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1.0 Introduction 

The roadway network contains basic input information for use in the travel 
model and should represent real-world conditions to the extent possible.  
Roadway networks are used in the model to distribute person trips and route 
vehicle trips throughout the region. The networks in the TransCAD environment 
are databases in which all kinds of information can be managed. In addition, the 
networks provide a foundation for system performance analysis including 
vehicle miles of travel, congestion delay, level of service, and other model 
outputs. 

The roadway network is based on version 11a of the Michigan Geographic 
Framework (MGF) 1, which represents 2010 conditions. The roadway network 
from the previous (2008 base year) version of the Kalamazoo Area 
Transportation Study (KATS) travel model served as a data source in 
development of the 2010 roadway network. Within Kalamazoo County, the MGF 
layer was populated with information obtained from the 2008 roadway network 
file. In the portion of Van Buren County added to the modeling area, attributes 
were populated based on review of aerial photography and input from KATS 
and MDOT staff. The network was also updated to include current traffic counts 
and to reflect 2010 base year conditions. 

                                                      

1 The MGF is a GIS database maintained by the State of Michigan Center for Geographic 
Information. It contains accurate and up to date information about roadways in the 
state of Michigan.  
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2.0 Roadway Network 
Development 

The KATS roadway network is based on a combination of the MGF roadway 
layer and information contained on the 2008 KATS roadway network. This 
section describes steps taken to create the 2010 roadway network layer that is 
input to the KATS 2010 base year travel model. 

2.1 MICHIGAN GEOGRAPHIC FRAMEWORK 
The MGF is a GIS database that contains accurate and up to date information 
about roadways in Kalamazoo and Van Buren counties and the entire state of 
Michigan. It is maintained by the Center for Geographic Information, with 
version 11a containing information for the year 2010. The MGF contains all 
roadways in Kalamazoo and Van Buren counties, including all federal aid 
eligible roads, rural minor collectors, and local and private roadways. In the 
travel model, only collector, arterial, and freeway facilities are utilized (with the 
exception of local roads used by transit).  

The KATS roadway network began as a subset of the statewide MGF roadway 
file, limited to the KATS modeling area.  MDOT and KATS staff reviewed the 
MGF roadway layer for the modeling area, identifying freeway, arterial, and 
collector roadways to include in the travel model.  Local streets and some minor 
collectors present in the MGF layer were removed from the roadway network, 
leaving only links to be included in the travel model. Selection of roadways to 
retain included review of roadways present in the 2008 model network, as well 
as review and discussion between consultant, KATS, and MDOT staff. 

Direction of Flow 

While most roadways in model region allow two-way traffic, there are also a 
number of one-way facilities within the modeling area. In addition, freeways and 
some other divided facilities are represented by pairs of one-way segments in the 
MGF. The MGF layer identifies one-way streets by indicating direction of flow in 
the variable TRAFALIGN which contains a “+” when traffic flows from A to B 
(generally south to north or west to east) or a “-“ when traffic flows from B to A 
(generally north to south or east to west). This field is left blank on two-way 
segments. For use with TransCAD, these values have been populated in the 
“Dir” attribute with a 1 for A to B travel or a -1 for B to A travel. On two-way 
links, the “Dir” attribute is populated with the number zero. In addition to using 
automated procedure to assign link directions, one-way links were visually 
reviewed to ensure correct network coding. 
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Grade Separation 

The MGF dataset includes link attributes that identify grade separation at notes 
where two facilities cross at an underpass or overpass. MDOT maintains a 
TransCAD script that will separate nodes at such locations using the information 
present on the MGF layer. After the grade separation script had been run, a 
visual review of grade separated facilities was conducted to ensure the resulting 
roadway network properly represents connectivity at and around grade 
separations. During the link consolidation process described later, most nodes at 
grade separations were removed from the network. 

MGF Attribute Retention 

The MGF contains a large number of attributes that are not relevant to travel 
modeling. While some of these attributes may be useful for mapping purposes or 
other analysis, most were not necessary on the travel model network. 
Management of a large number of attributes can be tedious when editing the 
travel model network and can lead to errors when maintaining and updating the 
travel network. Elimination of unneeded network attributes simplifies network 
maintenance. Furthermore, inclusion of many MGF attributes could artificially 
constrain the segment consolidation process described later in this 
memorandum. Therefore, only the attributes listed in Table 2.1 were included in 
the TransCAD model network.  
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Table 2.1 Attributes Retained from the MGF 

Field Name Description Comments 

ID TransCAD Unique ID Maintained automatically by TransCAD 

Length Link Length in miles Maintained automatically by TransCAD 

Dir Link Direction of Flow  

PR Physical Road ID number Michigan Dept. of Transportation (MDOT’s) 
standard for the Linear Referencing System 
requires that Physical Roads (PRs) are 
continuous without gaps or overlaps in mile 
posting. 

BMP Beginning PR (Physical Road) segment Mile Point 
for linear referencing system 

 

EMP Ending PR (Physical Road) segment Mile Point for 
linear referencing system 

Fields ending in “AL” are not present for 
these fields. 

NFC MDOT National Functional Classification (NFC) 
code 
1 – Interstates 
2 – Other Freeways 
3 – Other Principal Arterials 
4 – Minor Arterials 
5 – Major Collectors 
6 – Minor Collectors 
7 – Local 
0 or uncoded -- not a certified public road 

 

FEDIRP Feature Prefix Direction  

FENAME Feature Name   

FETYPE Feature Type  

FEDIRS Feature Suffix Direction  

FEDIRP2 Secondary Feature Prefix Direction  

FENAME2 Secondary Feature Name   

FETYPE2 Secondary Feature Type  

FEDIRS2 Secondary Feature Suffix Direction  

FEDIRP3 Feature Direction Prefix 3  

FENAME3 Feature Name 3  

FETYPE3 Feature Type 3  

FEDIRS3 Feature Direction Suffix 3  

LEGALSYSTEM Indicates ownership of the road: 
0 – Non Act 51 Certified 
1 – State Trunkline 
2 – County Primary 
3 – County Local 
4 – City Major 
5 – City Minor 
7 – Other Public Entity (road is uncertified, non-
trunkline, public) 
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2.2 SPEED LIMIT AND NUMBER OF LANES 
The number of lanes on each modeled roadway link is an important input to the 
travel model. This value, along with facility type and area type, is used to 
determine roadway capacity for each link. Posted speed limit information is 
useful to determine freeflow speeds and to produce an estimate of congested 
speeds on the roadway network.  

