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North Front Range Regional Travel Demand Model

1.0 Introduction

The North Front Range Metropolitan Planning Organization (NFRMPO) and member jurisdictions use the
NFR Regional Travel Demand Model (NFR Model) as a tool to forecast traffic and travel in communities
throughout the region. The primary purposes of the travel model are to support the Regional Transportation
Plan (RTP) and air quality conformity analysis. Additionally, the model can support evaluation of proposed
roadway and transit projects, help evaluate potential impacts of proposed development projects, and support
various other studies of the region, subareas, corridors, and other planning activities. The model has been
calibrated to reflect a base year of 2019 and contains future year data reflecting forecast 2050 conditions.
Interim year data representing several intermediate timeframes is also maintained in the travel model
dataset.

The previous version of the model featured a 2015 base year and 2045 forecast year. The model is regularly
updated by the NFRMPO to reflect current conditions and the most recent available data. This version of the
model includes moderate changes to the previous version of the model. Changes include bringing model
data up to date, incorporation of a new disaggregate trip generation model that utilizes socioeconomic data
from the Land Use Allocation Model (LUAM), the ability to test changes in the share of people working from
home, improved handling of bicycle facilities on the transportation network, and extension of the model to
include an additional portion of Weld County. Observed datasets were supplemented with location based
services data collected in 2019 and expanded to ACS and Census data representing 2019 conditions.

Throughout the course of model development, the NFRMPO enlisted a Model Steering Team to review land
use and travel model inputs, procedures, and results. This group included representatives from jurisdictions
within the NFRMPO modeling area and NFRMPO staff. The group held several meetings over the course of
the model development process.

The NFR Model 6s process and functi onBgueldéltsanown i n the
adaptation of the standard 4-step modeling process that has dominated travel models in small and medium-
sized regions throughout the U.S. for several decades.
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Figure 1.1
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2.0 Roadway Network

The roadway network contains basic input information for use in the travel demand model and represents

real-world conditions for the 2019 base year and expected conditions for future years or tested alternatives.

The roadway networks are used in the model to distribute trips and route vehicle trips. The networks in the

GIS environment used by the model are databases in which all kinds of information can be stored and

managed. In addition, the networks provide a foundation for system performance analysis including vehicle

miles of travel, congestion delay, level of service, and other performance measures. This section provides a

description of the network attributes and lookup tables for the roadway networks. The assumptions and
parameters identified herein were i de2019ibdséyea netvork,i ng t he
but they generally apply to interim and forecast year networks as well.

The roadway network is a GIS-based representation of the street and highway system in the NFR region as
well as the expanded Ozone modeling region. It also contains information about non-motorized facilities,
including on-street bicycle treatments and low-stress routes as well as multi-use paths. The network is
utilized as:

1 Aninput database containing roadway characteristics (such as facility type, number of lanes, area type,
etc.).

1 A foundation for the transit route system.
1 A data repository that can be used to store and view travel model results.

The roadway network is one of the foundational components of the travel model as it serves to represent the
supply side of the travel demand/ transportation system relationship. As such, the establishment and review
of detailed network attribute datawasvery i mportant to the model s devel opme

The roadway network is structured to contain data for multiple timeframes. The roadway network prepared
for the NFR Model contains the 2019 base year network as well as a list of planned and proposed roadway
projects. The network also retains information about the 2015 year network to support back-casting as part of
the model validation process. The network is designed to maintain information about planned and proposed
roadway, transit, park-n-ride, and non-motorized projects, each associated with a year of completion. This
allows the network to represent the 2019 base year, existing plus committed networks, plan forecast
networks, interim horizon year networks, and any other network scenarios desired within a single network
database.

What 6s New

Notable changes to the 2019 roadway networks include:

1 Network contents have been updated to reflect 2019 base year conditions.

1 Posted speed limits have been updated on the network.

i1 Link speed models have been updated based on an analysis of speed limit and INRIX GPS speed data.

1 Non-motorized facilities and a bicycle facility type have been updated on the network.

Cambridge Systematics, Inc.
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i1 Toll, HOV, and managed lane assumptions have been updated.

1 Storage of roadway project information has been moved to a separate table and revised to include
information about each roadway project.

1 Some changes to network field names have been made to improve clarity.

2.1 Roadway Network Structure

The NFR Model roadway network structure is designed to be a flexible data repository and to host input and
output data required by the travel model. This section describes the network file structure and defines
attributes populated on the network. Input attributes and some output attributes are discussed herein.
Additional output variables created by subsequent model steps are discussed in the associated sections of
this report.

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 2019 and 2050. The network is
accompanied by a list of projects that can be combined to create scenario, interim year, and forecast year
networks. This list of projects can be maintained and edited using an accompanying master network
management system.

The roadway network contains a number of year-specific input fields, which are 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 herein.

2.1.1 Input and Output Networks

The roadway network file contains travel model input data and also acts as a repository for both intermediate
(e.g., speed and capacity) and final (e.g., traffic volumes) model data. For this reason, a separate output
model network is created for each model scenario. This output network is created by making a copy of the
input network and then modifying this network to contain data and results specific to each model run. The
model creates and modifies a copy of the input roadway network each time it is run.

The model s directory structure allows multiple model o]
directory as shown in Figure 2.1. When the travel model is run, files located in the input directory are not

modified by model macros. Instead, if a file is to be modified it is copied to an output directory and only the

copy is modified. This approach has several benefits, including:

i1 Allinput files are located in one standardized location, making identification of files easy when edits are
required.

1 Because input files are not modified by the travel model macros, it is unlikely important data present
within input files will be inadvertently overwritten by travel model macros.

1 All output files related to a particular model run are maintained in a single directory, minimizing confusion
about which model scenario is represented by each file.

Cambridge Systematics, Inc.
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Figure 2.1 Example Model Run Directory Structure
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2.2 Network Attributes

The roadway network contains input attributes listed in Table 2.1. Additional fields can be added to the
network by MPO staff or other users as desired using 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.

In addition to link attributes, several attributes are included 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 2.2.

Table 2.1 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 Direction of Flow

Street_Name Optional Field indicating street name

Local_Name Optional Field indicating alternate street name

Dir_yyyy Scenario-specific Direction Field yyyy represents a two through four-digit

year code (e.g., 2019, 2045) or the

FT_yyyy Scenario-specific facility type (see Table 2.3 for string BC12 (Backcast 2012) or Unc
definition) (Unconstrained)

BIKEFT_yyyy Bicycle facility type.

Cambridge Systematics, Inc.
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Field Name

Description Comments

AB/BA_LANE_yyyy

SPEEDLIM_yyyy

UNPAVED_yyyy

TOLL_CODE_yyyy

TRUCK_PROHIB_yyyy

TIMEPEN_yyyy

WALK_PROHIB

TFOR_yyyy

FFOR_yyyy

CAPOR_yyyy

HOV_yyyy

AB/BA_FBAM_yyyy
AB/BA_FBOP_yyyy

NFR_SCRL

CARBON_M

OZONE

SUB_REGION

Scenario-specific directional number of through
lanes (lanes that are used for parking in the off-
peak periods are included in this value)

Posted speed limit on the link. Blank speed limits
are populated using defaults based on facility type
and area type. Values were averaged based on
length of each posted speed limit zone for
segments with two or more posted speed limits.

Links with a value of #@:
as being unpaved. Null or zero indicates a paved
facility.

Toll code matching the accompanying
TollRates.bin table. Null or zero indicates no toll.

A value of A Imedidmracdiheaayt e :
trucks are prohibited on the link.

Link time penalty in minutes This field should be left empty in most

cases.

Links with a value of 1 in this field cannot be used
for transit walk access/egress or for direct walk
trips.

Truck time factor overrided if this field is empty
(null), the lookup table will be used.

This factor is applied after application of
link time penalties.

Freeflow speed overrided if this field is empty This field should be left empty in most

(null), the lookup table will be used. cases.

Capacity overrided if this field is empty (null), the

lookup table will be used.

A value of f20 indicat e:Managedorexpresslanes are coded

that permits vehicles with 2 or more occupants.

A val 8k ionfdificates that t
that permits vehicles with 3 or more occupants.

using the TOLL_CODE_yyyy field and
accompanying toll table, not with

HOV_yyyy.

