.262  
  (2.6) (12.0) (2.4) (1.5) (3.1)  

Travel Distance (miles)    -0.1639  -0.02192  
    (8.0)  (1.0)  

In-Vehicle Travel Time (minutes) -0.0129 -0.0129 -0.0129  -0.0129   
 (3.5) (3.5) (3.5)  (3.5)   

Out-of Vehicle Travel Time (minutes)     -0.04902   
     --   

Travel Cost/Ln(Income/1,000)  -0.8551 -0.8551 -0.8551  -0.8551   
($/Ln(1000$)) (5.2) (5.2) (5.2)  (5.2)   

Natural log of Household Income  -0.1274 -0.2450 -0.3814 -0.3233 0.1589  
in ($/year)  (3.2) (3.9) (5.2) (0.8) (0.8)  

Autos Owned  -0.2962 -0.3227 -0.4803 -2.851 -0.6904  
  (7.5) (5.6) (6.4) (5.7) (4.3)  

Household Size  0.2495 0.7239 0.1957 0.1249 0.6808  
  (11.7) (26.2) (4.9) (0.6) (7.5)  

Population Density in Production   2.63E-05 2.63E-05 4.45E-05 2.72E-05 -0.000205  
Zone  (3.1) (3.1) (2.7) (0.4) (3.9)  

Retail/Service Employment Density   3.81E-06 3.81E-06  1.35E-05   
in Attraction Zone  (6.0) (6.0)  (2.5)   

Intrazonal Dummy  -0.2728 -0.2728 1.550  -0.9609  
  (4.3) (4.3) (12.3)  (3.2)  

A.M. Peak Dummy  -0.3330 -0.1194 -0.1241 0.7316   
  (4.3) (1.1) (1.0) (1.2)   

P.M. Peak Dummy  -0.07093 0.3404 -0.1193 1.195   
  (1.3) (4.2) (1.1) (1.9)   

Rail Transit Dummy     1.758   
     (1.9)   

Shop Trip Dummy  -0.2669 -0.5838 -0.7369 -2.554   
  (4.8) (6.1) (5.7) (2.2)   

School Trip Dummy   0.6025 0.2871 2.534   
   (5.2) (1.7) (3.8)   
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Table 8.2 Estimation Results:  Home-Based Non-Work Mode Choice Model 
(continued) 

 Mode 
 
Variable 

 
SOV 

 
HOV2 

 
HOV3+ 

Non-
Motorized 

 
Transit 

School 
Bus 

 
Totals 

        
Characteristics of the Sample        

Observations 5,386 3,125 1,165 654 31 157 10,518 
Shares 51.2% 29.7% 11.1% 6.2% 0.3% 1.5%  
Intrazonal        19.9% 
To/from Chicago CBD       0.3% 
A.M. Peak       12.9% 
P.M. Peak       23.2% 
Average Household Income       $46,410 
Autos Owned by Household       1.93 
No Autos Owned       1.1% 
Household Size       2.84 
SOV Not Available (no auto)       1.4% 
SOV Not Available (HBSchool trip)       6.6% 
Transit Not Available       83.7% 
School Bus Not Available  
(non-HBSc trip) 

      93.4% 

        
Characteristics of the Estimation        

Final Value of Likelihood       -10,499 
Rho-Squared with respect to Zero       0.30 
Value of Time ($/hour) $3.47 $3.47 $3.47   $3.47   
(% of household wage rate) 15% 15% 15%   15%   
OVTT/IVTT     3.8   
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HOV3+, nearly 50 percent higher for non-motorized travel than for HOV3+, and nearly 
nine times for transit than for HOV3+. 

• The natural logarithm of household income proved to be a better variable than income 
itself; this implies that percentage increases in income have equivalent effects on mode 
choice rather than absolute changes.  These percentage increases have negative effects 
on the choice of all other modes except school bus, relative to the choice of the SOV 
mode.  This negative effect is largest for non-motorized travel, followed by transit, 
HOV3+ and HOV2.  Increasing household income has a positive effect on the choice of 
the school bus mode, probably reflecting a positive correlation between residence 
location and school bus availability for higher income households. 

• Two zonal density variables were found to have significant effects on HBNW mode 
choice.  Population density in the production zone is positively related to the choice of 
all other modes relative to the choice of the SOV and school bus modes.  This effect is 
largest for non-motorized trips and lower but essentially equal for the HOV and transit 
modes.  Population density also has a strongly negative effect on choice of the school 
bus mode, again reflecting where this mode is available to pupils as a transportation 
option.  Retail and service employment density in the attraction zone is also positively 
related to the choice of the HOV and transit modes.  This effect is largest for transit and 
equal for the two HOV modes. 

• When all other variables are included in the model, no additional effect on the mode 
choice of trips to or from CBD zones could be estimated. 

• Intrazonal trips are much more likely to be made by a non-motorized mode relative to 
the SOV mode, while intrazonal trips are less likely to be made by the HOV and school 
bus modes. 

• Relative to the SOV mode, both a.m. and p.m. peak period trips are much more likely 
to be made by transit and generally somewhat less likely to be made by HOV and non-
motorized modes.  An exception is the p.m. peak dummy for the HOV3+ mode, which 
is positive, probably reflecting an increased number of family HOV3+ trips in the p.m. 
peak. 

• If rail transit is available for a trip rather than bus, it is more likely to be made by 
transit. 

• Relative to the SOV mode and to all other non-work trips, shopping trips are less likely 
to be made by all other available modes.  This is most pronounced for transit trips, 
followed by non-motorized, HIV3+, and HOV2, respectively. 

• Relative to the HOV2 mode and to all other non-work trips, school trips are more 
likely to be made by transit, HOV3+, and non-motorized modes. 

Table 8.2 summarizes the estimation results for the final recommended HBNW mode 
choice model.  Both the estimated coefficients and their t-statistics are provided in the 
table.  The rho-squared measure for the complete model is 0.30.  This value indicates that 
the model has an acceptable level of explanatory power. 
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8.2.3.3  Non-Home Based Model 

For this model, 21 observations were excluded from the estimation process because the 
chosen mode (SOV or transit) was not available based on the availability rules identified 
above.  Of the 5,312 remaining observations, 56 (1.1 percent) do not have the SOV mode 
available because the household does not own an automobile and 4,157 (78 percent) do 
not have the transit mode available.  The best model found in the estimation process is 
summarized in Table 8.3.  In this model, as with all specifications tested for the NHB 
model, no household variables – household size, auto ownership, or household income – 
are used because these are not available for individual NHB trips during model 
application.  This is true because neither end of a NHB trip represents the zone of 
residence of the trip maker.  If household variables had been used, a better fitting model 
would have been obtained, but since this model could not be applied fully for travel 
forecasting, this improvement would not result in better travel forecasts.  The major 
characteristics of the final NHB model and its comparison with the expectations discussed 
in Section 8.2.2 are the following: 

• A single negative coefficient was estimated for the IVTT variable.  This coefficient has 
a relatively low level of statistical significance, but the variable was retained in the 
model because of the importance of travel time and the consistency of the coefficient 
with expected values based on models for other regions, and based on the implied 
value of time. 

• Travel distance has the expected negative coefficient in the utility functions for the 
non-motorized mode.  Each mile traveled by the non-motorized mode is equivalent to 
10.1 minutes of in-vehicle time on an auto or transit mode. 

• It was necessary to combine transit walk and wait times into a single OVTT variable in 
order to obtain coefficients with the expected signs and magnitudes.  The coefficient of 
this combined variable is 2.0 times that of the transit IVTT variable; this ratio is within 
the expected range. 

• It was not possible to obtain a model having the proper coefficient signs and 
magnitudes which includes the number of transfers for transit trips. 

• A single coefficient was estimated for travel costs by mode.  The coefficient of this 
variable has the expected negative sign and is statistically significant.  Combining the 
coefficients for IVTT and travel costs, the implied value of time for all NHB trips is 
$14.45 per hour, 59 percent of the average households’ hourly wage rate.  This 
percentage is relatively high compared with typical NHB model results, but not 
beyond the acceptable range. 

• Two zonal density variables were found to have significant effects on NHB mode 
choice.  The sum of the population densities in the origin and destination zones is 
positively related to the choice of all other modes relative to the choice of the SOV 
mode.  This effect is largest for transit trips, next lower for non-motorized trips, and 
smallest for the two HOV modes, decreasing as the auto occupancy level decreases.  
The sum of total employment densities in the origin and destination zones is slightly 
negatively but significantly related to the choice of the non-motorized and transit 
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Table 8.3 Estimation Results:  Non-Home Based Mode Choice Model 

 Mode 
 
Variable 

 
SOV 

 
HOV2 

 
HOV3+ 

Non-
Motorized 

 
Transit 

 
Totals 

       
Estimated Coefficients and (T Ratios)       

Constants  -0.8838 -2.115 -2.529 -2.273  
  (19.4) (31.4) (11.6) (4.1)  
Travel Distance (miles)    -0.1904   
    (5.3)   
In-Vehicle Travel Time (minutes) -0.01888 -0.01888 -0.01888  -0.01888  
 (1.0) (1.0) (1.0)  (1.0)  
Out-of Vehicle Travel Time (minutes)     -0.03840  
     (3.6)  
Travel Cost ($) -0.0784 -0.0784 -0.0784  -0.0784  
 (3.2) (3.2) (3.2)  (3.2)  
Sum of Population Density in Origin  8.368E-06 1.748E-05 2.184E-05 6.243E-05  
and Destination Zones  (3.2) (5.4) (5.0) (2.6)  
Sum of Total Employment Density     -8.655E-06 -4.996E-06  
in Origin and Destination Zones    (2.3) (2.4)  
Sum of CBD Dummies in Origin and  -0.4690 -0.4690 6.384 6.172  
Destination Zones  (1.1) (1.1) (5.5) (7.5)  
Intrazonal Dummy  0.02331 0.02331 1.080   
  0.3  0.3  (5.3)   
A.M. Peak Dummy  -0.7514 -1.711 -0.2135 0.1585  
  (5.0) (4.4) (0.8) (0.2)  
P.M. Peak Dummy    -0.1802 -0.2649  

    (1.0) (0.5)  
Characteristics of the Sample       

Observations 3,165 1,444 461 195 47 5,312 
Shares 59.6% 27.2% 8.7% 3.7% 0.9%  
Intrazonal       18.0% 
To/from Chicago CBD      1.1% 
A.M. Peak      6.5% 
P.M. Peak      25.3% 
Average Household Income      $49,100 
Autos Owned by Household      1.96 
No Autos Owned      0.9% 
Household Size      2.74 
SOV Not Available (no auto)      1.1% 
Transit Not Available      78.3% 

       
Characteristics of the Estimation       

Final Value of Likelihood      -5,132 
Rho-Squared with Respect to Zero      0.326 
Value of Time ($/hour) $14.45 $14.45 $14.45   $14.45  
(% of household wage rate) 59% 59% 59%   59%  
OVTT/IVTT     2.0  
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modes, possibly compensating for the CBD variable discussed next.  This effect is 
largest for the non-motorized mode. 

• The sum of the CBD dummy variables in the origin and destination zones is negatively 
related to the use of the HOV modes, relative to SOV usage.  Nearly equally however, 
this variable is highly positively related with the choice of the non-motorized and 
transit modes. 

• Intrazonal trips are much more likely to be made by a non-motorized mode relative to 
the SOV mode, and very slightly more likely to be made by the HOV modes. 

• Relative to the SOV mode, a.m. peak period trips are slightly more likely to be made 
by transit and somewhat less likely to be made by HOV and non-motorized modes.  
p.m. peak period trips, on the other hand, are less likely to be made by the non-
motorized and transit modes. 

• If rail transit is available for a trip rather than bus, it is more likely to be made by 
transit. 

• Relative to the HOV2 mode and to all other non-work trips, school trips are more 
likely to be made by transit, HOV3+, and non-motorized modes 

Table 8.3 summarizes the estimation results for the final recommended NHB mode choice 
model.  Both the estimated coefficients and their t-statistics are provided in the table.  The 
rho-squared measure for the complete model is 0.33.  This value indicates that the model 
has an acceptable level of explanatory power. 

 8.3 Aggregate Model Validation 

This section documents the changes made in the models presented in Section 8.2 after they 
were implemented as EMME/2 macro procedures and applied with average zonal data 
rather than the household-specific data used for model estimation.  Validation is also 
necessary because the models are applied to person trip tables provided by the trip 
distribution models rather than to individual person trips reported in the NIRPC travel 
survey.  Each of the three models was validated for a total of six applications, representing 
two market segments and three times of the day.  The two market segments are: 

• Internal-internal trips, made entirely within the NIRPC study area – the three Indiana 
counties of Lake, Porter, and LaPorte; and 

• Indiana-Chicago CBD trips made between all internal production zones in Indiana and 
all Chicago CBD attraction zones. 

The three times of the day are the a.m. peak period (6-9), the p.m. peak period (3-6), and 
the off-peak period:  the remainder of the day. 
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In the validation process for internal-internal trips, a total of four trip purposes were used.  
In the case of the HBW and NHB models, each was applied to the person trip table of its 
corresponding trip purpose, as predicted by the HBW and NHB trip distribution models.  
The HBNW model, on the other hand, was applied to two trip tables, home-based 
shopping and home-based other (HBSh and HBO).  Separate sets of adjusted parameters 
were obtained for each of these purposes, both using the estimated HBNW model as the 
basis for the final validated models.  For the Indiana/Chicago CBD validation, there were 
too few HBSh trips to be considered separately, so each of the three models was applied to 
the person trip table of its corresponding trip purpose. 

The first step in aggregate model validation involved setting target regional trip totals by 
mode for each trip purpose and for each of the six applications.  These totals are presented 
in Section 8.3.1.  The second and final step then involved repeated runs of the mode choice 
application procedures with varying values of the models’ coefficients and parameters 
until the target mode shares were obtained.  This approach is required because a trial and 
error method must be used to obtain a set of mode choice models which estimate specified 
mode choice patterns by market segment, trip purpose, and time of day.  The results of 
this step are documented in Sections 8.3.2 and 8.3.3; the final coefficients reported in these 
sections are those which have been implemented in the new NIRPC model system for 
application both in the base year and in all future analysis years. 

8.3.1  Targets for the Validation Process 

The primary source of validation targets was the NIRPC 1994 household travel survey.  
Tabulations of the weighted trips from this survey, by market segment, time of day, trip 
purpose, and mode were obtained as the starting point for the desired targets.  These 
totals required adjustments, however, to ensure that the observed numbers of transit trips 
by market segment would be matched.  These totals, obtained from information provided 
by each of the fixed route transit operators in the region, are 8,540 bus trips, all internal to 
the NIRPC region, and 9,553 rail trips, all made between the NIRPC region and the 
Chicago CBD.  Since the expanded survey transit trips do not match these totals, the 
survey results were adjusted. 

In the case of internal transit trips, the expanded survey total is 31,952, suggesting that 
transit users responded to the survey in greater proportions than non-transit users.  
Adjusted targets by mode, trip purpose, and time of day were obtained by factoring the 
31,952 reported trips down to 8,540, and allocating the difference, 23,412, over all non-
transit modes proportionately.  The resulting targets are shown in Table 8.4. 

For Indiana/Chicago CBD rail trips, the ridership and survey information from NICTD 
was used to determine that, of the total weekday ridership of 11,937 in 1992, 9,553 could 
be expected to live in Indiana and travel to the Chicago CBD.  This number compares with 
an expanded total of 8,053 in the NIRPC survey.  As in the case of internal trips, the 
survey transit trips by purpose and time of day were adjusted, upward in this case, to 
match the ridership counts, and the survey trips by other modes were reduced 
proportionately to maintain the total trips in the survey.  In the process of doing this, some 
of the trips reported as non-home-based in the survey were reclassified as work trips 
because many Indiana travelers reported making short internal trips as parts of tours 
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Table 8.4 Target Trips by Time Period, Purpose and Mode for Internal-Internal 
Trips 

 Mode  
 
Purpose 

 
SOV 

 
HOV2 

 
HOV3+ 

Non-
Motorized 

 
Transit 

School 
Bus 

 
Total 

A.M. Targets       
HBW  151,243  11,627  595  4,205  718  - 168,388  
HBSh  10,663  3,116  103  1,083  79  - 15,044  
HBO  77,950  40,372  27,445  16,694  595  12,434  175,490  
NHB  40,919  7,604  1,404  2,863  331  - 53,121  

Total  280,775  62,719  29,547  24,845  1,723  12,434  412,043  

P.M. Targets       
HBW 89,752  7,375  1,013  2,131  329  - 100,600  
HBSh 40,862  20,843  7,270  1,706  168  - 70,849  
HBO 121,693  70,517  40,784  19,027  441  4,077  256,539  
NHB 107,001  49,758  17,394  8,386  1,021  - 183,560  

Total  359,308  148,493  66,461  31,250  1,959  4,077  611,548  

Off-peak Targets       
HBW 137,062  12,512  1,325  6,628  319  - 157,846  
HBSh 111,824  51,824  16,858  9,762  448  - 190,716  
HBO 331,175  183,885  81,815  44,183  1,089  6,311  648,458  
NHB 277,235  120,562  50,447  14,571  3,003  - 465,818  

Total  857,296  368,783  150,445  75,144  4,859  6,311  1,462,838  

Daily Targets       
HBW 378,057  31,514  2,933  12,964  1,366  - 426,834  
HBSh 163,349  75,783  24,231  12,551  695  - 276,609  
HBO 530,818  294,774  150,044  79,904  2,125  22,822   1,080,487  
NHB 425,155  177,924  69,245  25,820  4,355  - 702,499  

Total 1,497,379  579,995  246,453  131,239  8,541  22,822  2,486,429  
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which include rail travel and work destinations in the Chicago CBD, resulting in a large 
number of NHB rail trips.  Since going to or from work is the primary purpose of these 
trips, all NHB rail trips with work as the purpose at either end were reclassified as HBW 
trips.  Table 8.5 provides the adjusted total trips between Indiana and the Chicago CBD by 
mode, trip purpose, and time of day, as used for aggregate model calibration.  These trip 
targets have fewer cells than for internal trips.  Because too few HBSh trips were reported 
to the Chicago CBD to be statistically reliable, the HBSh and HBO purposes were 
combined into a single home-based non-work purpose, HBNW.  Also, as expected, no 
school bus or non-motorized trips were reported, so these modes could be eliminated 
from the targets. 

8.3.2  Validation Results for Internal Trips 

By adjusting 12 constants or coefficients of dummy variables in the HBW and NHB 
models, and 27 in the HBNW model, it was possible to match the targets provided in 
Table 8.4 very closely.  The 12 values adjusted in each of the HBW and NHB models are 
the following: 

• The four modal constants:  since these constants are all relative to the implied zero 
constant for the base mode, SOV, all mode shares by purpose in the off-peak period 
could be matched by adjusting these four values; 

• The four mode-specific coefficients of a.m. peak dummy variables – used to match all 
mode shares by purpose in the a.m. peak; and 

• The four mode-specific coefficients of p.m. peak dummy variables, used to match all 
mode shares by purpose in the p.m. peak; note that in the case of the NHB model, two 
coefficients of the four p.m. peak dummies were estimated to be zero but were allowed 
to have other values in the validated versions of the models. 

A total of 27 values are adjusted in the HBNW model to create two versions of this model; 
one for HBSh trips and one for HBO trips.  These values are the following: 

• The five modal constants, with school bus added to the modes used in all models – 
used to match mode shares for the HBO trip purpose in the off-peak period; 

• The 10 mode-specific coefficients of a.m. and p.m. peak dummy variables – used to 
match mode shares for the HBO trip purpose in the a.m. and p.m. peak periods, 
respectively – the coefficients of the peak dummies for the school bus mode were 
estimated to be equal to zero, but were allowed to have other values in the validated 
version of the model; 

• The four coefficients of modal dummy variables for the HBSh trip purpose (with no 
value for the school bus mode, since all school trips were included within the HBO trip 
purpose) – used to match mode shares for the HBSh trip purpose in the off-peak 
period; and 
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Table 8.5 Target Trips by Time Period, Purpose and Mode for Internal-Chicago 
CBD Trips 

 Mode  
Purpose SOV HOV2 HOV3+ Transit Total 

A.M. Targets      
HBW 2,837  531  208  3,612  7,188  
HBNW 503  483  157  63  1,206  
NHB 96  72  21  1,374  1,563  

Total 3,436  1,086  386  5,049  9,957  

P.M. Targets      
HBW 2,052  642  138  1,463  4,295  
HBNW 706  710  108  299  1,823  
NHB 5  4  1  1,647  1,657  

Total 2,763  1,356  247  3,409  7,775  

Off-peak Targets      
HBW 2,347  564  166  369  3,446  
HBNW 1,854  1,746  689  - 4,289  
NHB 945  706  207  727  2,585  

Total 5,146  3,016  1,062  1,096  10,320  

Daily Targets      
HBW 7,236  1,737  512  5,444  14,929  
HBNW 3,063  2,939  954  362  7,318  
NHB 1,046  782  229  3,748  5,805  

Total 11,345  5,458  1,695  9,554  28,052  
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• The eight mode-specific coefficients of a.m. and p.m. peak dummy variables, all 
estimated with a value of zero but allowed to have other values in the validated 
version of the model – used to match mode shares for the HBSh trip purpose in the 
a.m. and p.m. peak periods. 