Speed limits and number of lanes were initially copied from the 2008 KATS 
model network using the “Tag” procedure in TransCAD. The resulting values 
were then reviewed and corrected by KATS and MDOT staff. Because the 2008 
model did not include Van Buren County, speed limit and number of lane values 
were developed from scratch using a combination of aerial photography and 
local knowledge from KATS and MDOT staff.  

2.3 CENTROIDS AND CENTROID CONNECTORS 
Zone centroids and centroid connectors are used to attach trip ends generated at 
the traffic analysis zone (TAZ) level to the roadway network. Centroids are 
nodes in the roadway network that are placed in each TAZ and at each external 
station location. They are connected to the collector and arterial roadway system 
by centroid connector links. Centroid connectors represent the local street system 
that connects homes and businesses to higher-level roadway facilities. External 
station centroids and external station connectors represent connections between 
the modeling area and adjacent areas.  

Centroid Placement 

The roadway network contains a single centroid for each model TAZ, with each 
centroid having been located using a weighted center of balance. Overall effects 
of placement of centroid nodes on model results are minimal because the only 
impact of the centroid location is a relative change in distance among centroid 
connectors in the zone. In other words, it has a small effect on the distribution of 
traffic on the centroid connectors, which in turn will have an influence on 
localized traffic volumes on the roads in the immediate vicinity of the TAZ.  

Activity based zone centers were defined using a GIS process that places a node 
at the weighted average location of household and employment in each zone. 
The centroid locations were computed using an employment point file along 
with US Census block data identifying household locations. This procedure was 
also defined to ensure that zone centroids were placed inside each TAZ polygon. 

Placement of centroids at the activity center in each zone may provide some 
localized benefits by loading trips more realistically. Centroid connector speeds 
are slower than collector and arterial speeds, so more traffic will generally utilize 
short connectors more often than longer connectors, but it also depends on the 
orientation of the other end of the trip. Some benefit is gained by encouraging 



Roadway Network 

Cambridge Systematics, Inc. 2-5 

traffic to exit a zone where the most activity takes place. This is beneficial in the 
base year, but may be problematic in forecast years. Difficulties may arise for 
zones that are empty or partially built out in the base year, but are expected to be 
fully built out in the forecast year. When using the model to forecast detailed 
traffic volumes in activities such as subarea studies, forecast year centroid 
connector placement should be reviewed.  For regional planning efforts, the 
current centroid placement should be sufficient. 

Centroid Connector Placement 

Once centroids were located, centroid connectors were placed in the network. 
Ideally, centroid connectors should be attached to the collector/arterial roadway 
network at locations where trips access these facilities. This is usually at locations 
where local streets connect to collector and arterial streets, but may also occur 
where commercial or residential activity directly accesses the roadway network.  

In general, centroid connectors were attached at mid-block, or between model-
level intersections. This is generally preferred over placement of centroid 
connectors at modeled intersections. While an acceptable validation can be 
achieved with either method, connection at mid-block allows for more detailed 
smoothing of traffic assignment results and povides more flexibility for centroid 
connector adjustments. Placement at mid-block locations also facilitates more 
efficient level of service analysis at modeled intersections, whereas intersection 
loading can make this more cumbersome. Therefore, the placement of centroid 
connectors in the network focused on mid-block loadings, but this does not 
preclude use of intersection loadings in some cases during the validation process 
or as other conditions warrant. 

Centroids were automatically generated using TransCAD’s centroid connector 
placement algorithm. This algorithm connects centroids to nearby links, 
generally resulting in the desired mid-block placement.  However, the algorithm 
can sometimes place centroid connectors in undesirable locations. Centroid 
connector placement for each zone was reviewed manually, and automatically 
placed centroids were added, removed, or modified as necessary. 

Centroids were placed to provide a higher level of access from each TAZ to the 
roadway network, with the intent that some of these centroid connectors may be 
removed during the traffic assignment calibration and validation process. This 
approach was taken because it is generally easier to remove centroid connectors 
than add centroid connectors during model calibration and validation.  

Some guidelines that were followed during adjustment of automatically 
generated centroid connectors are as follows: 

 

 Centroid connectors should attach to the roadway system at or near TAZ 
boundaries, but without crossing TAZ boundaries; 



Roadway Network 

2-6  Cambridge Systematics, Inc. 

 Centroid connectors should not cross natural or manmade features that 
prohibit such crossing, such as water features and railroads;  

 Centroid connectors should attach to the street system where traffic would 
logically access it (e.g., no connections directly to interstates, freeways, or 
ramps); 

 After model validation is complete, each TAZ should have roughly 1-3 
centroid connectors, thereby retaining localized travel circuity around each 
zone. 

2.4 SEGMENT CONSOLIDATION 
The MGF roadway layer contains many small segments between each modeled 
intersection.  For travel modeling applications, it is helpful to consolidate these 
multiple links into a single link. Most of the small links are present due to the 
inclusion of local and private street intersections in the MGF, while these streets 
and intersections have been removed from the travel model network. 
Additionally, there are some occasions where extra nodes are included at 
locations where no intersection exists. While a roadway network that includes 
these short links could be used in the travel model, multiple short links make 
network maintenance cumbersome and can lead to coding errors. Additionally, 
these short links cause difficulties when attempting to create accurate and 
readable maps displaying number of lanes, traffic volumes, and traffic counts. 
Therefore, non model-level intersections and shape points (i.e., unnecessary 
nodes) were removed from the roadway network. In addition, extra/redundant 
nodes were removed at grade separations.  