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

Indicates whether the link is on a screenline, and if
so, which screenline

Indicates whether the link is in the Fort Collins
(1) or Greeley (2) non-attainment area (See note 1)

A value of 1 Indicates links to be included in Ozone
analysis. Links outside of the Northern Subarea
are omitted. (See note 1)

Value Subregion Subregion identifiers were used for

1 Rural/oth model validation and reasonableness
ura er checks, but to not reflect city limit or

2 Greeley growth management area (GMA) details.

3 Fort Collins

4 Loveland / Berthoud

5 Larimer County (expanded area)

6 Weld County (expanded area)

7 Central I-25

Cambridge Systematics, Inc.
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Field Name Description Comments
COUNTY Optional county name
NFRMPO Identifies links within the MPO boundary
Expand Identifies links that are in the expanded ozone non-
attainment region. (See note 1)
1 = Links in the unexpanded area (includes the
MPO area and areas to the north and south of the
MPO)
2 = External station connectors for the unexpanded
area
3 = All links in the expanded area
RSC Regionally Significant Corridor ID (See note 1) This field is for reference and is not used
by the travel model. It may not always
be up to date.
CUSTOM1 User specified subarea where CUSTOM1 =1
CUSTOM2 User specified subarea where CUSTOM2 = 1
DO_NCHRP A value of 1 indicates that NCHRP adjustment will
be performed if all required data is available. If this
value is null or zero, adjustment will not be
performed even if all required data are present.
BASEVOL Base year model volume on regionally significant
corridors used to perform an NCHRP adjustment
EST_Count Estimated count data used to perform an NCHRP
adjustment if a validation count is not available
VAL_Count Traffic count selected for use in validation Validation year, month, notes, ID, and
S override fields are not required by the
VAL_Year Year validation count was taken model but have been retained on the
VAL_Month Month validation count was taken network for reference.
VAL_Notes Notes taken during validation process
VAL_MTruck Classified counts: medium truck
VAL_HTruck Classified counts: heavy truck

VAL_TrkYear
VAL_trkMonth

Year truck validation count was taken

Month truck validation count was taken

Count_ID1/Count_ID2  Count ID used to match traffic count data to the

network
CountOverride Manual count override values from manual review.
PROJECT1/2/3 Project ID values for use with master network

project identification

Notes: 1. Geographic fields such as OZONE, CARBON_M, SUBREGION,
and NFRMPO can become out of date after extensive network editing. These fields should be verified prior to
performing analysis that relies on these fields.
2. Additional fields not included in this table may be present on the network but are not referenced by the
travel model.

Cambridge Systematics, Inc.
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Table 2.2 Input Network Node Fields

Field Name Description Comments
ID Unique TransCAD ID Maintained automatically by TransCAD.

Note: The node ID value should be set to match the Zone number.
This can be accomplished by either exporting the network file after
modifying the ZONE field or running the Update Input Network utility
available from the model interface.

ZONE Traffic Analysis Zone Number  Populated only for centroid nodes (including external station nodes).
Null for all non-centroid nodes.

Int_ID Intersection ID (Optional) Raw modeled turn movements will be saved for nodes on which a
value is present. This ID may be synchronized with a Synchro
network or other traffic database.

PROJECT1/2/3 Project ID values for use with
master network project
identification

PNR_yyyy Scenario specific park-n-ride  yyyy represents a two through four-digit year code (e.g., 12, 40FC)
nodes. A value of 1 indicates
that a node is a park-n-ride.

PULSE_yyyy  Transfer time override for
scenario specific timed
transfer nodes

221 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 TransCADs of t war e t hat direction of flow be main
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:

T To display directional arrows for a particular networ
appropriate attribute (e.g., Dir_2019).

1 When editing route system files, it is helpful if the Dir field is filled with values using the appropriate year-
specific Dir field (e.g., Dir_2045) prior to opening a route system for editingd especially if any transit
routes utilize one-way segments.

Note these concerns are most important when the Dir attribute varies from year to year. When using the
network editor accessible from the model dialog box, some aspects of the Dir attribute is handled
automatically.

2.2.2 Expanded Model Area

The NFR Model includes the capability to model expanded portions of Larimer and Weld counties for

purposes of ozone analysis. To accomplish this and to help maintain consistency between the primary travel
model and the expanded travel model, the input roadway network includes the entire expanded model area.
When running the model for the primary model area only, links in the expanded modeling area are removed

Cambridge Systematics, Inc.
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from the output network by the travel model macros. Similarly, when running the model for the expanded
area, external station links internal to the expanded area are removed from the network.

Roadway network links are retained or removed based on the Expand field in the roadway network file
according to the rules listed below.

1 Expand = 1: These links are in the primary model area and are also included in the expanded model.
They are always retained.

1 Expand = 2: These links are in the primary model area but are not included in the expanded model.
They are deleted when running the expanded model. Expand is typically only set to 2 for external
connectors that must be removed when running the expanded model.

1 Expand = 3: These links are in the expanded model area, but not the primary model area. They are
deleted when running the primary travel model.

2.2.3  Functional Classification/Facility Type

The functional classification of each roadway link reflects the system of streets and highways. The term
Aifunctional classificationdo has speci f iFederaltaighigheagpt i ons w
programs, but travel model networks do not always adhere to these definitions. The facility type variable

present in the travel model is similar to functional classification, but not necessarily consistent in all cases.

The Facility Type (FT) variable on the roadway network is used to look up speed, capacity, and volume delay

parameters. Facility type values used in the NFR Model are listed in Table 2.3. Base year facility type values

in the updated model are shown in Figure 2.2 through Figure 2.6.

Table 2.4 demonstrates the relationship between interstate, expressway, arterial, collector, and local facility
types, and a description of each facility type follows.

Table 2.3  Facility Types

Value Facility Type

Interstate
Expressway
Principal Arterial
Minor Arterial
Collector
Ramps
Frontage Road

Centroid Connector

© 00 N oo o b~ W N P

Walk Access Connector

a1
=

Transit Only
61 Non-Motorized Only
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Figure 2.2 2019 Facility Type Designations
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Figure 2.3 2019 Facility Type Designations
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Figure 2.4 2019 Facility Type Designations
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Figure 2.6 2019 Facility Type Designations
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Table 2.4  Roadway Facility Type Hierarchy

Interstate /

Expressway Principal Arterial Minor Arterial Collector Local
Mobility High Low
Design Standards High Low
Speed High Low
Trip Type Longer/ Regional Local
Access Full Control Full Access
Road Type Multi-Lane 2 Lane
Spacing Varies 1 mile 1/4- 1/2 mile

1 Interstated Freeways are divided, restricted access facilities with no direct land access and no at-grade
crossings or intersections. Freeways are intended to provide the highest degree of mobility serving
higher traffic volumes and longer-length trips. The only freeway included in the NFR Model is 1-25.

1 Expresswayd Expressway facilities are sometimes classified as divided principal arterials but include
many features common to freeways. Expressways use a higher level of access control than other
arterials and may include 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 %2 mile. Examples include

sections of U.S. 34 and U.S. 85.
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1 Rampd Ramps provide connections between freeways and other non-freeway roadway facilities. 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.

91 Principal Arteriald Principal arterials permit traffic flow through and within urban areas and between
major destinations. These are important to the transportation system since they provide local land
access by connecting major traffic generators, such as central business districts and universities, 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
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.

1 Minor Arteriald 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 principal arterials, may or may not have medians and center turn
lanes, and receive lower signal priority than other facility types (i.e., are only coordinated to the extent
that principal arterials are not disrupted and receive shorter green times than principal arterials).

1 Collector Streetd 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 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.

1 Frontage Roadd Frontage roads are identified as facilities similar to minor arterial or collectors but
serve a specific purpose in providing local access adjacent to a freeway or expressway.

1 Centroid Connectord These facilities are the means by which the trip and other data at the traffic
analysis zone (TAZ) level are attached to the street system. Centroid connectors are an approximate
representation of local streets, which are not included in the travel model.

2.2.4 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, speed-limit to freeflow speed conversion factors, 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 values are maintained in the TAZ dataset for each model year. Area type is then transferred from
the TAZ layer to the roadway network layer using an automated process. This process ensures that links
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along an area type boundary are assigned the denser area type, and also assigns consistent area type
values to links within interchanges.

2.2.5 Link Speeds

Network speeds are used in the trip distribution model to distribute trips throughout the model area and in the
trip assignment model to route traffic on the roadway network.