Tables 8.6 to 8.9 show both the estimated and calibrated values of each of the constants 
and variables listed above.  In most cases, the changes in the parameters are less in 
magnitude than plus or minus 0.5, but some changes for lightly used modes – transit, 
HOV3+, and school bus – are somewhat greater. 

Table 8.6 Comparison of Estimated and Validated Parameters for Internal 
Trips – Home-Based Work Model 

 Mode 
Parameter SOV HOV2 HOV3+ Non-Motorized Transit 

Modal Constants      
Estimated 0.0000 0.4015 -2.4270 -0.6965 9.7890 
Validated 0.0000 0.8329 -1.9988 -0.2787 11.7380 

A.M. Peak Dummies      
Estimated 0.0000 0.1021 0.1021 -0.5706 0.8347 
Validated 0.0000 -0.1738 -0.9017 -0.6348 0.1923 

P.M. Peak Dummies      
Estimated 0.0000 0.2373 0.2373 0.3547 1.7860 
Validated 0.0000 -0.1210 0.1314 -0.6503 -0.0661 

 

Table 8.7 Comparison of Estimated and Validated Parameters for Internal 
Trips – Home-Based Shopping Model 

 Mode 
Parameter SOV HOV2 HOV3+ Non-Motorized Transit 

Modal Constants plus Shop Trip Dummies 
Estimated 0.0000 -0.6293 -3.1988 -1.3911 -0.7880 
Validated 0.0000 -0.5299 -2.5170 -0.6762 4.5159 

A.M. Peak Dummies      
Estimated 0.0000 -0.3330 -0.1194 -0.1241 0.7316 
Validated 0.0000 -0.4176 -2.7244 -0.5321 0.4562 

P.M. Peak Dummies      
Estimated 0.0000 -0.0709 0.3404 -0.1193 1.1950 
Validated 0.0000 0.1021 0.1764 -0.8790 -0.3483 
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Table 8.8 Comparison of Estimated and Validated Parameters for Internal 
Trips – Home Based Other Model 

 Mode 
Parameter SOV HOV2 HOV3+ Non-Motorized Transit School Bus 

Modal Constants       
Estimated 0.0000 -0.3624 -2.6150 -0.6542 1.7660 -2.2620 
Validated 0.0000 -0.3350 -2.0729 -0.3371 3.8104 -2.0310 

A.M. Peak Dummies       
Estimated 0.0000 -0.3330 -0.1194 -0.1241 0.7316 0.0000 
Validated 0.0000 -0.0443 -0.4436 0.1639 0.7994 4.4364 

P.M. Peak Dummies       
Estimated 0.0000 -0.0709 0.3404 -0.1193 1.1950 0.0000 
Validated 0.0000 0.0623 0.3415 -0.0906 -0.2796 0.7516 

 

Table 8.9 Comparison of Estimated and Validated Parameters for Internal 
Trips – Non-Home Based Model 

 Mode 
Parameter SOV HOV2 HOV3+ Non-Motorized Transit 

Modal Constants      
Estimated 0.0000 -0.8838 -2.1150 -2.5290 -2.2730 
Validated 0.0000 -0.9176 -1.8653 -2.6769 -1.3768 

A.M. Peak Dummies      
Estimated 0.0000 -0.7514 -1.7110 -0.2135 0.1585 
Validated 0.0000 -0.8524 -1.6732 0.0856 -0.5827 

P.M. Peak Dummies      
Estimated 0.0000 0.0000 0.0000 -0.1802 -0.2649 
Validated 0.0000 0.0673 -0.1128 0.3022 -0.3376 

 

Section 10.0 includes a discussion of the results of the entire model validation process, 
including a comparison of the predicted trips by mode, purpose and time period for 
internal person trips with the targets provided in Table 8.4.  As these results show (see 
Tables 10.5 and 10.6), the maximum deviation between the share of daily target and 
predicted trips by mode is less than one percent of the person-trips by purpose.  In 
addition, all deviations in mode share by time period and by purpose are also less than 
one percent of the person-trips by purpose. 
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The final versions of the mode choice models used to estimate mode shares for internal 
person trips in the NIRPC model system have the adjusted and validated constants and 
coefficients of the dummy variables listed in Tables 8.6 to 8.9 rather than the estimated 
values also shown in these tables, as repeated from Tables 8.1 to 8.3. 

8.3.3  Validation Results for Indiana/Chicago CBD Trips 

The procedures used to validate the mode choice models for Indiana/Chicago CBD trips 
paralleled that for internal trips, as discussed in the previous section.  The procedure was 
simplified, however, because two modes – non-motorized and school bus – were 
eliminated, and because all HBNW trips were considered to be HBO trips rather than a 
combination of HBSh and HBO trips.  As a result, the number of constants and variables 
which required adjustment was reduced from 12 to nine for the HBW and NHB models 
and from 27 to nine for the HBNW model.  For each purpose, three of these are adjusted 
constants used to match off-peak mode shares and six are adjusted coefficients of a.m. and 
p.m. dummy variables used to match a.m. and p.m. mode shares, respectively. 

Tables 8.10 to 8.12 show both the estimated and calibrated values of each of the constants 
and coefficients listed above.  The parameters of the validated Indiana/Chicago CBD 
models vary from the estimated models much more that for the internal models.  This 
reflects the much smaller basis of observed travel as well as the fact that the estimated 
models were developed using both sets of data; they thus tend to match the internal data 
much more closely than the Indiana/Chicago CBD data.  In addition, the estimated 
models do not allow the peak period coefficients for the two model applications to differ, 
while in the validated models this constraint was relaxed. 

Table 8.10 Comparison of Estimated and Validated Parameters for Indiana/ 
Chicago CBD Trips – Home-Based Work Model 

 Mode 
Parameter SOV HOV2 HOV3+ Transit 

Modal Constants     
Estimated 0.0000 0.4015 -2.4270 11.2830 
Validated 0.0000 1.1214 -0.9990 11.7619 

A.M. Peak Dummies     
Estimated 0.0000 0.1021 0.1021 0.8347 
Validated 0.0000 -0.2345 0.0550 0.7625 

P.M. Peak Dummies     
Estimated 0.0000 0.2373 0.2373 1.7860 
Validated 0.0000 0.3326 0.0525 2.5079 
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Table 8.11 Comparison of Estimated and Validated Parameters for Indiana/ 
Chicago CBD Trips – Home-Based Non-Work Model 

 Mode 
Parameter SOV HOV2 HOV3+ Transit 

Modal Constants     
Estimated 0.0000 -0.3624 -2.6150 3.5240 
Validated 0.0000 -0.9056 -2.9370 4.8899 

A.M. Peak Dummies     
Estimated 0.0000 -0.3330 -0.1194 0.7316 
Validated 0.0000 -0.0063 -0.5536 1.7265 

P.M. Peak Dummies     
Estimated 0.0000 -0.0709 0.3404 1.1950 
Validated 0.0000 0.1528 -0.7983 0.7699 

 

Table 8.12 Comparison of Estimated and Validated Parameters for Indiana/ 
Chicago CBD Trips – Non-Home Based Model 

 Mode 
Parameter SOV HOV2 HOV3+ Transit 

Modal Constants     
Estimated 0.0000 -0.8838 -2.1150 -2.2730 
Validated 0.0000 -0.2789 -1.8777 -6.5384 

A.M. Peak Dummies     
Estimated 0.0000 -0.7514 -1.7110 0.1585 
Validated 0.0000 0.0238 0.0688 0.4668 

P.M. Peak Dummies     
Estimated 0.0000 0.0000 0.0000 -0.2649 
Validated 0.0000 0.0173 0.0617 -0.3956 

 

Section 10.0 includes a discussion of the results of the entire model validation process, 
including a comparison of the predicted trips by mode and purpose for Indiana/Chicago 
CBD person trips with the targets provided in Table 8.5.  As these results show (see 
Table 10.8), the maximum deviation between the share of daily target and predicted trips 
by mode and purpose is less than one percent. 

The final versions of the mode choice models used to estimate mode shares for Indiana/ 
Chicago CBD person trips in the NIRPC model system have the adjusted and validated 
constants and coefficients of the dummy variables listed in Tables 8.10 to 8.12 rather than 
the estimated values also shown in these tables, as repeated from Tables 8.1 to 8.3. 
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9.0 Auto and Transit Assignments 

 9.1 Introduction 

The assignment of the auto and transit trips is the final step of the NIRPC four-step 
demand model, performed once the trips have been generated and distributed and after 
the mode choice models have been applied to extract the auto and transit shares of the 
person trips.  The auto person trip matrices are combined to generate auto vehicle trip 
matrices for the assignment of the auto demand.  The auto and transit assignments are 
performed in the NIRPC1 EMME/2 databank.  This is the databank that contains the 
updated a.m., p.m. and OP scenarios of the NIRPC model.  Estimates of non-motorized 
trips, which are also produced in the mode choice process, are not assigned to the 
highway and transit networks. 

There is more than one matrix of auto vehicle trips to assign as two mode choice models 
generate two distinct auto vehicle trip matrices per period and as five different internal-
external auto vehicle trip matrices per period are generated simultaneously, based on 
existing NIRPC person trip information and CATS auto person trip data. 

This chapter also discusses the issue of generating truck trips for the base year and the 
future year.  Even though the generation and distribution of truck trips is most logically 
part of prior model steps, these trip tables are actually developed in the preparation phase 
of the auto assignment.  This choice of the location of the truck trip development process 
reduces the need for the limited number of matrices in NIRPC2 and has no effect on the 
resulting levels of auto and truck trips. 

The presence of many auto vehicle matrices and of several truck trip matrices for each 
period allows one to benefit from a feature implemented in EMME/2 for the computation 
of auto assignment:  the possibility to conduct multi-class assignments, in which different 
trip matrices constitute different classes of trips and result in different classes of assigned 
volumes on the network. 

The procedure for computing the multi-class assignment of auto and truck trips matrices 
and the assignment of the transit demand for one period is conducted in four steps: 

• The importation of the auto and transit trips into the NIRPC1 EMME/2 databank; 

• The construction of the auto, truck and transit matrices to assign; 

• Running the multi-class auto assignment; and 

• Running the transit assignment. 
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The procedure for the computation of multi-class auto assignment for a future year, year 
2020 in this particular case, is almost the same as the procedure developed for the base 
year.  In fact, the assignment step is virtually the same for the base and future year. 

The only difference is related to the estimation of growth vectors of the truck trips and the 
estimation of truck trip matrices for year 2020 that correspond to the 1995 NIRPC truck 
trip matrices. 

Since the NIRPC demand model can be applied for any intermediate year between 1995 
and 2020, the assignment step is implemented to allow for this possibility.  In this case, the 
construction of truck trips matrices is avoided as the truck trips for the intermediate trips 
should be estimated separately based on the base and future years truck trips matrices.  
The same is true for the internal-external auto trips of an intermediate model year, which 
should also be computed through an interpolation operation. 

 9.2 Importation of Auto and Transit Trips 

The auto and transit internal and internal-CBD person trips are imported from the mode 
choice databank (NIRPC3).  The auto internal-external vehicle trips are imported from the 
trip distribution databank (NIRPC2). 

9.2.1  Matrices imported from the NIRPC2 databank 

The trips imported from the NIRPC2 databank are those generated from the NIRPC 
person trip matrices and the CATS auto person trip matrices.  These are: 

• The 12 internal<->external auto trip matrices (one for each combination of purpose 
(HBW, HBS, HBO and NHB) and period (a.m., p.m. and OP); these are designated as 
matrices mf71-mf82 in the NIRPC2 EMME/2 databank and are read in the range of 
matrices mf31-mf42 in the NIRPC1 EMME/2 databank; and 

• The three old internal<->old external auto trip matrices, one for each period; what is 
referred to here is the old internal and old external zones – the zones that were defined 
as internal and external zones of the model in the previous definition of the NIRPC 
transportation model and of its trip generators; these matrices, designated as mf84-
mf86 in the NIRPC2 EMME/2 databank are read in the mf44-mf46 range in the 
NIRPC1 EMME/2 databank. 

The 15 matrices imported from the NIRPC2 EMME/2 databank are described in Table 9.1. 
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Table 9.1 Matrices of Internal Trips Imported from NIRPC2 

 
Purpose/Type 

 
Period 

Number in 
NIRPC2 

Number in 
NIRPC1 

Name in 
NIRPC1 

Home-based Work a.m. mf71 mf31 hbwiea 
Home-based Shop a.m. mf72 mf32 hbsiea 
Home-based Other a.m. mf73 mf33 hboiea 
Non-home-based  a.m. mf74 mf34 nhbiea 
Home-based Work p.m. mf75 mf35 hbwiep 
Home-based Shop p.m. mf76 mf36 hbsiep 
Home-based Other p.m. mf77 mf37 hboiep 
Non-home-based  p.m. mf78 mf38 nhbiep 
Home-based Work OP mf79 mf39 hbwieo 
Home-based Shop OP mf80 mf40 hbsieo 
Home-based Other OP mf81 mf41 hboieo 
Non-home-based  OP mf82 mf42 nhbieo 
Old Internal-Old External a.m. mf84 mf44 pieAM 
Old Internal-Old External p.m. mf85 mf45 piePM 
Old Internal-Old External OP mf86 mf46 pieOP 

 

9.2.2  Matrices imported from the NIRPC3 databank 

The trips imported from the NIRPC3 databank are those resulting from the application of 
the mode choice model of the internal person trips and the mode choice model of the 
internal<->Chicago CBD trips.  The number of matrices that the procedure requires in the 
NIRPC1 databank and the number of the trip matrices imported from NIRPC3 are such 
that only the trip matrices of one period can be stored in the NIRPC1 databank at once. 

The 21 internal trip matrices imported from NIRPC3 to NIRPC1 are classified by purpose 
and mode as presented in Table 9.2.  These 21 matrices are generated in the same matrix 
range for all three periods. 

Table 9.2 Matrices of Internal Trips Imported from NIRPC3 

 
Purpose 

 
Mode 

Number in 
NIRPC3 

Number in 
NIRPC1 

Name in 
NIRPC1 

     
Home-based Work Drive Alone mf75 mf75 HBWDA 
Home-based Work 2-Person Auto mf76 mf76 HBW2P 
Home-based Work 3-Person Auto mf77 mf77 HBW3P 
Home-based Work Non-motorized mf78 mf78 HBWNM 
Home-based Work Transit mf79 mf79 HBWTR 
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Table 9.2 Matrices of Internal Trips Imported from NIRPC3 (continued) 

 
Purpose 

 
Mode 

Number in 
NIRPC3 

Number in 
NIRPC1 

Name in 
NIRPC1 

     
Home-based Shop Drive Alone mf80 mf80 HBSHDA 
Home-based Shop 2-Person Auto mf81 mf81 HBSH2P 
Home-based Shop 3-Person Auto mf82 mf82 HBSH3P 
Home-based Shop Non-motorized mf83 mf83 HBSHNM 
Home-based Shop Transit mf84 mf84 HBSHTR 
Home-based Other Drive Alone mf85 mf85 HBOTDA 
Home-based Other 2-Person Auto mf86 mf86 HBOT2P 
Home-based Other 3-Person Auto mf87 mf87 HBOT3P 
Home-based Other Non-motorized mf88 mf88 HBOTNM 
Home-based Other Transit mf89 mf89 HBOTTR 
Home-based Other School Bus mf90 mf90 HBOTSC 
Non-home-based Drive Alone mf91 mf91 NHBDA 
Non-home-based 2-Person Auto mf92 mf92 NHB2P 
Non-home-based 3-Person Auto mf93 mf93 NHB3P 
Non-home-based Non-motorized mf94 mf94 NHBNM 
Non-home-based Transit mf95 mf95 NHBTR 

 

The 12 internal<->Chicago CBD matrices for the period in which trips are classified by 
purpose and mode as displayed in Table 9.3: 

Table 9.3 Matrices of Internal<->Chicago CBD Trips Imported from NIRPC3 

 
Purpose 

 
Mode 

Number in 
NIRPC3 

Number in 
NIRPC1 

Name in 
NIRPC1 

Home-based Work Drive Alone mf25 mf61 HBWDA 
Home-based Work 2-Person Auto mf26 mf62 HBW2P 
Home-based Work 3-Person Auto mf27 mf63 HBW3P 
Home-based Work Transit mf28 mf64 HBWTR 
Home-based Other Drive Alone mf29 mf65 HBOTDA 
Home-based Other 2-Person Auto mf30 mf66 HBOT2P 
Home-based Other 3-Person Auto mf31 mf67 HBOT3P 
Home-based Other Transit  mf32 mf68 HBOTTR 
Non-home-based Drive Alone mf33 mf69 NHBDA 
Non-home-based 2-Person Auto mf34 mf70 NHB2P 
Non-home-based 3-Person Auto mf35 mf71 NHB3P 
Non-home-based Transit mf36 mf72 NHBTR 
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 9.3 Preparation of the Auto Assignment 

The preparation of the auto assignment consists of: 

• The construction of non-heavy truck and heavy truck matrices; 

• The construction of the internal-internal auto vehicle trip matrices by applying auto 
occupancy factors to the auto person-trip matrices produced during mode choice; 

• The construction of the internal-external auto vehicle trip matrices by applying auto 
occupancy factors to the internal-CBD auto person-trip matrices and adding these to 
the external vehicle trip matrices produced during trip distribution (see Section 6.2.2.2); 
and 

• The construction of the transit trips matrices. 

In the implementation of the assignment step of the NIRPC transportation model, these 
actions are performed by the macro prassign.mac. 

9.3.1  Generation of Truck Trips 

The construction of truck matrices is similar to that of the auto internal-external trips.  
Truck trips are generated by factoring the NIRPC truck trip matrices somewhat like the 
NIRPC internal-external person trips and the CATS auto person trips were converted into 
auto trips. 

However, the operation of generating truck trips is handled in the NIRPC1 EMME/2 
databank strictly for a reason of management of the matrices in the three EMME/2 
databanks used in the process.  The existing procedure of distributing internal auto trips 
and generating internal-external auto trips uses so many matrices that it was preferable to 
generate the truck trip matrices in the NIRPC1 databank. 

9.3.1.1  Estimation of Truck Trips Factors 

Truck trips matrices are constructed by adjusting the NIRPC truck trips matrices of the 
year studied with some coefficients.  These coefficients are the result of an effort of 
comparison of the NIRPC 1996 truck trips matrices and the CATS 1996 truck trips 
matrices. 