To preserve consistency with milepost information present on the original MGF 
file, TransCAD join settings were adjusted to maintain the proper value during 
link the merging process. Minimum and maximum starting and ending milepost 
information was retained as links were merged and route information was 
retained. Links with differing route information were not joined. 

In some cases, network attributes differed on either side of a node that could 
otherwise have been removed. However, it was important that these nodes and 
links be retained to separate these differing values. If any of the attributes listed 
in Table 2.2 did not match on both sides of a node, the node was not removed 
from the roadway network.  
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Table 2.2 Attributes preventing node removal 

Field Name Description 

Dir Link Direction of Flow 

NFC MDOT National Functional Classification (NFC)  

FEDIRP Feature Prefix Direction 

FENAME Feature Name  

FETYPE Feature Type 

FEDIRS Feature Suffix Direction 

11Tip14 Link is a project in the FY 2011-14 TIP (0=no, 1=yes) 

14Tip17 Link is a project in the FY 2014-17 TIP (0=no, 1=yes) 

LEGALSYSTEM Indicates ownership of the road: 

  

Link merging was performed by a GISDK script  that removes extra nodes from 
the roadway network. This macro processes each node in the network using the 
steps listed below. 

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

2. Verify that the attributes listed in Table 2.2 match for the two connected links. 
If yes, proceed; otherwise, do not remove the node. 

3. Merge the two connected model-level links, removing the node in the 
process. 

2.5 TRAFFIC COUNTS 
Traffic count data is used to aid in calibration of various model parameters, as 
well as to validate travel model results to observed traffic counts. Therefore, 
traffic count data was necessary on the roadway network file. It is also important 
that traffic count data remains in the correct location when links are split and/or 
merged.  

Traffic count data provided by KATS and MDOT were matched to roadway 
network links and then posted on the roadway network. KATS maintains an 
online traffic count database2 that served as the source of traffic count data for 
non-state roadways. The database contains latitude and longitude coordinates 
for each traffic count, as well as 24-hour traffic count data. A subset of the data 
features volumes by 15-minute increments. This database was joined to the 
roadway network using the geographic coordinates corresponding to each count 

                                                      

2 http://katsmpo.ms2soft.com 

http://katsmpo.ms2soft.com/
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location. MDOT also provided traffic count data for state facilities.  This 
information was provided as a data table that included latitude and longitude, 
allowing a similar process of matching traffic count data to roadway links.  In 
addition, some other data was available as individual spreadsheet or PDF files.  
This additional data was manually attached to the roadway network.  

After all available traffic count data had been posted on the roadway network, 
many links had traffic count data from multiple sources or for multiple dates. For 
model validation purposes, a single count was identified on each link in the 
model where at least one suitable count was available. These validation counts 
are were established by reviewing each counted link in the network and selecting 
the most appropriate traffic count value. Resulting validation counts are posted 
in a separate network field named VAL_Count. The fields VAL_Source and 
VAL_Date provide the original traffic count source and date associated with the 
traffic count selected for use in model validation. 
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3.0 Roadway Network Structure 

The KATS model utilizes a master network structure that allows maintenance of 
attributes representing different years and scenarios within a single file. This 
section describes the network file structure and defines input attributes and some 
output attributes.  

Input network attributes used by the travel model include facility type, area 
type, number of lanes, speed limit, and direction of flow. Each of these variables 
is addressed in the sections that follow. Values for these attributes have been 
populated on the roadway network file for the year 2010, and will also be 
populated for an existing plus committed roadway network scenario.  

Year-specific input data is used to compute freeflow speed, travel time, and 
capacity on each link in the roadway network. Methods used to develop and 
compute these values are discussed and specific values are documented. This 
information is placed on a copy of the network rather than the original input file. 
Creation of a routable network required by several TransCAD processes is also 
discussed. 

3.1 INPUT AND OUTPUT NETWORKS 
The roadway network file contains travel model input data and also acts as a 
repository for both intermediate (e.g., capacity and speed) and final (e.g., traffic 
volumes) model data. For this reason, a separate output model network is 
created for each model scenario. The model macros create this output network by 
making a copy of the input network and then modifying the copy to include data 
and results specific to each model run. This copy of the roadway network is 
created and modified automatically by the network initialization step when the 
travel model is run. 

The model’s directory structure allows multiple model output directories to exist 
alongside a single input directory. Files located in the input directory are not 
modified by model macros. Instead, files are copied to an output directory where 
the copy is modified instead.  

This approach has several benefits, including the following: 

1. All input files are located in one standardized location, making identification 
of files easy when edits are required;  

2. Because input files are not modified by the travel model macros, it is unlikely 
that important data present within input files will be inadvertently 
overwritten; and 
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3. All output files related to a particular model run are stored in a single 
directory, minimizing confusion about which model scenario is represented 
by each file. 

An example directory structure that would contain travel model input and 
output files is shown in Figure 3.1. 

Figure 3.1 Travel Model Folder Structure 

 

3.2 MULTI-YEAR AND ALTERNATIVE NETWORK 

STRUCTURE 
The roadway network is designed to store roadway data representing different 
years in one consolidated network layer. To accomplish this, selected network 
attribute names are appended with a two- through four-digit suffix representing 
a particular year or scenario. This approach improves consistency between 
baseline and forecast networks and eliminates the need to edit multiple network 
files when making a change in a baseline or interim year network. 

The network structure allows for the representation of alternative roadway 
projects such as roadway widening, realignments, and new facilities that are not 
tied to a specific network year. These alternatives can be activated or deactivated 
individually or in groups, regardless of the network year that has been selected. 
While there are some limitations with respect to alternatives sharing the same 
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link, this capability can be a valuable tool when performing alternatives analysis 
with the travel model. 