Link freeflow speeds represent average travel time, including intersection delay, needed to traverse the
distance of a link with little or no traffic (i.e., no congestion effects). These speeds are generally similar to the
speed limit and are calculated based on posted speed, facility type, and area type. Freeflow speeds are
typically lower than the speed limit to account for intersection delay on arterials, collectors, and ramps.

T h e mofeeflowbspeeds are based on an analysis of speeds as represented by INRIX made available
by CDOT for use by the NFRMPO. Freeflow speeds are based on data representing Tuesday, Wednesday,
and Thursday for the month of September in 2019. Average observed speeds for every 15-minute period
throughout the day are reported within the dataset. For the roadways that are within the MPO modeled area
the average hourly speeds were recorded by facility type and area type for two different periods where
speeds are typically uncongested: 10:00 AM to 11:00 AM and 2:00 AM to 3:00 AM. The maximum speed for
each facility type / area type combination from these two time periods was then selected to represent typical
freeflow conditions. This approach ensures that outliers within the dataset are removed.

The NFR model applies the freeflow speeds calculated from the INRIX data in two different ways depending
on the availability of posted speed limit data. For links without a valid posted speed, freeflow speed is
obtained from Table 2.5. These values are computed as the average freeflow speed based on the INRIX
data. For links with a valid posted speed, freeflow speeds are calculated by multiplying posted speeds by the
factors shown in Table 2.6. Freeflow speed factors were calculated for each facility type / area type
combination as the average freeflow speed from the INRIX data divided by the average posted speed. For
facility type / area type combinations that had no data, speeds from similar categories were used and are
shaded in blue in the tables below. Frontage road speeds were set to match minor arterial speeds, since
frontage roads were not present in the INRIX dataset.

For use in model estimation and for initial speed feedback iterations, a set of congested speed tables was
also developed. These congested speed tables represent the AM peak hour, defined as 7:00 to 8:00 AM.
The AM peak period is chosen because it reflects the time period in which the majority of production to
attraction commute trips are made. Congested speed lookup tables and factor tables are shown in Table 2.7
and Table 2.8.

Cambridge Systematics, Inc.
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Table 2.5  Default Freeflow Speed Lookup Table

Facility Type CBD (1) Commercial (2) Urban (3) Suburban (4) Rural (5)
1 Freeway 75 75 75 75 75
2 Expressway 23.1 24.9 26.7 48.8 52.6
3 Principal Arterial 23.1 24.9 26.7 34.4 41.2
4 Minor Arterial 26.1 26.1 26.1 30.5 34.2
5 Collector 19.4 194 19.4 26 42.7
6 Ramp 41 41 41 54.9 54.9
7 Frontage Road 26.1 26.1 26.1 30.5 34.2
8 Centroid Connector 25 25 25 30 35
9 Walk Connector 25 25 25 25 25
51 Transit Link 15 15 18 18 18
61 Non-Motorized Link (Walk) 25 25 25 25 25
61 Non-Motorized Link (Bike) 12.0 12.0 12.0 12.0 12.0

Source: CS Analysis of INRIX data, adjusted during model calibration and validation.
Notes: Shaded cells indicate use of speeds from similar categories. Reasonable speeds have been assumed for
centroid connectors, walk connectors, transit links, and non-motorized links.

Table 2.6 Posted Speed to Freeflow Speed Factor Lookup Table

Facility Type CBD (1) Commercial (2) Urban (3) Suburban (4) Rural (5)
1 Freeway 1 1 1 1 1
2 Expressway 0.85 0.84 0.9 0.96 1
3 Principal Arterial 0.85 0.84 0.88 0.9 0.96
4 Minor Arterial 0.84 0.88 0.93 0.96 0.96
5 Collector 0.75 0.7 0.85 0.85 0.98
6 Ramp 1 1 1 1 1
7 Frontage Road 0.8 0.85 0.9 0.96 0.96
8 Centroid Connector 1 1 1 1 1
9 Walk Connector 1 1 1 1 1
51 Transit Link 1 1 1 1 1
61 Non-Motorized Link 1 1 1 1 1

Source: CS Analysis of INRIX data, adjusted during model calibration and validation.

Note: Shaded cells indicate use of factors from similar categories. Ramps speeds initially calculated with factors
greater than 1 were set to 1. Freeflow speeds are assumed to match the speed limits (if present) on centroid
connectors, walk connectors, transit links, and non-motorized links.
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Table 2.7  Default Congested Speed Lookup Table

Facility Type CBD (1) Commercial (2) Urban (3) Suburban (4) Rural (5)
1 Freeway 67.6 67.6 67.6 67.6 69.3
2 Expressway 25.8 25.8 25.8 44 42.2
3 Principal Arterial 17.6 17.6 21.6 26.1 32.6
4 Minor Arterial 20.2 20.2 20.2 23.9 30.5
5 Collector 14 14 14 21.3 37
6 Ramp 39.6 39.6 39.6 52.7 52.7
7 Frontage Road 20.2 20.2 20.2 23.9 30.5
8 Centroid Connector 25 25 25 30 35
9 Walk Connector 25 25 25 25 25
51 Transit Link 15 15 20 25 30
61 Non-Motorized Link (Walk) 25 25 25 25 25
61 Non-Motorized Link (Bike) 12.0 12.0 12.0 12.0 12.0

Source: CS Analysis of INRIX data, adjusted during model calibration and validation.
Notes: Shaded cells indicate use of speeds from similar categories. Congestion is not modeled on centroid
connectors, walk connectors, transit links, and non-motorized links.

Table 2.8  Posted Speed to Congested Speed Factor Lookup Table

Facility Type CBD (1) Commercial (2) Urban (3) Suburban (4) Rural (5)
1 Freeway 0.9 0.9 0.9 0.9 0.92
2 Expressway 0.6 0.57 0.57 0.82 0.85
3 Principal Arterial 0.6 0.56 0.56 0.56 0.58
4 Minor Arterial 0.57 0.58 0.58 0.58 0.58
5 Collector 0.5 0.47 0.5 0.55 0.8
6 Ramp 1 1 1 0.99 0.99
7 Frontage Road 0.57 0.57 0.57 0.58 0.58
8 Centroid Connector 1 1 1 1 1
9 Walk Connector 1 1 1 1 1
51 Transit Link 1 1 1 1 1
61 Non-Motorized Link 1 1 1 1 1

Source: CS Analysis of INRIX data, adjusted during model calibration and validation.

Note: Shaded cells indicate use of factors from similar categories. Ramps speeds initially calculated with factors
greater than 1 were set to 1. Congested speeds are assumed to match the speed limits (if present) on
centroid connectors, walk connectors, transit links, and non-motorized links.
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2.2.6 Link Capacities

Capacity constrained traffic assignment requires roadway capacity values on each network link. The model
uses link capacity to measure congestion and to determine route diversion due to slower travel speeds
associated with increasing congestion. This is accomplished through volume-delay equations that are further
documented in Section 11.2.1. The approach to developing link capacities remains unchanged from those
used in the 2015 base year model.

In the model, per-lane capacity values are retrieved from a lookup table based on the facility type and area
type of each link in the roadway network. This approach eliminates opportunities for error in defining
capacities at the link level and enforces consistent application of capacity values. These hourly lane
capacities are used in combination with the number of lane information present on the network to define
hourly directional capacity.

The Highway Capacity Manual (HCM) provides guidance on the definition of roadway capacity.* HCM
provides link-level capacity guidelines for freeways and rural highways but does not provide detailed link-
level capacity guidelines for urban and suburban collector and arterial streets. Therefore, HCM intersection
capacity was used in place of link capacity to develop capacities for these other facilities.

Freeways

Capacity guidelines for freeways and expressways are provided in Chapters 21 and 23 of the HCM in the
form of unadjusted or ideal per-lane capacities based on freeflow speed. These capacities must then be
adjusted for the conditions listed below.

1 Heavy Vehicle Adjustment Factord The heavy vehicle adjustment factor accounts for passenger car
equivalents (PCE) for trucks, buses, and recreational vehicles. HCM recommends default values of 10
percent heavy vehicles in rural areas and five percent heavy vehicles in non-rural areas unless additional
data is available. Because the NFR Model applies volume delay functions using PCE volumes, the heavy
adjustment factor has not been applied.

i1 Driver Population Factord The driver population factor represents the familiarity of drivers with
roadway facilities. Because the model represents traffic on a typical weekday when school is in session,
normal driver familiarity is assumed. Driver population factors are typically used for weekend conditions
or in areas with a high amount of tourist/recreational activity. This value was set to 1.0 for all links in the
NFR model, including links in Estes Park.