Two truck trip matrices are constructed from the four NIRPC truck matrices, a non-heavy 
truck trip matrix and a heavy truck trip matrix.  These two matrices are defined based on 
the existing four 1996 NIRPC truck trips matrices and on the five CATS 1996 truck trips 
matrices. 
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The four 1996 NIRPC truck trip matrices used as input to this procedure are: 

1. The heavy truck internal-external trips matrix (tie96) is mf11 in NIRPC1; 

2. The heavy truck external-internal trips matrix (tei96) is mf12 in NIRPC1; 

3. The heavy truck internal 24 hours trips matrix (96HT24) is mf13 in NIRPC1; and 

4. The non-heavy truck 24 hours trips matrix (96NH24) is mf14 in NIRPC1. 

The five 1996 CATS truck trip matrices used to define the truck trip matrices of the model: 

1. The b-plate truck vehicle trips matrix; 

2. The light truck vehicle trips matrix; 

3. The medium truck vehicle trips matrix; 

4. The heavy truck vehicle trips matrix; and 

5. The POE truck vehicle trips matrix. 

Both sets of matrices are combined in order to define the NIRPC non-heavy truck and 
heavy truck trip matrices and the CATS non-heavy truck and heavy truck trip matrices: 

1. The NIRPC non-heavy truck matrix is the sum of the 1996 NIRPC heavy truck 
internal-external, heavy truck external-internal and the heavy truck internal 24 hours 
trip matrices; 

2. The CATS non-heavy truck matrix is the sum of the 1996 CATS b-plate truck, light 
truck and medium truck vehicle trip matrices; 

3. The NIRPC heavy truck matrix is simply the 1996 NIRPC heavy truck 24 hours trip 
matrix; 

4. The CATS heavy truck matrix is the sum of the 1996 CATS heavy truck and POE truck 
matrices. 

The content – the number of trips – of the CATS matrices was considered to be more valid 
and relevant than that of the NIRPC truck matrices.  However, some elements of 
information would be lost by using these matrices as they are too aggregated on the 
Indiana side of the Chicago area.  On the other hand, the NIRPC matrices describe the 
truck trips according to the NIRPC model zone system, which is more detailed in Indiana. 

Truck trips were defined following a strategy that allows one to benefit from the best of 
the CATS and NIRPC non-heavy and heavy truck matrices.  Both sets of matrices (non-
heavy and heavy trucks ) were compared at a very aggregated level, using three super-
zones:  Indiana, Chicago CBD and the rest of Illinois.  Then, for each pair of super-zone, 
the ratio of CATS truck trips on NIRPC truck trips is computed, resulting in six “CATS” 
factors, two for O-D pairs between Indiana and Chicago CBD zones, two for O-D pairs 
between Indiana and rest of Illinois zones and two for O-D pairs between Indiana and 
Illinois.  The ratios of the aggregated CATS truck trips over the aggregated NIRPC truck 
trips were computed with an EXCEL spreadsheet.  The default factor of 1.0 is applied to 
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the trips which are local with respect to this aggregated definition of the territory (trips 
within Indiana, Chicago CBD and Illinois.  These factors are presented in Table 9.4. 

Table 9.4 “CATS” Truck Factors 

Origin Super-zone Destination Super-zone Non-Heavy Trucks Heavy Trucks 

Indiana Chicago CBD 0.98 1.43 
Indiana Rest of Illinois 0.53 0.90 
Chicago CBD Indiana 0.56 1.40 
Chicago CBD Rest of Illinois 1.31 1.17 
Rest of Illinois Indiana 0.34 0.88 
Rest of Illinois Chicago CBD 1.09 1.17 

 

9.3.1.2  Estimation of the NIRPC Truck Trips for Year 2020 

It is demonstrated above that the truck trips to be assigned on the road network are 
constructed by dividing some NIRPC truck trip matrices by “CATS” truck factors, defined 
for several pairs of super-zones.  For the base year, this strategy is rather straightforward.  
However, for the future year case, it is first required to estimate truck trips matrices that 
correspond to the NIRPC 1996 truck trips matrices as such matrices do not exist for the 
base year. 

The truck trips for the year 2020 are generated by applying a process closely related to the 
one conceived to estimate the internal-external auto trips.  The first step is the estimation 
of some growth factors of the trip ends for the non-heavy and heavy truck trips.  Then, the 
new trip ends are distributed following a growth or Fratar strategy, characterized by the 
use of the base year matrix as the matrix to be balanced. 

This is a separate operation of the preparation of the matrices to assign on the road 
network.  It is performed by the baltrf.mac macro in the implementation of the model. 

A.  Truck Growth Factors for Year 2020 

The growth factors are established by comparing the 1996 CATS non-heavy and heavy 
truck trips to the 2020 CATS non-heavy and heavy truck trips on an aggregated basis.  
Three super-zones were used to distinguish between the Indiana, Chicago CBD and Other 
Illinois trip ends.  Therefore, three growth values were established for both categories of 
truck trips.  They are displayed in Table 9.5. 

Cambridge Systematics, Inc. 9-7 



 

NIRPC Transportation Model Documentation 

Table 9.5 Growth Coefficients for Non-heavy Trucks and Heavy Trucks 

Mega-zone Heavy Trucks Vectors mo1/md1 Non-Heavy Trucks Vectors mo2/md2 

Indiana 1.80 1.67 
Chicago CBD 0.99 0.89 
Rest of Illinois 1.60 1.36 

 

These growth factors vary among the three big zones considered as the growth 
coefficients of the Chicago CBD area are below 1.0 for both truck categories while the 
growth coefficients are relatively high in the two other areas of the NIRPC model. 

B.  Generation of 2020 NIRPC Truck Trips Matrices Based on Growth Vectors 

As performed earlier in the trip distribution step of the demand model for the 2020 
internal-external auto trips, the 2020 truck trip ends are distributed following a Fratar 
strategy. 

Although, there are only two sets of growth factors, these are applied to the four 1996 
NIRPC truck trip matrices to generate four 2020 truck trip matrices: 

1. A matrix of the 2020 IE Heavy truck trips; 

2. A matrix of the 2020 EI Heavy truck trips; 

3. A matrix of the 2020 internal Heavy truck trips; and 

4. A matrix of the 2020 Non-heavy truck trips. 

Therefore, four matrix distributions are performed in this step, one for each 1996 NIRPC 
truck trip matrices.  For each trip distribution of a 1996 truck trip matrix, the trip ends that 
constitute the two dimensions are created by multiplying the total origins and the total 
destinations of the matrix to be balanced by the relevant growth factor vector.  The heavy 
truck trips growth vector is applied in the production of the IE, EI and internal 2020 
Heavy truck trip ends while the non-heavy truck trip growth is applied in the production 
of the 2020 Non-heavy truck trip ends. 

Since the truck matrices that are used to generate the truck growth vectors are 
asymmetric, the total produced trips and total attracted trips to be balanced will likely not 
be equal.  These trip ends are normalized to ensure that the trip distribution process 
behaves correctly and generates a pre-determined number of trips.  In this application, the 
trip end values are normalized such that the total origins and total destinations are equal 
to the average of both these trip end vectors before normalization.  For example, if 12 trips 
produced and 10 trips attracted are to be distributed before normalization, the 
normalization result will be to convert this to 11 trips produced and attracted. 

This distribution process is summarized in Table 9.6.  It is performed with macro baltrf.mac. 
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Table 9.6 Inputs and Outputs of the Two Dimensional Balancing for the 
Generation of the 2020 “NIRPC” Truck Trip Matrices 

Description of 
Trips 

Matrix to 
Balance 

Origin Trip 
Ends 

Destination 
Trip Ends 

Balanced (2020 NIRPC) 
Truck Trip Matrices 

Heavy IE mf11 mf11*mo1 mf11*md1 mf51 
Heavy EI mf12 mf12*mo1 mf12*md1 mf52 
Heavy internal mf13 mf13*mo1 mf13*md1 mf53 
Non-heavy mf14 mf14*mo2 mf14*md2 mf54 

 

Table 9.7 compares the 1996 NIRPC truck trips to the 2020 NIRPC truck trips. 

Table 9.7 Comparison of the 1996 and 2020 “NIRPC” Truck Trip Matrices 

Description of Trips 1996 NIRPC Trips 2020 NIRPC Trips 1996 2020 

Heavy IE mf11 mf51 19,809 31,464 
Heavy EI mf12 mf52 19,809 31,464 
Heavy internal mf13 mf53 57,518 87,655 
Non-heavy mf14 mf54 1,415,782 1,862,589 

 

9.3.1.3  Definition of the Truck Matrices to Assign 

The NIRPC non-heavy truck and heavy truck trip matrices are first divided by the CATS 
truck factors and multiplied by the appropriate period factor.  The daily split of the non-
heavy and heavy truck trips is 10.7 percent for the a.m. peak period, 14.9 percent for the 
p.m. peak period and 74.4 percent for the off peak periods.  The proportion of trucks that 
use the road network is naturally higher in the off peak than in the peak periods.  The 
a.m., p.m. and OP non-heavy and heavy truck matrices are constructed by the 
prassign.mac.  These matrices are presented in Table 9.8 for the base year and the future 
year. 
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Table 9.8 Truck Trips Generated in the Preparation of the Auto Assignments 
(Base Year) 

   Number of Trips 
Period Truck Category Matrix Number Base Year Future Year 

A.M. Heavy mf5 33,717 51,446 
A.M. Non-heavy mf6 152,678 202,316 
P.M. Heavy mf7 46,364 71,059 
P.M. Non-heavy mf8 212,608 281,729 
OP Heavy mf9 225,259 348,525 
OP Non-heavy mf10  1,061,612 1,406,755 

 

The heavy truck trips assigned on the road network are actually assigned as “auto 
equivalents.”  The heavy truck trips are therefore multiplied by three before the multi-
class assignment of the auto and truck vehicle demands.  The numbers reported in 
Table 9.8 are in auto equivalents.  The heavy truck trips are also adjusted to better fit 
traffic counts with macro trkadj.mac. 

9.3.2  Construction of the Auto Vehicle Trips Matrices 

Four different classes of trips are defined in the auto assignment process.  The trucks trips 
are subdivided into non-heavy and heavy truck trips as described above and the auto 
trips are divided into internal trips and internal-external trips. 

The Table 9.9 presents the six auto trips matrices defined in the process of performing 
three multi-class auto assignments as well as the matrix added to define them.  The 
description of the matrices used to define the six internal-external and internal auto 
matrices is listed in Tables 9.1 through 9.3.  Since many of the matrices used to produce 
the internal and internal-external auto matrices are overwritten by the mode choice 
procedure, matrices mf17 and mf24 can only be computed if the a.m. mode choice 
procedure has been executed previously in the NIRPC3 EMME/2 databank.  The same is 
true for two p.m. matrices (mf18 and mf25) and the two OP matrices (mf19 and mf26) 
which can be computed only if the p.m. and OP mode choice models have been 
performed previously in the NIRPC3 databank. 
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Table 9.9 Auto Matrices Produced in the Preparation of the Auto Assignments 

 
Period 

Matrix 
Number 

Nature of Trips 
Added 

 
Operation 

A.M. mf17 internal- 
external 

mf31+mf32+mf33+mf34+mf44 
+mf61+mf62+mf63+mf65+mf66+mf67+mf69+mf70+mf71 

A.M. mf24 internal 
internal-CBD 

mf75+mf76+mf77+mf80+mf81+mf82+mf85+mf86+mf87 
+mf91+mf92+mf93 

P.M. mf18 internal- 
external 

mf35+mf36+mf37+mf38+mf45 
+mf61+mf62+mf63+mf65+mf66+mf67+mf69+mf70+mf71 

P.M. mf25 internal 
internal-CBD 

mf75+mf76+mf77+mf80+mf81+mf82+mf85+mf86+mf87 
+mf91+mf92+mf93 

OP mf19 internal- 
external 

mf39+mf40+mf41+mf42+mf44 
+mf61+mf62+mf63+mf65+mf66+mf67+mf69+mf70+mf71 

OP mf26 internal 
internal-CBD 

mf75+mf76+mf77+mf80+mf81+mf82+mf85+mf86+mf87 
+mf91+mf92+mf93 

 

The total auto and truck trips are summed up in matrices mf20 (a.m. peak period), mf21 
(p.m. peak period) and mf22 (Off Peak periods of the day). 

9.3.3  Construction of the Transit Trips Matrix 

One transit trip matrix is constructed for the selected period in the preparation of the 
transit assignment.  This matrix is constructed by putting together the transit person trips 
matrices resulting from the internal mode choice model as well as the transit person trips 
matrices resulting from the internal-CBD person trips mode choice model. 

The Table 9.10 presents the three transit person trips matrices defined before the 
computation of the corresponding transit assignment.  The description of the matrices 
used to define the six internal-external and internal auto matrices is provided in Tables 9.2 
and 9.3.  Since all the matrices used to produce the internal and internal-external transit 
matrices are overwritten by the mode choice procedure, the mf97 matrix can only be 
computed if the a.m. mode choice procedure has been executed previously in the NIRPC3 
EMME/2 databank.  This is true also for the p.m. and OP matrices (mf98 and mf99) which 
can respectively be computed only if the p.m. and OP mode choice models have been 
performed previously in the NIRPC3 databank. 
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Table 9.10 Transit Matrices Produced in the Preparation of the Transit 
Assignments 

Period Matrix Number Nature of Trips Added Operation 

A.M. mf97 internal 
internal-CBD 

mf64+mf68+mf72 
+mf79+mf84+mf89+mf95 

P.M. mf98 internal 
internal-CBD 

mf64+mf68+mf72 
+mf79+mf84+mf89+mf95 

OP mf99 internal 
internal-CBD 

mf64+mf68+mf72 
+mf79+mf84+mf89+mf95 

 

The matrices used to construct the mf97, mf98 and mf99 transit trips matrices are: 

• Matrices of transit-only trips made by passengers that complete their trip by walking 
(mf79, mf84, mf89 and mf95); these result from the internal mode choice model; and 

• Matrices of what are called “rail drive” trips, which are trips between Indiana and the 
Chicago CBD (mf64, mf68 and mf72).  These are “bimodal” trips made by users of the 
South Shore rail line who use the automobile to complete the trip between the railway 
station and home; these result from the internal-CBD mode choice model. 

 9.4 Computation of the Multi-class Auto Assignment 

The auto assignments are performed by the auto assignment modules of EMME/2:  
module 5.11 for the preparation of an auto assignment and module 5.21 for the 
computation of the auto assignment.  The auto assignment implemented in EMME/2 is an 
equilibrium assignment of an auto demand matrix. 

As mentioned in the EMME/2 User Manual, the volumes obtained from the auto 
equilibrium assignment are such that all paths used between an origin-destination pair are 
of equal time.  In EMME/2, three stopping criteria are used to measure the quality of an 
auto assignment, essentially that is, the difference between the assigned flows and those of 
a perfect equilibrium assignment.  These three stopping criteria are the relative gap 
(difference between current assignment and equilibrium assignment based on the value of 
the objective function of the problem), the absolute gap (difference between mean trip 
times) and the maximum number of iterations.  In this procedure, the following stopping 
criteria were established: 
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• A maximum number of 50 iterations; 

• A relative gap of 1.0 percent; and 

• An absolute gap of 0.01. 

In practice, the relative gap is the effective stopping criterion of this model.  This 
performance criterion is the best one to compare different auto assignments in different 
scenarios since the maximum number of iterations is not a performance criterion, but 
rather more a perseverance criterion, and the absolute gap criterion can be more or less 
severe depending on the trip time mean. 

For each period of the model, auto and truck trips are assigned by means of a multi-class 
assignment of the four auto/truck demand matrices.  The internal auto, internal-external 
auto, non-heavy truck and heavy truck trip matrices are assigned simultaneously and 
stored in a distinct user link extra-attribute: 

• Internal auto volumes are stored in the @aii extra-attribute; 

• Internal-external auto volumes are stored in the @aie extra-attribute; 

• Non-heavy truck volumes are stored in the @anh extra-attribute; and 

• Heavy truck volumes are stored in the @aht extra-attribute. 

Two matrices are computed as derivatives of the auto assignment: 

1. The auto O-D trip times are stored in mf1, mf2 or mf3 as a result of the a.m., p.m. or OP 
multi-class assignments respectively; and 

2. The auto O-D trip distances are stored in mf47, mf48 or mf49 as a result of the a.m., 
p.m. or OP multi-class assignments; 

The auassign.mac macro prepares and performs the auto assignment. 

The class-specific link volumes stored as extra attributes serve as inputs to the various 
post-processor macros used by the NIRPC models.  These macros divide the heavy truck 
volumes stored in the @aht extra attribute so that all results are reported in terms of 
vehicles, rather than auto equivalents. 

9.4.1  Computation of the Transit Assignment 

The auto assignments are performed by the auto assignment modules of EMME/2:  
module 5.11 for the preparation of an auto assignment and module 5.21 for the 
computation of the auto assignment.  The auto assignment implemented in EMME/2 is an 
equilibrium assignment of an auto demand matrix. 

In EMME/2, the transit assignments are conducted with two modules:  module 5.11 
prepares the transit assignment and module 5.31 computes the transit assignment.  The 
transit assignment strategy of EMME/2 differs from the auto assignment strategy.  The 
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algorithm implemented in EMME/2 is a multipath assignment, based on the computation 
of optimal strategies.  This concept is demonstrated as follows in the EMME/2 User’s 
Manual: 

Due to the waiting involved in a transit network, a traveler may choose from elements 
that are more complex than a simple path towards his destination.  For instance, he may 
choose a set of paths, and let the vehicle that arrives first at a stop determine which of 
these paths he will actually use to get his destination. 

Therefore, with this strategy, the traveler chooses a set of attractive lines at each node 
where he waits, boards the first vehicle to arrive among those selected, and alights at a 
pre-determined node, based on the expected travel time from that node to the destination.  
This process is repeated until the destination is reached. 

The preparation of the transit assignment provides several modeling alternatives.  The 
codification of the transit lines along with some parameters help to better reproduce the 
different phases of a transit trip (walking, waiting, boarding and in-vehicle).  Some 
parameters also allow one to model the transit impedance as perceived by transit users. 

Table 9.11 presents these parameters and the value selected in the implementation of the 
transit assignment of the NIRPC transportation demand model. 

Table 9.11 Parameters of the Assignment of Transit Trips 

Parameter Description Value 

Effective headway Max headway perceived by the users of a transit line 15 
Boarding time Penalty associated with every boarding 1 min 
Wait time factor Parameter used in computation of waiting times 0.5 
Waiting time weight Weight to quantify the perception of the waiting time 2.0 
Auxiliary (pedestrian) time weight Weight to quantify the perception of the auxiliary time 2.0 
Boarding time weight Weight to quantify the perception of the boarding time 2.0 

 

For all three periods, the transit trips matrix assigned contains both transit-only trips and 
bimodal (“rail drive”) trips.  These trips are therefore assigned simultaneously on the 
transit network.  In the case of the bimodal trips, they are completed using the pedestrian 
links of the network. 

The trassign.mac macro prepares and conducts the assignment of the transit trips matrix. 
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10.0 Model Results 

This section summarizes the calibration process and results of the NIRPC travel model for 
the base year of 1995, as well as for the 2020 base “Existing + Committed” alternative.  The 
overall results are very good and indicate that the base year model is offering highly 
accurate information for a number of characteristics and statistics.  A number of statistics 
were applied in the validation process and which generate confidence in the accuracy of 
the model.  These include: 

• Trip generation rates with production/attraction trips by purpose; 

• Trip distribution and trip length; 

• Mode choice by trip purpose; 

• Time of day for trip purpose and mode; 

• Traffic assignment statistics for vehicle miles of travel and volumes by roadway type; 

• Screenline traffic summaries compared to existing counts; and 

• Key roadway traffic compared to existing counts. 

 10.1 Base Year (1995) Model Results 

10.1.1  Trip Generation 

10.1.1.1  Person Trips by Purpose 

NIRPC model average trip rates per household are shown in Table 10.1, and compared to 
the reference literature and with average trip rate data for other regions in the United 
States.  The NIRPC statistics for home-based work (1.57 person trips), home-based other 
(4.99 person trips) and non-home-based (2.58 person trips) trips are very consistent with 
the data in NCHRP Report 365;1 an authoritative reference document on trip generation 
rates.  The average total number of household trips (9.15 person trips) generated by the 
NIRPC model compares well with the range of total household trip rates for the 
metropolitan regions also listed in the table. 

1 Travel Estimation Techniques for Urban Planning. 
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Table 10.1 Person Trips per Household (NIRPC Travel Model) 

 Average Daily Person Trips Per HH 
 NCHRP 365 NIRPC Model 
Income HBW HBO NHB HBW HBO NHB 

Low 1.17  4.08  1.56     
High 2.85  5.32  3.10     
Total    1.57  4.99  2.58  
Wtd. Avg. 1.89  5.04  2.07     
Total Trips/HH =   9.00    9.15  

 

Comparison of NIRPC Model Trip Rate with Trip Rates in Other Regions 
Region Population Person Trips/HH 

NIRPC 735,000  9.15 
Dallas-Ft. Worth 1,000,000  8.68 
Charlotte, NC 511,433  9.29 
Vancouver, WA 259,000  5.83 
Northern NJ 1,278,000  7.75 
Austin, TX 536,693  7.99 
Reno, NV 254,000  8.58 
Phoenix, AZ 840,000  8.98 
St. Louis, MO 2,444,000  9.05 
Nashua, NH 154,000  10.08 
Pittsburg, PA 2,323,000  10.72 
Atlanta, GA 2,834,000  9.81 

 

A comparison of total trips by purpose is also made between the NIRPC survey data and 
the NIRPC model as shown in Table 10.2.  The model statistics for person trips reflect a 21 
percent increase over the trips provided by the survey data.  This increase, necessary in 
order to match the HPMS VMT data discussed below, is consistent with the adjustments 
to self-administered travel surveys typically required to bring reported trip-making in line 
with observed traffic volumes. 