Representation of Networks by Year 

Each attribute that can vary from year to year (e.g., facility type, area type, 
number of lanes, direction of flow, etc.) is represented in the roadway network 
by an attribute containing a two- through four-digit suffix. When a particular 
network is selected for use in the travel model, model macros use attributes with 
a suffix matching the selected year. Of utmost importance is the facility type 
attribute. If this attribute is left blank on a link for a particular year, that link will 
be closed to traffic (i.e., will not exist) in the network when that year is selected. If 
a valid facility type value is found, then the remaining attributes specified for 
that year will be referenced by the travel model. 

The roadway network contains data for the year 2010, and will ultimately 
contain data for an existing plus committed network and forecast networks 
associated with the KATS 2040 Long Range Transportation Plan (LRTP).  

It is often necessary to consider multiple interim year (e.g., 2020 or 2030) or 
buildout networks in addition to the existing and plan forecast networks. 
Additional network years can be added by following procedures that will be 
outlined in the model User’s Guide. 

Representation of New Facilities 

This network structure can represent roadway facilities that do not exist in the 
current network but are planned for future construction. For example, if a new 
roadway is planned to be built by 2040, it could be represented in the 2040 
roadway network but not in the base year roadway network. To implement this, 
the roadway is added as a new link to the network layer, but facility type is set to 
null for the base year and to a valid facility type code for 2040.  

Representation of Network Alternatives 

Roadway network alternatives provide a mechanism for testing localized 
network changes individually or in combination without the need to create an 
additional network. Roadway network alternatives are specified by a set of 
attributes with the suffix AL (FT_AL, AT_AL, etc.) and by attributes named ALT 
and ALT2. The fields with an AL suffix represent the network attributes used 
when an alternative is activated., while the “ALT” and “ALT2” fields identify the 
alternative number associated with each link.  

Prior to running the model, one or more alternatives can be activated from the 
model scenario manager. The values in fields containing the AL suffix will 
override other network attributes on links where ALT or ALT2 match a selected 
alternative. The network structure example sidebar further illustrates application 
of network alternatives. The Network Attribute Selection section describes the 
stepwise procedure used to process network attributes. 
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Network alternatives can represent scenarios in which roadway attributes differ 
or scenarios in which roadways are constructed or removed. For example, an 
alternative might represent a proposed roadway widening project that is not part 
of the 2040 roadway network. This improvement could be included as an 
alternative for testing purposes. After adding this one alternative, model 
scenarios could then be created that: 

1. Represent the base-year network without the roadway widening,  

2. Represent the base-year network plus the roadway widening,  

3. Represent the 2040 network without the roadway widening, or 

4. Represent the 2040 network plus the roadway widening. 

As with network attributes that vary by year, a facility type value of null will 
result in a link being omitted from consideration in the travel model. It is 
possible to represent the closure of a roadway by activating an alternative with a 
null value for FT_AL on a particular roadway link. This is also useful when 
simulating a roadway that is realigned. 

This structure does have some limitations. Only two alternatives can occupy the 
same link, as limited by the two fields “ALT” and “ALT2.” Also, only one set of 
alternative attributes can occupy the same link, limited by the one set of 
attributes with an “AL” suffix. 

Network Attribute Selection 

Year and alternative specific network attributes are identified based on user 
selections from the scenario manager that drives the travel model interface. Once 
these selections have been made, the automated network initialization step 
applies the appropriate network attributes. 
The process described below is used to assign 
attribute values to the network for use in the 
travel model. 

When running the travel model, the user 
must select a network year. The scenario 
manager will allow selection of any year 
where a complete set of data is present in the 
roadway network. User selections are saved with a model scenario that is 
accessible from the model interface. 
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1. The user may optionally select to activate specific numbered alternatives 
present in the roadway network. A list of available alternatives is generated 
by identifying unique values present in the ALT and ALT2 fields. Each 
unique value is initially identified as an inactive alternative, but the user may 
activate one or more alternatives. Alternative 
selections made by the user are saved with a 
model scenario that is accessible from the 
model interface. 

2. The network initialization step makes a copy 
of the input network file and places it in an 
output directory specified by the user. One 
new field is created for each year-specific 
attribute, but without the year-specific suffix 
(e.g., FT, AT, etc.). The field Dir is already 
present in the network, so it is not recreated. 

Network Structure Example 

 

To illustrate the concept behind the network structure, the table below 

presents a set of simplified example link data. This table only shows facility 

type information, but other year-specific attributes follow a similar theme. In 

this example network: 

 Link 100 exists as a principal arterial (FT = 3) in 2010 and all subsequent 

years. 

 Link 200 is programmed as a principal arterial (exists in 2018 and later). 

 Link 300 is planned to be built as a minor arterial (FT = 4) by 2040. 

 Link 300 is instead built as a collector (FT = 5) if Alternative 1 is 

activated. 

 Link 400 is a new facility to be built as a minor arterial if Alternative 2 is 

activated. 

 Link 500 exists in 2010 and all future years as a minor arterial, but is 

closed if Alternative 3 is activated. 

Example Link Dataset 

 

ID FT_10 FT_18 FT_40 FT_AL ALT 

100 3 3 3 - - 

200 - 3 3 - - 

300 - - 4 5 1 

400 - - - 4 2 

500 4 4 4 - 3 
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However, it is modified in the next step.  

3. Each new field is populated with data from the corresponding year-specific 
field matching the network year selected by the user. For example, if the 
network year is set to 2010, the field FT is filled with data from the field 
FT_10. Remaining fields are populated in a similar manner. 

4. If any alternatives have been activated, the model creates a selection set 
consisting only of links where either ALT or ALT2 matches an active 
alternative number. Attributes for links in the selection set are filled with 
data from the corresponding field ending in _AL. This overwrites any data 
previously populated from the year-specific fields. For example, if 
Alternative 1 is selected, all links where ALT = 1 or ALT2 = 1 will be selected. 
For these links only, data in the FT field will be replaced with data from the 
FT_AL attribute. This would overwrite data previously read from the FT_10 
attribute. Remaining fields are be populated in a similar manner. 