1 Peak Hour Factord A peak hour factor (PHF) represents the variation of traffic volumes within one hour.
Default values of 0.88 for rural area types and 0.92 for non-rural area types were applied.?

HCM suggests adjusting flow rate (traffic volume) according to equation (1).

)
0 "0'a@ JQ 0Q

)

1)

! Highway Capacity Manual. Transportation Research Board, 2000.

2 HCM 2000, p. 13-11
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Where:

@ = 15-min passenger equivalent flow rate (pc/hr/In)
w = hourly volume (veh/hr)

0 "O"C= peak-hour factor

0 = number of lanes

"Q = heavy-vehicle adjustment factor

"Q  =driver population factor

For travel model application, it is more practical to adjust capacity than vehicle flow rate. This eliminates
the need to adjust vehicle trip tables prior to and subsequent to traffic assignment. By replacing @ with
ideal capacity (6 ) and w with link capacity (6), Equation (1) can be used to adjust ideal capacity to
effective link capacity. Furthermore, it is useful to consider capacity on a per lane (veh/hr/In) basis,
allowing number of lane calculations to be applied at the link level. The resulting Equation (2) was used
to compute per lane capacity for freeways and expressways.

6 6 D'00Q IQ (2

Where:
0 = |deal (unadjusted) capacity (pc/hr/In)
0 = link capacity (veh/hr)
0 "0"0 = peak-hour factor
O = heavy-vehicle adjustment factor
Q = driver population factor

Ideal capacities defined in HCM according to selected freeflow speed values are shown in Table 2.9,
along with adjusted capacities computed using Equation (2).% Adjusted capacities have been rounded to
100 vehicles per hour. These calculations result in a lower capacity on rural freeways than on suburban
and urban freeways due to the difference in peaking factors associated with rural facilities. In practice,
rural freeways in the NFR region appear to have peaking factors that allow for capacity values
comparable to those in urban and suburban areas.

Table 2.9 Ideal and Adjusted Capacities for Freeways and Expressways based on

HCM 2000
Freeflow

Facility Speed Ideal Adjusted
Type Area Type (mph) Capacity PHF FHV FP Capacity
Freeway Rural 70 2,400 0.88 1 1 2,100
Freeway Suburban 70 2,400 0.92 1 1 2,200
Freeway Urban 65 2,350 0.92 1 1 2,200
Note: Capacity values are upper limit LOS E capacities in vehicles per hour per lane.

3

HCM 2000, p. 23-5
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Collectors and Arterials

For arterial and collector streets, the HCM recommends identifying capacity on an intersection basis, with the
intersection having the lowest capacity determining overall arterial link capacity. The link capacity at each
intersection can be computed using Equation (3a).*

@ Y 9QIQ JQIQIQ JQJIQ J0 JO J0 00 b '00F5 (3a)

Where:

= capacity

= base saturation flow per lane (pc/h/In)d assumed at 1900

= number of lanes in lane group (intersection approach lanes, not mid-block lanes)
= adjustment factor for lane widthd assumed at 1.0

= adjustment factor for heavy vehicles in traffic stream assumed at 1.0

= adjustment factor for approach graded assumed at 1.0

= adjustment factor for a parking lane and parking activityd assumed at 1.0

= adjustment factor for blocking effect of local bussesd assumed at 1.0

= adjustment factor for CBD area type

= adjustment factor for lane utilizationd assumed at 0.95

= adjustment factor for left turns in lane groupd assumed at 1.0

= adjustment factor for right turns in lane groupd assumed at 1.0

= pedestrian adjustment factor for left-turn movementsd assumed at 1.0

= pedestrian-bicycle adjustment factor for right turn movementsd assumed at 1.0
0 "0"© peak-hour factord assumed at 0.92

"X6 = effective green time per cycle

ol ol el c i e B ol e o I e Rl SR oM

The equations above account for details not practical to maintain in a regional travel model. Therefore, a
number of adjustment factors can be assumed constant or set to 1.0 for all cases. Some variables which
have been set to 1.0, such as lane width, parking, turns, bus blocking, and pedestrian and bicycle effects are
instead captured in the area type adjustment. Other variables can be approximated based on facility type
and area type. Additionally, a regional travel model must rely on the number of through lanes on each link,
rather than the number of approach lanes at each intersection. This can be addressed by an intersection
widening factor that varies by facility type and accounts for the presence of left and right turn lanes at
intersection approaches.

Equation (3a) can be simplified to Equation (3b) for use in a regional travel modeling context. Assumed

values for adjustment factors which vary by facility type and area type are shown in Table 2.10, along with
resulting capacity values.

- . Q
& "Ydh 000Q B 0G0 (3b)

Where:
® = capacity
"Y = base saturation flow per lane (pc/h/In)d assumed at 1900
0 = number of through (mid-block) lanes, excluding center turn lanes

4 HCM 2000, p. 30-5

Cambridge Systematics, Inc.
2-18



North Front Range Regional Travel Demand Model

= adjustment factor for area type

"0
"Q = adjustment factor for lane utilizationd assumed at 0.95
0 "0"C= peak-hour factord assumed at 0.92

"6 = effective green time per cycle
O = adjustment factor for intersection widening

Table 2.10 Link Capacity Adjustment Factors and Resulting Capacity

FT AT i "HA "H~, Capacity
Principal Arterial  CBD 0.76 0.45 1.30 740
Urban 0.95 0.45 1.30 920
Suburban 0.99 0.45 1.30 960
Rural 0.97 0.55 1.30 1,200
(Expressway)
Minor Arterial CBD 0.76 0.45 1.15 650
Urban 0.95 0.42 1.15 760
Suburban / Rural 0.99 0.42 1.15 790
Collector CBD 0.75 0.45 1.05 590
Urban 0.95 0.41 1.05 680
Suburban / Rural 0.99 0.41 1.05 710
Note: Capacity values are upper limit LOS E capacities in vehicles per hour per lane.

Resulting Capacity Model

The calculations in Table 2.10 provide capacity values which can be applied based on facility type, area
type, and number of lanes. These capacities served as a starting point for model development but were
adjusted during the model validation process. Resulting hourly lane capacities are shown in Table 2.11. For
centroid connectors, walk access links, and transit local links, capacity values of 10,000 or less indicate
congestion is not represented on these links.

Table 2.11 Roadway Capacities

Vehicles per hour per lane, upper-limit LOS E

Facility Type CBD (1,2) Urban (3) Suburban (4) Rural (5)
1 Freeway 2,100 2,100 2,100 2,100
2 Expressway 740 830 920 1200
3 Principal Arterial 740 830 920 960
4 Minor Arterial 650 705 760 790
5 Collector 590 635 680 710
6 Ramp 650 700 750 800
7 Frontage Road 590 635 680 710
8 Centroid Connector 10,000 10,000 10,000 10,000
9 Walk Access Connector 10,000 10,000 10,000 10,000
51  Transit Link n/a n/a n/a n/a
61  Non-Motorized Link n/a n/a n/a n/a
Note: Capacity values are upper limit LOS E capacities in vehicles per hour per lane.
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Off-Peak Capacities

Although hourly capacity is useful for most applications, the traffic assignment model requires separate mid-
day off-peak capacity. Both mid-day and off-peak capacity are calculated by multiplying the number of hours
in the time period by the hourly capacity. The mid-day capacity represents 6 hours, while the off-peak
capacity represents 12 hours.

2.2.7 Tolland HOV Coding

Tolling is indicated on the highway network using a toll code which identifies a specific set of per-mile toll
rates and/or flat cost toll values at specified locations. In typical application, tolls are specified as either per-
mile (e.g., $0.05/mile for long segments), or flat rate (e.g., a $2.50 toll at a toll plaza or access link). The toll
code is associated with a separate input file that contains detailed toll values by vehicle class. This approach
minimizes the number of toll fields that must be maintained on the network, simplifying network
management. Fields present in the toll table are defined in Table 2.12. However, since the NFR Model does
not feature any toll facilities in the base year, toll functionality is only present in forecast year networks.