Table 10.2 Total Person Trips by Purpose 

Purpose Expanded Survey Total NIRPC Model Total Percent Difference 

HBW 369,644  426,834  15.5% 
HBSh 242,869  276,610  13.9% 
HBO 887,598  1,080,485  21.7% 
NHB 553,468  702,498  26.9% 
Total 2,053,579  2,486,427  21.1% 
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10.1.1.2  Productions versus Attractions 

The NIRPC trip production models are based on trips per household by trip purpose, and 
thus, when applied to the correct zonal population data for 1995, provide an automatic 
adjustment for the under-representation of households in the travel survey (270,409 
households in the zonal data for 1995 versus 252,032 households in the expanded survey).  
Because the trip attraction models do not provide this same automatic adjustment, it was 
necessary to revise the trip attraction rates to reflect this difference in households.  
Following this adjustment, the comparison of regional trip production and attraction 
totals (prior to balancing) can be compared.  Table 10.3 provides this comparison.  Both 
sets of totals represent only trips made entirely within the three-county study area 
(internal-internal).  The ratios of total productions to total attractions by purpose range 
from 1.07 to 1.14.  While this range may appear to be somewhat high, it is important to 
note that prior to the trip distribution step the attraction estimates by zone were revised so 
that their totals matched the total trip productions.  In addition, in the case of non-home-
based trips, the resulting balanced attraction estimates by zone were used as the final 
estimates of both the origins and destinations of trips by this purpose. 

Table 10.3 Regional Trip Productions Versus Unbalanced Trip Attractions by 
Purpose 

Trip Purpose Productions Unbalanced Attractions Production/Attraction Ratio 

HBW 426,834  377,054  1.13 
HBSh 276,643  258,889  1.07 
HBO 1,080,583  947,641  1.14 
NHB 702,500  620,939  1.13 
Totals 2,486,560  2,204,524  1.13 

 

10.1.2  Trip Distribution 

Average trip lengths by trip purpose are compared to the expanded survey data and 
summarized in Table 10.4.  Table 10.4 shows that the modeled trip lengths match those 
from the survey within an error of 1 percent.  The modeled and observed averages are also 
compared with the range of observed values reported in the forthcoming NCHRP 
Report 365 (Travel Estimation Techniques for Urban Areas) for a sample of eight urban areas.  
Each of averages falls within the range for other areas.  The average for HBW trips occurs 
in the middle of the range, while those for the non-work purposes are all near the lower 
limits of their respective ranges. 
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Table 10.4 Average Trip Times (Minutes/Person Trip) 

Purpose Expanded Survey NIRPC Model Other Cities 

HBW 16.8  16.9  11-35 
HBSh 10.1  10.2  9-19 
HBO 10.2  10.2  10-17 
NHB 10.6  10.6  8-17 

 

10.1.3  Mode Choice 

Mode shares are shown in Table 10.5, in which the average daily mode shares by trip 
purpose for all internal trips are compared to the expanded survey data.  (see Section 8.3.1 
for a discussion of the development of the mode share targets.)  Table 10.5 shows that 
NIRPC model mode shares compare very well with the survey data, with all differences 
between the data and the predictions within 1 percent. 

Table 10.5 Daily Mode Shares by Purpose and Mode 

Purpose SOV HOV2 HOV3+ Non-Motorized Transit School Bus Total 

Targets Based on Expanded Survey Mode Shares 
HBW 88.6% 7.4% 0.7% 3.0% 0.3% - 100% 
HBSh 59.1% 27.4% 8.8% 4.5% 0.3% - 100% 
HBO 49.1% 27.3% 13.9% 7.4% 0.2% 2.1% 100% 
NHB 60.5% 25.3% 9.9% 3.7% 0.6% - 100% 

NIRPC Travel Model Mode Shares 
HBW 88.3% 7.4% 0.7% 3.3% 0.4% - 100% 
HBSh 58.9% 27.2% 8.7% 4.8% 0.3% - 100% 
HBO 48.9% 27.1% 13.8% 7.9% 0.3% 2.1% 100% 
NHB 60.4% 25.2% 9.8% 3.9% 0.7% - 100% 

 

Percentage mode shares for internal trips are shown in Table 10.6 by purpose and by 
mode for the four time periods and compared to the expanded survey data.  The table 
shows very good results, with the mode share data for the model and the survey data 
within 1 percent by each time of day period and by each mode. 
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Table 10.6 Trips by Purpose, Mode and Time Period 

Targets Based on Expanded Survey Mode Shares NIRPC Travel Model Mode Shares 
 
Purpose 

 
SOV 

 
HOV2 

 
HOV3+ 

Non-
Motorized 

 
Transit 

School 
Bus 

 
Total 

 
Purpose 

 
SOV 

 
HOV2 

 
HOV3+ 

Non-
Motorized 

 
Transit 

School 
Bus 

 
Total 

A.M. Peak Period  
HBW 89.8% 6.9% 0.4% 2.5% 0.4% - 100% HBW 89.7% 6.9% 0.4% 2.5% 0.6% - 100% 

HBSh 70.9% 20.7% 0.7% 7.2% 0.5% - 100% HBSh 70.8% 20.7% 0.7% 7.1% 0.7% - 100% 

HBO 44.4% 23.0% 15.6% 9.5% 0.3% 7.1% 100% HBO 44.4% 23.0% 15.7% 9.3% 0.5% 7.2% 100% 

NHB 77.0% 14.3% 2.6% 5.4% 0.6% - 100% NHB 77.0% 14.3% 2.6% 5.3% 0.7% - 100% 

P.M. Peak Period  
HBW 89.2% 7.3% 1.0% 2.1% 0.3% - 100% HBW 89.1% 7.3% 1.0% 2.1% 0.5% - 100% 

HBSh 57.7% 29.4% 10.3% 2.4% 0.2% - 100% HBSh 57.7% 29.3% 10.2% 2.4% 0.3% - 100% 

HBO 47.4% 27.5% 15.9% 7.4% 0.2% 1.6% 100% HBO 47.5% 27.4% 15.8% 7.5% 0.2% 1.6% 100% 

NHB 58.3% 27.1% 9.5% 4.6% 0.6% - 100% NHB 58.3% 27.1% 9.5% 4.6% 0.6% - 100% 

Off-Peak Period  
HBW 86.8% 7.9% 0.8% 4.2% 0.2% - 100% HBW 86.3% 7.8% 0.8% 4.8% 0.3% - 100% 

HBSh 58.6% 27.2% 8.8% 5.1% 0.2% - 100% HBSh 58.5% 27.0% 8.8% 5.5% 0.3% - 100% 

HBO 51.1% 28.4% 12.6% 6.8% 0.2% 1.0% 100% HBO 50.8% 28.0% 12.4% 7.6% 0.2% 1.0% 100% 

NHB 59.5% 25.9% 10.8% 3.1% 0.6% - 100% NHB 59.4% 25.8% 10.8% 3.5% 0.7% - 100% 

 



 

NIRPC Transportation Model Documentation 

Table 10.7 demonstrates the very close match between observed and estimated mode 
shares for all trips made entirely within the NIRPC region, for all trips made between 
Indiana and the Chicago CBD, and for the sum of these two market segments.  The values 
provided here are compared with NPTS data for all urban areas with 1990 populations 
less than 1,000,000.  These comparisons show that the auto mode share is somewhat 
higher in the NIRPC region than in the urban areas with similar population levels, but 
that the share for transit is similar. 

Table 10.7 Comparison of Mode Shares for All Purposes 

Source Auto Transit Other 

Internal Trips Only    
Targets Based on Expanded Survey 93.5% 0.3% 6.2% 
     NIRPC Model 93.1% 0.4% 6.5% 
Indiana/Chicago CBD Trips    
Targets Based on Expanded Survey 64.8% 35.2% 0.0% 
     NIRPC Model 64.8% 35.2% 0.0% 
Internal + Chicago CBD    
Targets Based on Expanded Survey 93.2% 0.7% 6.1% 
     NIRPC Model 92.8% 0.8% 6.5% 
Urban Areas less than 1,000,000 Population 89.6% 1.1% 9.3% 

 

Table 10.8 provides additional detail on the comparison of observed and estimated mode 
shares for all trips made by NIRPC residents between the NIRPC region and the Chicago 
CBD.  Here also, the model closely matches the observed travel survey data, which has 
been adjusted to match observed commuter rail ridership levels. 

Table 10.8 Daily Indiana/Chicago CBD Trips by Purpose and Mode 

Purpose SOV HOV2 HOV3+ Transit Total 

Targets Based on Expanded Survey Mode Shares 
HBW 43.8%  9.9% 3.1% 43.2% 100.0% 
HBO 31.8% 30.4% 10.2% 27.7% 100.0% 
NHB 39.4% 29.4% 8.6% 22.5% 100.0% 
Total 39.9% 18.9% 6.0% 35.2% 100.0% 
NIRPC Travel Model Mode Shares 
HBW 43.8%   9.9%   3.1% 43.3% 100.0% 
HBO 31.7% 30.3% 10.2% 27.8% 100.0% 
NHB 39.5% 29.5% 8.7% 22.4% 100.0% 
Total 39.9% 18.9% 6.0% 35.2% 100.0% 
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NIRPC Transportation Model Documentation 

 

Table 10.9 provides a comparison of three sets of auto occupancy rates by purpose for 
household-based trips.  The first data column provides the estimated values from the 
NIRPC model.  The next column shows that these values replicate the survey data within 
one percent for each trip purpose.  The last column indicates that the observed and 
predicted values for the NIRPC region by purpose are somewhat less than the 
corresponding averages from the 1990 NPTS national survey, particularly for non-work 
trips.  The NPTS data for 1977, 1983, and 1990 reveal a decreasing trend in average auto 
occupancy, one which would suggest that the average for all purposes may have dropped 
to 1.32 in 1995.  The difference between the value observed and predicted for the NIRPC 
region, 1.25, and this projected 1995 value is -5.5 percent. 

Table 10.9 Auto Occupancy Rates by Purpose 

Trip Purpose Model Results Expanded Survey 1990 NPTS* 

HBW 1.05  1.05  1.10 
HBSh 1.26  1.27  1.45 
HBO 1.35  1.35  1.62 
NHB 1.26  1.25   
Soc/Rec   1.89 
Total 1.22  1.22  1.39 

* Note that the NPTS rates are for all trips related to work, shop, other, and social/recreational trips, not only 
home-based trips. 

10.1.4  Traffic Assignment 

10.1.4.1  Vehicle Miles of Travel 

Table 10.10 shows NIRPC model daily vehicle miles of travel (VMT) and traffic volumes 
by functional roadway by county (Lake, LaPorte, and Porter) and by urban and rural 
roadway classifications (interstate, principal and minor arterials, and collectors).  These 
data are compared to estimates derived from the HPMS data.  Table 10.10 does not 
attempt to compare roadway statistics for “local” roadways since this roadway 
classification is not part of the model network. 

Miles of roadway are summarized in the first section of Table 10.10, which compares miles 
of roadway by classification between the model network and by the HPMS database.  
There is a 4 percent difference in roadway mileage indicated between the model (4,023 
network miles) and the HPMS network (3,868 network miles), which is probably due to 
differences in local roadway classifications between the HPMS and model networks.  
Specific information on individual links in the HPMS database, or on how the NIRPC  
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Table 10.10 NIRPC Travel Model – VMT Validation Results 
Miles of Roadway 

  HPMS Model     
 
Area  
Type 

 
Functional 

Classification 

 
Miles  
Lake 

 
Miles 

LaPorte 

 
Miles 
Porter 

 
Miles  
Lake 

 
Miles 

LaPorte 

 
Miles 
Porter 

Total 
HPMS 
Miles 

Total 
Model 
Miles 

 
 

Difference 

 
Percent 

Difference 

Urban Interstate 130.00 0.00 34.66 124.36 0.00 35.71 164.66 160.07 -4.59 -2.8% 
 Princ. Arterial 277.78 103.50 123.32 261.05 106.15 117.25 504.60 484.45 -20.15 -4.0% 
 Minor Arterial 459.84 107.96 119.20 450.69 109.23 125.79 687.00 685.71 -1.29 -0.2% 
 Collector 485.82 103.36 193.00 524.70 114.70 201.77 782.18 841.17 58.99 7.5% 
 Total Urban 1,353.44 314.82 470.18 1,360.80 330.08 480.52 2,138.44 2,171.40 32.96 1.5% 

Rural Interstate 31.48 75.58 29.66 31.09 73.79 26.92 136.72 131.80 -4.92 -3.6% 
 Princ. Arterial 33.32 73.02 26.74 32.16 78.90 26.94 133.08 138.00 4.92 3.7% 
 Minor Arterial 20.34 119.18 59.14 27.39 130.53 77.17 198.66 235.09 36.43 18.3% 
 Collector 232.80 587.50 440.52 394.01 568.26 384.06 1,260.82 1,346.33 85.51 6.8% 
 Total Rural 317.94 855.28 556.06 484.65 851.48 515.09 1,729.28 1,851.22 121.94 7.1% 

Total  1,671.00 1,170.00 1,026.00 1,845.00 1,182.00 996.00 3,868.00 4,023.00 155.00 4.0% 

 



Table 10.10 NIRPC Travel Model – VMT Validation Results (continued) 
Vehicle Miles of Travel 

  HPMS Model     
 
Area  
Type 

 
Functional 

Classification 

 
VMT  
Lake 

 
VMT 

LaPorte 

 
VMT 
Porter 

 
VMT  
Lake 

 
VMT 

LaPorte 

 
VMT 
Porter 

Total 
HPMS 
VMT 

Total 
Model 
VMT 

 
 

Difference 

 
Percent 

Difference 

Urban Interstate 3,931,498 N/A 977,404  3,609,072  N/A  1,224,621  4,908,902  4,833,693  (75,209) -1.5% 
 Princ. Arterial 2,767,978 565,469 819,817  2,877,470   434,693   785,432  4,153,264  4,097,595  (55,669) -1.3% 
 Minor Arterial 1,785,440 210,624 347,419  1,754,709   186,196   304,136  2,343,483  2,245,041  (98,442) -4.2% 
 Collector 666,004 79,815 192,126 807,060   128,181   180,668  937,945  1,115,909  177,964  19.0% 
 Total Urban 9,150,920   855,908   2,336,766   9,048,311   749,070   2,494,857   12,343,594   12,292,238  (51,356) -0.4% 

Rural Interstate 494,929 961,961 436,735 547,294   1,233,294   474,084  1,893,625  2,254,672  361,047  19.1% 
 Princ. Arterial 162,074 335,589 292,183 95,854   320,732   323,570  789,846  740,156  (49,690) -6.3% 
 Minor Arterial 70,912 461,225 237,175 112,525   458,901   255,925  769,312  827,351   58,039  7.5% 
 Collector 316,609 565,459 659,373 320,133   625,596   514,880  1,541,441  1,460,609  (80,832) -5.2% 
 Total Rural 1,044,524   2,324,234   1,625,466   1,075,806   2,638,523   1,568,459  4,994,224  5,282,788  288,564  5.8% 

Total  10,195,444 3,180,142 3,962,232 10,124,117 3,387,593 4,063,316 17,337,818 17,575,026 237,208  1.4% 

 



 

NIRPC Transportation Model Documentation 

network differed, was not available to identify the specific reasons for these small 
differences.  However, the differences are small and not significant since the VMT 
estimates for air quality conformity analysis are normalized to the base year HPMS 
estimates, and therefore using model VMT will not affect the analysis or present a 
problem. 

The total estimated VMT in the NIRPC region, 17.58 million (See Table 10.10), closely 
matches the total provided by the HPMS system; the difference is just 1.4 percent, much 
less than the five percent target provided by NIRPC for regional VMT.  This value 
represents an average of 23.9 vehicle-miles of travel per person per average weekday.  The 
comparable value from the 1990 NPTS (National Personal Transportation Survey:  Urban 
Travel Patterns, U.S. DOT, 1994) for all United States households is 21.3.  (It is not possible 
to determine the variations in this statistic by size of urban area from the NPTS report.)  
The difference is just +2.6 percent, which can be attributed to the inclusion of non-
household-based travel (trucks and external-internal travel) in the NIRPC average, and 
the exclusion of this travel from the NPTS average. 

Table 10.10 also provides comparisons of the HPMS and estimated VMT by area type and 
functional classification.  Each of these totals lies within the accepted error ranges 
provided by NIRPC; this is of particular note for a number of the rural functional classes 
which were not well matched with the HPMS data in previous model runs.  An effort was 
made to conduct a number of sensitivity tests to obtain a valid model.  This effort focused 
on improving other accuracy measures; however, whenever these tests resulted in lower 
levels of accuracy with respect to VMT, the tested changes were not included in the final 
revised model. 

10.1.4.2  Cutline, Cordon Line and Link Volume Comparisons 

Table 10.11 provides comparisons of observed and estimated facility volumes on six 
cutlines, and on an approximation of a study area cordon line formed by combining the 
cutlines for the western and part of the southern borders of the study area, plus the cutline 
for the LaPorte/Porter County line.  Five of the six cutlines are within the desired 
maximum error range (10 percent or less) and all six cutlines are within the maximum 
error range which varies by volume level as stated by the FHWA and cited in NCHRP 255, 
Highway Traffic Data for Urbanized Area Project Planning and Design (1982). 

