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Travel Demand Models

Travel demand models are planning tools to help planners, engineers, decision-makers, and
policy-makers understand how people move from one place to another using various modes of
fransportation, most often in cars and transit but in some cases also as bicyclists and pedestrians.

This intfroduction will define a travel demand model and lay out the value it provides planners,
engineers, and decision-makers. It also provides a broad overview of model types, uses, and
requirements.

Whatis a Travel Demand Model?

A travel demand model is a set of mathematical formulas used to model or represent the
choices people make when traveling. Models take into account factors that influence fravel
behavior, including population and employment growth, land use patterns, fransportation
infrastructure, and travel costs. By analyzing these factors, fravel demand models can estimate
future fravel patterns and help inform decisions related to transportation investments, urban
development, traffic management, and resiliency.

Value of Travel Demand Modeling

As an essential part of the /-\
transportation planning @ d@

process, fravel demand @
models support sustainable
and efficient fransportation ESTABLISHED DATA PROVEN PROCESS RELIABLE RESULTS
planning practices. There is a Reliable data from Standard forecasting Insights thart
consistent need to reputable sources and data onquses support_

. methodologies fransportation
understand the dynamics of decision-making

population and travel

patterns to predict future behavior. Travel demand models are the path to that understanding
with proven forecasting and data analysis methodologies that repeatedly and confidently
provide reliable results. The methodologies were developed with public and professional input
and the models calibrated and validated to ensure they mimic the closest representation of
actual data. This confidence is a direct result of what fuels the model—reliable data from
reputable sources. In addition to the model, this trusted data is useful for processes and analyses
in the planning process that fall outside the model chain. Modeling outputs provide forecasts to
understand potential impacts to the transportation system. Valid forecasts of future behavior
help decision-makers plan for needed investment in transportation infrastructure to meet the
demands on the future transportation system.
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Types of Models

The two predominant types of models for passenger frip analysis are the four-step, trip-based
model and the activity-based model. Each type has advantages and disadvantages, and the
decision of which type to use depends on the planning objectives and data availability. Other
model types include commodity, supply chain, and urban tfruck models that forecast freight and
other non-passenger trip activity.

Four-Step Trip-Based Model

Four-step models are trip-based and follow a sequence of four steps. This model estimates the
number of frips made between different origins and destinations within a region. The four steps
include:

Trip
Generation
Estimates the

Mode Tl'ip
Choice Assignment

Determines the Places trips on
number of frips
produced by or
affracted to a

mode of specific roadways
fransportation within the
used for each transportation

zone frip network

These steps are often implemented at the regional level to forecast travel demand over a long
time-horizon. While these models provide valuable insights info the broad, overall travel patterns
of aregion, they may oversimplify individual travel behavior.

Activity-Based Model

Activity-based models are more detailed than trip-based models. They simulate the daily
activities of individuals, such as work, school, shopping, recreation, and other personal trips. They
also estimate the timing, duration, location, and mode of each activity. Activity-based models
allow for a more realistic representation of fravel behavior and can capture the interactions
between different activities and modes. However, this level of simulation requires detailed dataq,
which often has limited availability. Also, the more complex model framework may be
challenging to develop and implement, given the high computational requirements and added
components of these models.

Uses of Models

Travel demand models provide detailed, quantitative information that can be applied to many
types of projects and assessments. The following describes uses for models in planning, project
prioritization, and other specialized uses.

Systems Forecasting
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Planning

Travel demand models serve as planning tools in the transportation planning process. The results
of these models are used by decision-makers to inform future transportation policy, infrastructure
investment, resilience planning, emergency management, and air quality impacts. Models can

be used in several ways in the planning process including the follow examples.

Long Range Transportation Plans

The most common and earliest use of travel demand models is for the development of Long
Range Transportation Plans. Models are used to forecast future travel patterns and assess the
need for and feasibility of transportation infrastructure investments over a certain planning
horizon. Planners use the model to evaluate different scenarios and strategies for managing
growth, improving mobility, and enhancing accessibility within the planning region.

Land Use and Scenario Planning

Going beyond assessing fransportation improvements, travel demand models help assess the
implications of land use changes on the fransportation system. Models can simulate interactions
between land use patterns and fravel behavior, so planners can test various scenarios fo identify
fransportation impacts and needs of new developments.

Resilience Planning

Travel demand models allow planners and emergency managers to test the resilience of the
roadway network in their region. This is done by assessing the capacity of the transportation
network in the event of large-scale disruptions, represented by disconnecting specific network
links to evaluate the downstream impacts of damaged or closed roads. The information is used
to guide long term infrastructure planning.

Project Evaluation and Prioritization

Travel demand models can be used to evaluate the impacts of specific fransportation projects
based on travel behavior, congestion, air quality, and operational impacts. The results are used
by planners, engineers, and decision-makers to analyze and assess which projects to prioritize

and fund. The following are addifional uses of the model in project evaluation and prioritization.

Project Development and Environment (PD&E)

Travel demand models are a key tool in conducting PD&E studies. By considering model outputs
in PD&E studies, agencies can make data-driven decisions that balance transportation needs
with environmental stewardship, ensuring sustainable and effective tfransportation solutions. This
can be achieved by using the model to conduct needs assessments, alternatives analyses, and
air guality analyses.

Subarea Modeling

Subarea modeling is a focused approach within the broader context of tfravel demand
modeling. It is used to forecast fravel in a smaller region, such as corridors and central business
districts, with finer detail. These models can be either stand-alone or a small area within an

Systems Forecasting
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existing modeled region. The purpose of these models is to capture traffic patterns, turning
movements, forecast future travel demand, and evaluate project or policy impacts with better
accuracy over a smaller, more confined area.

Microsimulation Modeling

Microsimulation modeling is the most refined level of fravel demand modeling, providing insights
that a larger regional model cannot. Microsimulation is often used to analyze corridor- and
intersection-level performance assessing traffic flow and congestion. These models can assess
signalized, unsignalized, and roundabout intersections, simulating various signal timings and
configurations to optimize traffic flow.

Interchange Justification Reports (1JRs)

The development of IJRs can benefit from the insights provided by travel demand models.
Models can provide data-driven insights to support the need for new or modified interchanges.
Subarea or microsimulation models especially can generate detailed information on the
impacts a new or improved interchange will have on traffic flows and its capability to handle
future travel demand.

Project Design

Travel demand models can be used to test the effectiveness and efficiency of transportation
design. The proposed roadway design can be integrated intfo the models’ highway network and
the fraffic volumes and speeds can be assessed to determine whether or not the project will
improve fravel conditions.

Transportation Systems Management and Operations (TSM&O)

Using both regional and microsimulation models, fransportation planners and engineers can
make informed decisions on strategies to improve safety, fravel time reliability, reduce
congestion, and improve the overall efficiency of the existing fransportation infrastructure. The
two types of models can be used to assess impacts of improvements on the broader
transportation network as well as identify areas in need of improvement. These models can test
potential improvement scenarios/solutions to determine the best course of action for the current
and future transportation landscape.

Specialized Uses

Hurricane Evacuation Modeling

Planning for hurricane evacuation is another way the model provides value to planners, and
decision-makers. In the critical times of storm preparedness, county emergency managers can
use model outputs to guide evacuation route planning as hurricanes approach the state.

Economic Modeling

Travel demand models may be used to provide inputs for economic studies. The typical
approach uses the model output link and trip behavior like number and type of trips between

Systems Forecasting
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travel analysis zones, vehicle miles traveled, and associated delay to inform economic model
tools like Regional Economic Models, Inc. (REMI). The economic tool provides economic impacts
like annual employment, delay reduction, and efficiency benefits of the fransportation
investment scenarios being studied.

Emissions Modeling

Mobile source air pollution is another factor evaluated by planning agencies. Models provide
the current and forecast fransportation activity inputs such as distribution of trips by mode,
vehicle type, road type such as restricted and unrestricted access, urban and rural, and travel
speeds to the U.S. Environmental Protection Agency’s (EPA) Motor Vehicle Emission Simulator
(MOVES) tool. The MOVES tool uses the information, in addition to meteorological data, fuel
formulation data, vehicle registration mix, and fuel type mix to determine the output of fracked
pollutants. In Florida, this information has been used in inventorying processes for air quality
monitoring.

Requirements for Modeling

Modeling standards have been a mainstay in Florida for over 30 years. Florida has approached
modeling with a crafted set of standards that model developers and appliers have been
encouraged to follow. Though they are not required, Florida’s modeling community continues to
use these standards to generate consistent, defensible models that give their users confidence

in the results. These standards were developed by the Transportation Forecasting Forum (formerly
known as the Florida Model Task Force), which has served as a body of decision-makers for
Florida's modeling community, focusing on the advancement of Florida’'s modeling practice as
technological improvements and greater levels of model detail increasingly became available.

Federal law addresses the need to use and improve models for project analyses and
infrastructure investments. The Infrastructure Investment and Jobs Act (IIJA) of 2021 directly
addresses the need to use fravel demand data and modeling to make informed fransportation
investment decisions. llJA directs the U.S. DOT to conduct a study no less than every five years to
gather travel data and travel demand forecasts from a representative sample of States and
meftropolitan planning organizations (MPQOs). The collected data is compared with observed
data and used for developing guidance for States and MPOs to use in forecasting fravel
demand for future investments in fransportation improvements. U.S. DOT also seeks opportunities
to support States’ and MPQOs’ transportation planning processes by providing data to improve
the quality of fransportation plans, models, and travel demand forecasts.
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Purpose and Use of the Manual

The purpose of the FDOT Travel Demand Modeling Manual (TDMM) is to provide guidance and
direction to transportation planners, engineers, decision-makers, and policy-makers on the
development and use of travel demand models in Florida. The manual is organized in three
volumes:

e Developing a Travel Demand Model:

- Overview of the Model Development Process.
- Preparing for Model Development.

- Preparing Model Data.

- Developing and Refining the Base Year Model.
- Developing the Future Year.

- Resources.

e Using a Travel Demand Model:

- Overview.

- Defining the Ask.

- Accuracy and Precision.
- Modeling Scenarios.

- Scenario Outputs.

e Technical Specifications.

Systems Forecasting
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1. Overview of Model Development Process

Travel demand models are developed for engineering and planning applications, and different
applications require varying levels of sophistication and accuracy.

This section provides an overview of the model development process, including preparation for
model development, preparing model data, developing and refining the model, and
developing the future year. The model development process is iterative and requires constant
feedback and professional judgment to prepare a model built on trusted data using proven
methodologies.

Steps of the Model Development Process

Each overarching step of the model development process consists of several smaller, more
detailed steps. The following is a high-level overview of the steps in each chapter of this manual.
For more information, reference the respective chapter.

Preparing for Model Development

Chapter 2 describes the crucial preparatory phase for developing an accurate, practical, and
comprehensive fravel demand model that meets the diverse needs of transportation planning
stakeholders. Before technical work begins, a solid foundation must be established through the
following careful planning and stakeholder engagement:

¢ Identifying Stakeholders: Determining which agencies and organizations should participate
in the model development process.

¢ Establishing a Collaboration Plan: Creating a framework for communication, decision-
making, and resource allocation.

e Scoping the Model Development Process: Defining the model's purpose, structure, and
expected outputs.

e Drafting a Scope of Work: Developing a comprehensive document that will guide
consultants and feam members throughout the project.

Adequate preparation ensures that the resulting model will meet the needs of all stakeholders
while remaining within technical and budgetary constraints.

Preparing Model Data

Data forms the foundation of a travel demand model. Thorough and careful data preparation is
essential for developing travel demand models that can accurately analyze transportation
patterns and needs. Poor data quality at the outset will ripple through the entire modeling
process, potentially undermining the model's usefulness for decision-making. Three types of data
are used as model inputs: land use data, transportation network data, and fravel behavior data.