Table 2.12 Toll Lookup Table Fields

Field Name Table Header

TOLL_CODE Toll type code matching toll code on highway network
[AM/MD/PM/OP]_TOLLVAL_[DA/SR2/SR3] Toll value for each time period and vehicle class
[AM/MD/PM/OP]_TOLLRATE_[DA/SR2/SR3] Toll rate per mile for each time period and vehicle class

2.2.8 Bicycle Facility Type

The NFR Model includes a bicycle facility type, which reflects the type of bicycle treatment on each link in the
network. Bicycle facility type is defined by the network variable BikeFT and is defined as shown in

Table 2.13. In addition, the network includes a non-motorized facilities such as bike paths, which are coded
with a roadway facility type value of 61. This facility type represents paths, trails, and connections that are
open to non-motorized travel but not open to vehicles. Bicycle facility type as defined on the 2019 base year
network are shown in Figure 2.7 through Figure 2.11.

Table 2.13 Bicycle Facility Type Definitions

Bicycle Facility Type Description
1 Bike trails / mixed use paths / Protected bike lanes

2 Bike lanes

3 Bike routes / Sharrows

4 No specific treatment, but bikes allowed

-1 Bikes prohibited

Cambridge Systematics, Inc.
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Figure 2.7 Bicycle Facility Types
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Figure 2.8 Bicycle Facility Types
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Figure 2.10 Bicycle Facility Types
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2.29 Routable Network

Many functions in TransCAD require the creation of a routable network file, identified bya. et 6 ext ensi on.
For the NFR Model, the path building/skimming and traffic assignment procedures require a routable
network. A routable network is also required when editing transit route systems. Routable network files store
link length, turn penalty information, and travel time information for each link. Specific turn prohibitions are
initially stored in a separate file referenced when creating the routable network. An appropriate routable
network file is created during automated network initialization.

The routable network file contains information about centroid connectors to prevent pathbuilder and traffic
assignment algorithms from routing trips through centroids. The model automatically creates a selection of
centroid nodes and identifies nodes as centroids in the routable network file.
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3.0 Transit Network

The travel model uses transit networks to build the shortest paths between each zone pair for transit trips.

The resulting shortest paths are used as inputs to the mode choice model. The NFR Model uses information

stored on the roadway network layer, including congested travel times, and a TransCAD route system to
represent the transit networks. For transit pathbuildin
provided by the TransCAD software.

What 6s New

The following updates have been made to the transit networks for the 2019 model update:
i1 Transfort and City of Loveland Transit (COLT) routes have been updated based on 2019 service.
1 Greeley-Evans Transit (GET) routes have been updated to represent a 2016 restructuring of the system.

1 The interregional Bustang route has been added to the route system in 2019 (FLEX was already
included in the 2012 route system, and Bustang was in previous forecast year route systems).

1 The transit pathbuilding networks have been updated to use the multi-class network management
available in TransCAD 8.

1 Some simplification and refinement of fields, procedures, and mode identifiers has been conducted.
3.1 Transit/Roadway Linkage

Transit networks in TransCAD are made up of two separate but connected layers: the transit route system
and the transit line layer. Information from these two layers is combined as shown in Figure 3.1 to allow
representation of walk, drive, and in-vehicle components of a transit trip. Because these layers are
connected, information on the transit line layer, such as link travel times and centroid data, is available to the
route system; however, this also requires the roadway and transit networks to be maintained in a manner
that prevents them from becoming inconsistent with each other.
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Figure 3.1 Connections between the Route System and Transit Line Layer

Transit Stop

To enforce consistency between roadway and transit line layers, the model input dataset consists of only one
roadway geographic file (roadway/transit line layer). When the travel model is run, separate copies of this
layer are made for use in roadway and transit modeling. The roadway line layer includes information such as
link capacity and travel time, as described in the Section 2.2. The transit line layer includes all information
present on the roadway line layer, as well as transit and walk speed. The transit line layer also includes
additional automatically generated walk access links. The transit line layer and route system are combined to
create a complete transit network. Figure 3.2 illustrates the process of separating the input roadway/transit
line layer into separate roadway and transit line layers. Since transit routes in this environment are coded
over roadway links with unique IDs, any change to the input roadway/transit line layer requires modification
of the route system.
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Figure 3.2 Roadway and Transit Line Layer Processing
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3.2 Transit Route System

Transit routes and stops are represented within the TransCAD route system. Contents of the route system
are based on schedule data from transit operators in the region.

3.2.1 Route System Attributes

Each route is represented as a unique feature in the route system layer. Like the line layer, the route system
layer includes attributes for each feature. These attributes contain route-specific information such as route
name, operator, and headway. Notably absent from the list of route system attributes is travel time. The
TransCAD model computes stop-to-stop travel time using attributes on the underlying link layer rather than
attributes stored directly on the route system. A list of route attributes is included as Table 3.1.

Table 3.1 Route Attributes

Field Name Description Comments

Route_ID TransCAD Unique ID Maintained automatically by TransCAD

Route_Name Short descriptive route name Unique route name used for route identification

Side Indicates the side of the street for use in This field should conta
display routes.

Route_Number Route number assigned by transit agency This field is optional and not referenced by the

model macros.

Notes Optional field for storage of notes This field can be useful to track or monitor route
system editing activities.
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Field Name Description Comments
Fare Indicates the fare used in pathbuilding and This value represents the average fare paid by
mode choice non-university students.
Cost for 2019 fares are adjusted to reflect 2010
dollars by applying a ratio of CPI factors.
InitPen Initial boarding penalty used in calibration of  This field is set to zero for all routes. Included for
bus, regional bus, and BRT modes special use cases and sensitivity testing.
Ridership Average observed daily ridership in 2019 This field is included for validation purposes and is
not used directly by the model. It does not need to
be present on future year route systems.
Expand Indicates if route is in the primary modeling 1 = Primary model area
area or the expanded model area. 3 = Expanded model area
PK_Headway Peak route headway These fields are modified by the model macros
OP_Headway Off-peak route headway and should not be edited manually.

PK_Headway_yyyy
OP_Headway_yyyy

Agency
Mode

Dwell

Scenario-specific peak route headway

Scenario-specific off-peak route headway

Name of operating agency
Transit Mode ID

Stop dwell time

yyyy represents a two through four-digit year code
(e.g., 2019, 2045) or a scenario-specific code
(e.9., S1)

See Table 3.3.

Stop dwell time has been set to zero for all routes,
as dwell time is incorporated in the transit speed
assumptions.

Route Headways

The headway for each transit route is calculated separately for peak and off-peak time periods. For
identification of transit headway, peak time period is approximate, roughly 7:00 AM through 9:00 AM and
3:30 PM through 6:30 PM.

Transit Fares

Transit fares are specified for each route in 2010 dollars but have been defined at the operator level for the
2019 base year. Transit fares entered on the route system should account for the average fare paid for each
complete trip. Transit fares must account for a mix of riders using cash fares, standard monthly passes, and
discounted or free monthly passes. CSU student passes should not be included in the average, as the model
makes a separate assumption that all transit travel by students to and from CSU and UNC is free of charge.
Average fares included in the 2019 base year route system are shown in Table 3.2.

Table 3.2 2019 Transit Fares
Operator Fare
CDOT (Bustang) $7.88
City of Loveland Transit (COLT) $0.66
Estes Park Free Shuttle $0.00
Greeley/Evans Transit (GET) $0.39
Transfort $0.27
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Transit Modes

The NFR Model features three primary types of transit service: local bus, interregional express bus, and
premium transit. Premium transit can represent BRT service similar to the existing MAX route or can be used
to represent proposed rail service. Each mode is coded with a separate Mode value, allowing different
speed, in-vehicle travel time weights, and other attributes to be specified at the mode level. Mode values
available in the NFR Model are specified in Table 3.3. In addition, the line layer is populated with a Mode
field having a value of 99 on all non-transit links available for walk or drive access.

Transit routes are coded directly on roadway links and may also use local streets that are not included in the
roadway model. These transit-only streets or lanes are coded using the Transit Link facility type, 51. Transit
links are not available for use by vehicles, even though they may represent local streets. Local streets are
represented by centroid connectors in the roadway networks.

Portions of the MAX BRT line use an exclusive guideway that is not open to autos. These portions of the
MAX BRT line also use the Transit Link facility type, but in this case to represent the guideway links. As with
local streets used by buses, the fixed guideway is not available in the model for vehicular use. Transit
speeds on the fixed guideway can be set based on schedule data, as they are not affected by increasing
congestion. Portions of the MAX BRT line that run in mixed flow traffic are coded similarly to local bus and
experience congestion effects of increasing traffic in forecast year models.