Table 10.11 Cutline and Cordon Line Volume Comparisons  
(Two-Way Daily Counts and Volumes) 

Cutline Description Count Volume % Difference 

1 E of I-65 383,900  363,800  -5.2% 
2 near Toll Road 429,600  387,700  -9.8% 
3 Grand Trunk RR 309,000  260,100  -15.8% 
4 IL/IN state line 351,000  377,100  7.4% 
5 Newton County line 51,600  50,600  -1.9% 
6 LaPorte/Porter County line 171,600  170,200  -0.8% 

Total All Cutlines 1,696,700 1,609,500 -5.1% 
4, 5, 6 Cordon line approximation 574,200  597,900  4.1% 
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Table 10.12 Screenline Volumes on Individual Links 

 
Inode 

 
Jnode 

 
Volume 

 
Count 

  
Inode 

 
Jnode 

 
Volume 

 
Count 

 Two-Way 
Volume 

Two-Way 
Count 

Two-Way 
Variance 

 
Location 

Screenline 1 – E of I-65            
2141 2273 21 50  2273 2141 21 50  41 100 -59  
2140 2232 18 21  2232 2140 19 21  38 41 -3  
2229 2268 6,421 6,735  2268 2229 6,031 6,735  12,451 13,470 -1,019 SR 2 
2138 2190 1,382 166  2190 2138 1,089 166  2,471 332 2,139 153 Ave 
2086 2188 0 200  2188 2086 0 200  0 400 -400  
2137 2185 5,487 4,640  2185 2137 6,599 4,640  12,086 9,279 2,807 U.S. 231 
2080 2183 105 1,137  2183 2080 0 1,313  105 2,450 -2,345  
2079 2135 3,478 3,358  2135 2079 3,651 4,286  7,129 7,644 -515 109 Ave 
2077 2132 2,463 4,084  2132 2077 3,155 4,084  5,618 8,167 -2,549 101 St 
2126 2125 29,834 36,556  2125 2124 34,104 36,556  63,938 73,112 -9,174 U.S. 30 
2069 2121 7,419 6,027  2121 2069 6,978 6,027  14,397 12,053 2,344 73 Ave 
2118 2177 8,841 14,253  2177 2118 10,290 14,253  19,130 28,505 -9,375 61 St 
2064 2176 320 1,375  2176 2064 264 1,375  583 2,749 -2,166 53 St 
2063 2215 3,106 2,738  2215 2063 3,018 2,738  6,124 5,475 649 49 Ave 
2114 2173 862 1,136  2173 2114 981 1,136  1,842 2,271 -429 39 Ave 
2169 2170 13,380 11,348  2170 2169 13,928 11,348  27,308 22,696 4,612 37 Ave 
2110 2211 204 1,304  2211 2110 311 1,304  515 2,607 -2,092 35 Ave 
2161 2244 2,407 2,866  2244 2161 1,634 2,866  4,041 5,732 -1,691 Central Ave 
2156 2242 813 2,739  2242 2156 742 2,739  1,556 5,478 -3,922 15 Ave 
2146 2200 16,825 13,722  2200 2146 16,145 13,722  32,970 27,443 5,527 U.S. 12/20 
2209 2246 58,331 57,790  2206 2208 57,242 57,790  115,573 115,579 -6 I-80 E of I-65 
2154 2159 15,974 19,159  2203 2155 19,039 19,159  35,013 38,318 -3,305 I-90 E of I-65 
2085 2185 425   2185 2085 82   508 0 508  
2088 2189 168   2189 2088 166   334 0 334  

Total 178,285 191,399    185,487 192,503  363,772 383,901 -20,129  



Table 10.12 Screenline Volumes on Individual Links (continued) 

 
Inode 

 
Jnode 

 
Volume 

 
Count 

  
Inode 

 
Jnode 

 
Volume 

 
Count 

 Two-way 
Volume 

Two-way 
Count 

Two-way 
Variance 

 
Location 

Screenline 2 – Near Toll Road            
1020 1021 9,945 9,512  1021 1020 8,820 8,915  18,765 18,427 338 Hohman Ave 
1024 1026 5,504 3,209  1026 1024 5,841 3,346  11,345 6,555 4,790 Sohl Ave 
1085 1090 4,229 13,460  1090 1085 5,727 13,460  9,956 26,920 -16,964 U.S. 41 (Calumet Ave) 
1173 1176 9,377 7,810  1176 1173 8,677 7,400  18,054 15,210 2,844 Columbia Ave 
1227 1228 13,148 11,390  1228 1227 13,643 11,390  26,791 22,780 4,011 U.S. 20 (Ind. Blvd.) 
1364 1365 6,104 5,999  1365 1364 7,239 5,465  13,343 11,464 1,879 Kennedy Ave 
1504 1507 21,459 24,510  1581 1580 22,658 24,510  44,118 49,020 -4,902 SR 912 (Cline Ave) 
1631 1632 434 1,448  1632 1631 620 1,448  1,054 2,896 -1,842 Colfax St 
1674 1675 4,112 2,367  1675 1674 4,368 5,651  8,479 8,018 461 Burr St 
1717 1718 3,293 5,333  1718 1717 2,811 5,917  6,104 11,250 -5,146 Clark Rd 
1763 1764 2,617 4,873  1764 1763 2,919 5,631  5,536 10,504 -4,968 Chase St 
1802 1803 4,887 4,101  1803 1802 4,956 4,101  9,842 8,202 1,640 Taft St 
1876 1879 5,233 7,075  1879 1876 5,708 7,075  10,941 14,150 -3,209 Grant St 
1956 1958 6,435 4,235  1958 1956 6,996 4,235  13,431 8,470 4,961 SR 53 (Broadway) 
1957 1959 391 2,225  1959 1957 448 2,225  839 4,449 -3,610 Harrison St 
2045 2047 2,074 3,237  2047 2045 2,026 3,413  4,100 6,650 -2,550 Virginia St 
2100 2102 1,430 2,058  2102 2100 1,205 2,091  2,635 4,149 -1,514 MLK Drive 
2147 2158 12,639 16,048  2157 2147 12,629 16,048  25,268 32,096 -6,828 I-65 
2240 2241 2,320 4,457  2241 2240 3,621 4,537  5,940 8,994 -3,054 Clay St 
2280 2283 67 4,216  2283 2280 75 4,992  143 9,208 -9,065 Lake St? 
2316 2354 0 2,186  2354 2316 0 2,186  0 4,371 -4,371 Hobart Rd 
2353 2354 7,022 4,087  2354 2353 5,673 8,294  12,695 12,381 314 Ripley St 
3017 3018 1,480 2,814  3018 3017 1,937 2,814  3,417 5,628 -2,211 Dombey Rd 
3029 3030 4,029 2,542  3030 3029 3,929 2,542  7,958 5,083 2,875 Swanson Rd 
3064 3065 7,346 7,520  3065 3064 8,103 8,292  15,449 15,812 -363 Willowcreek Rd 
3096 3099 1,366 2,166  3099 3096 1,388 2,166  2,754 4,332 -1,578 Hamstram Rd 
3131 3105 14 3,863  3105 3131 9 3,863  23 7,726 -7,703 Central Ave. 
3146 3147 135 1,351  3147 3146 166 1,351  302 2,702 -2,400 McCool Rd 
3163 3166 2,654 5,004  3166 3163 2,942 5,004  5,596 10,008 -4,412 SR 149 

              



Table 10.12 Screenline Volumes on Individual Links (continued) 

 
Inode 

 
Jnode 

 
Volume 

 
Count 

  
Inode 

 
Jnode 

 
Volume 

 
Count 

 Two-way 
Volume 

Two-way 
Count 

Two-way 
Variance 

 
Location 

Screenline 2 – Near Toll Road 
(continued) 

           

3200 3202 634 708  3202 3200 667 708  1,301 1,415 -114 Babcock Rd 
3268 3271 2,380 1,703  3271 3268 2,424 1,703  4,804 3,405 1,399 Meridian Rd 
3377 3380 16,518 12,905  3378 3377 15,509 12,905  32,026 25,809 6,217 SR 49 
3465 3466 13 132  3466 3465 4 132  17 264 -247 250E Rd 
3511 3514 126 459  3514 3511 113 459  239 917 -678 400E Rd 
4010 4011 236 285  4011 4010 232 285  468 569 -101 County Line Rd 
4097 4103 4,456 5,914  4103 4097 4,412 5,914  8,868 11,827 -2,959 U.S. 421 
4199 4201 554 278  4201 4199 496 278  1,050 556 494 Wazniak Rd 
4280 4281 7,642 2,372  4281 4280 7,753 2,372  15,394 4,744 10,650 Johnson Road 
4301 4327 8,662 4,235  4327 4301 7,961 4,235  16,623 8,470 8,153 U.S. 35 
4325 4326 4,216 3,815  4326 4325 4,972 3,815  9,188 7,630 1,558 SR 39 
4443 4444 868 1,345  4444 4443 779 1,345  1,647 2,690 -1,043 Fail Rd 
4443 4468 5,437 6,680  4468 4443 5,347 6,680  10,784 13,360 -2,576 U.S. 20 
4476 4479 7 103  4479 4476 7 103  13 205 -192 600E Rd 
4494 4492 1 128  4492 4494 1 128  3 255 -252 Cougar/Emmery Rd 
4503 4504 155   4504 4503 212   367 0 367 CR 850 E 

Total 191,646 210,153    196,024 219,419  387,670 429,571 -41,901  

 



Table 10.12 Screenline Volumes on Individual Links (continued) 

 
Inode 

 
Jnode 

 
Volume 

 
Count 

  
Inode 

 
Jnode 

 
Volume 

 
Count 

 Two-way 
Volume 

Two-way 
Count 

Two-way 
Variance 

 
Location 

Screenline 3 – S of Grand Trunk RR           
1039 1040 4,722 6,570  1040 1039 4,284 6,570  9,006 13,140 -4,134 Sheffield Ave 
1310 1311 22,001 17,250  1311 1310 22,437 17,250  44,438 34,500 9,938 U.S. 41 
1391 1392 3,312 5,330  1392 1391 3,493 5,330  6,805 10,660 -3,855 Kennedy Ave 
1593 1595 5,976 7,162  1595 1593 6,157 7,600  12,134 14,762 -2,628 Broad St 
1641 1642 3,046 3,429  1642 1641 3,158 3,429  6,204 6,857 -653 Colfax Ave 
1775 1776 78 1,159  1776 1775 240 1,159  318 2,317 -1,999 Hendricks St 
1821 1822 6,993 9,150  1822 1821 7,273 9,150  14,266 18,300 -4,034 SR 55 
2005 2008 10,691 14,146  2008 2005 11,044 14,145  21,735 28,291 -6,556 SR 53 
2123 2120 31,677 36,648  2119 2070 30,341 36,648  62,018 73,296 -11,279 I-65 N of U.S. 30 
2217 2218 2,999 2,995  2218 2217 3,188 2,995  6,188 5,990 198 Colorado 
2332 2333 4,588 3,760  2333 2332 5,104 3,760  9,691 7,520 2,171 Grand 
2400 2401 77 410  2401 2400 86 410  164 819 -655 Randolph St 
3006 3007 1,269 2,387  3007 3006 1,701 2,387  2,970 4,773 -1,803 Lake County Line Rd 
3076 3077 662 657  3077 3076 712 657  1,374 1,313 61 625W Rd 
3112 3114 1,418 1,339  3114 3112 1,541 1,339  2,959 2,678 281 475W Rd 
3204 3241 7,163 6,944  3241 3204 6,663 6,944  13,826 13,888 -62 SR 130 
3239 3240 0 2,500  3240 3239 0 2,500  0 5,000 -5,000 Yellowstone 
3280 3282 309 5,702  3282 3280 345 5,661  655 11,363 -10,708 Campbell St Valparaiso 
3281 3283 207 1,054  3283 3281 279 1,054  486 2,108 -1,622 Franklin St Valparaiso 
3339 3340 5,190 10,297  3340 3339 5,225 10,122  10,414 20,419 -10,005 Calumet Av Valparaiso 
3398 3401 6,184 2,370  3401 3398 5,739 2,370  11,923 4,740 7,183 Roosevelt 
3399 3400 3,702 2,739  3400 3399 3,873 3,955  7,576 6,694 882 Silhavy Rd 
3438 3439 424   3439 3438 436   861 0 861  
3481 3478 6,902 9,797  3477 3480 7,222 9,797  14,124 19,593 -5,469 SR 49 

Total 129,589 153,792    130,544 155,229  260,133 309,021 -48,888  



Table 10.12 Screenline Volumes on Individual Links (continued) 

 
Inode 

 
Jnode 

 
Volume 

 
Count 

  
Inode 

 
Jnode 

 
Volume 

 
Count 

 Two-way 
Volume 

Two-way 
Count 

Two-way 
Variance 

 
Location 

Screenline 4 – @ IL/IN State Line           
5128 5003 20,776 13,920  5001 5127 22,456 13,920  43,233 27,840 15,393 I-90 @ IL line 
5025 5002 3,955 2,783  5002 5025 5,014 2,783  8,969 5,566 3,403 108 St E of State Line Rd 
5027 5004 856 1,868  5004 5027 851 1,868  1,707 3,736 -2,029 112 St E of State Line Rd 
5037 1013 8,908 8,000  1013 5037 6,608 8,232  15,517 16,232 -715 SR 312 E of State Line Rd 
5006 1022 8,963 7,018  1021 5005 10,109 5,473  19,072 12,491 6,581 Sibley/State St E of State 

Line Rd 
5008 1027 4,180 1,000  1027 5008 4,308 1,000  8,488 2,000 6,488 Ogden(?) St 
5010 1028 221 1,390  1028 5010 199 1,390  420 2,780 -2,360 154 St E of State Line Rd 
5012 1030 4,201 2,000  1030 5012 4,449 2,000  8,651 4,000 4,651 Cleveland 
5013 1031 10,707 6,814  1031 5013 9,476 6,852  20,183 13,666 6,517 165 St E of State Line Rd 
5015 1113 60,547 79,420  1111 5014 61,102 79,420  121,650 158,840 -37,191 I-80 @ IL line 
5059 1036 14,267 11,050  1036 5059 14,579 9,020  28,846 20,070 8,776 Ridge Rd E of State Line Av 
5063 1038 6,702 7,618  1038 5063 6,657 6,792  13,359 14,410 -1,051 45 Ave E of State Line Av 
5070 1044 11,610 12,243  1044 5070 13,447 12,243  25,056 24,485 571 U.S. 30 E of IL line 
5074 1047 3,532 1,000  1047 5074 3,507 1,000  7,040 2,000 5,040 Novak Ave? 
5016 1048 281   1048 5016 125   405 0 405 93rd Ave? w. of Sheffield 
5017 1050 5,140 3,691  1050 5017 5,285 3,691  10,425 7,382 3,043 101 Ave E of State Line Rd 
5018 1149 180   1149 5018 165   345 0 345 109th Ave? 
5077 1053 3,752 2,000  1053 5077 3,916 2,000  7,667 4,000 3,667 151st Ave 
5078 1054 0   1054 5078 0   0 0 0  
5080 1153 196 192  1153 5080 189 192  385 383 2 185 St E of State Line Rd 
5081 1276 0 66  1276 5081 0 66  0 131 -131 197 St E of State Line Rd 
5083 1200 816 1,777  1200 5083 835 1,777  1,651 3,554 -1,903 SR 2 E of State Line Rd 
5084 1201 2,680 88  1201 5084 2,623 88  5,303 176 5,127 225 St E of State Line Rd 
5085 1409 0 153  1409 5085 0 153  0 306 -306 241 St E of State Line Rd 
5021 5000 13,050 13,495  5000 5021 15,675 13,495  28,724 26,989 1,735 U.S. 12/20/41 E of State 

Line Rd 
Total  185,520 177,584    191,576 173,453  377,096 351,037 26,059  



Table 10.12 Screenline Volumes on Individual Links (continued) 

 
Inode 

 
Jnode 

 
Volume 

 
Count 

  
Inode 

 
Jnode 

 
Volume 

 
Count 

 Two-way 
Volume 

Two-way 
Count 

Two-way 
Variance 

 
Location 

Screenline 5 @ Newton County Line           
351 1478 4,203 4,201  1478 351 4,208 4,201  8,411 8,401 10 U.S. 41 
352 2036 921 944  2036 352 921 944  1,842 1,887 -45 SR 55 

2274 2275 0 156  2275 2274 0 156  0 311 -311 Range Line Rd 
354 3046 2,730 3,059  3046 354 2,725 3,059  5,456 6,117 -661 SR 53/231 
355 3190 1,691 209  3190 355 1,686 209  3,377 418 2,959 CR 250W 
355 3243 432 226  3243 355 439 226  871 451 420 Baum's Bridge Rd 
355 3457 61 1,764  3457 355 61 1,764  122 3,527 -3,405 SR 49 
353 2235 15,239 15,221  2236 353 15,273 15,221  30,513 30,442 71 I-65 

Total  25,278 25,777    25,313 25,777  50,591 51,554 -963  

Screenline 6 @ Laporte/Porter County Line         
3569 4049 0 62  4049 3569 0 62  0 124 -124 CR 1000S 
3568 4024 577 1,132  4024 3568 548 1,132  1,125 2,264 -1,139 SR 8 
3538 3567 180 104  3567 3538 168 104  347 207 140 CR 300S 
3504 4014 855 13  4014 3504 824 13  1,679 25 1,654 Division Rd 
3528 4013 11,741 14,818  4013 3528 11,837 14,818  23,578 29,636 -6,058 U.S. 30 
3527 4012 270 196  4012 3527 250 196  520 391 129 CR 400N 
3563 4047 3,147 3,746  4047 3563 3,224 3,746  6,372 7,491 -1,119 SR 2 
3552 4011 5,262 3,707  4011 3552 4,987 3,707  10,250 7,413 2,837 U.S. 6 
3542 3543 2,323 191  3543 3542 2,321 191  4,643 382 4,261 CR 500E 
3557 3560 51 212  3560 3557 51 212  102 424 -322 Burdick Rd 
3555 4005 2,628 113  4005 3555 2,512 113  5,140 226 4,914 U.S. 20 
3546 4002 6,267 9,447  4002 3546 6,533 9,447  12,800 18,894 -6,094 U.S. 12 
3545 4000 55 4,273  4000 3545 64 4,273  119 8,546 -8,427 Second Place 
3550 3559 38,648 32,718  3558 3549 38,811 32,718  77,459 65,436 12,023 I-94 
3562 4104 12,565 15,090  4102 3561 13,516 15,090  26,080 30,180 -4,100 I-80/90 Toll Rd 

Total  84,569 85,820    85,645 85,820  170,214 171,639 -1,425  
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10.1.4.5.3  Key Roadway Volumes 

Comparisons of observed counts and volumes on individual roadways are provided in 
Table 10.12.  With the exception of the Toll Road, which is difficult to represent in the 
model because it requires expenditures of both travel time and out-of-pocket costs and is 
closely paralleled by untolled Interstate facilities, all errors in the predicted volume levels 
are within the desired error ranges (plus or minus seven percent for freeways and plus or 
minus ten percent for major arterials).  Also, the toll road errors are within the limits of the 
FHWA guidelines cited above. 

10.1.4.4  Root Mean Square Error 

Table 10.13 provides the percent root mean square error (%RMSE) levels for all links with 
traffic counts within four volume groups and as a total.  The %RMSE for all links is 45 
percent.  While it was not possible to meet the desired %RMSE standards, the NIRPC 
Model %RMSE value for all links compares favorably with that cited for the Louisville 
model system (46 percent). 

Table 10.13 Root Mean Square Error Calculations 

Volume Group No. of RMSE Counts 

0-10,000 88% 85  
10,001-30,000 35% 38 
30,001-50,000 18% 6 
50,000+ 21% 5  

All links with counts 45% 134 

 

 10.2 Future Year (2020) Forecasts 

This section provides a summary of the results of the year revised 2020 “Existing + 
Committed” regional travel demand forecasts for NIRPC.  These forecasts were based on 
the validated 1995 model set (the Revised NIRPC Model), and reflect the use of 2020 
socioeconomic data forecasts of population and employment, with the “Existing + 
Committed” network improvements added to the validation networks.  The section 
includes a description of the basic input assumptions used to generate the forecasts, and 
presents tables of summary statistics of the 2020 results relative to the 1995 validation. 
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10.2.1  Characteristics of the Forecast Year Alternative 

10.2.1.1  Existing + Committed Network Improvements 

Based upon input provided by NIRPC staff, the existing + committed transportation 
improvements were added to the 1995 validation networks.  These improvements 
consisted of the following: 

1. Widen Willowcreek Road from two to four lanes from Stone Avenue to U.S. 6; 

2. Construct Marina Access Overpass as a two-lane collector; 

3. Construction of Buchanan Street from 2nd to 5th with two added lanes, as a minor 
arterial; 

4. Widening 129th from Hammond to East Chicago to a four-lane minor arterial; 

5. 77th from Dyer to U.S. 41 as a new two-lane minor arterial; 

6. Grant Street from USX to 7th, add two lanes as a principal arterial; 

7. SR 49 from Oakhill Road to U.S. 20, widen to four-lane principal arterial; 

8. SR 49, widen bridge to four lanes over U.S. 20; and 

9. Changing transit service in LaPorte from fixed route to demand responsive (decreasing 
headways to 5 minutes for all routes). 

10.2.1.2  Socioeconomic Data 

Regional control totals for employment, population and households by traffic analysis 
zone for the three county study area were provided by NIRPC staff.  Development of the 
control totals included the breakdown of employment in each zone to the required 
categories of manufacturing, trade, service and other employment based on direction from 
NIRPC staff.  The 2020 socioeconomic data was used in the trip generation models and for 
developing the variables required by the mode choice model.  Employment data was also 
needed to forecast mode shares between Indiana and the Chicago CBD.  A constant 
growth factor of 5.6 percent, corresponding to the predicted increase in CATS vehicle trips 
from 1995 to 2020, was applied to the 1995 data for this portion of the zones external to the 
NIRPC region. 

The forecasts are based on an expected growth in the average household income, in 1995 
dollars, of 29.7 percent, or 1.04 percent per year.  This value was obtained by the Woods 
and Poole county-level projections for the NIRPC region.  For the purposes of this travel 
forecast, this expected growth was assumed to be uniformly applied to all internal zones. 

10.2.1.3  Illinois and Chicago External Travel 

Year 2020 origin-destination person trip matrices were provided by CATS to account for 
travel made within and between Illinois and Indiana.  These matrices were factored to 
produce vehicle trip estimates that accounted for transit mode splits and auto occupancy 
rates, and were input into the NIRPC regional models prior to vehicle assignment.  For 
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travel from Indiana to the Chicago central business district, the origin-destination trip 
matrices from the NIRPC household survey were used as a base and were adjusted using 
a FRATAR growth factoring procedure to develop future trip tables, as discussed in 
Section 6.0.  Growth factors were based on changes to productions and attractions by 
purpose in Indiana from the NIRPC Model and by changes in trip ends by purpose for 
Chicago and Illinois zones from CATS forecasts. 