Systems Forecasting
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Chapter 3 provides a comprehensive guide to the key components of model input data
preparation, with the following main steps:

o Determining Data Needs: Identifying the specific data required based on model purpose
and structure.

¢ Identifying Reliable Data Sources: Locating high-quality data from trustworthy providers.
e Collecting and Processing Data: Gathering, organizing, and preparing data for model use.

e Checking and Correcting Data: Ensuring data accuracy through quality assurance and
quality control procedures.

Developing and Refining the Base Year Model

With stakeholders engaged and data in hand, the technical core of model development can
begin. Chapter 4 provides an overview of the model development and refinement processes,
including the following key ftopics:

e Model Architecture Selection: Understanding the differences between Trip-Based models
(using the fraditional four-step approach) and Activity-Based models (modeling
transportation decisions of simulated people and their associated interactions.)

e Cdlibration and Validation: Ensuring model reliability through systematic parameter
adjustment and testing against observed data.

e Base Year Scenario Development: Creating the reference point that represents current
conditions to give confidence that the model may be reasonably used for planning
pUrposes.

¢ Standardized Reporting: Reviewing and documenting model results using visualization tools
and comprehensive documentation.

Model development is an iterative process, with continual refinement of parameters untfil the
model accurately represents observed fravel behavior of the base year, such as vehicle counts
and Origin-Destination patterns.

Developing the Future Year

A well-calibrated and validated base year model provides the basis for reliable and reasonable
forecasting. Chapter 5 highlights the key items relevant to the development of forecast year
information and provides an overview of the following:

e Standard Future Year Scenarios: Developing Existing-plus-Committed (E+C), Needs, and Cost
Feasible scenarios.

e Sources of Future Year Data: Obtaining and processing demographic projections, land use
plans, and transportation improvement programs.

Systems Forecasting
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¢ Allocating Future Growth: Distributing projected population and employment growth across
the model area.

e Coding Transportation Networks: Translating planned infrastructure projects into model-ready
networks.

This chapter demonstrates how the carefully calibrated base year model becomes a robust and
reliable tool for predicting future conditions, allowing for the evaluation of alternatives.

Looking Ahead

Travel demand modeling contfinues to evolve with advances in data availability, computational
power, and an enhanced understanding of human behavior. The manual provides an
infroduction to foundational elements and current best practices while acknowledging the
practice's dynamic nature and the need for planners to adapt as needed.
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2. Preparing for Model Development

The model development process ensures that a fravel demand model accurately mirrors the
observed tfravel patterns and needs of the area being simulated. This chapter discusses the
model development process's early stages, including identifying stakeholders, establishing a
collaboration plan, scoping the model development process, and drafting the scope
document.

ldentifying Stakeholders

The model development process begins with identifying the right stakeholders to be part of the
project team. The FDOT District Model Coordinator (DCM) or other lead agency, if not FDOT,
identifies stakeholders needed for new model development or consults and considers current
stakeholders for existing model updates. Potential stakeholders include:

e FDOT Central and District Offices.

e Metropolitan Planning Organizations.
e Regional Planning Councils.

e Federal Highway Administratfion.

e Local/regional governments.

e Transit agencies.

e Toll authorities.

e Model development and other consultants who prepare and analyze results.

Establishing a Collaboration Plan

Establishing and documenting a process early provides a structure for developing the model to
meet the users' needs and stay within timeline and funding considerations. Having a
collaboration plan that identifies the right people early reduces the potential for
misunderstandings, miscommunication, and potential delays. It acclimates new staff to the
project more quickly when staff attrition or furnover happens. As the development progresses,
documentation provides context on decisions made earlier in the update, supporting the
iterative process. A solid collaboration plan should consider and answer the following questions:

e Who will own and manage the model?

Ownership and management responsibilities should be addressed at the start, whether a
new model is being built or an existing model is being updated. In Florida, model ownership
and management are often the responsibility of FDOT or the local MPO(s). The model owner
leads the project team, hires consultants if needed, and oversees the development process.

Systems Forecasting
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The model owner is also responsible for housing the model upon completion and maintaining
it as needed.

e  Who will develop the model?

FDOT generally hires consultants to develop the model. In coordination with the applicable
MPQO, FDOT staff and the consultant team work together to identify important policies,
applications, and unique characteristics to be evaluated with the model.

e How will collaboration happen?

Collaboration can happen through stand-alone meetings, project team meetings, district
model coordinator meetings, project advisory committee meetings, MPO technical advisory
panel meetings, or meetings of larger groups such as the model user groups.

- The project team includes the model owner’s project manager, their staff, and
applicable/interested stakeholders.

- FDOT district model coordinators are licisons between the project team and FDOT, as
well as resources to each other for learning fips and best practices.

- Creating a project advisory committee can help have a group familiar with and invested
in the success of the model development that assists with decision-making and
information sharing.

- Key stakeholders, including MPO technical committee and policy board members,
particularly on feedback related to socioeconomic inputs and coded/planned projects
on the network.

- Model users groups are a great sounding board for before, during, and following model
development. Model users groups provide a local forum to facilitate and promote the
understanding and proper application of fravel demand models. These groups include
members from the region who are familiar with and often experts in modeling the
fransportation and demographic patterns of the region. In some of Florida’s most acfive
user groups, details of model development are frequently discussed with model
developers, FDOT and MPO staff, and model users. Direct communication between all
parties allows model developers and their stakeholders fo address problems and identify
solutions quickly. More information on Florida's model user groups can be found on the
Florida Transportation Forecasting Resource Hub.

e How will model development be funded?

Any agency or organization funding model development must be involved throughout the
development process, whether in an advisory or active development role. The responsibilities
for funding the model, including the related data, can significantly impact data collection
and model structure. Model development funding determines the number and quality of
resources (including data) available to the feam, the degree of technological innovation
that may be integrated, and the complexity of the model. Increased funding creates more
opyportunities for progress in model development.

¢ Who will use the model and how?

The model's uses span multiple activities within FDOT, such as project development and
environment (PD&E) studies, fraffic studies, transportation systems management and
operations (TSM&O), and the needs of other organizations, such as toll authorities, regional
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planning councils, and local governments. FDOT and stakeholders must understand how the
model will accommodate potential needs within data availability and funding constraints.

Scoping the Model Development Process

The lead agency, as determined in the collaboration process (often FDOT or other lead agency,
such as an MPQO), will work with stakeholders to assess the extent of the model
development/update. To begin, the lead agency will

e Assemble the potential project team, including applicable stakeholders and the need for
consultants.

¢ Define the roles of each member of the project team. Determining who wiill be responsible
for each component of the development depends on the skills and resources available
within the team.

¢ Engage the project team, including stakeholders, in discussions on the goals, expectations,
and needs in the model development/ update process.

¢ Document the collaborative process, summarizing conversations on pertinent information
such as funding, data sources, chosen methodologies, and other agreed-upon decisions.

Initial Scoping Meetings

The following topics should be discussed in the initial scoping meetings to establish goals,
expectations, and needs for model development.

¢ Model Components

Additional components add to the complexity of the model development but are
sometimes needed to deliver the outputs desired for an area or region. They also add to the
development and ongoing model maintenance costs. All stakeholders should agree on
whether additional components will be included. Discuss:

- Are there plans to study fixed guideway fransit corridors for the plan update?

» If yes, the model will need transit networks, path building, mode choice, and transit
assignment steps.

- What advancements must be included in the model, and, where applicable, what
limitations in the previous model should be corrected?

» Available technology (software platforms) often improves its capability between
model updates, so it's important to consider where improvements can be integrated
into the updated model to expand ifs functionality.

»  Any optimization of the software platform used for the model may require initial
setup, which will add to the model development timeline.

- Is there a large visitor component?g

»  Visitors contribute differently than residents to the region’s traffic volumes and overall
fravel demand during peak and off-peak hours.
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e Model development timeline

Timelines for model application projects may limit the ability to incorporate all the model
enhancements that partner agencies desire. All stakeholders involved must work together
regarding improvements being built info the model. Discuss:

- Is this a new model being developed or an existing model being updated?
- When does the model need fo be complete?
- Whatis a reasonable timeframe to incorporate all the needed/desired components?

e Model structure

The questions the model will be expected to answer and the best approach to answering
those questions should be discussed. Discuss:

- Can the questions the model will be expected to address be accommodated by the
4-Step process, or will another approach, such as activity-based modeling, be required?

e Acceptable run time

The amount of time the model needs to run is determined by considering the agreed-upon
timeline and needs of the model. Discuss:

- Whatis an acceptable run timee Under 8 hours, under 12 hours, or something differente
e Model accuracy

This refers to how close a model’s result is to actual travel conditions, determined by
comparing the results to observed data. For more information on model accuracy, refer to
Chapter 2 of Using a Travel Demand Model.

Several areas in Florida share a single regional model for multiple MPOs and/or FDOT Districts.
When multiple MPOs use the same model, model accuracy goals can be impacted. Some
partners might desire higher accuracy within their jurisdiction, but this can only be achieved
at the expense of compromising regional model validity. For instance, increasing the
accuracy of a model for one jurisdiction might require making assumptions or simplifications
that are not valid for the entire region. Other options may include project/jurisdiction-specific
subarea validation. Discuss:

- What size region will this model covere
- Does this model involve multiple MPQOs of varying sizes?

e Model validation standards

Federal modeling research, guidelines, and input from Florida modeling experts have
determined typical model standards. Refer to the Technical Specifications of the Travel
Demand Modeling Manual for modeling standards.

If freight plays a significant role in the local economy, it is recommended that truck modeling
standards and procedures be carefully considered. Sometimes, model standards may need
to be adjusted for specific situations. All stakeholders should discuss any potential instance
where diversion from established standards might be needed. Discuss:

- Will the model development adhere to model standards, or is consideration needed for
diversion from typical standards?
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e Model output format

The model output format should be discussed to ensure the outputs are informative and
valuable during post-processing. All stakeholders should agree to the format of the outputs.
Discuss:

- What format will be used for outputs? Consider:

»  What type of files will the model output?e (Ex., CSV, DBF, TXT, etc.)
» How can the outputs be structured to be interpreted and used easily for non-
modelers?

- Are there any post-processing tools that will need to use the model outputs as inputse
What format does the tool require?

»  The Environmental Protection Agency’s (EPA) Motor Vehicle Emission Simulator
(MOVES) uses travel demand model oufputs as inputs and requires them to be
formatted in a specific way.

e Data sets

All stakeholders should brainstorm and discuss the data needed for model development,
including data for any additional agreed-upon components. Many publicly available data
sets exist, such as the Census, American Community Survey, and FDOT traffic count data.
However, just as many needed or desired data sefs must be purchased. Stakeholders should
determine the data required and the data's potential cost(s) before model development
begins. Future year population and employment control totals must be established by the
development team working in collaboration with the MPO and its stakeholders, along with
how those future values will be allocated throughout the region. Discuss:

- Will the model need private-sourced employment datae
- Are household and/or roadside fravel survey data expected to be available?

» If a household fravel survey is conducted, model estimation and calibration will be
required.

» If aroadside survey is conducted, new assumptions will result in the validation of
external trips.

- If freight plays a significant role in the local economy, it is recommended that a
reasonable sample of truck counts be added fo the model network.

- How much growth is reasonable for the region? Where is the growth anticipated to
happen?

»  Are there any significant housing developments on the horizone Are any new major
employers coming fo the area?

- Is there interest in growth for intermediate-year datasets?