Table 3.3 Transit Network Mode Values

Mode ID Mode Description

1 Local Bus

10 Local Bus coordinated with premium transit (not used, included for special use
cases and sensitivity testing)

20 Express / Interregional Bus

30 Premium Transit: Bus Rapid Transit (BRT) or rail

99 Walk or Drive Access

Transit Stops

The transit route system includes transit stop locations coded at all locations where transit access may be
possible. For local bus routes, transit stops were not coded based on actual stop locations, rather they are
designed to represent good access to all routes. For MAX BRT, FLEX service, and Bustang, stops are coded
based on actual stop locations. Transit stops for future non-local transit routes, including the Poudre
Express, are coded based on existing plans or best practices.

Routes can only be boarded or alighted at stops. To facilitate a connection to the transit line layer, all transit
stops must be coded to coincide with a distinct node on the input roadway network. Furthermore, only one
stop can be coded per direction, per route, per node. Attributes maintained on the route stop layer are listed
in Table 3.4.

The TransCAD route system structure does not require transit stops to be located at nodes on the transit line
layer. However, when the transit network processing model step is performed, each transit stop is matched
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to the closest node on the transit line layer. If the route system contains stops that cannot be matched to
nodes, the model will fail to run.

Table 3.4  Route Stop Attributes

Field Name Description Comments

ID TransCAD Unique ID These fields are all maintained automatically by
. . TransCAD and are read-only.
Route_ID ID of the route associated with the stop

Pass_Count Used to associate a stop with one of multiple times a
route passes a particular node.

Milepost Distance from the route starting point
STOP_ID Unique stop ID (identical to ID)
Dwell Stop dwell time Dwell time is set to zero for all stops.

NearNode Identifies the ID of the node on the network layer that This field is filled automatically when the model is
matches the route stop run.

3.2.2 Base Year Transit Routes

Figure 3.3 and Figure 3.4 show the base year 2019 transit routes.
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Figure 3.3 Base Year Transit Routes
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Figure 3.4 Base Year Transit Routes
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3.3 Transit Line Layer

Some transit variables are maintained on a copy of the roadway network rather than the route system,
allowing for interaction between the roadway and transit networks. Transit travel time is calculated as a
function of vehicle travel time on each link. The transit line layer also provides a connection between TAZ
centroids and route stops. This connection is provided in the form of centroids, roadway links, non-motorized
links, and walk access/egress links and the roadway network.

3.3.1 Transit Travel Time

Transit travel time is computed by multiplying congested travel time by a calibrated transit time factor. This
factor represents the observed difference between transit route times and congested network times. Transit
time factors are based on a regression analysis comparing published times to congested model network
travel times for each transit route.

During roadway and transit network processing, the fields listed in Table 3.5 are populated with data
required for transit and non-motorized modeling. When running speed feedback, the model calculates transit
speeds based on the congested speeds resulting from speed feedback.
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Table 3.5  Key fields in Transit Line Layer

Field Name Description Comments

AB_OPTRTIM  Off-peak period transit time Based on the off-peak link time resulting from speed feedback
BA_OPTRTIM

AB_PKTRTIM  Peak period transit time Based on the AM congested link time resulting from speed feedback
BA_PKTRTIM

AB_OPTRSPD Off-peak period transit speed Calculated based on link time and length (for reference only)
BA_OPTRSPD

AB_PKTRSPD Peak period transit speed

BA_PKTRSPD

WALK_TIME Walk travel time Used for transit walk access

Mode Non-transit mode field Used to identify links that can be used for walk access/egress

3.3.2 Walk Access and Egress

The transit line layer also represents the connection between TAZ centroids and transit route stops. Except
for park-n-ride trips, all transit trips must start and end with the walk mode.® Several approaches are
available for representing walk access to transit in TransCAD:

i1 Direct Walk Links: A set of walk access/egress links provides a direct connection between each TAZ
centroid and all transit stops within a specified distance.

1 Roadway Network Walk Links: Walk access and egress occurs using the roadway network, including
centroid connectors and most roadways. Walk access cannot occur on links where walk access is
prohibited, such as freeway links. In cases where transit facilities are adjacent to freeways it is important
to accurately represent walk access connectivity, which may include walk links crossing the freeway that
represent tunnels and/or bridges.

1 Combined Walk Links and Roadway Network: Walk access links are created between transit stops
and immediately adjacent TAZs. Centroid connectors, walk access links, and the roadway network are
used to facilitate walk access and egress for TAZs not immediately adjacent to transit stops.

The NFR Model connects TAZs to transit stops using the combined walk access link and roadway network
approach. This approach allows representation of direct access to transit stops adjacent to TAZs while
representing the increased walk distance to and from zones near, but not directly adjacent, to transit stops.
An example walk access path from a centroid to a specified transit stop that uses both access links and
roadway links is shown in Figure 3.5.

5

Bicycle access and egress to transit is not modeled explicitly but is instead modeled as walk access and egress.

Cambridge Systematics, Inc.
3-9



North Front Range Regional Travel Demand Model

Figure 3.5 Example Walk Access Path
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The TransCAD model implements this methodology by automatically drawing walk links from each stop to
TAZ centroids within a ¥-mile radius. Walk access links are created in the transit line layer but are not
present in the roadway line layer. A facility type value of nine prevents use of walk access links by vehicles.

A walk speed of three mph is assigned to all links on which walk access is permitted. This walk speed is
used to compute a walk time in minutes. For example, a walk time of five minutes would be assigned to a link
1/4 mile in length.

3.3.3  Walk Access/Egress Adjustment

Walk access and egress times generated in the pathbuilding process represent the walk time to/from the
zone centroid to the transit stop used by the trip maker. Consistent network coding practices ensure this
value is reasonable, and more importantly consistent, for all zones with access to transit. During model
application, walk times are adjusted to represent varying walk access and egress times for different portions
of each TAZ.

Walk access and egress times are segmented into short (less than ¥ mile), medium (less than ¥ mile), and
long (over ¥ mile) distance from transit. The 25-minute walk time used for transit trips in the long market
segment effectively eliminates walk access to transit from portions of zones further than %, of a mile from a
transit stop. The model computes access and egress times for each market segment included in a zone. The
rules outlined below are used to compute walk access and egress times by market segment.

i1 If a zone falls completely within one market segment, walk times are read directly from the network.
i1 If a zone falls in two or more market segments, the following procedure is used:

T The minimum walk times specified for each market segment in Table 3.6 are used.
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I For each zone pair, if the stop on the first route is not the closest stop to the zone centroid, the
distance between the stop and the closest stop is added to the minimum walk time. This prevents the
model from assuming an unreasonably short walk time in cases where the route used for a path
does not make use of the closest stop to a zone.

Table 3.6  Minimum Walk Access/Egress Times by Market Segment

Market Minimum Walk Time
Short 2.5 minutes
Medium 7.5 minutes
Long 25 minutes

3.3.4 Timed Transfers

At most locations, transfer wait time is computed as one-half the headway of the route being boarded.
However, some routes are timed to provide quick transfers at transfer centers. The NFR Model applies a
lower transfer time at these locations using a pulse transfer time value stored on the node layer. Positive
values specified in the node field PULSE_yyyy will override the default transfer time for all transfers occurring
at a node.

3.3.5 Drive Access

The transit network connects TAZs to route stops to represent transit trips made using a park-n-ride. Drive
access connectivity is only provided in the direction from TAZs to route stops. The model allows trips from a
production zone to a park-n-ride, but not from a park-n-ride to an attraction zone. This prevents drive egress
trips due to the mode choice and transit modeling convention that transit pathbuilding and assignment is
performed in Production/Attraction format rather than Origin/Destination format. By following this convention,
it is possible to limit drive access to transit to the production (or home) end of each trip. Because transit
riders do not typically have access to a vehicle at the attraction (or non-home) end of a trip, transit egress is
limited to the walk mode.

Drive access to transit is provided using centroid connectors and roadway links. Zone to park-n-ride travel
times are computed using peak and off-peak travel times on the roadway network. Drive access is only
provided to specially designated park-n-ride nodes, identified by populating the PNR_yyyy field on the input
network node layer with a number 1.