5. Data in the fields that do not include a suffix (e.g., FT, AT, etc.) are referenced 
for all subsequent model steps, including the speed, capacity, and volume-
delay lookup procedures.  

  

Direction of Flow 

Direction of flow does not fit within the attribute management scheme as 

well as other variables. This is due to the requirement in the TransCAD 

software that direction of flow be maintained in the network field “Dir” at all 

times. While this fits within the process used to run the model, this 

requirement can cause difficulties when editing the network if not 

addressed. It is important to remember the following points if the direction 

of flow varies on a link in different year or alternative networks: 

 To display directional arrows for a particular network year, fill the 

column “Dir” with the value from the appropriate attribute (e.g., 

Dir_10). 

 The Dir field and year-specific Dir fields should be populated with a 1, -

1, or 0 – even for network years for which links are not active (i.e., 

year-specific FT is -1 or blank).  

Note that these concerns apply only if the Dir attribute varies from year to 

year.  
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3.3 NETWORK ATTRIBUTE LIST 
The KATS roadway network contains the input attributes listed in Table 3.1. 
Additional fields can be added to the network as desired using the standard tools 
available in the TransCAD software. Such fields will not be referenced by the 
travel model, but can be used to aid in analysis of results. 

Table 3.1 Input Network Link fields 

Field Name Description Comments 

ID TransCAD Unique ID Maintained automatically by TransCAD 

Length Link Length in miles Maintained automatically by TransCAD 

Dir Link Direction of Flow  

Dir_yyyy Year-specific direction of flow 

yyyy represents a two through four-digit 
year code (e.g., 10, 15, 40, 40AA), or the 
string “AL” 

FT_yyyy Facility type (see Table 3.3 for definition) 

AT_yyyy Area type (see Table 1.4 for definition) 

AB_LN_yyyy 

BA_LN_yyyy 

Directional number of through lanes 

SPLM_yyyy Posted speed limit 

CTL_MED_yyyy Identifies divided facilities, including either a 
median or center turn lane. A value of 1 indicates a 
divided facility. 

AB_FBAM_yyyy 
BA_FBAM_yyyy 
AB_FBOP_yyyy 
BA_FBOP_yyyy 

Scenario-specific fields used to hold speed 
feedback results. These fields are managed by the 
travel model interface. 

Fields ending in “AL” are not present for 
these fields. 

VAL_Count Traffic count selected for use in model validation.    

VAL_Source Source of the traffic count selected for use in model 
validation. 

 

VAL_Date Date of the traffic count selected for use in model 
validation   

 

PR Physical Road ID number 
Michigan Dept. of Transportation (MDOT’s) 
standard for the Linear Referencing System 
requires that Physical Roads (PRs) are 
continuous without gaps or overlaps in mile 
posting. 

BMP Beginning PR (Physical Road) segment Mile Point 
for linear referencing system 

EMP Ending PR (Physical Road) segment Mile Point for 
linear referencing system 

NFC MDOT National Functional Classification (NFC) 
code.  

 

LEGALSYSTEM See MGF documentation for definition.  

FEDIRP Feature Prefix Direction  

FENAME Feature Name   

FETYPE Feature Type  

FEDIRS Feature Suffix Direction  
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Field Name Description Comments 

FEDIRP2 Secondary Feature Prefix Direction  

FENAME2 Secondary Feature Name   

FETYPE2 Secondary Feature Type  

FEDIRS2 Secondary Feature Suffix Direction  

FEDIRP3 Feature Direction Prefix 3  

FENAME3 Feature Name 3  

FETYPE3 Feature Type 3  

FEDIRS3 Feature Direction Suffix 3  

11Tip14 Link is a project in the FY 2011-14 TIP (0=no, 
1=yes) 

These fields are currently in draft form and 
will be updated through  further 
coordination with KATS and MDOT. 

14Tip17 Link is a project in the FY 2014-17 TIP (0=no, 
1=yes) 

CON Year of Construction 

PctComm Percent Commercial Populated by MDOT, for use in validation 

Note:  Fields not listed in this table may be present on the roadway network, but are not required to run 
the travel model. 

In addition to link attributes, several attributes are required on the node layer of 
the roadway network file. Centroid nodes are identified by the ZONE attribute 
on the node layer. Node attributes are listed in Table 3.2. 

Table 3.2 Input Network Node fields 

Field Name Description Comments 

ID TransCAD Unique ID.  The ID is set to match ZONE by the 
Update Input Network utility, and by the Prepare Networks 
model step if necessary.  

Note: While it is not required that ID match the zone number 
on the input network, it is recommended that the Update 
Input Network utility is run to synchronize the ZONE and ID 
fields after making changes to the ID field. 

Maintained automatically 
by TransCAD 

Longitude, Latitude Geographic Coordinates  

TAZ Traffic analysis zone number Must be null (blank) for 
non-centroid nodes. Must 
be unique for centroid 
nodes. 

PNR_yyyy Indicates presence of a park and ride in the identified 
network year 

yyyy represents a two 
through four-digit year 
code (e.g., 10, 15, 40, 
40AA). 

PULSE_yyyy Indicates a node where the transit system features timed 
transfers 
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Facility Type 

The functional classification of each roadway link reflects its role in the system of 
streets and highways. The term “functional classification” has specific 
implications with regards to the administration of Federal-aid highway 
programs; but travel model networks do not always adhere to these definitions. 
For example, a facility may be designated as a principal arterial, but function 
more like a minor arterial with narrow lanes and frequent driveways. In such 
cases, it is useful to modify the designation for modeling purposes. KATS model 
facility type values are based on NFC values obtained from the MGF link layer 
and have been modified and adjusted in coordination with KATS and MDOT 
staff. 