»  WIill stakeholder consultation be necessary for mid-forecast year data refinement, or
will interpolation methods suffice?
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e Travel demand modeling software

The stakeholders should agree upon the modeling software that will be used to develop and
run the model. These stakeholders should be able to review and check any modeling work
performed outside the agency, such as by consultants. Consider:

- What software is needed/desired to develop and run the model?
- How do model outputs interact with other software applications, such as
microsimulationg

e Computational power needs of desired model development

Models are computationally intensive tools with high memory requirements for data storage
and processing memory. Often, the more complex the model, the more computational
resources it requires. Some models require over 30 gigabytes of memory for storage alone
and at least 256 gigabytes of RAM. This impacts how quickly the model can run and/or
whether the model can complete arun (e.g., a computer with too little memory can cause
a model to stall or crash). Consider:

- How many gigabytes of RAM are needed to run successfully?
- How much memory is needed fo store the model inputs and outputs?
- Canlocal users effectively access and run the model?

Drafting a Scope of Work

Model development is often confracted out fo modeling consultants. Following discussion and
decisions with the stakeholders, the FDOT District Modeling Coordinator or other lead agency
should draft a scope of work for model development. This scope should describe, in sufficient
detail, the tasks to be completed to develop a model fully. Topics to consider when drafting a
scope of work include:

e Goals of this model development. Consider:

- 4-step model or activity-based approach?

- Atffributes of motorized and non-motorized trip-making and mode choice behaviors.

- Model senisitivity.

- Model usability and friendliness.

- Need to summarize complex data in a simplified, user-friendly manner.

- Training and technical support needs.

- Identifying data parameters such as base and horizon years, data years agreed upon
with stakeholders.

e Model development oversight

Will a project advisory committee (PAC) or similar group be created and used to obtain
and submit relevant data to support the model development?

If so, who will serve as the representative of the PAC to direct all the consultant work?
How will MPO/agency stakeholders contribute to oversight?
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o Determine/identify the data that will be collected

Base and future year zonal data:

»  Population.
»  Employment.

Network data.

Traffic operation data.
Travel time/speed data.
Traffic counts.

Transit ridership data.
Transit operational data.
Travel behavior data.

e Software for running the model

What software will be deployed for model development?

Is conversion from an older or different software needed?

Is validation needed to compare results in the conversion?2

Will a user-friendly interface be needed to expand the model’s user base?

e Model components such as model catalogs, scripts, and path-building scenarios

In a model update, will model components need to be updated to a new base year?
Consider:

» Model catalog updates:

o Folder structure.
o File naming.
o Attribute names.

Developing scripfs.
Update path building parameters:

» Updates fo fravel time skims.

e Use of sub-models

Sub-models are model components not directly part of the 4-main steps but are needed
for a complete picture of regional traffic.
Will sub-models be created as part of the model development?

»  For example, external sub-model or truck sub-model.

e Approach to calibration and validation of the model

What planning items will the model be used to evaluate? This impacts the extent and
processes used during model calibration and validation.

What calibration and validation metrics will be used for each step (if developing a 4-step
frip-based model), such as frip generation, trip distribution, and mode split? For each
step, what calibration metrics need to be considered, i.e., destination choice for frip
distribution?
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- If developing an activity-based model, what are the calibration considerations,
standards, and protocols for the probability models that comprise the full ABM
specification?

- Will assignment metrics be at the total network level, by functional classification, volume
groups, and districts, or will all reporting categories be used?

- Identify the model estimation, calibration, validation, and sensitivity testing procedures.
The commonly used references are NCHRP Report 716, 2012, and FHWA/TMIP Travel
Model Validation and Reasonability Checking Manual, 2010.

- Based on the described references, model history, and standard practices, identify and
select the standards that will be used to assess the model's performance and obtain buy-
in from all stakeholders.

e Cudlibration considerations based on anticipated uses/applications of the model

- LRTP requirements.

- Subarea/corridor plan requirements.
- PDA&E study requirements.

- Ofherse

¢ Sensitivity testing to determine reasonableness

- How will model sensitivity testing be handled?
- What attributes will be altered to test theirimpact on the model outputse

e Model support services, such as technical support and training

- Will the consultant be required to provide model support services?
- Workshops should be considered to frain users, such as MPOs, on the various applications
of the model and its outputs.

e Documentation required for the development process

- Description of estimation and development of model parameters.

- Model cdlibration, validation, and sensitivity test plan to establish the calibration targets
for model variables, approach for validation, sensitivity/ propensity test of model
variables.

- Summarize input data, calibrated parameters, comparisons of calibrated parameters to
other areas, and model accuracy statistics.

- User guide documenting how to operate and apply the model.

e File clean up post development

- Remove any temporary files that were generated during the model run.
- Ensure no file paths in the model are hard-coded but instead are relative to the user.
- Ensure model file structure is infuitive and consistent.

¢ Purpose and frequency of meetings and communication

- What types of meetings will be needed, and what is the frequency?

- How will team progress meetings be conducted (virtual or in-person), and how often?
- Will workshops be required, what type (virtual or in-person), and how often?

- Ifa PAC s formed, will these be virtual or in-person?

- Will other communication be made outside meetings?2
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The resulting scope of work will serve as a guiding document for both the consultants and the
project team throughout the model development process.

Next Steps

Once the stakeholders and project team are identified and the project is scoped, the project
team should consult Chapter 3, Preparing Model Data. This chapter prepares the team for
identifying, gathering, and vetting the data needed.
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3. Preparing Model Data

Data in fravel demand modeling serve as inputs for developing and updating models, which
help to understand and describe existing transportation conditions. Models also measure and
monitor the travel impacts of implemented policies, strategies, and investments. To serve these
purposes, models need high-quality data from reliable sources. This chapter focuses on
determining data needs, identifying reliable sources of data, and data collection practices,
including how to collect it, when fo start collecting it, and steps for checking data for errors,
reasonableness, and validity for the base year model. More information on data needs for the
future year can be found in Chapter 5: Developing the Future Year of Developing a Travel
Demand Model.

Determining Data Needs

Determining data needs early allows better coordination among the lead agency and
stakeholders for preparing and examining the data in future steps. These data support model
calculations that determine travel in the studied region. Completing an inventory of data
needed for the model helps identify the extent of available data and what needs to be
obtained. When determining data needs, consider

¢ What data sefs are needed?
- Land Use:

»  Population, employment, school, and other zonal data like geographic boundaries.
» For ABMs, detailed population characteristics like number of children, age, race, sex,
and ethnicity to allow simulation of the entire model region population.

- Travel Behavior:

»  Surveys such as household, onboard transit, visitor, and freight.
»  Origin-Destination (O-D) data from GPS, mobile apps, social media, connected
vehicles, and payment systems.

- Transportation Network:

»  Traffic information.

»  Centerlines, geometry information, roadway characteristics like lanes, facility
type/functional class, and aerial imagery.

»  Other network attributes like district, county, SIS designation, free flow speeds, and
probe-derived congested speeds for calibration.

»  Transit attributes like route, travel time, service characteristics, and mode.

e Whatis the required resolution of the data?

- Examples include whether data is needed at the individual, household, point, block,
block group, link, segment corridor, district, county, or other level.
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e In what format is the data needed? Example formats may include:

Flat fext, comma-delimited tables, and/or .dbf files.

GIS formats like shapefiles or geodatabases.

Database formats that are accessed through relational database applications like MS
SQL or Oracle.

Matrix formats.

Json.

Proprietary formats (binary network files, tables).

Web formats like HTML, XML.

e How much processing will be needed for the data to be useful?

Consider the level of QA/AC that will be required. Was data pre-vetted before receipt?
Will the data need to be combined with other data to enhance utilitye Examples may
include joining zone record data with employment information or adding specific
network aftributes like traffic volume information and project ID.

e Once data needs are determined, are there any gaps in data availability 2

For example, is comprehensive employment data for all regions for the year of interest
available?

Is fraffic data available for all districts and roadway segments of interest at the required
level of detail?

ldentifying Reliable Data Sources

Data are the most important component of travel demand models because they set the tone
for the success of model development. Poor data quality will ripple through the process and
result in model outputs of little fo no use. Widely used data sets for models are considered
reliable because of the substantial vetting process used by stakeholders.

The inputs should come from reputable sources such as the U.S. Census Bureau, Federal Highway
Administratfion, Bureau of Transportation Statistics, Florida DOT, local governments, and
employment forecasters. Repeat vendors used repeatedly without issue or are known industry
standard leaders are also reliable data sources.

These data are used in an extensive adjustment process to match observed behavior and
tested against information such as traffic counts and probe data to ensure reliability. This process
is described in more detail in the chapter on validation and calibration. When choosing data
sources, consider the following:

e Where is the data sourced?

Consider organizations/vendors that provide the data and the characteristics to observe
for each data source. For example, existing population and household data from the U.S.
Census Bureau.

Are the data publicly or privately available?
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- There are many public data sources available at no cost for use in model development,
but the more detailed data is usually obtained from private data vendors. A list of
primary data sources is shown in Table 1.

e If sourced from a private vendor, what is the cost of the data?

- The cost of many of these datasets is negotiated with the vendor and is not usually listed.
These data often come with a high cost, so it is essential to reach out to vendors early to
determine the cost to identify any necessary data purchases better early in the process.
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Table 1 Summary of Data Types and Sources

Data Types

Data Description

Data Sources

Nationwide

Statewide/Regional

LAND USE

Household Survey

Data on how, where, when, and why
people fravel, and on the socioeconomic
and demographic characteristics of
households and individuals

National Household Travel
Survey (NHTS)
American Community

Survey (ACS)

FDOT and Local MPOs

Demographics

Population and household characteristics,
including number of households, number
of people, auto ownership, persons per

household

U.S. Census Bureau

FDOT, local MPOs, and
other jurisdictions

Employment

Employment by detailed industry
categories or by aggregated generic
categories like office, warehousing

Private Vendors

FDOT, local MPOs and
other jurisdictions, ports,
private vendors

TRANSPORTATION NETWORK

Highway Network

Comprehensive set of roadway and other
fransportation networks for use in the

model.

Usually available in GIS format, it can be
easily integrated into modeling software

National Highway Planning

Network (NHPN)

FDOT GIS Library
Local MPOs and other
jurisdictions,

fools.
Traffic Comprehensive, statistical traffic FHWA's Office of Highway FDOT Open Data Hub
information, including factors such as Policy Information FDOT Traffic Information
daily cogn’rs, vehclg classification, National Performance MPOs. Counties. Cities
factor, and design hour factor. Data Set (NPMRDS)
Transit Detailed ridership data, financial National Transit Database FDOT Public Transit Office

information, and operational statistics for

(NTD)

Local Transit Agencies via
General Transit Feed
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https://nhts.ornl.gov/
https://nhts.ornl.gov/
https://www.census.gov/programs-surveys/acs/data.html
https://www.census.gov/programs-surveys/acs/data.html
https://data.census.gov/
https://data-usdot.opendata.arcgis.com/datasets/usdot::national-highway-planning-network/explore?location=16.698918%2C63.327176%2C3.07
https://data-usdot.opendata.arcgis.com/datasets/usdot::national-highway-planning-network/explore?location=16.698918%2C63.327176%2C3.07
https://www.fdot.gov/statistics/gis/default.shtm
https://www.fhwa.dot.gov/policyinformation/travel_monitoring/tvt.cfm
https://www.fhwa.dot.gov/policyinformation/travel_monitoring/tvt.cfm
https://gis-fdot.opendata.arcgis.com/
https://www.fdot.gov/statistics/trafficinfo/default.shtm
https://www.transit.dot.gov/ntd
https://www.transit.dot.gov/ntd
https://www.fdot.gov/fdottransit/transitofficehome
https://gtfs.org/
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Data Sources

Data Types Data Description Nationwide Statewide/Regional
fransit agencies. Transit route timetables, Specification (GTFS) and

stops, stop times, agency other data
Freight Survey Data collected from industries that ship Commodity Flow Survey FDOT's Freight & Rail
commodities (CFS) Office (FRO), Private

Freight Analysis Framework providers

(FAF 5.0)—uses CFS
TRAVEL BEHAVIOR

Origin-Destination Data

Data documenting observed trip origins
and trip destinations.