3.4 Transit Pathbuilding

Transit networks are built in the TransCAD software for use with the Pathfinder transit shortest path method.
The Pathfinder method is unique to the TransCAD software and builds paths using a weighted generalized
cost approach. Each component of a transit trip is converted into a common unit, allowing application of
different weights to each trip component. Pathfinder weights have been set for consistency with coefficients
in the mode choice model.

The Pathfinder evaluates possible transit paths between each zone pair and identifies the path with the
lowest generalized cost. Path components considered by the Pathbuilder setup in the NFR Model are listed
along with pathbuilding weights in Table 3.7.
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Table 3.7  Transit Pathbuilding Weights
Variable Description Weight
Walk Access Time Time spent walking from the production TAZ centroid to the transit stop (for walk access 2
trips only)

Drive Access Time spent driving from the production TAZ centroid to a park-n-ride (for drive access 1
Time trips only)

Drive Access Cost Auto operating cost associated with drive access (for drive access trips only) 1
Drive Access Terminal time at the production TAZ consistent with that for an auto trip (for drive access 2
Terminal Time trips only)

Initial Wait Time Time spent waiting for the first bus to arrive, computed as one-half of the route headway. 2!

The short component of the initial wait time includes a wait up to 7.5 minutes

(Short)

Initial Wait Time Initial wait time exceeding 7.5 minutes 11
(Long)

In-Vehicle Travel  Time spent riding or waiting in a transit vehicle 1
Time

Transfer Wait Time spent walking between stops for a transfer (if applicable) 2
Time

Transfer Walk Time spent walking between stops for a transfer (if applicable) 2
Time

Transfer Penalty  Additional transfer penalty (calibration parameter) 2
Time

Egress Walk Time Time spent walking from the transit stop to the attraction TAZ centroid 2
Fare Transit fare paid for the trip 1

Note: Travel time variables are converted for consistency with cost variables using the value of time documented in the
mode choice model specification.

1 Weighted initial wait time is computed for each route based on the combined short and long wait times. The transit

network weight is set to 1 for initial wait time. Transit shortest path matrices are post-processed to represent

unweighted short and long initial wait time.
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4.0 TAZs

Traffic analysis zones (TAZ) are geographic boundaries that contain socioeconomic data used as the
foundation for trip-making in the travel model. The TAZ layer is formatted as a polygon layer and is based on
U.S. Census Block geography. The size and number of TAZs in a particular area is primarily driven by the
density of development but planned or expected future development also plays a role. Developed areas
require a greater number of smaller zones, while rural un-developed areas are represented with larger
zones. TAZs are attached to the roadway networks using zone centroids and centroid connectors that allow
travelers access to the transportation system by simulating local and neighborhood streets.

TAZs are ideally but not always sized and shaped to provide a relatively homogeneous amount and type of
activity within each zone. TAZ delineations traditionally follow the natural and manmade boundaries that tend
to segregate different land uses. These boundaries include water features, bridges, roads, railroads, and
other lines that form logical boundaries. Jurisdictional and Census boundaries often do not make for good
TAZ delineations because they can be arbitrary in relation to the needs of the model; but they are usually
desirable for data development and reporting functions.

What 6s New

This model update includes minor updates to the TAZ layer and centroid connectors. The updated zone
system is largely based on the traffic analysis zones developed for the 2015 model. The zone system has
been expanded to include an additional portion of Weld County and to include additional zone detail in areas
with planned developments requiring additional zone detail in forecast year model runs. In addition, Fields on
the TAZ layer have been further minimized, allowing TAZ data to be stored in a separate table and
socioeconomic data formats have been updated to read information produced by the current version of
UrbanCanvas.

4.1 TAZ System Summary

The 2019 TAZ layer is based directly on aggregations of 2010 Census Block boundaries in a manner
consistent with the 2015 model. In some cases it was necessary to split Census Blocks into separate zones,
but this was avoided when possible. Figure 4.1 and Figure 4.2 show the updated zone system, compared to
the previous zone system, for the expanded and unexpanded regions.

Numbering of updated zones is non-sequential. Zones that remain consistent with 2015 definitions generally
use the same zone number as the 2015 layer. In cases where zones were changed significantly, multiple
zones were merged into a single zone, or one zone was split into multiple zones, new zones numbers were
used. These new zone numbers were chosen so that they do not match numbering of unrelated zones from
the 2015 TAZ layer.

The TAZ layer is contained in a TransCAD geographic file and is a required input to the travel model. A
listing of required fields in the TAZ geographic file can be found in Table 4.1. By design, the geographic file
contains minimal data, with most information stored in separate tables that can be joined to the geographic
file. While it is possible to add additional information to the TAZ layer for analysis or record keeping
purposes, it is recommended that socioeconomic data and other model input data not be stored directly in
the TAZ layer to avoid confusion about where the travel model expects data to be located.
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Table 4.1  Data Dictionary for NFR Model TAZ file
NFRMPO TAZ.dbd Fields Description

ID Unique TransCAD identifier

Area Total TAZ area (square mile)

TAZ TAZ number

Expand 1=unexpanded; 3=expanded

Figure 4.1 TAZ Boundary Changes
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Figure 4.2 TAZ Boundary Changes
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The updated zone system totals 1,205 TAZs, an addition of 173 TAZs. A comparison of descriptive statistics
of the updated zone system, in comparison the previous zone system, is provided in Table 4.2.

Table 4.2 Distribution of Year 2012 and 2019 TAZs

2015 Base Year Zones Updated 2019 Base Year Zones
TAZs Unexpanded Expanded Total Unexpanded Expanded Total
Total number of TAZs 1,103 102 1,205 1,123 115 1,238
Average Size (Square Mile) 1.04 19.12 2.6 1.03 29.3 3.6
Average Number of Households 174 110 168 188 92 179
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2015 Base Year Zones Updated 2019 Base Year Zones
TAZs Unexpanded Expanded Total Unexpanded Expanded Total
Maximum Number of Households 1,901 623 1,901 1,630 558 1,630
Average Household Density
(Households per Square Mile) 716 2 662 748 56 683
Maximum Household Density 8,379 895 8,379 6,972 730 6,972
Standard Deviation of Household Density 1,118 182 1,086 1,098 144 1,066
Average Employment 248 76 234 214 99 203
Maximum Employment 5,559 1,033 5,559 5,493 2,717 5,493
Average Employment Density
(Jobs per Square Mile) 1,271 77 1,170 1,172 87 1,071
Maximum Employment Density 55,079 1,468 55,079 61,545 2,332 61,545
Standard Deviation of Employment Density 3,990 229 3,832 3,718 301 3,556

Centroid connectors were also revised in the network in order to better reflect access to and from the new
TAZs. Figure 4.3 shows the locations of the new centroid connectors added during initial network
development. Further updates to centroid connectors were made during model validation.

Figure 4.3 New Centroid Connectors
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4.2 Zone Attributes and Socioeconomic Data

Attributes for each TAZ are stored in a separate table that can be joined to the geographic file. The data
table also includes additional records for external stations, which are not included in the TAZ layer. The table
contains the fields listed in Table 4.3, but does not include TAZ-level socioeconomic data. Socioeconomic
data is input to the travel model separately using data files produced by the NFRMPO 2010 Land Use
Allocation Model (LUAM) developed with UrbanCanvas.

Table 4.3 Zone Attributes

ZoneData.bin Fields Description
TAZ TAZ number
AT Area Type
1=CBD; 2=Commercial; 3=Urban; 4=Suburban; 5=Rural
Subregion Subregion ID Number
Expand 1=unexpanded; 3=expanded
Custom1 Custom area 1 for summary report
Custom?2 Custom area 2 for summary report
External 1=external station, blank= internal zone record
Univ 1=CSU, 2=UNC
ModelArea 1=Unexpanded and Expanded area
3=Expanded Only
Park8 Average daily parking costs ($)
Park8 STD Average daily parking costs for students in university zones ($)
Park8 FAC Average daily parking costs for faculty in university zones ($)
Park2 Average 2-hour parking costs ($)

4.2.1 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, speed-limit to freeflow speed conversion factors, 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 area type definitions
are specified in a manner which 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 are specified so area
type forecasts can be developed using forecast socioeconomic data. Area types used in the NFR Model
include central business district (CBD), commercial, urban, suburban, and rural as shown in Table 4.4.