The roadway network includes a variable named Facility Type (FT) for use in the 
model to look up speed, capacity, and volume delay parameters. This allows 
facility type to be changed as necessary during the model calibration and 
validation process. Facility type values used in the KATS Model are listed in 
Table 3.3. Base year facility type values in the updated model are shown in 
Figure 3.2 and Figure 3.3. 

Table 3.3 Facility Types 

 

 
ID Facility Type 

1 Interstate/Freeway 

2 Expressway 

3 Principal Arterial 

4 Minor Arterial 

5 Collector 

6 Minor Collector 

7 Ramp 

8 Freeway to Freeway Ramp 

9 Centroid Connector 

WHY SUCH SHORT FIELD NAMES? 

Many of the network field names (e.g., FT_yy and AT_yy) are very short. 

This is to facilitate efficient use of the travel model network and to ensure 

compatibility with GIS software. 

 TransCAD data is often exported to the ESRI shapefile format for use in 

ArcMAP and other software packages. This file type is limited to 10-digit 

attribute names, so longer attribute names are truncated. This often lead 

to confusion about original field names. 

 When working with the roadway network, a common task is to select all 

links with a particular facility type or area type (e.g., all centroid 

connectors). It is much more efficient to type “FT=99” than to type 

“Facility_Type=99” or “[Facility Type]=99.” 
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Figure 3.2 Facility Type 



Roadway Network 

Cambridge Systematics, Inc. 3-11 

 

Figure 3.3 Facility Type (Urban area detail) 
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Facility types in the travel model affect the roadway capacity, speed, and rate at 
which increasing volumes result in lower travel speeds. A general description of 
each facility type is provided below3. 

 Interstate/Freeway – A divided, restricted access facility with no direct land 
access and no at-grade crossings or intersections. Freeways and toll roads are 
intended to provide the highest degree of mobility serving higher traffic 
volumes and longer-length trips. Freeways included in the KATS model 
include I-94 and US-131. 

 Expressway – Expressway facilities are sometimes classified as divided 
principal arterials, but experience many features common to freeways. 
Expressways utilize a higher level of access control than other arterials and 
may include some grade-separated intersections. Expressways have higher 
speed limits than other principal arterials (e.g., 55 or 65 MPH), provide little 
or no direct access to local businesses, may have frontage roads or access 
roads, and limit signal spacing to at least ½ mile. Expressways included in 
the KATS model include portion of south US-131 and I-94 BL. 

 Principal Arterial – These permit traffic flow through and within urban areas 
and between major destinations. These are of great importance in the 
transportation system since they provide local land access by connecting 
major traffic generators, such as central business districts and commercial 
centers, to other major activity centers. Principal arterials carry a high 
proportion of the total urban travel on a minimum of roadway mileage. They 
typically receive priority in traffic signal systems (i.e., have a high level of 
coordination and receive longer green times than other facility types). 
Divided principal arterials usually have turn bays at intersections, include 
medians or center turn lanes, and sometimes contain grade separations and 
other higher-type design features. State and U.S. highways are typically 
designated as principal arterials unless they are classified as freeways or 
expressways. 

 Minor Arterial – Minor arterials collect and distribute traffic from principal 
arterials and freeways to streets of lower classification and, in some cases, 
allow traffic to directly access destinations. They serve secondary traffic 
generators, such as community business centers, neighborhood shopping 
centers, multifamily residential areas, and traffic between neighborhoods. 
Access to land use activities is generally permitted, but should be 
consolidated, shared, or limited to larger-scale users. Minor arterials 
generally have slower speed limits than major arterials, may or may not have 
medians and center turn lanes, and receive lower signal priority than other 

                                                      

3 Facility type definitions are adapted from A Policy on Geometric Design of Highways 
and Streets, 5th Edition, American Association of State Highway and Transportation 
Officials (AASHTO), 2004. 
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facility types (i.e., are only coordinated to the extent that principal arterials 
are not disrupted and receive shorter green times than principal arterials). 

 Collector Street – Collectors provide for land access and traffic circulation 
within and between residential neighborhoods and commercial and 
industrial areas. They distribute traffic movements from these areas to the 
arterial streets. Except in rural areas, collectors do not typically accommodate 
long through trips and are not continuous for long distances. The cross-
section of a collector street may vary widely depending on the scale and 
density of adjacent land uses and the character of the local area. Left turn 
lanes sometimes occur on collector streets adjacent to non-residential 
development. Collector streets should generally be limited to two lanes, but 
sometimes have 4-lane sections. In rural areas, major collectors act similarly 
to minor arterials, while rural minor collectors fit more closely with the 
characterizations described here. 

 Ramp – Ramps provide connections between freeways and other freeways or 
non-freeway roadway facilities. On freeway to freeway ramps, freeflow 
speeds are similar or slightly lower than freeways as the traffic moves from 
one freeway to another without coming to a stop. Whereas, on freeway to 
non-freeway ramps, traffic usually accelerates or decelerates to or from a 
stop. Therefore, the freeflow speed on freeway to arterial ramps is often 
coded as much slower than the ramp speed limit.  

 Centroid Connectors – These links are the means through which the trip and 
other data at the traffic analysis zone (TAZ) level are attached to the street 
system.  

Area Type 

Area type is an attribute assigned to each TAZ and roadway and is based on the 
activity level and character of the zone. Terminal times, travel speeds, roadway 
capacity, and volume-delay characteristics are dependent on area type. Area type 
is first defined at the TAZ level based on socioeconomic characteristics and then 
transferred to the roadway network.  