Census Transportation
Planning Products (CTPP)

National Household Travel
Survey (NHTS)

Private vendors

Local and Regional
Household Travel Surveys

Private vendors

Onboard Transit Survey

Data collected directly from public
fransportation passengers in regions with
significant transit ridership to facilitate
planning for future transit investment

National Transit Database

(NTD)

Local and Regional
Transit Agencies

Visitor Survey

Data capturing the travel patterns and
behaviors of tourists

National Travel and Tourism

Office (NTTO)

Visit Florida, Local
Districts and MPOs
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https://gtfs.org/
https://www.bts.gov/topics/commodity-flow-survey-data-and-reports
https://www.bts.gov/topics/commodity-flow-survey-data-and-reports
https://www.fdot.gov/rail/default.shtm
https://www.fdot.gov/rail/default.shtm
https://transportation.org/ctpp/datasets/
https://transportation.org/ctpp/datasets/
https://www.transit.dot.gov/ntd
https://www.transit.dot.gov/ntd
https://www.trade.gov/travel-and-tourism-research
https://www.trade.gov/travel-and-tourism-research
https://www.visitflorida.org/resources/research/
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Land Use Data

Land use data consists of key items like population, employment, zonal data, and any other
data that concerns the people in the region, where they live, type of dwelling, where they work,
and where they play. Specific examples include population, household characteristics, school
enrollment, and employment for the model region. The model uses this information to assess how
many people tfravel and where they are going. The most common sources of these data are:

¢ Population and household data: Pulled from public sources such as the U.S. Census Bureau’s
decennial Census or the ACS, depending on the base year of the model.

e Employment data: Pulled from the U.S. Census Bureau, such as the Longitudinal Employer-
Household Dynamics (LEHD) or County Business Patterns (CBP) data. However, the data from
these sources are too highly aggregated to provide the meaningful detail needed for the
model. To account for this, FDOT purchases employment data from private vendors (such as
Dun & Bradstreet, Woods & Poole, or Data Axle) approximately every five years for Florida.
This data provides employer-level information across industries that can be aggregated to
any model’s zonal structure.

This information is assigned to the model’s traffic analysis zone (TAZ) structure. The model
developer creates TAZs. The zones are recommended to nest within Census geography (such as
tfracts or block groups). However, based on data availability and other practical considerations,
this may not apply to all models. The TAZ structure is unique to each model, and like other parts
of model development, exceptions may need to be made where appropriate.

The zone system comprises two types of zones: internal and external. Internal zones are within the
regional boundaries of the model and use land use data. External zones are outside of those
boundaries and use fraffic data. External zones are commonly called stations because they
consist of points along or just outside the model boundary along roadways crossing the
boundary. They inform the model of how many vehicles tfravel in and out of the modeled region
and are represented as fraffic volumes along the described points. These volumes are ideally
pulled from fraffic data for the region by the boundary or, in the absence of such data, from
neighboring region traffic data.

Transportation Network Data

The National Highway Planning Network, maintained by the U.S. Department of Transportation, is
the most comprehensive nationwide database of the major highway system in the U.S. It
contains urban and rural arterials and all NHS routes. In addition, FDOT maintains a database of
Florida-specific transportation networks.

NHPN data is available in GIS format and can be easily integrated info modeling software tools.
NHPN focuses mainly on road networks and does not typically include transit networks.
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FDOT data is also available in a GIS format, providing roadway, transit, and non-motorized mode
networks. When using these data, consider:

¢ How extensive and detailed is the geographic coverage?

- For example, is a newly built roadway segment represented in recently procured
datasetse

- Is the network represented down to the level of local streets, if necessary for transit or
other localized factors, oris it a higher level, such as collectors and above?

e Does the data have all the required afttributes for modeling needs?

- Determine the necessary area type/facility type/context class attribute information to
determine link capacities and, if not available, assess the options.

e Does the data require a special license to access? If a license is needed, how is the license
procured, and are there access and usage restrictions?

- For example, freight/truck O-D data sources from private vendors have usage restrictions.

Traffic Data

Traffic data are used in the model as the ground truth to determine the accuracy and
reasonableness of the final model outputs. They are provided daily but may also be available for
specific periods.

FDOT is a key source of traffic data. Some data, like average annual daily traffic (AADT), can be
accessed via GIS-based platforms that allow searches by county, road segment, or specific
locations. All FDOT traffic data are available at no cost.

Many MPQOs, counties, and cities across Florida also collect and publish localized traffic count
data that can be accessed through their websites. These traffic counts are more granular than
state-level sources and may include time-of-day count information, which is critical for
Preliminary Design and Engineering (PD&E) type analyses. Sometimes, temporary count stations
will be installed to collect data on a specific corridor to supplement or bolster higher-level traffic
counts. All fraffic data provided by MPOs in Florida are available at no cost via request from the
individual MPO.

National probe data from the NPMRDS provides speed data in 5-minute, 15-minute, or 1-hour
increments along all National Highway System (NHS) roadways. The data are available through
the Traffic Message Channel (TMC) segments, of which there are over 400,000 throughout the
country.

Transit Network Data

Transit network data may be publicly available in the General Transit Feeds Specification (GTFS)
dataset. Information on routes, stations, service patterns, and headways is available in a
standardized format, allowing efficient incorporation into the model transit network
representation.
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Transit Ridership and Operational Data

Transit ridership serves as ground truth for validation comparisons, especially for aggregate
comparison metrics like passenger miles traveled and unlinked passenger trips. Fare information
is also a key input for mode choice and fransit assignment routines.

The National Transit Database (NTD), managed by the Federal Transit Administration (FTA), is a
comprehensive source for public fransportation across the U.S. Since all fixed-route systems
operating in Florida are reported to NTD, transit-related data for Florida and Florida agencies
can be filtered for use in the modeling process. NTD data is available at no cost. The FDOT Public
Transit Office also publishes ridership reports and data compiled from local state transit
agencies.

Travel Behavior Data

Behavior data describe the patterns of trip-making within the population. Historically, the most
common data type is a household travel survey, a subset of a broader household survey
category. Household surveys collect data on households' and individuals' socioeconomic and
demographic characteristics. Household travel surveys include information on how, where,
when, and why people travel. These surveys aim to document and characterize trips made by
each household, including origin and destination, tfrip purpose, start and end dates and times,
mode of fransport used, and trip expenditure.

¢ National Household Travel Survey (NHTS) is currently the largest and most comprehensive
survey of household fravel in the U.S., conducted by the Federal Highway Administration
(FHWA) every 2 years. It collects national data by:

- Trip level, e.g., frip purpose, mode of fravel, trip distance, trip duration, time of day, and
accompanying persons.

- Household level, e.g., demographics, vehicle ownership, income, and geographic
location.

- Individual level, e.g., age, gender, employment status, driving status, and personal travel
behaviors.

NHTS is primarily used to calibrate the non-work related trip activity in models such as social /
recreation trips, home-based other trips, shopping frips, and school frips. Trip-based models
derive items like cross-classification rates in Trip Generation, the average trip length used o
calibrate Trip Distribution, Auto Occupancy, and fravel mode in Mode Choice. Additional
local survey data often supplement if, especially in developing Activity Based Models.

¢ American Community Survey (ACS) ACS, part of the U.S. Census Bureau, is an ongoing
survey that provides vital information every year about our Nation and its people, including
information on jobs and occupations, educational attainment, veterans, work trips taken,
whether people own or rent their homes, how many live in a home, and many other topics.
ACS data can be accessed for free via census.gov and other platforms like [PUMS USA.
Unlike the NHTS data, the ACS is limited to commuting trips and provides no details on non-
work-related fravel. Because ACS is ongoing, it provides a valuable snapshot of population
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frends between the decennial Census tabulations in infermediate years. It may also be
considered a form of land use data.

e Many states conduct statewide and regional household travel surveys that are tailored to
the needs of their states or regions. FDOT has conducted Florida Household Travel Surveys to
collect data on travel behavior across Florida. FDOT has also obtained Florida-specific travel
behavior data in add-on NHTS tabulations for past efforts. Regional household travel surveys
in Florida are conducted by MPOs that publish reports and survey results.

- Forexample, in 2017, Miami-Dade TPO published the Southeast Florida Household Travel
Survey. This survey covered the tri-county region of Palm Beach, Broward, and Miami-
Dade. The data obtained during the survey was key for the regional planning model.

- Has your region conducted a household travel survey? Consider data from these surveys.
The frequency of regional surveys in Florida varies by region, with some being conducted
every 5 to 10 years.

¢ Specialized household travel surveys are conducted by and can be obtained from research
institutions, universities, and local Government or transit agencies. These narrow surveys
target specific populations or events, such as aging residents or felecommuters. Many of
these datasets are one-time studies, while others have a wide variance in the data
collection interval. Access to these datasets is typically restricted, requires specific
permissions, or has associated costs. Specialized surveys conducted by universities or
research institutions in Florida might be published in academic journals or available through
the institution’s website.

Specialized surveys are valuable for insights that are not captured in regularly conducted
surveys like the NHTS. They are helpful in rapidly changing topics like e-commerce and
telecommuting, broadly affecting future transportation demand. Their primary limitations are
cost and frequency.

Each survey type uses methodologies to balance data accuracy, respondent burden, and the
need for comprehensive fravel behavior insights. For example, the 2017 NHTS datasets used a
combined telephone and online survey mode, but the 2022 NHTS was conducted
predominantly online, with a mail version offered for those who requested it.

Also, some surveys may opt for multi-day smartphone Global Positioning System (GPS) surveys for
data collection instead of traditional surveys like travel diaries, depending mainly on the agency
objectives, budget available, and survey confractor offerings. Although various methods may
offer improved opportunities, they can also introduce distinct biases and limitations that should
be carefully considered when modeling data.
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Non-Household Surveys

Unlike household travel surveys, which provide insights into residents' daily travel patterns, non-
household fravel surveys focus on other important segments, such as visitors, commuters, and
freight.

e Onboard fransit surveys are collected directly from public transportation passengers in
regions with significant transit ridership to facilitate future regional transit investment planning.
National-level onboard transit survey data can be accessed through transit agencies or
Federal repositories like the NTD. Transit agencies like the Miami-Dade Transit, Jacksonville
Transportation Authority, and the Central Florida Regional Transportation Authority (LYNX)
conduct these surveys in Florida. Survey results are summarized in reports and published on
the agencies' websites, while raw data may be provided upon formal request.

e Visitor surveys capture tourists' distinct travel patterns and behaviors, which differ significantly
from residents. In areas with high visitor volumes, such as Florida, it becomes essential to
extend traditional fravel demand models by incorporating specific visitor demand segments
to improve the accuracy of travel forecasts. Florida's fourism board, Visit Florida, regularly
conducts visitor surveys at the statewide level. Additionally, many regional tourism boards
publish summarized visitor survey reports on their websites. However, detailed data or
complete reports from Visit Florida and certain municipalities, such as Visit Orlando, require a
paid membership for access.

Information from visitor surveys has been used in Florida models, including SERPM, CFRPM,
and TBRPM. However, the data are limited, and the scope of these surveys is not as extensive
as desired to provide a complete picture of visitor fravel patterns. As with specialized
household surveys, special visitor surveys are expensive and infrequent.

o Freight surveys collect data from industries that ship commodities. Freight survey data is
collected by the Bureau of Transportation Statistics (BTS) and may be part of more extensive
studies like the Commodity Flow Survey (CES)—the only publicly available national data
source for highway freight. In Florida, FDOT's Freight & Rail Office (FRO) conducts and
oversees freight surveys and other freight-related data collection. The FRO publishes
summary reports and findings from these surveys, which can be accessed through the FDOT
website. Also, the FRO updates the Freight Mobility and Trade Plan (FMTP), which includes
data from various freight surveys. The primary freight survey product used in Florida is the
Freight Analysis Framework (the latest version is FAFS). It is derived primarily from the CFS. The
data provides freight trips from Origin to Destination incorporating all infermediate unlinked
modes and segments. Assigned flows are available in GIS and tabular O-D format. It is used
to develop freight and fruck models at various geographic scales.