10.2.2  2020 Existing + Committed Forecast Results 

Table 10.14 provides a summary of the 2020 trip generation results relative to the 1995 
validation model.  This table shows that internal person trip ends increase by 15.1 percent 
from 1995 to the year 2020 on a daily basis.  This growth tends to vary between trip 
purposes.  Home-based work trip ends are expected to grow faster due to the increase in 
workers per household, by 23.3 percent, compared to home-based other growing by 11.4 
percent over the same time period.  This differential in growth rates is related to the mix of 
household incomes and workers per household (which are expected to increase by 3.7 
percent) and household sizes (which are expected to decrease by 5.9 percent on average, 
based on the zone-level forecasts provided by NIRPC) projected in the future relative to 
the 1995 base year.  The growth in trip ends for the year 2020 appears reasonable in 
relation to the growth in socioeconomic variables, as over the 1995 to 2020 time period, 
employment is projected to grow by 17.5 percent, and households are expected to grow by 
12.9 percent. 

Table 10.14 Trip Productions and Attractions by Purpose 

 
Purpose 

1995 NIRPC  
Model Total 

2020 NIRPC  
Model Total 

Percent  
Difference 

    
A.M. Peak Period    

HBW 168,389  207,586  23.3% 
HBSh 15,044  17,055  13.4% 
HBO 175,491  195,376  11.3% 
NHB 53,121  61,827  16.4% 

Total 412,045  481,844  17.0% 

P.M. Peak Period    
HBW 100,599  124,025  23.3% 
HBSh 70,848  80,311  13.4% 
HBO 256,538  285,605  11.3% 
NHB 183,559  213,674  16.4% 

Total 611,544  703,615  15.1% 

Off-Peak Period    
HBW 157,845  194,589  23.3% 
HBSh 190,715  216,199  13.4% 
HBO 648,456  721,952  11.3% 
NHB 465,817  542,219  16.4% 

Total 1,462,833  1,674,959  14.5% 
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Table 10.14 Trip Productions and Attractions by Purpose (continued) 

 
Purpose 

1995 NIRPC  
Model Total 

2020 NIRPC  
Model Total 

Percent  
Difference 

    

Daily    
HBW 426,833  526,200  23.3% 
HBSh 276,607  313,565  13.4% 
HBO 1,080,485  1,202,933  11.3% 
NHB 702,497  817,720  16.4% 

Total 2,486,422  2,860,418  15.0% 

Socioeconomic Factor 1995 2020 % Increase 

Population 734,452 778,056 5.9% 
Households 271,760 306,826 12.9% 
Employment 284,784 334,500 17.5% 

 

Table 10.15 summarizes the daily average trip times by each trip purpose, which are 
estimated to decrease from the base 1995 validation for all trip purposes.  While it is 
typical that average trip times would increase over time due to increased congestion 
levels, trip lengths are also influenced by changes in the distribution of socioeconomic 
activity levels, as increases in employment and shopping opportunities to nearby 
households could serve to shorten trip lengths. 

Table 10.15 Average Trip Length by Purpose (Average Daily) 

Purpose 1995 Travel Model 2020 Travel Model 

HBW 16.9  16.7 
HBSh 10.2  10.1 
HBO 10.2  10.1 
NHB 10.6  10.4 

Note:  All trip lengths are in minutes. 

Table 10.16 summarizes the mode choice shares for all household-based trips which are 
internal to the NIRPC region, and Table 10.17 provides the corresponding results for trips 
made by Indiana residents between Indiana and the Chicago CBD.  In total, travel by each 
mode is expected to increase between 1995 and 2020, with the larger-than-average 
increases for SOV and non-motorized trips in the case of internal trips, and for transit trips 
in the case of Indiana/CBD trips.  In total, transit trips increase in absolute numbers but 
decrease slightly in percentage terms.  These percentage decreases are due partially to  
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Table 10.16 Internal Trips by Purpose, Mode and Time Period 

 NIRPC Travel Model Mode Shares   NIRPC Travel Model Mode Shares  
 
Purpose 

 
SOV 

 
HOV2 

 
HOV3+ 

Non-
Motorized 

 
Transit 

School 
Bus 

 
Total 

  
Purpose 

 
SOV 

 
HOV2 

 
HOV3+ 

Non-
Motorized 

 
Transit 

School 
Bus 

 
Total 

 

                  
A.M. Peak Period – 1995 Validation  A.M. Peak Period – 2020  
HBW 150,971  11,660  598  4,170  990  - 168,389  39.5% HBW 188,127  12,832  642  5,095  890  - 207,586  39.5% 
HBSh 10,649  3,115  103  1,070  107  - 15,044  5.4% HBSh 12,354  3,394  97  1,104  106  - 17,055  5.4% 
HBO 77,900  40,442  27,492  16,301  814  12,542  175,491  16.2% HBO 91,330  44,302  26,983  18,097  787  13,877  195,376  16.2% 
NHB 40,916  7,604  1,404  2,837  360  - 53,121  7.6% NHB 47,281  8,989  1,788  3,380  389  - 61,827  7.6% 
ALL 280,436  62,821  29,597  24,378  2,271  12,542  412,045   ALL 339,092  69,517  29,510  27,676  2,172  13,877  481,844   

                  
P.M. Peak Period – 1995 Validation  P.M. Peak Period – 2020   
HBW 89,652  7,341  1,006  2,154  446  - 100,599  23.6% HBW 111,537  8,125  1,091  2,862  410  - 124,025  23.6% 
HBSh 40,871  20,787  7,239  1,717  234  - 70,848  25.6% HBSh 47,892  23,049  7,146  1,973  251  - 80,311  25.6% 
HBO 121,748  70,378  40,648  19,107  601  4,056  256,538  23.7% HBO 141,980  76,700  39,574  22,357  601  4,393  285,605  23.7% 
NHB 106,922  49,667  17,353  8,487  1,130  - 183,559  26.1% NHB 122,819  57,875  21,213  10,524  1,243  - 213,674  26.1% 
ALL 359,193  148,173  66,246  31,465  2,411  4,056  611,544   ALL 424,228  165,749  69,024  37,716  2,505  4,393  703,615   

                  
Off-Peak Period – 1995 Validation  Off-Peak Period – 2020  
HBW 136,190  12,380  1,308  7,580  387  - 157,845  37.0% HBW 168,329  13,563  1,402  10,963  332  - 194,589  37.0% 
HBSh 111,486  51,461  16,692  10,572  504  - 190,715  68.9% HBSh 130,142  56,691  16,322  12,517  527  - 216,199  68.9% 
HBO 329,134  181,756  80,614  49,483  1,269  6,200  648,456  60.0% HBO 380,232  195,650  77,154  61,082  1,266  6,568  721,952  60.0% 
NHB 276,493  119,953  50,142  16,124  3,105  - 465,817  66.3% NHB 317,131  139,235  60,941  21,475  3,437  - 542,219  66.3% 
ALL 853,303  365,550  148,756  83,759  5,265  6,200   1,462,833   ALL 995,834  405,139  155,819  106,037  5,562  6,568   1,674,959   

                  
Daily – 1995 Validation  Daily – 2020  
HBW 376,813  31,381  2,912  13,904  1,823  - 426,833  100% HBW 467,993  34,520  3,135  18,920  1,632  - 526,200  100% 
HBSh 163,006  75,363  24,034  13,359  845  - 276,607  100% HBSh 190,388  83,134  23,565  15,594  884  - 313,565  100% 
HBO 528,782  292,576  148,754  84,891  2,684  22,798   1,080,485  100% HBO 613,542  316,652  143,711  101,536  2,654  24,838   1,202,933  100% 
NHB 424,331  177,224  68,899  27,448  4,595  - 702,497  100% NHB 487,231  206,099  83,942  35,379  5,069  - 817,720  100% 
ALL  1,492,932  576,544  244,599  139,602  9,947  22,798   2,486,422   ALL  1,759,154  640,405  254,353  171,429  10,239  24,838   2,860,418   

 



Table 10.17 Internal-External Trips by Purpose, Mode and Time Period 

 NIRPC Travel Model Mode Shares   NIRPC Travel Model Mode Shares  
Purpose SOV HOV2 HOV3+ Transit Total  Purpose SOV HOV2 HOV3+ Transit Total  

A.M. Peak Period - 1995 Validation  A.M. Peak Period - 2020  
HBW  3,056   572   224   2,866   6,718  45.0% HBW  3,063   523   200   3,218   7,004  45.1% 
HBO  184   176   57   694   1,111  16.2% HBO  217   168   53   744   1,182  16.2% 
NHB  314   234   68   349   965  18.0% NHB  353   283   81   300   1,017  18.0% 
ALL  3,554   982   349   3,909   8,794    ALL  3,633   974   334   4,262   9,203   

P.M. Peak Period - 1995 Validation  P.M. Peak Period – 2020  
HBW  900   282   62   2,787   4,031  27.0% HBW  945   272   58   2,922   4,197  27.0% 
HBO  457   461   70   636   1,624  23.7% HBO  475   451   68   736   1,730  23.8% 
NHB  649   486   143   409   1,687  31.5% NHB  696   570   169   344   1,779  31.5% 
ALL  2,006   1,229   275   3,832   7,342    ALL  2,116   1,293   295   4,002   7,706   

Off-Peak Period - 1995 Validation  Off-Peak Period – 2020  
HBW  2,577   620   183   802   4,182  28.0% HBW  2,606   586   169   978   4,339  27.9% 
HBO  1,529   1,439   568   571   4,107  60.0% HBO  1,563   1,443   571   789   4,366  60.0% 
NHB  1,151   861   253   441   2,706  50.5% NHB  1,251   999   284   320   2,854  50.5% 
ALL  5,257   2,920   1,004   1,814   10,995    ALL  5,420   3,028   1,024   2,087   11,559   

Daily - 1995 Validation  Daily - 2020  
HBW  6,533   1,474   469   6,455   14,931  100% HBW  6,614   1,381   427   7,118   15,540  100% 
HBO  2,170   2,076   695   1,901   6,842  100% HBO  2,255   2,062   692   2,269   7,278  100% 
NHB  2,114   1,581   464   1,199   5,358  100% NHB  2,300   1,852   534   964   5,650  100% 
ALL  10,817   5,131   1,628   9,555   27,131    ALL  11,169   5,295   1,653   10,351   28,468   

 



Table 10.18 Vehicle Miles of Travel 

  1995 Model 2020 Model     
Area 
Type 

Functional 
Classification 

VMT  
Lake 

VMT 
LaPorte 

VMT 
Porter 

VMT  
Lake 

VMT 
LaPorte 

VMT 
Porter 

Total  
1995 VMT 

Total  
2020 VMT 

 
Difference 

Percent 
Difference 

Urban Interstate  3,609,072   na   1,224,621  4,187,860   na   1,414,801  4,833,693  5,602,661  768,968  14.7% 

 Principal 
Arterial 

 2,877,470  434,693  785,432  3,252,579  501,715  969,738  4,097,595  4,724,032  626,437  15.3% 

 Minor Arterial  1,754,709  186,196  304,136  2,245,796  208,591  394,789  2,245,041  2,849,176  604,135  26.9% 

 Collector 807,060  128,181  180,668  996,529  151,058  225,318  1,115,909  1,372,905  256,996  23.0% 

 Total Urban 9,048,311 749,070 2,494,857 10,682,764 861,364 3,004,646 12,292,238 14,548,774 2,256,536 18.4% 

Rural Interstate 547,294   1,233,294  474,084  640,672   1,474,473  626,811  2,254,672  2,741,956  478,284  21.6% 

 Principal 
Arterial 

95,854  320,732  323,570  122,476  376,031  378,885  740,156  877,392  137,236  18.5% 

 Minor Arterial 112,525  458,901  255,925  141,952  551,072  342,529  827,351  1,035,553  208,202  25.2% 

 Collector 320,133  625,596  514,880  453,755  712,768  699,354  1,460,609  1,865,877  405,268  27.7% 

 Total Rural 1,075,806 2,638,523 1,568,459 1,358,855 3,114,344 2,047,579 5,282,788 6,520,778 1,237,990 23.4% 

Total  10,124,117 3,387,593 4,063,316 12,041,619 3,975,708 5,052,225 17,575,026 21,069,552 3,494,526 19.9% 
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increasing real incomes and decreasing household sizes, and offset to a very slight extent 
by increasing population and employment densities.  The most significant factor, 
however, is the shifting of population away from the areas served by transit in 1995 
(assumed to remain unchanged in 2020) and to the portions of the region not currently 
served by transit.  In total, transit trips increase by 5.5 percent, from 0.78 percent of all 
household-based trips to 0.71 percent.  Travel by all non-transit modes is expected to 
increase over the 1995 to 2020 time period. 

Table 10.18 provides a summary of the vehicle-miles of travel (VMT) for the 2020 E+C 
forecasts relative to the 1995 validation results.  Overall VMT in the NIRPC region increases 
by 19.9 percent over 1995 conditions, with VMT increasing slightly more for rural 
roadway segments (23.4 percent) compared to urban roadway segments (18.4 percent).  
This VMT increase is consistent with that predicted for the CATS region, when differences 
in household and employment growth rates in the two regions are taken into account. 

Table 10.19 provides summaries of screenline volumes for the 2020 E+C forecasts in 
comparison to 1995 validation results.  The results of these tables show that overall 
screenline volumes will increase by 19 percent, but increases in 2020 travel vary 
depending on the location within the study area.  For example, screenline volume 
increases are highest for screenline 4 at the Indiana/Illinois state line (plus 23.8 percent), 
and screenline 5 at the Newton County line (plus 20.8 percent), while all other screenlines 
show lesser rates of growth. 

Table 10.19 Screenline Volume Comparison 

 
Screenline 

 
Description 

 
1995 Volume 

 
2020 Volume 

2020 vs. 1995 
% Difference 

1 E of I-65 363,800  415,200  14.1% 
2 near Toll Road 387,700  464,300  19.8% 
3 Grand Trunk RR 260,100  306,400  17.8% 
4 IL/IN State Line 377,100  467,000  23.8% 
5 Newton County line 50,600  61,100  20.8% 
6 LaPorte/Porter County line 170,200  202,900  19.2% 
1 - 6 Total All Screenlines 1,609,500 1,916,900 19.1% 
4, 5, 6 Cordon line approximation 597,900  731,000  22.3% 

 

Table 10.20 shows the changes in volumes from the 1995 validation to year 2020 for 
individual roadways on the system.  As stated above, overall volume increases for these 
facilities are on the order of 19 percent, however, these increases vary considerably within 
the study area.  Volume increases on a percentage basis for the I-90 toll facility range from 
a 26 percent increase at I-65 to a 51 percent increase at the Indiana/Illinois state line.  
These values indicate a shift of east-west traffic growth in the western portion of the 
NIRPC region from the Borman Expressway (I-80/I-94) to the Toll Road due to the high 
current congestion levels on the former facility. 
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Table 10.20 Screenline Volumes on Individual Links 

 
Inode 

 
Jnode 

2020  
Volume 

Base Year 
Volume 

  
Inode 

 
Jnode 

2020  
Volume 

Base Year  
Volume 

 Two-way  
Volume 

Two-way  
Base Year 

Two-way 
Variance 

 
Location 

Screenline 1 - E of I-65           
2141 2273 30 21  2273 2141 36 21  66 42 24  
2140 2232 62 18  2232 2140 61 19  123 38 85  
2229 2268 8,086 6,401  2268 2229 7,389 5,976  15,475 12,378 3,097 SR 2 
2138 2190 2,638 1,344  2190 2138 2,262 1,101  4,900 2,445 2,455 153 Ave 
2086 2188 0 0  2188 2086 0 0  0 0 0  
2137 2185 6,448 5,447  2185 2137 7,433 6,466  13,881 11,913 1,968 U.S. 231 
2080 2183 175 103  2183 2080 0 0  175 103 72  
2079 2135 4,261 3,327  2135 2079 4,545 3,491  8,805 6,819 1,987 109 Ave 
2077 2132 3,100 2,423  2132 2077 3,585 3,014  6,685 5,437 1,248 101 St 
2126 2125 30,124 29,671  2125 2124 34,559 33,902  64,682 63,573 1,110 U.S. 30 
2069 2121 9,414 7,133  2121 2069 8,777 6,679  18,191 13,811 4,380 73 Ave 
2118 2177 10,443 8,877  2177 2118 11,793 10,185  22,237 19,062 3,175 61 St 
2064 2176 472 301  2176 2064 436 251  908 552 356 53 St 
2063 2215 3,745 3,029  2215 2063 3,681 2,936  7,426 5,965 1,461 49 Ave 
2114 2173 1,431 749  2173 2114 1,587 906  3,018 1,655 1,363 39 Ave 
2169 2170 13,250 13,249  2170 2169 14,055 13,878  27,305 27,127 177 37 Ave 
2110 2211 307 162  2211 2110 507 248  814 410 404 35 Ave 
2161 2244 2,718 2,243  2244 2161 2,229 1,171  4,947 3,414 1,534 Central Ave 
2156 2242 1,028 777  2242 2156 1,404 666  2,432 1,443 989 15 Ave 
2146 2200 17,859 14,279  2200 2146 18,002 14,498  35,861 28,776 7,085 U.S. 12/20 
2209 2246 59,184 56,486  2206 2208 58,809 56,230  117,993 112,716 5,277 I-80 E of I-65 
2154 2159 27,047 21,809  2203 2155 30,178 23,718  57,225 45,527 11,698 I-90 E of I-65 
2085 2185 898 405  2185 2085 644 122  1,542 527 1,015  
2088 2189 224 167  2189 2088 239 160  463 327 136  

Total  202,943 178,422    212,211 185,635  415,154 364,057 51,097  



Table 10.20 Screenline Volumes on Individual Links (continued) 

 
Inode 

 
Jnode 

2020 
Volume 

Base Year 
Volume 

  
Inode 

 
Jnode 

2020 
Volume 

Base Year 
Volume 

 Two-way 
Volume 

Two-way 
Base Year 

Two-way 
Variance 

 
Location 

Screenline 2 – Near Toll Road           
1020 1021 13,081 10,226  1021 1020 12,808 8,955  25,889 19,181 6,708 Hohman Ave 
1024 1026 7,733 5,497  1026 1024 6,550 5,907  14,283 11,404 2,879 Sohl Ave 

1085 1090 5,271 4,139  1090 1085 6,426 5,356  11,697 9,495 2,202 U.S. 41 (Calumet Ave) 
1173 1176 11,008 9,312  1176 1173 10,003 8,892  21,011 18,205 2,807 Columbia Ave 

1227 1228 15,802 13,152  1228 1227 15,807 13,732  31,609 26,883 4,725 U.S. 20 (Ind. Blvd.) 
1364 1365 5,655 6,030  1365 1364 7,438 7,282  13,092 13,311 -219 Kennedy Ave 

1504 1507 25,882 20,769  1581 1580 25,973 22,085  51,855 42,854 9,001 SR 912 (Cline Ave) 
1631 1632 501 366  1632 1631 772 653  1,274 1,020 254 Colfax St 

1674 1675 4,670 4,008  1675 1674 5,314 4,204  9,984 8,212 1,772 Burr St 

1717 1718 4,426 3,281  1718 1717 3,830 2,839  8,256 6,120 2,136 Clark Rd 
1763 1764 2,808 2,614  1764 1763 3,288 2,905  6,096 5,520 576 Chase St 

1802 1803 5,491 4,748  1803 1802 5,723 4,859  11,214 9,607 1,607 Taft St 
1876 1879 5,422 5,365  1879 1876 5,673 5,741  11,095 11,107 -12 Grant St 

1956 1958 7,168 6,431  1958 1956 7,915 6,992  15,084 13,424 1,660 SR 53 (Broadway) 
1957 1959 401 380  1959 1957 484 487  885 867 18 Harrison St 

2045 2047 2,263 2,031  2047 2045 2,597 2,018  4,860 4,049 811 Virginia St 
2100 2102 1,816 1,462  2102 2100 1,567 1,189  3,383 2,651 732 MLK Drive 

2147 2158 13,686 12,220  2157 2147 14,838 12,319  28,524 24,539 3,985 I-65 
2240 2241 3,084 2,189  2241 2240 3,706 3,518  6,790 5,707 1,083 Clay St 