Area type is an attribute that can and should vary with time. Therefore, it is 
important that area type definitions are specified in a manner that can be 
updated for future conditions based on available forecast data. While area type 
definitions based on external information, such as corridor characteristics (e.g., 
commercial vs. residential) or the U.S. Census urbanized area boundary are 
useful in defining existing area type, this information is not very useful in 
defining future year area types. Area type definitions were therefore specified so 
that area type forecasts can be updated based on forecast socioeconomic data.  
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An initial assignment of area types to the model TAZs was done using a  floating 
zone methodology4. The floating zone approach computes activity density for 
each TAZ based on zones within a specified distance of the zone centroid. The 
buffer distance and density ranges were varied to determine values that 
produced a reasonable starting point for area type designations. A buffer 
distance of 0.5 miles was selected to compute initial area type values, and 
selected density ranges are shown in Table 3.4. Activity density is computed for 
each floating zone using the equations shown below. 

 

𝐴𝐹 =  
𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡
 

 

𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝐹𝑙𝑜𝑎𝑡𝑖𝑛𝑔 𝑍𝑜𝑛𝑒 𝑃𝑜𝑝 + 𝐴𝐹 ∗ 𝐹𝑙𝑜𝑎𝑡𝑖𝑛𝑔 𝑍𝑜𝑛𝑒 𝐸𝑚𝑝

𝐹𝑙𝑜𝑎𝑡𝑖𝑛𝑔 𝑍𝑜𝑛𝑒 𝐴𝑟𝑒𝑎 (𝐴𝑐𝑟𝑒𝑠)
 

 
The UMIP guidance defines five area types, including a fringe area type that 
covers areas on the edge of the developed suburban areas tat are beginning to 
experience development. After review of the edge of the Kalamazo urban and 
suburban areas and discussions with KATS and MDOT staff, it was determined 
that the fringe area type would be of minimal value in this particular region. 
Therefore, the KATS model includes the four area types defined in Table 3.4. 

Table 3.4 Area Types and Density Definitions 

Value Description Density Range 

1 CBD > 20 

2 Urban 10 – 20 

3 Suburban 0.5 – 10 

5 Rural 0 – 0.5 

Note: The rural area type is designated as code 5, to allow for consistency with area type codes used by 
MDOT in small urban area models within the state. MDOT uses area type 4 to represent a suburban/rural 
fringe area type. 

After the area type density ranges criteria were applied to generate an initial area 
type definition, an extensive manual smoothing process was conducted. The 
smoothing process included overlaying the model TAZ structure on aerial 
photography obtained from Google Maps, reviewing 2008 model area type 

                                                      

4 The floating zone methodology was applied as described in the MDOT Urban Model 
Improvement Program (UMIP) Area Type guidance document. 
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definitions, and review of results by KATS and MDOT Staff. The area types were 
adjusted to: 

1. Fill in holes and gaps in contiguous urban and suburban areas,  

2. More accurately define existing land uses based on local knowledge, and  

3. More accurately define the transition between urban, suburban, and rural 
area types through a visual evaluation of the aerial photography and 
roadway layers. 

Once area type values had been assigned to each TAZ for the base year, roadway 
area type was assigned to the roadway network. This process started by 
applying an automated GIS operation to assign area type to each link based on 
the closest TAZ. For roadways that are bordered by different area types on either 
side, the denser (e.g., urban rather than suburban) area type was assigned. 
Divided highways bordered by different area type values were assigned the 
denser area type for both directions. Furthermore, interchanges occurring on or 
directly adjacent to area type borders have been assigned the denser area type. 
For links crossing an area type boundary, the most appropriate area type was 
selected based a visual evaluation.  

For roadways that do not lie on an area type boundary, assignment of roadway 
area type was straightforward and not further adjusted. Area type designations 
for TAZs and roadways are shown in Figure 3.4 and Figure 3.5. For the future 
year (2040) TAZ and roadway layers, area type values will be changed from rural 
to suburban for zones where densities increase to the upper limit rural density 
listed in Table 3.4. 
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Figure 3.4 Area Type 

 



Roadway Network 

Cambridge Systematics, Inc. 3-17 

Figure 3.5 Area Type (Urban Area Detail) 

 

Link Speeds 

Network speeds are used in the trip distribution model to distribute trips 
throughout the region and in the trip assignment model to route traffic on the 
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roadway network. The model uses both freeflow speed and congested speed to 
model travel in the region. 

Link freeflow speeds represent average travel time when little or no traffic is 
present. Freeflow speed includes effects of intersection control delay, but does 
not include congestion delay. Freeflow speeds are typically lower than the speed 
limit to account for intersection delay on arterials, collectors, and ramps. On 
other facility types, the speed limit and freeflow speed may be the same. In some 
cases, the freeflow speed may be higher than the posted speed limit. 

Peak hour congested speeds represent travel times during times of peak 
congestion, and include any delay due to recurring congestion effects. While the 
KATS area does not experience high levels of traffic congestion, the peak hour 
congested speeds are generally slower than the freeflow speeds. 

The roadway network contains posted speed data on freeway, expressway, 
arterial, and collector links.  This posted speed data was retained from the 
previous version of the travel model, but underwent a thorough review by 
KATS, MDOT, and consultant staff. Since the Van Buren County portion of the 
model was not present in the 2008 network, Van Buren County speed limit data 
was provided by KATS staff. In addition, speed limit data will be monitored 
during the model validation process and cross-checked by either field visits or 
Google Street View as needed. 

Because speed limit data are available on most links within the KATS modeling 
area, freeflow speed values are defined as a function of speed limit, facility type, 
and area type. In areas where observed travel time data is available, it is possible 
to develop a relationship between posted speed and observed freeflow travel 
speed. However, a travel time survey or commercial speed dataset (e.g., INRIX, 
Tom Tom, Navteq) was not available during model development. Therefore, a 
posted speed to freeflow speed methodology has been borrowed from another 
region5.  