Origin-Destination Data

This data is important for model calibration and validation. It assesses whether the model
replicates real-world travel patterns as reasonably as possible. While many sources offer this
information at a cost, the only publicly available source of journey-to-work O-D data is the
Census Transportation Planning Products (CTPP), produced by the AASHTO Census
Transportation Solutions (ACTS) Program. American Community Survey (ACS) data derive the
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CTPP tabulations using annualized data over a 5-year period that are staftistically aggregated to
improve explanatory power.

In addition, CTPP provides additional cross-tabulations specifically for fransportation planning
and modeling that are unavailable via the decennial Census or the ACS. CTPP data calibrate
and validate travel characteristics such as how many persons fravel alone and the average
travel time to work. The CTPP only provides O-D data for trips fo and from the workplace. Other
sources, such as household travel surveys, would be needed to capture all other trip types. FDOT
and all regional models use CTPP data for modeling purposes.

Collecting Data for Travel Demand Modeling

Data collection efforts can be costly in terms of both time and money. The data inventory
completed at the beginning of model development will help the model development team
decide which data to use and how much to spend on collection or purchase.

If a significant data collection effort cannot be funded, it may be possible to borrow data or
models from other sources, such as an area with similar sociodemographic and geographic
characteristics, preferably in a region that has recently conducted travel behavior surveys.

An assessment of similarities among different regions and urban areas for borrowing model
parameters should include the following considerations:

e What are the similarities in the lifestyle and employment characteristics of the regions?2

- Population concentrations of refirees, students, or tourists.
- Employment activities include warehousing, industries, Government, and tourist
attractions.

e Are the physical geography and development patterns similar?

- For example, do the regions contain elongated coastal development like Southeast
Florida, or do sizeable internal water bodies or bays define the regions?

o Whatis the availability of transit technologies/services for each region?

- For example, is transit service in both regions primarily all-day local bus service, or do they
both have fixed guideway fransit systems?

¢ What are the congestion patterns between regions?

- For example, are there similar peak spreading patterns, commercial vehicle tfrip patterns,
or tourist trip patterns?

Model developers should reference the previously described data inventory and use the list to
gather all necessary data from relevant sources systematically.

New Data Collection Approaches

In recent years, the proliferation of probes, GPS, online survey resources, and mobile apps,
among others, has led to an increase in available data that may be used for fransportation
planning. Among the data types available from these tools are speed, count, and O-D data.
The sample sizes available are significant compared to similar survey data, and the cost per
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record is commensurately lower. However, while very useful for planning, the data collected via
this means lacks contextual information in traditional surveys, such as trip purpose and trip maker
income. To overcome these limitations, the following approach is typically used:

¢ Combining population, employment, and other characteristics in survey or census data.
- Several data fusion techniques may be applied, including:

»  Statistical matching.
»  Bayesian data fusion.
»  Machine learning methods.

- These data fusion techniques are detailed in fransportation and statistics journals.

Collection Protocol for Developing a New Travel Demand Model

When developing a new fravel demand model, data collection should begin well before the
model’s creation. Ideally, the process should start af least 12 to 18 months before the model is
expected to be finalized. This allows ample time to design surveys, conduct data collection,
process and clean the data, and integrate it into the model. The timeline for preparing specific
data is as follows:

e Land Use Data:

Since these datasets are more readily available from national or state transportation
agencies, the timeline for collecting them might be short, typically 1 to 3 months, depending
on the need for updates or adjustments to the data. It is important to simultaneously source
the fransportation network data with the zonal data to define TAZs.

e Transportation Network Data:

Count data from sources like FDOT and local agencies are usually readily available.
Sometimes, supplementary count data is needed to enhance the ability to perform
validation comparisons. In such instances, more time will be required, up to 4—6 months,
depending on the level of data cleanup required.

e Behavioral Data:

- Household surveys: The primary type of behavioral data. Designing and conducting a
household fravel survey is one of the most time-consuming aspects of data collection for
a new model. Survey development can take between 3 and 6 months, including
designing the questionnaire, selecting a survey firm, pilot testing, and obtaining
necessary approvals. Survey fielding and data collection may span 3 fo 6 months,
depending on the intended sample size, data collection method, and response rates.
Data cleaning, processing, and validation can take 2 to 4 months. The entire process,
from survey design to data readiness, may fake up to a year or more.

- Specialized Surveys: If specialized surveys (such as freight or visitor surveys) are required,
sourcing and integrating these datasets should start at least 12 months before model
development. Negotiating data access agreements with vendors or research institutions
may add fime.

Systems Forecasting
& Trends Office 31

—




Systems Forecasting
& Trends Office 32

—

3. Preparing Model Data Revised March 2025

- Ofther Data: The timeline for other private-sourced data is typically shorter than for
specialized or household surveys because they are usually purchased as a package of
data that has already been refined. In some cases, the raw data may be manipulated
for custom tabulations and outputs so that the fimeline may vary depending on the
need.

Collection Protocol for Updating an Existing Model

When updating an existing travel demand model, the data collection timeline can be more
flexible, focusing on gathering new data that reflects recent changes or filing gaps in the
existing model. If a new household fravel survey is needed, the timeline will mirror that of a new
model, potentially requiring a year or more. However, in many cases, existing survey data (such
as the NHTS) can be updated or supplemented with smaller, targeted surveys, reducing the
timeline. Other data sources take less time, typically 1 to 3 months, since updates would have
been made to the data by the data-providing agency. Overall, the data collection process for
an existing model takes about 6 to ? months and is heavily dependent on model complexity.

Checking and Correcting Data (QA/QC)

Data integrity checks involve all data types that modelers work with and include ensuring that
the datasets are complete and do not contain apparent flaws. Common examples of flaws
may consist of:

e Incomplete records such as zones with population values but no households.
e Missing records where values for known geography that should have values are absent.
o Known outlier values that are outside of reasonable ranges.

e Values in the wrong format, such as numeric data in text attributes and vice versa.

Oftherissues may include:
e Wrong data, such as information from a different area.
e Incorrect mapping projections that cause alignment problems.

¢ Duplicate ID values or ‘keys’ for attributes that need to be unique.

The approach to resolving these data quality problems will depend on the data type
described in the following sections.

Land Use and Socioeconomic Data

Validation Checks: The primary aggregate validation checks for socioeconomic data involve
summing Traffic Analysis Zone (TAZ) data by geographic districts of interest and comparing it to
observed conftrol totals for the same geographies. These comparisons may include the number
of persons, workers, households, school enroliment, income level and/or auto ownership, and
employment. They help compare historical data from local and national sources such as the
Census and the NHTS. This enables the estimation of parameters like mean vehicle ownership,
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median incomes, and household size distributions. In addition, TAZ data can be sorted o identify
outliers using robust statistical methods.

Reasonableness Checks: GIS plots are one method of checking for reasonableness. Several
relationships among variables, such as persons per household, jobs per person, jobs per worker,
autos per household, and employment and population densities, can be sorted or mapped
using GIS. Thematic mapping is a valuable tool for easily depicting densities and other tfrends.
Base and forecast year data can be compared visually for reasonable growth rates using GIS.

Sensitivity Checks: Sensitivity checks for socioeconomic data are mainly carried out after the
model has been developed. This task adds or subtracts activities (e.g., households, retail
employment) in a TAZ and evaluates its fravel impact (e.g., traffic volume). It is reasonable to
expect increased activity to correlate with higher tfravel volumes and vice versa, especially near
the adjusted TAZ. Although it may not be feasible to apply sensitivity checks to every TAZ, a
representative sample covering various development and area types can be selected for these
checks.

Transportation Network Data

Geospatial Accuracy: Like land use and transportation network data, consistency checks can
be performed using summaries, sorting, and visual displays for comparison with independently
summarized data for the same strata. For example, highway link speeds can be sorted and/or
outlined by facility type, speed limit, and area type and compared to similar summaries from
available GIS data. Highway network maps include color-coding or posting of attributes such as
area types, facility types, lanes, screen lines, traffic counts, and speeds. Color coding allows
quick identification of spuriously coded network values. Transit network maps can display fransit
routes by mode (e.g., local bus, express bus, and fixed guideway), headway, operating periods,
stations, and access connectors.

Connectivity Checks: Connectivity checks and checking that one-way links are coded correctly
and in the correct direction should be performed. Minimum travel-time paths (e.g., time,
distance, cost) can be built “on the fly” using the modeling software to check for connectivity,
directionality, logic, and consistency. The following is a summary of guidelines to consider when
coding centroid connectors:

e Cenfroid connectors should represent realistic roadway and transit access.

e Cenftroid connectors should not cross artificial or natural barriers, such as lakes, swamps,
rivers, railroad tracks, and limited access highways.

e Sufficient centroid connectors should be included to avoid loading too many trips onto one
roadway network link.

e Cenftroid connectors should not be connected at intersections or directly to interstate ramps.

¢ When two centroid connectors are connected to the same roadway segment, a certain
distance should separate the access points, and the logical direction of trips from each
should be away from each other.
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Figure 1 provides three examples of coding centroid connectors about physical geography,
street patterns, and subdivision access. TAZs are depicted with different fill colors, a dot
represents centroids, and centroid connectors are depicted as dashed lines with arrowheads.

Figure 1 Centroid and Centroid Connector Coding Example
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Traffic and Transit

Reasonableness Checks: Traffic and fransit volume consistency can be checked by comparing
volumes across different times and days to ensure they follow expected patterns. If anomalies
are found, the causes (e.g., data collection or equipment errors, femporary disruptions) should
be investigated. Inconsistencies and outlier points that cannot be validated should be removed.

Validation and Verification Checks: Current traffic and transit data should be cross-referenced
against historical records to identify trends or deviations. If deviations are unjustified, compare
data with data from other sources and adjust if necessary. Field verifications may sometimes be
required to validate reported fraffic volumes, speeds, and ridership figures.

Accuracy Checks: Ensuring femporal and spatial matching between the fraffic/transit data and
the corresponding network and zonal data is also important.

Travel Behavior Data

Surveys

Missing Data: This occurs when gaps or blank cells appear in the dataset. This can result from
respondents’ oversight or intentional decision not to answer, equipment failures, or lost files. The
cause of missing data is needed to determine the appropriate correction method. When data
are missing af random, the absence can be accounted for by variables with complete
information, and several imputation methods can be used to fill in the missing data. However,
imputations could be inappropriate when missing data is infentional (e.g., a respondent's
decision not to complete a survey question). In such cases, the best action might be to delete
the entire data point for those responses.

Representativeness and Statistical Inference: For data to be suitable for staftistical inference, the
sample must reasonably represent the target population. The demographic distribution of survey
responses should be compared with known demographic data of the region, such as Census
information, fo ensure consistency in population characteristics like age distribution, income
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levels, and vehicle ownership. Because of discrepancies in group response rates, it is not
uncommon for some groups to be over-represented or under-represented. Adjustments can be
made by expanding group sizes using weighting factors to ensure that the survey results
accurately represent the target population.

Identifying and Handling Outliers: Most survey firms use several data-checking algorithms to
locate and remove unreasonable and problematic responses, such as inattentive respondents,
duplicates, and responses from speeders. However, the algorithms may not identify all
problematic responses, and checking for outliers may ensure better data quality. Box plots,
scafterplots, and histograms can reveal the distribution of a single variable or the relationship
between two variables. Identifying outliers through only visualization may be subjective. Methods
like the interquartile range method or the Z-score method can be used to define the boundary
of an outlier or measure the standard deviation of a data point from the mean. Observations
that deviate from the general distribution may be outliers and should be removed or re-
assessed.