Zones identified as CBD areas were retained from the previous version of the model but have been modified
slightly during model calibration and validation. Initial identification of non-CBD area types was done at the
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TAZ level by applying the area type criteria shown in Table 4.4 to non-CBD zones based on the 2019
socioeconomic dataset.

After the initial criteria were applied, a manual smoothing process was used to determine base year area
type designation for each zone. This was accomplished by overlaying the model TAZ structure on aerial
photography obtained from Google Maps. The initial area types were then adjusted to:

1. Fillin holes and gaps in contiguous commercial, urban, and suburban areas.
2. More accurately define existing land uses based on local knowledge.

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

Changes in zone density between 2015 and 2019 were then evaluated. Area type values were adjusted for
zones experiencing a significant increase in density due to either socioeconomic growth or redefinition of
zone boundaries. The resulting area type values are shown in Table 4.4. Figure 4.4 through Figure 4.8
show the resulting base year area type designations.

Area type for forecast and interim year datasets was determined by identifying zones that experienced an
increase in activity density crossing one of the thresholds shown in Table 4.4. Interim and forecast year area
type was then smoothed to eliminate gaps and holes in contiguous commercial, urban, and suburban areas.

Table 4.4  Area Type Designations

Population/ Employment/

Area Type Sg. Mile Sg. Mile

1 CBD n/a n/a

2 Commercial n/a < 7,000

3 Urban 4,000 + 4,000i 7,000

4 Suburban 3001 3,999 3001 3,999

5 Rural 01 299 01 299
Note: For each TAZ, the most dense non-CBD area type is applied for which at least one of

the criteria is met.
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Figure 4.4 Base Year Area Type
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Figure 4.5 Base Year Area Type
Unexpanded MPO Region
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Figure 4.6 Base Year 2019 Area Type Designations
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Figure 4.8 Base Year 2019 Area Type Designations
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4.2.2 Parking Costs

The TAZ layer includes four types of parking costs:

1

T

Average daily parking costs.
Average daily parking costs for students in university zones.
Average daily parking costs for faculty in university zones.

Average 2-hour parking costs (assumed to be free everywhere in the NFR modeling area for 2019).

For the average daily parking costs, parking costs are only observed for downtown Fort Collins. An inventory
of parking rates was available for monthly parking costs as well as advanced-purchase monthly parking
costs, as shown in Table 4.5. A weight was applied to each parking lot cost to by better represent an
average parking cost (lots with many spaces were weighted higher and vice versa). Table 4.5 summarizes
these parking lot rates and the assumed weight for each. Multiplying the costs by the respective weights and
dividing by an assumed average of 20 workdays per month yields a range of $2.06 to $1.59 per day, in 2019
dollars. Since all costs in the model are reflected in 2010 dollars, a Consumer Price Index (CPI) for 2019 and
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2010 was applied to adjust the 2019-dollar parking costs to costs in 2010 dollars (88.5% of 2019 dollars).®
The final average daily parking costs for Fort Collins for 2019 is $1.50, which is consistent with the 2012
assumptions.

Table 4.5  Fort Collins Average Daily Parking Costs

Description Monthly Advance Weight
Civic Center Garage Covered-Parking $50 $40 0.3
Civic Center Garage Roof-Top $30 $20 0.1
Old Town Garage Covered-Parking $50 $40 0.3
Old Town Garage Roof-Top $30 $20 0.1
Firehouse Alley All-Parking $60 $50 0.1
Mason Lot $43 $33 0.2
Oak/Remington Lot $37 $27 0.2
Jefferson Lot $31 $21 0.2
Canyon Lot $30 $20 0.2
Average Cost (monthly) $41.29  $31.29
Average Cost (daily) $2.06 $1.56

CPI Ratio (2010 dollars / 2019 dollars) 0.8852  0.8852

2019 Average Daily Parking Costs for 2019 in 2010 dollars ~ $1.83 $1.39
Assumed Parking Costs for Fort Collins $1.50

Parking for Colorado State University (CSU) students is available at a few different rates. Similar to the
process for developing average daily parking costs for downtown Fort Collins, parking rates were inventoried
and weights were applied to reflect the relative availability of these parking passes, as shown in Table 4.6.
Parking passes are available on an annual basis, and an assumption of 161 school days per year was used
to estimate an average daily parking cost.” Adjusting the 2019 parking costs to 2010 dollars, the overall
average daily parking costs for CSU students for 2019 is $2.64, as shown in Table 4.6.

Parking costs for CSU faculty cost $600 per year. An assumption of 215 workdays per year was used to
estimate an average daily parking cost.® Adjusting the 2019 parking costs to 2010 dollars, the average daily
parking costs for CSU students for 2019 is $2.47, as shown in Table 4.7.

For the University of Northern Colorado (UNC), average daily parking costs were estimated in the same way
as CSU parking costs, as shown in Table 4.8 and Table 4.9.

A Consumer Price Index (CPI) is an index of the variation in prices paid by typical consumers for retail goods and
other items. Information about the CPI for Colorado in 2010 and 2019 was obtained from the Bureau of Labor
Statistics (https://www.bls.gov/cpi/).

School days exclude weekends, holidays, summer, and days when CSU is not in session.

Work days exclude weekends, holidays, and days when CSU is not in session.
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Table 4.6  CSU Student Average Daily Parking Costs

Description Cost Weight
Permit for CSU students who split the cost of the permit to carpool and park designated carpool $552 0.6
space (annual)

Permit for CSU staff, faculty, or students to park only in the Moby Arena lot (annual) $412 0.3
Permit for CSU staff, faculty, or students to park only in the Research Blvd lot (annual) $258 0.1
Average cost (annual) $481

Average number of school days per year 161

Average cost (daily) $2.99

CPI Ratio (2010 dollars / 2019 dollars) 0.8852

2019 Average Daily Parking Costs for 2019 in 2010 dollars $2.64

Table 4.7  CSU Faculty Average Daily Parking Costs

Description Cost
Permit for regular CSU staff and faculty members (annual) $600
Average number of workdays per year 215
Average cost (daily) $2.79
CPI Ratio (2010 dollars / 2019 dollars) 0.8852
2019 Average Daily Parking Costs for 2019 in 2010 dollars $2.47

Table 4.8  UNC Student Average Daily Parking Costs

Description Cost
Permit for UNC student (annual) $285
Average number of school days per year 161
Average cost (daily) $1.77
CPI Ratio (2010 dollars / 2019 dollars) 0.8852
2019 Average Daily Parking Costs for 2019 in 2010 dollars $1.57

Table 4.9  UNC Faculty Average Daily Parking Costs

Description Cost
Permit for regular CSU staff and faculty members (Annual) $320
Average number of workdays per year 215
Average cost (daily) $1.49
CPI Ratio (2010 dollars / 2019 dollars) 0.8852
2019 Average Daily Parking Costs for 2019 in 2010 dollars $1.32
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North Front Range Regional Travel Demand Model

5.0 External Travel

In addition to internal-internal trips that occur entirely within the modeling area, the model must also include
external travel from outside of the region. Trips with one end inside the modeling area and the other outside
of the area are called Internal-External (IE) and External-Internal (El) trips. Through trips, or External-
External (EE) trips, are those which pass through the modeling area without stopping (or with only short
convenience stops). External travel is modeled explicitly at the external stations where roadways cross the
model boundary.

What® New

The following provides an overview of what has changed in modeling external travel for the updated model:
1 Traffic volumes have been updated based on traffic count data collected as close to 2019 as possible.

1 Several external stations have been modified from the previous mode network to account for the
additional zones in Weld County.

1 External station assumptions have been validated using Location Based Services (LBS) data obtained
from StreetLight data.®

1 The spreadsheet-based external trip model has been migrated to GISDK, streamlining the process of
updating external station input assumptions.

51 External Station Locations

The 19 external stations used when running the model for the MPO only are shown in Figure 5.1. When
running the model for the larger expanded area necessary for ozone conformity analysis, some external
stations become internal to the travel model. Additionally, some new external stations are present in the
expanded modeling area. External stations present in the expanded model network are shown in Figure 5.2.
As is evident in these figures, external stations for the MPO modeling area are numbered in the 3000 range,
with external stations present only in the expanded model being numbered in the 4000 range.

® CDOT obtained StreetLight Data to support refinement of the commercial vehicle portion of the model for a study of

mobility in Northern Colorado.
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North Front Range Regional Travel Demand Model

Figure 5.1 External Station Locations
MPO Modeling Area
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