Freeflow speed is computed by multiplying speed limit by a factor defined based 
on link facility type and area type. Speed limit to freeflow factors used in the 
KATS model are shown in Table 3.5. For links without speed limit data or for 
future year links where proposed speed limits are not available, default freeflow 
speeds are defined. Defaults were defined by first computing the average speed 
limit values for all facility type/area type combinations in the existing roadway 
network, resulting in the average speed limit values shown in Table 3.6. The 
resulting average speed limit values were multiplied by the speed limit to 
freeflow speed conversion factors, resulting in the default freeflow speed values 

                                                      

5 Speed limit to freeflow speed factors are largely borrowed from an analysis of INRIX 
speed data and posted speed limit data performed for the Wichita, KS Area MPO 
(WAMPO). Adjustments have been made to the WAMPO factors so that the better fit 
observed characteristics in the KATS area. 
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shown in Table 3.7. Freeflow speeds for centroid connectors are defined to reflect 
approximate local street speeds.  Both default speeds and conversion factors may 
be adjusted during model validation.  

The trip distribution model requires an estimate of congested speeds in order to 
distribute peak period trips. Because the KATS model will utilize a speed 
feedback model and because the area experiences limited congestion throughout 
the day, freeflow speeds are used as initial congested travel speeds for both the 
peak and off-peak periods. These speeds are replaced by slower speeds as part of 
the speed feedback process. 

Table 3.5 Speed Limit to Freeflow Speed Factors 

Facility Type CBD Urban Suburban Rural 

1 - Freeway 1.0 1.0 1.0 1.0 

2 - Expressway 0.85 0.85 0.85 0.85 

3 – Principal Arterial 0.81 0.84 0.82 0.82 

4 – Minor Arterial 0.81 0.84 0.82 0.82 

5 - Major Collector 0.79 0.79 0.80 0.80 

6 - Minor Collector 0.60 0.55 0.55 0.50 

7 - Ramp 0.75 0.75 0.75 0.75 

8 - Freeway / Freeway Ramp 1.0 1.0 1.0 1.0 

9 – Centroid Connectors 1.0 1.0 1.0 1.0 

Source: Adapted from an analysis of INRIX data and freeflow speeds in the Wichita, KS area.  

Table 3.6 Average Existing Speed Limit Values 

Facility Type CBD Urban Suburban Rural 

1 - Freeway 65* 68.46 68.78 70.00 

2 - Expressway 50* 50* 52.52 55.00 

3 – Principal Arterial 30 34.21 42.67 53.94 

4 – Minor Arterial 30 32.99 43.09 52.77 

5 - Major Collector 30 30.61 43.27 51.15 

6 - Minor Collector 30* 30 36.61 53.16 

7 - Ramp 40* 40.25 40.22 44.63 

8 - Freeway / Freeway Ramp 45* 45* 47.08 50* 

9 – Centroid Connectors n/a n/a n/a n/a 

* indicates estimated values for facility type/area type combinations that do not exist in the 2010 roadway 
network. 

Source: Analysis of distance-weighted average speed limits on the KATS network. 
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Table 3.7 Default Freeflow Speed Values 

Facility Type CBD Urban Suburban Rural 

1 - Freeway 65 68 69 70 

2 - Expressway 43 43 45 47 

3 – Principal Arterial 24 29 35 44 

4 – Minor Arterial 24 28 35 43 

5 - Major Collector 24 24 35 41 

6 - Minor Collector 18 16 20 27 

7 - Ramp 30 30 30 33 

8 - Freeway / Freeway Ramp 45 45 47 50 

9 – Centroid Connectors 15 20 25 30 

Source: Multiplication of average existing speed limits by freeflow speed factors, rounded to the nearest 
mile per hour. 

 

Speed Feedback 

Both freeflow speeds and peak hour congested speed are used in the trip 
distribution step. When the speed feedback routine is enabled, speed values are 
replaced by speeds based on traffic assignment results. The speed feedback 
model will be further defined in the traffic assignment technical memorandum 

Link Capacities 

Capacity constrained traffic assignment requires roadway capacity values in 
order to measure congestion and to determine route diversion due to congestion. 
Arterial capacity is often defined at the intersection level, where traffic control 
devices limit the amount of traffic that can pass through an intersection. 
However, maintenance of detailed intersection capacity data in a regional model 
is often impractical. Instead, roadway capacity is approximated at the link level, 
using a model that varies link capacity based on facility type and area type.  

The UMIP documents provide a facility type / area type capacity model that is 
appropriate for the KATS area. The model documented in the UMIP also 
specifies an increase in capacity of 50 vehicles per hour per lane on facilities with 
a two-way left turn lane.  For the KATS model, this increase is applied for all 
arterial facilities with either a median or a two-way left turn lane. The capacity 
increase for medians and center turn lanes is not applied for collectors or local 
streets. While the UMIP document also specifies higher capacities for one-way 
streets, this has not been implemented for KATS.  However, the possibility of 
increasing capacity by approximately 20% on one-way arterial streets will be 
revisited during model validation. Some adjustments to capacity tables may also 
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be made during model validation. Link capacities applied in the KATS Model are 
shown in Table 3.8. 

 

Table 3.8 Hourly Link Capacities (Upper limit LOS E) 

Facility Type CBD Urban Suburban Rural 

1 - Freeway 1,950 2,000 2,100 2,100 

2 - Expressway 1,450 1,500 1,600 2,000 

3 - Principal Arterial (undivided) 900 950 1,050 1,850 

4 - Minor Arterial (undivided) 700 750 800 1,500 

5 - Major Collector  600 650 700 700 

6 - Minor Collector 500 500 500 500 

7 - Ramp 1,200 1,200 1,200 1,200 

8 - Freeway / Freeway Ramp 1,700 1,700 1,700 1,700 

Source: Capacities are based guidance published in the “Urban Model Improvement Program – Network 
Capacity” published January 24, 2013.  Values were obtained from Table 2 of an MDOT office 
memorandum dated February 8, 2011 included as an appendix to the UMIP capacity document. 

Notes: Capacities are increased by 50 vehicles per hour per lane on principal and minor arterials featuring 
a center turn lane or median. 

Expressway capacities are computed as the average of freeway and divided principal arterial 
capacities, rounded to the nearest 50 vehicles. 
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