Validation and Verification Checks: Statistical methods, such as calculating mean trip lengths or
fravel fimes, can be applied to the survey data and compared with historical data or expected
ranges. If significant deviations occur, adjustments or exclusions can be made depending on
the reason for the deviation (e.g., survey method, outliers). In 2022 NHTS data, for example,
validation checks confirmed that the number of household vehicles in the Household file
matched the number of vehicle records in the Vehicle file.

Respondents with outliers may be recontacted to verify the accuracy of the initial responses.
Further verifications may be necessary before exclusion. Outliers may be cross-checked with
other variables in the survey. For example, a long fravel distance might be legitimate if the
mode of fransport is air travel, which should be reflected in other variables. Outliers may also be
compared with external data sources such as historical fravel patterns. It is possible that some
outliers accurately reflect the characteristics of a segment of the population (e.g., the
excessively high shopping behavior of shopaholics). If, after exnausting all steps in the validation,
verification, and recontact process, the necessary corrections cannot be made due to
insufficient information, the records can be removed.

Several publicly available resources provide detailed information on the methodology, data
cleaning, and handling of missing data in travel surveys.

e Statistical Policy and Research BTS Guide to Good Statistical Practice 4. Processing Data,”
which can be accessed on the BTS website at
https://www.bts.gov/archive/publications/bts _guide to statistical policy/chapter4.

e The NHTS User Guide provides documentation for each NHTS data-collection cycle. Microsoft
Word—2022 NextGen NHTS User's Guide V2 PubUse.docx (ornl.gov).

Next Steps

Whether developing a new model or updating an existing one, gathering data for land use,
transportation networks, and behavioral inputs requires careful planning, appropriate timing,
and robust methodologies. Following the practices outlined in this chapter lays the groundwork
for effective model development and refinement.
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4. Developing and Refining the Base Year
Mode|

After obtaining relevant data and taking appropriate steps to prepare it, the process of
developing and refining models for use in the planning process can begin. This chapter focuses
on model architecture, calibration and validation, developing the base year scenario, and
standardizing reports and outputs.

Model Architecture

Model architecture refers to the overall structure and flow of the model. It represents the
organization of data, sequences, assumptions and algorithms in the modeling process. Before
building the model architecture, the anticipated uses of the model should be considered,
including desired outputs and analytical functions required by users and stakeholders. These
include project intent, data availability, and resource needs which are covered in detail in
Chapter 2—Preparing for Model Development, and Chapter 3—Preparing Model Data.

The steps in the model architecture design process are undertaken concurrently, because they
are interdependent. For example, the available resources and data availability will have an
impact on the type of model that is built. Similarly, the requirements of a model may inform
stakeholders' willingness to procure data and secure available resources.

There are many types of fravel models available for use in forecasting, but the two most
common are the Trip-Based Model and the Activity-Based Model. The model approaches and
types of trip distribution models are detailed in Table 2 and Table 3.
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Table 2 Modeling Approaches
Model Step General Description Subcategory Primary Inputs How it Works
TRIP-BASED
How Many Aggregate trips made in Aggregate Population, Households, Cross-Classification
Trips@ model region. Represented Approach Employment, Income, Venhicle Estimated survey coefficients by
(Trip by Productions (P's) and ownership, School/University  defined input categories applied to
Generation) Attractions (A's) by Traffic Enroliment, Shopping Centers corresponding input data for
Analysis Zone (TAZ) category
Regression—Estimated coefficients
applied directly to inputs based on
estimated relationships
Disaggregate Simulated population, Simulated Simulated population and
Approach households, Employment, household of model region used in
Income, Vehicle Ownership, statistical choice models to
School/University enrollment,  determine total trips per individual /
Shopping Centers household and region by zone
Where are the Determination of all the zones Gravity Model P and A data from Trip Trips more likely to be attracted to
Trips Going? where the P's from each end Generation stage, areas with lower fravel impedance
(Trip up as (A's) Travel impedance data (fime and cosf) and also large
Distribution) Represented as a table of including fravel time and cost for relafive afiractiveness between the
zone pairs (P's) and (A's) all zone pair combinations.  fwo.Large generators go fo larger
attractors.
Destination P data from the Trip Generation, Probability of fravel to various
attractiveness data— traveler characteristics
Employment, School Enrollment (disaggregate) or average
population characteristics of zone
and cost (fime and monetary
expense) between zones
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Model Step General Description Subcategory Primary Inputs How it Works

What Mode is  Determines the mode used Discrete Income, auto availability, age, Probability of a trip using a
used? for a trip between an origin  Choice models population density and particular mode based on
(Mode and destination zone. accessibility. Travel fime data for  simulated person characteristics,
Choice) all modes, cost, availability of availability of competing modes,

density of O and D zones, fravel
tfimes of each mode, cost.

modes, perceived comfort of
modes, trip purpose

ACTIVITY-BASED

How Many Series of interconnected
Tours and choice models applied to
Trips? each simulated person

based on income, age,
employment, household size,
number of autos and others.

Simulated population, Simulated Statistical choice models applied to
households, Detailed each simulated person and
employment, Income, Vehicle household to obtain number of trips
Ownership, Age made based on time of departure,
School/University enrollment, purpose of trip, traveling alone or
shopping center locations with others.

Where are the Determine all the zones to
Tours and Trips  which each simulated person

Destination Choice model that
determines the probability of fravel

Data on all tours/trips for every
simulated person and

Going? will make a tour and household. Travel impedance to various destinations based on
eventually a frip of a data including travel fime and each simulated person's
particular purpose cost for all zone pair characteristics, the characteristics
combinations. Information on of destination zones and the cost
trips that make up tours. Joint (time and monetary expense) of
travel activity. Data on travel between all zone pairs
destination zone characteristics
like employment
What Mode is  Determines the mode used Discrete Household and personal Probability of a frip using a
used? by a simulated personfo  Choice models  characteristics from land use particular mode based on

make a trip between an
origin and destination zone.

simulated person characteristics,

availability of competing modes,

density of O and D zones, travel
times of each mode, cost.

data such as income, auto
availability, age, population
density and accessibility. Travel
time data for all modes, cost,
availability of modes, perceived
comfort of modes, trip purpose,
accessibility of zone.
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Table 3 Choice Model Types
Feature Gravity Model Destination Choice Model Discrete Choice Model
Focus Aggregate trip flows Behavioral destination choice Individual decision-making
Inputs Zone-level data Zone and behavioral data Individual-level data
Outputs O's and D’s from Trip distribution Probabilities of destination choice  Probabilities of alternative choices
leading fo O’s and D’s from Trip
Distribution
Flexibility Limited Moderate High
Application Trip distribution Trip distribution Trip Choice, Mode choice,
Route choice
Behavioral Detail Minimal Moderate High
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Trip-Based Modeling Approach

Trip-based is the original modeling approach and serves as the foundation for fravel demand
modeling. It provides a sequential approach to predicting travel behaviors. It consists of four
steps and involves iterative processes. The steps include:

Step 1: Trip Generation

Trip generation focuses on estimating the number of trips created in the model. This includes frips
produced and atftracted by households, businesses, or other establishments within a Traffic
Analysis Zone (TAZ). Every trip has two ends: a trip production and a trip attraction. Trip
productions are the locations where trips begin, while trip attractions are where trips end. For
example, a trip could be produced at a home and attracted to a workplace, school, or
shopping center.

Step 2: Trip Distribution

Trip distribution determines where the trips generated in Step 1 are going. It allocates trips
between origin and destination pairs by considering factors such as impedance (travel distance,
time, cost) and the relative attractiveness of each destination. The more atftractive the
destination, the more trips will be drawn to it, while the opposite is frue for the impedance where
if the impedance rises, the likelihood of fravel between two zones is reduced.

Step 3: Mode Choice

Mode choice, or mode split, focuses on determining which mode of transportation people will
use for their trips, applying factors to reflect the relative proportions of trips made by competing
modes. These modes include driving, public transit, biking, walking, or carpooling. A mode can
also be broken down into smaller sub-divisions; for example, automobiles can be divided into
single-occupant vehicles (SOVs) and high-occupancy vehicles (HOVs) and transit into various
forms of bus, rail, and ferry where applicable.

Step 4: Traffic Assignment

Traffic assignment involves assigning trips developed in the mode choice step to specific routes
or paths through the transportation network. The goal is to model the routes travelers will follow
to their destination and assess how the transportation system will accommodate the demand,
including congestion effects. It uses network input data such as roadway speeds, roadway
facility type, area type, tolls, fransit lines, and other key inputs.

Traffic assignment methods are categorized based on their complexity, data requirements,
computational demand, and assumptions about fraveler behavior and network conditions. The
following are typical fraffic assignment methods:

o User equilibrium assignment is the most common method used by models. In this method,
fravelers adjust their routes in response to congestion, ensuring no traveler can reduce their
travel time by switching routes. It reflects real-world traffic conditions where travelers spread
out across multiple routes.
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e All-or-nothing assignment assumes that all trips between origin-destination pairs take the
shortest available path, typically based on free-flow travel times. This method works best
when volumes are low and congestion effects are negligible. It is useful for preliminary
analyses, truck pre-loading, or sefting up a base scenario before applying more complex
assignment methods that represent actual behavior.

¢ Dynamic traffic assignment is used for specialized models such as evacuation modeling or
traffic operations analysis via microsimulation. In this method, traffic flow (mesoscopic) or
individual vehicles and their driving dynamics, such as acceleration, deceleration, and
qgueueing, are modeled to account for demand during specific time periods in dynamic
response to traffic conditions.

Activity-Based Modeling Approach

Activity-based modeling uses the entire population of the region of interest to simulate known
group characteristics like age, occupation, sex, and race. Each simulated person is allocated to
a simulated household, and the model processes are a series of inferconnected choices made
by the simulated individuals. The interconnected choices are called the Activity Sequence. The
choices considered in the sequence include:

e Does a frip need to be made?

e Whatis the primary purpose of the trip?

e Whatis the primary destination of that trip2

e  When will the trip be made?

e Wil the trip be made with others or will the simulated person go alone?
e Will there be intfermediate stops before the primary destination?

e Whatis the mode to be used?

The considerations are similar to the aggregate steps in the four-step process. The primary
difference is the process is done in a disaggregate manner at the level of a single-person record.
The decisions of each simulated person are aggregated info journal entries of tour and trip
records, similar to results from surveys, and further aggregated to trip tables by purpose and
mode. There is also consideration for joint frip activity, and time of trip departure. Traffic
assignment, the final step follows the preparation of trip tables and is identical in execution to
what is done in Trip-Based models.

When to Use Trip-Based vs Activity-Based Models

The trip-based approach is useful for scenarios that involve basic capacity analyses. Since its
initial development, the range of uses has been expanded to include items like Project
Development & Environment (PD&E), interchange justification/modification report, and corridor
analyses.
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In recent years, there has been an emphasis on other transportation concerns like travel
demand management, Intelligent Transportation Systems (ITS) implementation, and others that
are not represented well by the sequential aggregate trip-based approach. The activity-based
approach better captures actual trip patterns given that the cumulative fransportation
decisions of each person are captured as they make related tours and associated frips. This
functionality is required when there is a desire to evaluate for example, the impacts of shifting
trip departure time, or the impact of variable tolling in managed lanes on congestion that the
aggregate trip-based approach has difficulty representing.

Calibration and Validation

Travel demand models are powerful tools that require rigorous calibration and validation efforts
after initial model development to ensure the reasonableness and reliability of results.