2280 2283 479 86  2283 2280 248 76  727 163 564 Lake St? 
2316 2354 0 0  2354 2316 0 0  0 0 0 Hobart Rd 

2353 2354 6,531 6,296  2354 2353 5,617 5,273  12,149 11,569 580 Ripley St 
3017 3018 2,041 1,359  3018 3017 2,220 1,943  4,261 3,302 959 Dombey Rd 



Table 10.20 Screenline Volumes on Individual Links (continued) 

 
Inode 

 
Jnode 

2020 
Volume 

Base Year 
Volume 

  
Inode 

 
Jnode 

2020 
Volume 

Base Year 
Volume 

 Two-way 
Volume 

Two-way 
Base Year 

Two-way 
Variance 

 
Location 

Screenline 2 – Near Toll Road 
(continued) 

          

3029 3030 4,520 3,715  3030 3029 4,571 3,644  9,091 7,358 1,733 Swanson Rd 

3064 3065 9,969 7,866  3065 3064 11,297 8,973  21,266 16,839 4,427 Willowcreek Rd 
3096 3099 1,622 1,364  3099 3096 1,610 1,367  3,232 2,731 501 Hamstram Rd 

3131 3105 200 13  3105 3131 284 7  484 20 464 Central Ave. 
3146 3147 234 132  3147 3146 280 151  514 283 231 McCool Rd 

3163 3166 4,287 2,621  3166 3163 4,403 2,888  8,691 5,509 3,182 SR 149 
3200 3202 856 631  3202 3200 883 644  1,740 1,275 464 Babcock Rd 

3268 3271 3,170 2,387  3271 3268 3,143 2,458  6,313 4,846 1,467 Meridian Rd 
3377 3380 21,342 17,110  3378 3377 20,352 16,592  41,693 33,702 7,991 SR 49 

3465 3466 42 10  3466 3465 16 3  58 13 44 250E Rd 
3511 3514 303 112  3514 3511 226 46  528 158 371 400E Rd 

4010 4011 314 231  4011 4010 304 225  618 457 161 County Line Rd 
4097 4103 6,980 5,753  4103 4097 7,003 6,142  13,982 11,895 2,087 U.S. 421 

4199 4201 741 556  4201 4199 622 512  1,363 1,069 294 Wazniak Rd 
4280 4281 7,949 7,162  4281 4280 8,170 6,888  16,119 14,050 2,068 Johnson Road 

4301 4327 8,555 8,626  4327 4301 7,971 8,336  16,526 16,962 -436 U.S. 35 
4325 4326 5,630 5,101  4326 4325 6,304 5,269  11,934 10,370 1,564 SR 39 

4443 4444 1,179 927  4444 4443 1,144 863  2,324 1,790 534 Fail Rd 

4443 4468 6,768 4,732  4468 4443 6,466 4,915  13,234 9,647 3,587 U.S. 20 
4476 4479 7 7  4479 4476 7 7  15 13 1 600E Rd 

4494 4492 2 1  4492 4494 2 1  3 3 0 Cougar/Emmery Rd 
4503 4504 269 162  4504 4503 311 206  579 369 211 CR 850 E 

Total  230,158 191,181    234,165 197,367  464,323 388,548 75,775  



Table 10.20 Screenline Volumes on Individual Links (continued) 

 
Inode 

 
Jnode 

2020 
Volume 

Base Year 
Volume 

  
Inode 

 
Jnode 

2020 
Volume 

Base Year 
Volume 

 Two-way 
Volume 

Two-way 
Base Year 

Two-way 
Variance 

 
Location 

Screenline 3 - S of Grand Trunk RR           
1039 1040 5,426 4,756  1040 1039 5,235 4,258  10,661 9,014 1,647 Sheffield Ave 
1310 1311 23,987 21,980  1311 1310 24,705 22,062  48,693 44,041 4,651 U.S. 41 
1391 1392 5,306 3,174  1392 1391 5,681 3,463  10,987 6,637 4,350 Kennedy Ave 
1593 1595 7,460 5,922  1595 1593 7,542 6,069  15,001 11,992 3,010 Broad St 
1641 1642 3,780 3,027  1642 1641 3,911 3,184  7,691 6,211 1,480 Colfax Ave 
1775 1776 427 65  1776 1775 807 183  1,233 248 985 Hendricks St 
1821 1822 8,431 6,808  1822 1821 8,725 7,082  17,156 13,890 3,266 SR 55 
2005 2008 11,356 10,679  2008 2005 11,603 11,109  22,960 21,788 1,172 SR 53 
2123 2120 32,973 32,420  2119 2070 31,488 30,851  64,460 63,271 1,189 I-65 N of U.S. 30 
2217 2218 3,712 2,975  2218 2217 3,901 3,138  7,614 6,113 1,500 Colorado 
2332 2333 5,945 4,605  2333 2332 6,331 5,195  12,275 9,799 2,476 Grand 
2400 2401 349 78  2401 2400 391 86  740 165 575 Randolph St 
3006 3007 1,959 1,420  3007 3006 2,224 1,638  4,184 3,058 1,126 Lake County Line Rd 
3076 3077 1,216 672  3077 3076 1,289 706  2,505 1,379 1,126 625W Rd 
3112 3114 1,701 1,401  3114 3112 1,777 1,519  3,479 2,920 558 475W Rd 
3204 3241 7,790 7,331  3241 3204 7,121 6,736  14,911 14,067 844 SR 130 
3239 3240 0 0  3240 3239 0 0  0 0 0 Yellowstone 
3280 3282 965 298  3282 3280 1,023 322  1,987 621 1,367 Campbell St Valparaiso 
3281 3283 291 278  3283 3281 333 231  624 509 115 Franklin St Valparaiso 
3339 3340 6,258 5,259  3340 3339 6,298 5,261  12,557 10,519 2,037 Calumet Av Valparaiso 
3398 3401 7,549 5,833  3401 3398 6,856 5,577  14,405 11,409 2,996 Roosevelt 
3399 3400 4,853 3,843  3400 3399 4,999 3,837  9,852 7,680 2,172 Silhavy Rd 
3438 3439 904 427  3439 3438 1,026 438  1,930 865 1,065  
3481 3478 10,083 8,238  3477 3480 10,431 7,935  20,514 16,173 4,341 SR 49 

Total  152,720 131,490    153,696 130,879  306,416 262,369 44,048  



Table 10.20 Screenline Volumes on Individual Links (continued) 

 
Inode 

 
Jnode 

2020 
Volume 

Base Year 
Volume 

  
Inode 

 
Jnode 

2020 
Volume 

Base Year 
Volume 

 Two-way 
Volume 

Two-way 
Base Year 

Two-way 
Variance 

 
Location 

Screenline 4 - @ IL/IN State Line           
5128 5003 26,125 18,134  5001 5127 29,092 18,496  55,217 36,630 18,587 I-90 @ IL line 
5025 5002 5,102 5,073  5002 5025 5,426 5,927  10,528 11,000 -472 108 St E of State Line Rd 
5027 5004 1,612 822  5004 5027 2,297 835  3,909 1,657 2,252 112 St E of State Line Rd 
5037 1013 10,211 8,904  1013 5037 8,940 8,333  19,151 17,237 1,913 SR 312 E of State Line Rd 
5006 1022 14,189 9,072  1021 5005 13,539 10,227  27,728 19,299 8,429 Sibley/State St E of State Line Rd 
5008 1027 4,344 4,229  1027 5008 6,050 4,268  10,394 8,497 1,897 Ogden(?) St 
5010 1028 349 210  1028 5010 480 211  829 421 408 154 St E of State Line Rd 
5012 1030 5,010 4,342  1030 5012 5,058 4,301  10,069 8,642 1,426 Cleveland 
5013 1031 15,234 10,491  1031 5013 14,767 9,388  30,001 19,879 10,122 165 St E of State Line Rd 
5015 1113 60,554 61,568  1111 5014 61,918 62,469  122,471 124,037 -1,566 I-80 @ IL line 
5059 1036 18,677 13,897  1036 5059 18,077 14,001  36,753 27,898 8,856 Ridge Rd E of State Line Av 
5063 1038 8,760 6,357  1038 5063 8,835 6,207  17,595 12,564 5,031 45 Ave E of State Line Av 
5070 1044 15,573 10,976  1044 5070 17,552 13,840  33,124 24,816 8,308 U.S. 30 E of IL line 
5074 1047 6,503 3,460  1047 5074 6,216 2,927  12,719 6,387 6,332 Novak Ave? 
5016 1048 562 307  1048 5016 525 139  1,087 446 641 93rd Ave? w. of Sheffield 
5017 1050 5,539 4,769  1050 5017 5,616 4,375  11,155 9,143 2,012 101 Ave E of State Line Rd 
5018 1149 305 195  1149 5018 277 184  581 380 202 109th Ave? 
5077 1053 5,635 3,724  1053 5077 5,594 3,793  11,229 7,517 3,712 151st Ave 
5078 1054 1 0  1054 5078 4 0  5 0 5  
5080 1153 285 194  1153 5080 321 188  606 382 224 185 St E of State Line Rd 
5081 1276 64 0  1276 5081 552 0  616 0 616 197 St E of State Line Rd 
5083 1200 1,304 785  1200 5083 1,494 797  2,798 1,583 1,215 SR 2 E of State Line Rd 
5084 1201 2,914 2,601  1201 5084 2,600 2,583  5,514 5,184 330 225 St E of State Line Rd 
5085 1409 0 0  1409 5085 0 0  0 0 0 241 St E of State Line Rd 
5021 5000 19,264 14,920  5000 5021 23,630 17,531  42,894 32,451 10,443 U.S. 12/20/41 E of State Line Rd 

Total  228,117 185,031    238,855 191,019  466,971 376,050 90,922  

 



Table 10.20 Screenline Volumes on Individual Links (continued) 

 
Inode 

 
Jnode 

2020 
Volume 

Base Year 
Volume 

  
Inode 

 
Jnode 

2020 
Volume 

Base Year 
Volume 

 Two-way 
Volume 

Two-way 
Base Year 

Two-way 
Variance 

 
Location 

Screenline 5 @ Newton County Line           
351 1478 5,082 4,203  1478 351 5,001 4,208  10,083 8,411 1,673 U.S. 41 
352 2036 1,087 921  2036 352 1,067 921  2,153 1,842 312 SR 55 

2274 2275 0 0  2275 2274 0 0  0 0 0 Range Line Rd 
354 3046 3,207 2,730  3046 354 3,159 2,725  6,366 5,456 910 SR 53/231 
355 3190 1,981 1,676  3190 355 1,971 1,686  3,952 3,361 591 CR 250W 
355 3243 482 448  3243 355 484 439  966 887 78 Baum's Bridge Rd 
355 3457 116 61  3457 355 76 61  193 122 71 SR 49 
353 2235 18,794 15,239  2236 353 18,585 15,273  37,379 30,512 6,867 I-65 

Total  30,749 25,278    30,343 25,313  61,092 50,591 10,501  

Screenline 6 @ Laporte/Porter County Line         
3569 4049 0 0  4049 3569 0 0  0 0 0 CR 1000S 
3568 4024 1,036 555  4024 3568 1,051 529  2,087 1,084 1,003 SR 8 
3538 3567 316 178  3567 3538 302 167  618 345 273 CR 300S 
3504 4014 1,326 834  4014 3504 1,395 801  2,721 1,635 1,087 Division Rd 
3528 4013 12,607 11,698  4013 3528 13,029 11,774  25,636 23,473 2,163 U.S. 30 
3527 4012 301 264  4012 3527 307 249  608 514 95 CR 400N 
3563 4047 4,387 3,071  4047 3563 4,626 3,060  9,013 6,131 2,882 SR 2 
3552 4011 5,542 4,446  4011 3552 5,266 4,081  10,809 8,527 2,282 U.S. 6 
3542 3543 2,727 2,323  3543 3542 2,782 2,321  5,509 4,643 866 CR 500E 
3557 3560 59 38  3560 3557 49 35  108 74 35 Burdick Rd 
3555 4005 3,090 2,555  4005 3555 3,204 2,446  6,294 5,000 1,294 U.S. 20 
3546 4002 7,339 6,289  4002 3546 7,759 6,543  15,099 12,832 2,267 U.S. 12 
3545 4000 199 55  4000 3545 194 60  393 115 278 Second Place 
3550 3559 43,382 37,217  3558 3549 44,786 37,544  88,168 74,760 13,408 I-94 
3562 4104 17,229 15,149  4102 3561 18,588 16,143  35,817 31,291 4,526 I-80/90 Toll Rd 

Total  99,539 84,671    103,341 85,753  202,880 170,423 32,457  



 

NIRPC Transportation Model Documentation 

Table 10.21 reports summaries of average speeds by area type and functional classification 
for Lake, Porter and LaPorte counties in Indiana.  Speeds are calculated from 1995 and 
2020 model results and show that overall average speeds decrease by 4.4 percent between 
1995 and 2020.  Average speeds in urban areas show larger decreases (-5.2 percent) than in 
rural areas (-2.9 percent) with the greatest reduction occurring on urban interstates 
(-7.3 percent). 
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Table 10.21 Average Speed 

  1995 Model 2020 Model     
Area 
Type 

Functional 
Classification 

Speed 
Lake 

Speed 
LaPorte 

Speed 
Porter 

Speed  
Lake 

Speed 
LaPorte 

Speed 
Porter 

Total 1995  
Speed 

Total 2020  
Speed 

 
Difference 

Percent 
Difference 

Urban Interstate 39  N/A 51  35  N/A 48  41  38  (3) -7.9% 
 Princ. Arterial 31  38  42  30  37  40  33  32  (1) -4.4% 
 Minor Arterial 29  31  30  29  30  29  29  29  (1) -2.0% 
 Collector 25  22  28  25  20  27  25  24  (1) -2.4% 
 Average Urban 33  32  42  31  31  40  34  32  (2) -5.5% 

Rural Interstate 64  60  59  63  59  57  61  59  (2) -2.5% 
 Princ. Arterial 39  43  46  38  42  45  44  42  (1) -2.5% 
 Minor Arterial 44  38  40  43  37  39  39  38  (1) -2.0% 
 Collector 41  42  42  40  42  41  42  41  (1) -2.3% 
 Average Rural 50  48  47  48  47  45  48  47  (1) -3.0% 

Total  34  43  44  32  42  42  37  36  (2) -4.7% 
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11.0 Air Quality 

 11.1 Foreword 

This section presents the procedure for the estimation of the emissions of three pollutants 
(carbon monoxide, hydrocarbons and nitrogen oxides) based on simulated flows 
developed for the NIRPC transportation model. 

This procedure is an adaptation of the results of a joint study of the Centre for Research on 
Transportation (CRT) of the University of Montréal and of INRO Solutions with the 
Québec Ministry of Transportation on fuel consumption and emission of pollutants by the 
vehicle traffic on the network of the Montréal Metropolitan Region.  This study was 
realized in 1994.  For this project, the adaptation was made from the use of MOBILE5C 
(Canadian version of the EPA’s software) to MOBILE5a (U.S. version).  The input 
parameters submitted to MOBILE5a are those provided by NIRPC for the years 1990, 
1995, 1999, 2007, 2015 and 2020. 

The adaptation made from the original Montréal procedure to the NIRPC adapted 
procedure are presented to provide the analyst with an indication of options that could be 
integrated with this tool. 

 11.2 Introduction 

The purpose of this document is to provide a description of a system activated by one 
command file (cremiss.bat) that allows the creation of the emission.mac macro and a 
demonstration of its use. 

The emission.mac macro uses the results provided by the MOBILE5a software.  This 
software is produced by the EPA (Environment Protection Agency in the U.S.) for the 
evaluation of pollutants emissions by road vehicles.  In some states of the United States, it 
is mandatory for all planning agencies to use this software to estimate the emissions of 
pollutants.  This software provides the emission rates of pollutants according to a certain 
set of parameters.  These emission rates are used to fit emission rate functions as a 
function of speed.  These functions are subsequently incorporated in an EMME/2 macro 
which is called emission.mac. 

This section first describes the creation process of the emission.mac macro for the 
computation of the emission of pollutants with the NIRPC transportation model.  Then 
the description of the use of the emission.mac macro and the mk24emi.mac macro which 
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sums up the pollutant emissions computed for the three periods of the day (a.m., p.m. and 
off-peak) in a daily scenario is discussed. 

The parameters and some parameter values were established to reflect the characteristics 
of the Northwestern Indiana area related, for example, to atmospheric conditions 
(weather, air density), the vehicle fleet (age distribution, average weight and engine size) 
and to the inspection and maintenance (I/M) and anti-tampering programs (ATPs).  The 
set of parameters retained from the list provided by the MOBILE5a software can be 
modified or extended to allow a better fit with the characteristics of any other 
metropolitan area in the U.S. 

The procedure originally developed for the Montréal Metropolitan Area accounted for 
such factors as seasonal temperatures, identification of the cold start fraction of all trips, 
etc.  The information actually submitted to MOBILE5a for the NIRPC transportation 
model does not have the same detail level for these variables.  Therefore, the procedure 
was simplified in that regard.  However, the procedure has been enhanced otherwise as 
the NIRPC transportation model simulates light duty and heavy truck trips as well as auto 
trips and bus trips.  The Montréal model did not consider truck trips at the time this 
procedure was initially developed.  The procedure was, hence, refined to evaluate the 
emissions specifically produced by the light and heavy trucks as well as those emissions 
of cars and buses. 

 11.3 Creation Process of the emission.mac Macro with the 
cremiss.bat Command File 

This section describes the modeling framework for the emissions of pollutants by road 
vehicles which was developed during a joint project with the Québec Ministry of 
Transportation.  The model was developed to fit the Montréal network.  The model is 
executed in three steps:  estimation of the emission rates by pollutants, curve fitting of the 
emission rates and production of an EMME/2 macro (emission.mac) that computes the 
auto assignment of traffic and of the resulting emissions.  This process is automated and is 
invoked with the  command file.  This process was adapted to the context of the NIRPC 
transportation model.  Moreover, a macro – mk24emi.mac – was developed to combine the 
emissions of the three periods into one daily scenario. 

This section is divided into four parts which cover: 

1. The problem statement and limits of the analysis; 

2. The parameters included in the models and related concepts; 

3. The model formulation; and 

4. Its numerical implementation. 
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11.3.1  Problem Statement and Limits of the Study 

11.3.1.1  Pollutants Considered 

The pollutants considered in this study are carbon monoxide (CO), hydrocarbons (HC) 
and nitrogen oxides (NOx).  The procedure can estimate the emissions for the three 
scenarios of the NIRPC transportation model (a.m., p.m. and Off-peak).  The EMME/2 
software was used for modeling of the transportation network and computation of the 
equilibrium assignments.  The MOBILE5a software (EPA) was used for the evaluation of 
the pollutants emissions by road vehicles).  The system also includes FORTRAN programs 
(convt1.for and convt3.for) which allow for the adjustment of continuous emission curves 
from discrete data and the production of an emission.mac EMME/2 macro based on the 
curves calculated. 

The mobile sources of emission considered are the automobiles, light trucks, heavy trucks 
and buses as these are the types of vehicles for which the trip data exist for the NIRPC 
transportation model. 

11.3.1.2  Off-Network Travel 

In the air quality emission estimation process as it is typically carried out, the vehicle-
miles of travel made off the defined highway network (the network as defined for 
highway assignments, excluding zone centroid connectors, which do not represent real 
highway facilities) are often estimated external to the highway assignment process.  In the 
NIRPC model, this is not necessary because off-network travel is estimated and included 
in the air quality analysis.  This is done by specifying two categories of off-network trips 
which are not normally considered: 

1. Trips made between the defined highway network and individual origins and 
destinations within a particular zone; and 

2. Intrazonal trips which often are not predicted and which are never assigned to 
highway network links. 

In the NIRPC model, trips on zone centroid connectors represent all travel between the 
defined highway network and individual origins and destinations, and the specified 
travel times on these links accurately reflect the conditions within each zone, but the travel 
distances and speeds specified in the network are not zone-specific.  This limitation is 
overcome in the emissions estimation process by revising the speeds and distances on all 
zone centroid connectors.  Travel speeds are revised using the following relationship: 

Speed(mph) = 15 + 0.625 * Zonal Area (square miles) 

This relationship provides reasonable estimates of off-network average speeds which 
range from 15 mph in the smallest zones to 17.5 mph in a four-square-mile zone and 25 
mph in a 16-square-mile zone. 
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After the revised centroid connector speed is estimated, the corresponding travel distance 
is determined using the travel time specified in the network and the revised speed.  Then, 
given the trips assigned in the highway assignment process, the revised distance, and the 
estimated speed, emissions can be determined for the portion of off-network travel which 
consists of all trips between the defined highway network and individual origins and 
destinations. 