After specific model architecture has been designed and the basic structure is setup following
estimation, the model is assembled from available data. This is the core component of model
development and involves verifying default inputs, checking the reasonableness of results, and
adjusting parameters as necessary until results make sense.

e Verifying Inputs

Verification of inputs involves checking all the data, scripts, and parameters necessary to
build, test, and refine the model. This involves making sure that all the data necessary for
model development is available and that it is of high quality and suitable for use in
developing a model that will produce reasonable results. Chapter 3, Preparing Model Data,
details how to check key input data categories and perform general QA/QC for model use.

e Checking Reasonableness

This process involves running the model with the initial inputs to produce baseline results.
These results are systematically analyzed using tools such as spreadsheet summaries to
compare key performance mefrics against validation targets (e.g., observed data). Visual
analysis through charts and maps is employed to highlight discrepancies such as
overestimated frip volumes or mode shares that deviate significantly from observed trends.

e Adjusting Parameters

Once reasonableness checks have been undertaken and discrepancies identified, it is
necessary to adjust parameters and re-check inputs until the model produces results that
make sense and allow confidence in its use. The identified discrepancy will dictate the
required adjustments. Every step in the process should be scrutinized to determine the
appropriate changes to be made.

It is important to recognize that verifying inputs, checking reasonableness, and adjusting
parameters are interrelated and must be undertaken as a group. The general process of
verification and adjustment of models during model development is referred to as calibration
and validation.
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Model Calibration

Travel demand models are closed systems frying to represent an open system—the real world—
where human behavior is influenced by constantly changing factors, some of which may be
unpredictable or inconsistent. Consequently, fravel demand models are inherently limited in
their ability to capture all the variables and relationships that affect human decision-making. As
aresult, key information may be missed or inaccurately reflected, reducing explanatory power
and creating significant discrepancies between predicted and observed fravel behavior when
checked for reasonableness. Calibration is necessary to minimize these deviations by refining
initial estimates developed in estimation or assertion of parameters to better align predicted
outcomes with real-world observations.

Model Validation

While calibration adjusts model parameters to better fit the vetted data used to create the
model, validation ensures that these parameters hold true against other independent datasets
that were not part of the estimation process, providing a check against overfitting. It is different
from calibratfion because it focuses on using an independent dataset and is infended to provide
an assurance of reasonableness that stakeholders desire to ensure confidence in forecasting. A
common validation method compares the model’s estimated traffic volumes on specific
corridors with observed traffic counts. If the model accurately captures these volumes, it
suggests that the traffic assignment process is performing well. Similarly, mode choice validation
can involve checking the predicted share of trips by different modes (e.g., car, transit, walking)
against known ridership or survey data.

Validation is not just about ensuring the model works with the current data but also about
confirming that the model will hold up in future scenarios, such as new infrastructure projects,
policy changes, or demographic shifts. Ideally, the observed data used in validation are data
not used for model estimation or calibration, but this is not always feasible. Validation data may
include additional data collected for the same year as the estimation or calibration of the
model or data collected for an alternative year. Sensitivity testing (using alternative input data or
assumptions) of individual model components and the entire model set is also necessary when
validating a model. A well-conducted validation procedure provides the confidence that the
model can reliably inform decision-making in real-world planning.

Preparing for Model Calibration and Validation

Before beginning model calibration and validation, consideration should be given to selecting
and verifying the right data, setting benchmarks and accuracy guidelines, and addressing
unique circumstances that may impact the process.

Selecting and Verifying the Right Data

Adequate preparation for model validation begins with choosing appropriate input data,
including socioeconomic data and transportation network data. Input data must be
continuously reviewed throughout the validation process, because errors in the data might not
become apparent until the model is executed. Socioeconomic data and networks should be
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verified early, since trip generation models rely heavily on accurate input data. Examples of
items to be checked include:

e Total population and households per zone.
e Population per household where the ratio is less than 1.
e Zones with population but no households and vice-versa.

e Missing network afttributes like speeds and area types.

Setting Benchmarks and Accuracy Guidelines

Different stages of the fravel demand model require specific benchmarks. These have been
developed throughout the modeling practice based on historical precedent and planning
experience to ensure that results make sense from the perspective of reliability, reasonableness,
and accuracy. The benchmarks also encourage confidence in applying models and
disseminating results by providing an agreed-upon standard in which all stakeholders are
invested.

e Trip Generation Model Benchmarks

The results of trip generation are the primary driver of all calculated trip activity in subsequent
trip steps. Consequently, meeting benchmark results for trip generation is among the most
important for model validation purposes. These benchmarks ensure that the resulting frip
activity is reasonable relative to the input population, household, school enrollment, and
employment. They are typically represented as ranges to allow for regional and behavioral
variations in modeling jurisdiction. Examples of benchmark metrics for trip generation
include:

- Total number of frips.

- Total number of trips per zone.

- Aggregate number of trips per household in the model.
- Number of trips per household by zone.

- Number of trips per worker in a zone.

e Trip Distribution Model Benchmarks

Trip distribution benchmarks are established to ensure that the model’s assignment aligns
with observed fravel behavior captured in household surveys, other fravel surveys, and
available origin-destination (O-D) data sources. Examples of benchmark metrics for trip
distribution include:

- Average trip length by frip purpose.

- Trip length frequency distributions.

- Percent of intrazonal (within the same zone) travel.
- Coincidence ratios.

e Mode Choice Model Benchmarks

Owing to the relatively low non-auto mode share in most regions of the country and the
highly variable fransit availability outside of large urban metropolitan regions, benchmark
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values for mode choice are less well developed than for other steps in the modeling process.
In lieu of standard benchmarks, direct validation comparisons of trip totals by mode and
purpose to observed data for the region of interest are undertaken. Example comparisons
include:

- Transit ridership totals from agencies versus model station boarding/alighting.

- Household fravel/activity survey comparisons where transit or other modes are involved.
- Census data for work travel (CTPP).

- National Household Travel Survey (NHTS).

- Ofther surveys like Transit Onboard Surveys.

o Traffic Assignment Model Benchmarks

Traffic assignment, as the final step in the four-step modeling process, provides the
opportunity for direct comparisons with readily observed traffic, making it the stage where
the most extensive set of benchmarks is typically applied. Benchmarks for traffic assignment
involve checking how well the model replicates real-world conditions, focusing on minimizing
variances between modeled and observed data. Common industry standard benchmark
meftrics include:

- Correlation of model volumes to counts.

- Total volume on links with counts to actual counts.

- Root mean square error (RMSE) comparisons.

- Aggregate total vehicle fravel activity in the model, such as by miles and hours, and the
comparison to inputs like population.

- Comparisons by sub-categories such as:

» By volume group.

» Roadway facility types (interstates, arterials, collectors, etc.)

» By geographic district.

» By assignment fime period (AM peak, midday, PM peak, off-peak].

»  Speed calibration by type of facility, particularly along corridors [less common].

Special Circumstances

After the benchmarks are reviewed and compared, some situations may need further review
and adjustment such as special generators, trip tables with no survey data, travel time
discrepancies, and other adjustments. These common special circumstances are described
below.

¢ Handling Special Generators

After the overall calibration and validation are complete and the results are satisfactory,
there is a need to look closer at some locations. Locations like universities, airports, theme
parks, and hospitals generate higher-than-normal frip volumes. Standard trip generation
rates do not account for these specific conditions. Custom frip rates or adjustments may
need to be implemented based on the specific nature of the generator. For example,
university trips may be estimated using student and staff numbers, class schedules, and
events like sports games that increase traffic.
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e Estimating Trip Table Without Survey Data

Large-scale fravel surveys can be expensive and fime-consuming. When survey data is
unavailable, traffic flow, mobile phone, GPS, or vehicle identification data can be used to
estimate the frip table. The data sourced used depends on the data quality and network
structure, and congestion must be considered in the estimation process. There are other
concerns when using these alternative data sets such as the lack of contextual information.

e Resolving Travel Time Discrepancies

Typically, there are differences between the initial travel fimes used to calculate
impedances in trip distribution and mode split and those resulting from fraffic assignment,
because the latter reflects real-world congestion. To address these discrepancies, travel
times from traffic assignment are commonly fed back into earlier steps, such as the
beginning of frip distribution, and the subsequent steps are rerun until an equilibrium is
reached. Classical methods, such as the Method of Successive Averages (MSA), are
commonly used to determine when the change in output values between feedback runs is
small enough to indicate a stable result (known as convergence). Typically, feedback is
received in regions that realize regular congestion for at least some periods of the day. This is
not generally a concern in uncongested regions.

¢ Understanding Defensible Adjustments

All parameter adjustments must be reasonable, defensible, and properly documented. Since
various validation tfechniques have been employed in Florida, it is important to understand
the types of adjustments used for Florida models. This allows for guidance for when
adjustments are not reasonable in model development and updates. Chapter 6, Resources,
provides references to Florida-specific and national resources on reasonable calibration and
validation adjustments and benchmarks.

Calibrating and Validating New versus Existing Models

Calibrating a new model is a data-intensive process and requires establishing baseline
relationships that demand multiple iterations of model parameter tweaks to achieve equilibrium.
Each step of the four-step model must be calibrated individually and sequentially, with
comprehensive data collection at every stage. Similarly, validation in a new model requires
verifying each step following calibration sequentially fo ensure each produces outputs that fall
within acceptable benchmarks. Because of the sequential nature of the process, errors will
cascade, so it is just as important to calibrate and validate earlier steps as later steps.

For an existing model, calibration and validation efforts may be more focused and targeted,
concentrating on updating specific inputs or parameters. Given that the existing model has
already undergone calibration and validation in its inifial development, the requirements for
calibration may be more relaxed unless significant structural model changes have been
infroduced, or behavioral pafterns have changed from the last calibration effort. Adjustments
are typically incremental and fine-tuned to specific datasets or evolving fravel behaviors.
However, it is critical fo ensure that these targeted adjustments maintain overall consistency and
do not disrupt the integrity of the model by worsening calibration and validation results as a
whole. As with calibrating and validating new models, it is important to check results against
benchmarks to verify results.
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Increasing Model Reliability and Accuracy

Model calibration and validation are completed as an iterative procedure during the
development and refinement stages of the modeling process. Validation may include some
calibration components if household survey data are available; however, survey data are not
required when adjusting the model to match traffic counts and parameter adjustments are
making no structural changes. It is best practice to examine every step of the modeling process
in detail. For example:

e Trip generation rates can initially be adjusted based on surveys to ensure benchmark results
are realized. After at least one complete iteration, further adjustments may be necessary to
enable the correct magnitude of trips in assignment results that better fit local traffic counts,
particularly when there are special generators or unique conditions in the study area.

e Trip distribution will require tuning the behavioral response to fravel impedance (fravel time
or cost). This will also be based on survey data. Examples of adjustments include:

- Friction factor edits.
- Choice Model coefficient edits (if using destination choice).
- Adjustment of infrazonal trip percentages.

These adjustments ensure more realistic trip patterns between zones. This may be confirmed
by including a trip length frequency distribution, average trip length, and other checks
outlined in the benchmark section that make sense for trip purpose and geography.

e For mode split, the initial estimates of transit ridership may need adjustment based on
observed transit usage, information from recent onboard survey data, or other data
conveying emerging frends in fravel behavior. This may include adjusting coefficients related
to travel times, waiting times, cost, and accessibility. It is particularly important to ensure that
trip distribution and mode choice adjustments are made as a singular effort with a close eye
on each step, as fransit and non-motorized trip-making are location-specific. Consequently,
poor trip distribution results will have an outsized impact on mode choice.

e Traffic assignment will also require extensive adjustments to enhance validation, but they
typically do not require survey data. Several items may be investigated, including:

- Adjustments to the network's link capacities and speeds within reason.

»  Checking functional class/facility types.
»  Checking area types.
»  Adjusting input free-flow speed based on probe data.