In the NIRPC model, intrazonal trips are predicted in the trip distribution process but are 
not considered during the highway assignment process.  These trips are, however, 
considered in the emissions estimation process.  This is done by estimating the VMT due 
to intrazonal trips as the product of the intrazonal trips estimated in the trip distribution 
step and an average trip length per intrazonal trip.  The average trip length is estimated 
based on the area of the zone.  Assuming a uniform distribution of trip ends within a zone 
and a square zone with a given area, the average trip length for intrazonal trips can be 
calculated to be two-thirds of the square root of the zonal area.  In the NIRPC air quality 
process, the corresponding intrazonal VMT is added to one of the zone centroid 
connectors.  Since the speeds on these connectors are estimated as discussed above, the 
emissions due to intrazonal trips can be determined using realistic estimates of intrazonal 
trips, lengths, and speeds.  In this way the emissions for the portion of off-network travel 
which consists of intrazonal trips is included in the results of the model for each 
alternative. 

11.3.2  Parameters Included in the Model and Related Concepts 

The parameters considered in the model and the study of the related concepts are 
described in this section.  The parameters selected are a subset of the parameters available 
in the MOBILE5a software. 

11.3.2.1  Year of Study 

MOBILE5a input files were prepared for different years (1990, 1995, 1999, 2007, 2015 and 
2020).  With all other parameters being equal, MOBILE5a will generate different emission 
rates for different years.  Because of factors such as the evolution of the vehicle fleet and 
more severe emission regulations, the emission rates decrease considerably from one year 
to the next. 

11.3.2.2  Pollutants 

The MOBILE5a software allows the estimation of the direct impact of fuel combustion on 
the emissions of CO from the exhaust gas of vehicles.  It also estimates the direct impact 
resulting from changes in fuel volatility (measured by the Reid vapour pressure or RVP) 
on HC, CO and NOx emissions from the exhausts and on the HC emission, due to 
evaporation when refueling and operating the vehicles.  The results produced with this 
model correspond to the CO and NOx emissions of the exhaust gas and to volatile organic 
compound (VOC) emissions of HC.  The VOC are defined as total hydrocarbons minus 
methane corrected for aldehydes (see MOBILE5a’s User Guide). 
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11.3.2.3  Emission Sources 

The emission of pollutants sources can be regrouped into two sets:  the mobile road 
sources and the mobile non-road sources.  Included among the latter are airplanes, 
locomotives, subway and construction and agricultural equipment.  In this study, only 
emissions from mobile road sources are considered. 

MOBILE5a defines eight categories of mobile road sources: 

1. light duty gasoline vehicles (LDGV); 

2. light duty type 1 (0-2,725 kg) gasoline trucks (LDGT1); 

3. light duty type 2 (2,725-3,860 kg) gasoline trucks (LDGT2); 

4. heavy duty (>3,860 kg) gasoline vehicles (HDGV); 

5. light duty diesel vehicles (LDDV); 

6. light duty (0-3,860 kg) diesel trucks (LDDT); 

7. heavy duty (>3,860 kg) diesel trucks (HDDV); and 

8. motorcycles (MC). 

In the procedure developed to estimate emissions based on network flows for the NIRPC 
model, four categories of vehicles are considered: 

1. automobiles, considered as the LDGV category; 

2. light trucks, for which there are two categories in MOBILE5a:  LDGT1 and LDGT2; 
category LDGT1 was chosen for the model as it is assumed they consist of the major 
part of light trucks trips of the model; 

3. heavy trucks, for which the corresponding MOBILE5a category is HDDV; and 

4. buses used for urban mass transportation, also considered as HDDV vehicles. 

11.3.2.4  Age of Vehicles 

The computation of the emission factors in MOBILE5a depends partly on the distribution 
of the age of the vehicle fleet.  The age distribution of the vehicles used is the default 
MOBILE5a setting, which generates the national average registration distributions by age. 

11.3.2.5  Seasonal Effects 

The temperature has an important impact on emissions.  The Montréal procedure was 
designed to integrate the minimal and maximum daily temperatures of four seasons 
(winter, spring/fall 1, spring/fall 2 and summer) in the definition of the EMME/2 macro 
(emission.mac) that computes emissions.  The procedure was simplified in this regard for 
the NIRPC model.  The input of seasonal effect is left to the analyst.  It is still possible to 
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evaluate the emissions of different seasons by submitting different minimum and 
maximum daily temperatures to the MOBILE5a program. 

The minimum and maximum daily temperatures used during the implementation phase 
of this procedure are 66.0 and 94.0 Fahrenheit degrees, respectively. 

11.3.2.6  Evaporation 

The emissions due to evaporation and to the refilling of gas tanks vary in function of the 
gasoline volatility which is measured by the Reid vapour pressure (RVP).  The pressure 
values submitted to MOBILE5a are 9.0 (for period 1) and 8.0 (for period 2).  The 
contribution of the evaporation to the pollutants emissions is marginal for temperatures 
under 90 Fahrenheit degrees. 

11.3.2.7  Cold Starts, Hot Starts and Cruising Mode 

The “operating mode” of a vehicle is an important determinant of its emission rate.  The 
level of emission is evaluated in that respect according to three operating modes: 

1. The cold start; 

2. The hot start; and 

3. The cruising mode. 

The emissions are known to be higher in a cold start situation, since the vehicle is still 
operating at the ambient temperature, and hence does not operate optimally (especially in 
the case of a vehicle equipped with a catalytic converter).  Emissions are generally 
somewhat lower in hot start mode.  The vehicle is then not completely warmed up nor 
cooled completely to ambient temperatures.  The lowest emission level is found when the 
engine, well warmed up, reaches its cruising mode. 

Three variables have to be submitted to MOBILE5a to define the percentage of VMT 
realized in each of the three operating modes by non-catalyst and catalyst-equipped 
vehicles.  These three variables are: 

1. PCCN – VMT fraction of non-catalyst vehicles operating on the cold-start mode; 

2. PCHC – VMT fraction of catalyst vehicles operating on the hot-start mode; and 

3. PCCC – VMT fraction of catalyst-equipped vehicles operating on the cold-start mode. 

The VMT fraction of catalyst-equipped and of the non-catalyst vehicles under the 
stabilized operating mode is equal to 1.0 – PCCC – PCHC.  The VMT fraction of the non-
catalyst vehicles operating on the hot-start mode is equal to PCCC – PCCN – PCHC. 

The values of PCCN, PCHC and PCCC submitted in the MOBILE5a input files for the 
NIRPC transportation model estimation of the emissions are the default values suggested; 
these fraction values are 20.6 percent, 27.3 percent and 20.6 percent, respectively. 
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The procedure developed for the Montréal model used the results generated by runs of 
MOBILE with 100 percent of VMT under the cold start and 100 percent of VMT under the 
stabilized mode.  One additional option of the auto assignment module of EMME/2 
(cutoff operator) was used to determine the portion realized under the cold start operating 
mode, for all trips assigned.  The cold start and stabilized emissions estimated by MOBILE 
for the three pollutants were then associated with the volumes circulating under each of 
these two modes.  The standard approach, as implemented for the NIRPC transportation 
model is based on only one run of MOBILE5a where the fraction of the operating modes 
are those mentioned above. 

11.3.2.8  Speed 

This parameter also has an important impact on the emission rates of pollutants since 
these rates increase considerably with speed.  By looking at Figure 11.1, Figure 11.2 and 
Figure 11.3, it can be noticed that the emission rates are generally very high at very low 
speeds, that they tend to diminish at normal speeds and begin to increase again in the 
range of 50 miles per hour. 

These curves have been established from the information provided by MOBILE5a.  With 
this software, the emission values are not computed for speeds under 2.5 and over 65 
mph.  Since it is not possible to produce continuous curves for the emission as a function 
of speed with MOBILE5a, curves have been fitted to the values obtained in the range of 
speeds between 2.5 and 65 miles per hour and the emission rates established for speeds 
under 2.5 and 65 miles per hour are the ones corresponding to respectively the 2.5 and 65 
miles per hour speeds. 

The fitting of the curves is performed with a FORTRAN program.  These fits are achieved 
by performing non-linear regressions on a set of 31 points (corresponding to the following 
31 different speeds:  5, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 
48, 50, 52, 54, 56, 58, 60, 62, 64 and 65 miles/h) for different combinations of pollutants, 
vehicles and modes.  The curves produced are polynomials of degree 5 for the vehicles of 
types LGDV, LDGT1 and HDDV. 

The Figure 11.1, Figure 11.2 and Figure 11.3 illustrate the emissions of the HC, CO and 
NOx pollutants respectively, based on link speed and assuming a link volume of 1,000 
vehicles.  Here follows the description of the functions illustrated on these three figures: 

• fd1:  function of emission of HC by LDGV vehicles for year 1995; 

• fd2:  function of emission of HC by LDGV vehicles for year 1995; 

• fd3:  function of emission of HC by LDGV vehicles for year 1995; 

• fd4:  function of emission of CO by LDGT1 vehicles for year 1995; 

• fd5:  function of emission of CO by LDGT1 vehicles for year 1995; 

• fd6:  function of emission of CO by LDGT1 vehicles for year 1995; 

• fd7:  function of emission of NOx by HDDV vehicles for year 1995; 

• fd8:  function of emission of NOx by HDDV vehicles for year 1995; 
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• fd9:  function of emission of NOx by HDDV vehicles for year 1995; 

• fd10:  function of emission of HC by LDGV vehicles for year 2020; 

• fd11:  function of emission of HC by LDGV vehicles for year 2020; 

• fd12:  function of emission of HC by LDGV vehicles for year 2020; 

• fd13:  function of emission of CO by LDGT1 vehicles for year 2020; 

• fd14:  function of emission of CO by LDGT1 vehicles for year 2020; 

• fd15:  function of emission of CO by LDGT1 vehicles for year 2020; 

• fd16:  function of emission of NOx by HDDV vehicles for year 2020; 

• fd17:  function of emission of NOx by HDDV vehicles for year 2020; and 

• fd18:  function of emission of NOx by HDDV vehicles for year 2020. 

11.3.3  Model Formulation 

This section presents the basic assumptions and the general modeling procedure 
elaborated. 

11.3.3.1  Basic Assumptions 

A1 – The emissions produced by a vehicle on a link can be computed on the basis of the 
average speed on that link as estimated in the traffic assignment process.  Alternatively, 
an additional post-processor could be used to estimate link speeds as functions of the 
assigned volumes using a more detailed list of link variables than the free flow travel 
speed, hourly capacity, number of lanes, facility type, and area type.  The issues involved 
in the decision to use assignment-generated link speeds are discussed in the next 
subsection. 

A2 – The pollutants emissions functions are obtained from the results produced by 
MOBILE5a.  It should be noted however that some values which apply to an entire area 
may not correspond to the values related to a specific link.  Thus, for example, the 
partitioning of the total distance traveled between vehicles of different ages for the 
territory covered by the study is used to determine the composition of the traffic on each 
of the links even though in reality, there are variations from one link to the other.  This 
assumption can be revised if more detailed data is available. 

11.3.3.2  Potential Use of a Speed/Acceleration Post-Processor 

Although the travel speeds estimated in the assignment phase of the NIRPC model reflect 
a number of link and link location characteristics, both improved speed estimates and 
estimates of acceleration rates would have the potential of significantly improving the 
emissions predicted by the model.  Improved speed estimates could be made as a function 
of additional variables such as intersection control characteristics (signalized versus stop 
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signs, percent green time by direction, phasing for turning movements, signal 
progression, etc.), intersection geometry (protected left turn bays, for example), grade, 
traffic volumes in opposing flows, and additional link characteristics (the availability of 
on-street parking, types of roadside development, etc.).  Locations of high acceleration 
rates and more frequent accelerations are likely to include links with steep up-grades and 
freeway on-ramps.  Guidelines for developing post-processors which include improved 
models of speeds and accelerations are included here; these could not be developed in this 
project due to limitations of data availability and development resources.  In addition, 
there are significant advantages in using a consistent set of link speeds for all aspects of 
the travel forecasting process, including trip distribution, mode choice, traffic assignment, 
and emissions estimation.  This is done in the NIRPC model, including the provision for 
feedback from the traffic assignment step to the trip distribution and mode choice steps.  
Review of the final model results for the base and future years also reveals realistic levels 
of and variations in estimated speeds by facility type, area type, and county.  (See 
Table 10.21 in Section 10.0.)  Average predicted 1995 speeds in urban areas range from 32 
to 42 mph by county, and rural speeds range from 46 to 50 mph.  For the base 2020 
alternative, these ranges become 31 to 39 mph for urban and 45 to 48 for rural.  Lacking 
speed survey data, these ranges seem reasonable.  The variations by functional class 
within county and area type also are realistic.  Given these modeling results, the 
consultant team would recommend that a low priority be assigned to the development 
and implementation of a speed/acceleration post-processor. 

The following steps would be required if either a post processor or more detailed volume/ 
delay functions were to be added to the NIRPC model system: 

• Perform an extensive speed/acceleration and delay data collection effort to obtain 
locally valid information on the variations of speeds and acceleration rates for each of 
the kinds of link, intersection, and area variables identified above; 

• Assemble additional link characteristics such as those discussed above to provide a 
richer set of link-related variables useful for developing and applying improved speed 
and acceleration prediction methods; 

• Using the local data, the Highway Capacity Manual, and reports on similar modeling 
work done elsewhere,1234 develop improved methods which are consistent with the 
general forms of these relationships developed elsewhere and also replicate local 
conditions in the NIRPC region; 

• Implement the improved models in a stand-alone program which will read the 
EMME/2 link data, including the assigned volumes for a particular alternative to be 
evaluated, estimate new speeds and accelerations by link, and output the results in the 
format required for input to EMME/2 as additions to its link variables; and 

1 CS, TMIP. 
2 ERR. 
3 Dowling/CS. 
4 Bachman, et al. 
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• Modify the present emissions estimation procedures discussed in this section to use the 
revised speeds and the new acceleration data to obtain refined estimates of emissions 
by link. 

11.3.3.3  General Modeling Procedure 

There are three phases in the procedure: 

1. The MOBILE5a phase for the estimation of the emission rates by pollutants; 

2. The curve fitting and emission macro creation phase (by a FORTRAN program); 

3. The EMME/2 phase for the computation of the traffic assignment and of the resulting 
emissions. 

The MOBILE5a Phase 

In this phase, MOBILE5a evaluates the emission rates (in grams/vehicle-mile) of HC, CO 
and NOx for several combinations of parameter values, which correspond to the operating 
contexts.  The input of the MOBILE5a software is divided into three principal sections.  
The first one is called control section, a section where flags which control the level of detail 
of the input information and the format of the output are stated.  The second section is the 
unique input data section which allow for the modification of default values internal to 
MOBILE5a relatively to several characteristics of the vehicles fleet and of the operating 
conditions. 

Finally, the scenario section assigns values to the variables which define specifically each 
of the scenarios that need to be evaluated.  In this implementation of the procedure, only 
one set of minimum/maximal daily temperatures is considered, as well as one estimation 
of the VMT cold-start, hot-start and cruising fractions.  This requires only one execution of 
MOBILE5a.  For each execution, 31 scenarios corresponding to different average speeds of 
vehicles were defined. 

The output of this phase consists in one set of 31 emission values for each of the three 
pollutants and for each of the eight vehicles types characterized by the emission software.  
Each set characterizes the relations between the emission rates and the speed (in a discrete 
form) for a pollutant, a season and a combination of operation mode and vehicle type. 

The Curve Fitting and Emission Macro Creation Phase 

While it is still possible to directly use the emission rates/speed relations in a discrete 
form, it appears far more appropriate to compute the emissions based on continuous 
curves.  The use of such curves allows for reduction of the computation time (for the 
evaluation of emissions) and better reflects the nature of the emission rates/speed 
relations.  This step has been achieved with a FORTRAN program where a non linear 
regression model is implemented to adjust a polynomial to a set of points. 

The critical factor in the adjustment is the setting of the appropriate functional form for a 
given curve.  A reference guide to MOBILE5a leads one to the conclusion that the 
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functional form corresponds to a polynomial of degree 5 as a function of speed.  
Therefore, 

emissionik = S5l=0 aikl sl 

where i is the index of the pollutant (i=1 (HC), 2 (CO) or 3 (NOx)), k is the index of the 
vehicle (k=1 (LDGV), 2 (LDGT1) and 3 (HDDV)) and s is the speed.  The last step of this 
phase is the use of the functions to produce the emission.mac file. 

The EMME/2 Phase 

EMME/2 computes the emissions with the emission.mac macro-command.  This macro 
uses principally the multi-class auto assignment (modules 5.11 and 5.21) and the network 
calculator (2.41).  The multi-class assignment allows the generation of network flows by 
categories of vehicles.  Hence, the auto (internal and internal-external trips), light duty 
truck and heavy duty truck trip matrices are assigned simultaneously on the network and 
the volumes of each category of vehicles assigned on each link of the network are known. 

The network calculator allows the execution of various operations on data related to links, 
more specifically by computing the following link and node extra-attributes: 

• @arean, a node extra-attribute, is computed on the centroids of the internal zones; it 
contains the information of vector mo59, used by the mode choice macros of the 
demand model; 

• @areal is the transposition of @arean on all the connectors of the internal zones; 

• @spd, the speed in miles per hour of vehicles on links, is given by the following 
formula on “regular” links (excluding zone centroid connectors): 

@spd = (length * 60) / timau  

where length is the length of the link in miles and timau is the auto travel time of the 
link in minutes computed following the equilibrium assignment of the auto demand. 

The speed is estimated otherwise on internal zone centroid connectors: 

@spd = 15 + 0.625 * Zonal Area; 

@len is a link extra-attribute used in the computation of the emissions; the actual length 
of links is stored in this extra-attribute for the regular links, but a different result is 
stored in the internal zone centroid connectors in which case the length has to be 
estimated as follows: 

@len = (@spd * timau) / 60; 
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• @trveh, the number of diesel transit vehicles on a link, is given by: 

@trveh = %lt% / hdwy  

for lines of the urban transit vehicle modes; where %lt% is the duration of the study 
period in minutes, and hdwy the average headway in minutes for the set of transit lines 
using a link. 

• @aiin, @aien, @anhn and @ahtn are node extra-attributes defined to store the intrazonal 
Vehicle Miles Traveled (VMT), that is, the product of the respective intrazonal trips of 
the appropriate (depending on the period selected by the user) auto internal, auto 
internal-external, non heavy trucks and heavy truck trip matrices multiplied by the 
vector of the intrazonal average trip length (equal to two thirds of the square root of the 
area of the zone); 

• @aiivm, @aievm, @ahnvm and @ahtvm contain the information computed in @aiin, 
@aien, @anhn and @ahtn, respectively; the transposition of the node results to link 
variables is made such that only one zone centroid connector per zone contains the 
intrazonal VMT’s; 

• @aii, @aie, @anh and @aht are the internal auto trips, internal<->external auto trips, 
non-heavy truck trips and heavy truck trips, respectively, that result from a multi-class 
assignment of the travel demand on the network; 

• @hc, @co and @nox are the quantities in grams of HC, CO and NOx emitted on a link. 
@hc is given by the following formula: 

@hc = ((@aii+@aie)*length+@aiivm+@aievm)*emission11 + 
(@anh*length+@anhvm)*emission12 + (@aht*length+@ahtvm)*emission13 + 
(trveh*length)*emission13; 

• The computation of the @co and @nox attributes are performed with identical formulae 
by replacing emission1k by emission2k in the first case and by emission3k in the 
second case. 

The macro emission.mac integrates all the dialogs needed for the computation of the 
emissions.  The parameters of this macro are: 

• The period (a.m., p.m. or OP), this parameter conditions the value of some other 
parameters (scenario number, demand matrix for each category of trip and duration of 
the period); 

• A logical variable indicating if a multi-class auto assignment is to be computed (1=yes, 
0=no); 

• The number of iterations for the equilibrium assignment; 
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• The relative gap, the normalized gap; and 

• The duration in minutes of the study period. 
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