- Careful evaluation of centroid connector loading points for trips and deletion/addition of
shifting locations as necessary to represent realistic traffic loading patterns.
- Careful evaluation of network fidelity

» There may be a need to include links to ensure critical connectivity that otherwise
would be omitted.
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»  Ensuring that items like ramp loading, collector-distributor representation, one-way
patterns, and grade separations versus at-grade intersections are correctly
represented.

»  Proper representation of tolling and traffic prohibitions.

Guidelines for calibration and validation represent optimum levels of accuracy that are
practically achievable following a comprehensive validation effort after each step. In many
cases, however, model validation efforts are focused on highway assignment statistics, with
minimal effort expended on validating trip generation, trip distribution, and mode choice. In
such cases, the model may not correctly capture the trip-making behavior patterns in the
region. It is essential to focus on all the steps together to minimize the likelihood of this
occurrence.

Charting a course for model calibration and validation is easier with some combination of local
area knowledge, understanding what constitutes acceptable model results, and knowledge
and experience of the cause and effect of different model adjustments.

Setting Accuracy Guidelines During Validation

Sefting accuracy guidelines in travel demand model validation requires a thoughtful, context-
sensitive approach. While numerical benchmarks can provide general guidance, the models
used in fransportation planning are applied to diverse contexts, each with unique datasets,
assumptions, and objectives. Relying on rigid, universal metrics may lead to suboptimal
outcomes. Instead, accuracy guidelines must reflect the specific characteristics and goals of
each project.

For instance, in a highway study, the primary outputs might be roadway volumes and speeds,
whereas in a fransit study, the focus might be on ridership levels at specific stations. Infermediate
oufputs such as average trip lengths or percent infrazonal trips do not directly influence planning
decisions, although they are crucial for ensuring the accuracy of final results. Intermediate
outputs contribute to the overall reliability of the model, because errors in the early stages will
compound and affect the final outputs.

One of the challenges in validation is determining acceptable error ranges. Chapter 6 of
Developing a Model, Resources, provides links to various travel modeling benchmarks with
acceptable error ranges, such as the National Cooperative Highway Research Program
(NCHRP) Reports 365 and 716 and Florida model validation reports.

While the reports provide guidelines, specific model use cases may require exceptions to the
recommended guidelines to be considered. For example, underestimating transit ridership by 20
percent might still allow for a successful project, but a similar error in forecasting roadway
congestion could result in infrastructure that fails to meet demand. As a result, error ranges must
be defined based on the project’s context and expert planning and engineering judgment.
Generally, if a model's results are comparable to or better than those from similar models, and
the consequences of the error do not result in the need to take action regarding planned
investments, there is reasonable confidence in its accuracy.

The model calibration and validation process relies on both rigorous statistical analysis and
informed professional judgment. Statistical analysis provides the framework, but successful
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calibration also requires practical experience and regional knowledge. Practitioners must
balance data-driven approaches with practical insight o make informed, defensible
adjustments. This requires an understanding of the specific conditions the model represents and
a continuous learning mindset that allows for refinement based on exposure to new data and
modeling structures.

Developing the Base Year Scenario

The model development process results in a model with a base year that has been through the
extensive calibration and validation effort previously described. The base year scenario is an
approximation in the model of known travel behavior and conditions in the region in the recent
past. The following describe characteristics of the base year scenario:

e The inputs used are typically from the most recent year in which full datasets, such as the U.S.
Census, have been compiled and are available for model development.

e The network represents condifions such as number of lanes, free flow speeds, and functional
classification of roadways for the same year as the land use input data being used.

e |t serves as the reference point, particularly for forecast year growth and defines the model
that has been built, calibrated, and validated against known data.

e Itis an essential scenario following which reasonableness may be ascertained for model use
for all other planning purposes.

Standardized Reports and Outputs

To finish the base year model development process, the final assignment results should be
analyzed. The findings are reported to stakeholders when the review confirms that the model
results are reasonable and fit for developing forecast-year alternative scenarios for planning
needs.

Review Model Results

Reviewing results involves compiling outputs from the model following each run, such as the
loaded networks, the final frip tables used for assignment, and intermediate outputs from each
model step. Several tools and techniques are typically utilized to review results, including:

e GIS thematic mapping of the loaded network.
e Charts and graphs of various input and output mefrics.
e Automated scripts on the networks often prepare tabular outputs.

e Trip table analysis in matrix format as well as other efficient data storage formats often done
with scripfs.

The primary goal is to serve as a final quality and reasonableness check of all the prior work in
developing and refining the model. Careful evaluation of the reporting requirements is needed
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to determine which of the reporting options, visualizations, and strategies are best employed to
convey the information. Common items checked include aggregate O-D flows, land use
growth, bandwidth maps showing traffic volumes for each scenario, fransit route and station
usage, and volume-to-capacity maps highlighting deficient areas on the network. Model
calibration and validation results for the base year are also reviewed.

Report Findings

Once the review has been completed and the results are deemed reasonable, findings should
be reported to the model development stakeholder community. Documentation of model
development includes:

e Input data description, review, and considerations for use.

e Cadlibration process including initial estimated and final adjusted parameters for each step.
e Final output and validation results.

e Assumptions made in model development.

The model components should be packaged in easily sharable formats, organizing model files
and folders logically with metadata, where appropriate. Share the model in the format
requested by the model owner(s) (typically through cloud or physical storage)., and provide a
model user guide.

Next Steps

Once the base year has been developed, forecast year data inputs and alternative scenarios
are developed and used for planning analysis. This process is described in Chapter 5,
Developing and Refining Forecast Year Scenarios.

This chapter has explored the processes involved in developing and refining a model, from
model architecture through to reporting findings and analyzing results. The importance of
calibration and validation in maintaining model accuracy is discussed in depth as this is the core
of model development. To stay current with best practices, professionals are encouraged to
engage continuously with the statewide and nationwide modeling community, participate in
professional seminars and workshops, and check out recent academic publications for new
research and technological advancements in the field.
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5. Developing the Future Year

The model development process discussed in Chapter 4 results in a calibrated and validated
model ready to test alternative scenarios. This begins by building standard future-year scenarios
that will form the basis for later model forecasting work by model users.

Standard Future Year Scenarios

A travel demand model is equipped Figure 2 Travel Demand Model Scenarios
with a set of standard future-year with Base Year in Purple, Standard Future Year

scenarios. These standard scenarios aré  scenarios Shown in Green, and Project Specific
developed after the base year model Scenarios Shown in Blue

has been validated and typically during
a long-range transportation plan
update. These scenarios include:

Base Year

e Existing-plus-Committed (E+C): The
E+C scenario serves as the reference E+C
for developing alternatives and is the Scenario
scenario fo compare investment
options, such as road widening or
fransit service enhancements. This Needs Project
allows a direct comparison of the Scenario Scenario
impacts of the investment. The E+C
assumes that no further

Project
Scenario

. . . Cost
improvements fo infrastructure will Feasible

be made beyond what is currently Scenario
programmed for construction and l

includes:
Projec.T Projec.f
- Population, number of Scenario Scenario

households, and employment
forecasts made available by stakeholders like the MPOs, counties, and other jurisdictions
for the planned horizon year at least 25 years into the future.

- Afransportation network representing the existing roadway infrastructure in addition to
known construction and fransit projects that will be completed and in use within the
timeframe of the Transportation Improvement Program.

e Needs Scenario: This scenario involves evaluating all roadway and transit projects that can
be modeled to help resolve deficiencies identified in the E+C scenario.

o Cost Feasible Scenario: This scenario represents a subset of the “Needs” projects identified
following a prioritization process based on the anticipated funding available for projects.
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Project Specific Scenarios

While initially developed to support long-range regional planning, the role of fravel demand
models has evolved. They are now used for many other specialized scenarios, including, but not
limited fo, corridor studies, traffic impact studies, and subarea analysis. These applications
require additional validation considerations regarding the standard base year and E+C
calibration. As with the primary calibration/validation efforts described earlier in the Verify and
Adjust section, developing alternative scenarios requires an iterative approach that involves
verifying inputs, checking reasonableness, and adjusting parameters. More information about
developing scenarios for specific projects can be found in Using a Travel Demand Model.

Sources of Future Year Data

The development of the standard future-year model scenarios begins with identifying and
acquiring the data required to support the model's development. Data on future-year
condifions must be inferred from existing tfrends, projected growth, and planned developments.

Data for the future year can be divided into land use and transportation networks. Unlike the
base year model, data related to future-year fravel behavior is unavailable. The travel behavior
parameters derived from travel surveys and other behavioral data sources are kept constant for
future year scenarios. The table below summarizes the data of interest when developing a
future-year model.

Table 4 Types of Future Year Data and Respective Sources
Data Types Data Description Data Sources
LAND USE
Demographics Population control totals Bureau of Economic and

Proposed location of developments Business Research, UF
Future land use maps
Site plans

Employment Employment control totals Future land use maps
Proposed location of developments Site plans
Private vendors

TRANSPORTATION NETWORK

Highway Network New construction FDOT Work Program
Widenings MPQO Transportation
Closures/realignments/road diets Improvement Programs
Traffic growth trends County / City Capital

Improvement Plans
Roadway Plan Sheets
Historic fraffic counts
Aerial / Satellite Imagery

Transit Proposed new service and routes Transit Development Plans
Proposed new stations
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Control Totals

Determining the future year population and employment for a tfravel demand model begins
with establishing control totals. These totals are aggregate values of population and
employment at the county level for future years. When developing future year data at the TAZ
level, these data must sum to the control totals. County-level control totals are available
because demographers and economists have more confidence in aggregate projections.

Population control totals are available from the Bureau of Economic and Business Research, UF
(BEBR). BEBR provides countywide population projections for benchmark future years. While
several growth scenarios are provided, the typical standard is to use the medium growth
scenario for each county in the model to establish the control totals.

Employment control totals can be more challenging to establish. Typical practice is to rely on
employment projections prepared by private vendors. Depending on the source, these data
can be provided by county and industrial category for benchmark years.

Future Land Use Maps

Future land use maps provide context on where certain types of growth are expected to occur.
This is helpful when allocating land use data from the control totals to specific TAZs.

Site Plans

Site plans filed with local permitting offices are a good source for locating short-term growth.
These plans show the anticipated character and intensity of the development, which is given as
residential units or square footage for employment areas. More significant developments may
contain multiple phases, and not all phases will necessarily build out. Typically, only a share of an
extensive development’s build-out scenario will be assumed when allocating future-year land
use data.

Work/Improvement Programs

Several infrastructure work programs are available that will assist in identifying and coding
transportation projects for an E+C network. These include:

e FDOT 5-year Work Program.
e  MPO Transportation Improvement Programs (TIP).
e County and city Capital Improvements Programs (CIP).

These programs outline a multi-year spending plan for each proposed improvement. The
spending plan identifies the project development phase that is being funded. For E+C, the
relevant phase is construction. This phase indicates that the project is committed to being built
and open to traffic before the model’s planning horizon. Each improvement identified includes
a project description that usually, but not always, provides sufficient information for how the
project should be coded in the network. If the project description is unclear or insufficient on
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project characteristics (i.e., alignment, number of lanes), the authoring agency should be
contacted for more detailed information.

Roadway Plan Sheets

Transportation projects in the development process often have roadway plan sheets available.
These range from early conceptual designs to alternatives analysis designs if the project has
been through an environmental impact study to construction plans if the project is nearing
construction or construction is underway. Plan sheets cover lane configurations, ramp
connections, and intersection design. While this level of detail is usually unnecessary, it helps
code a complex project as part of the future scenario network. This can include complicated
inferchanges, collector-distributor lanes, and projects with managed lanes. In these cases, plan
sheets may be the best source for understanding how to represent the facility in the model.

Historical Traffic Counts

In addition to being used for base-year model validation, historical traffic counts can be used to
calculate traffic growth trends at the model's external stations. This assists in developing the
future-year external model.

Transit Development Plan

These plans specify how a fransit agency develops its services to meet future needs. They are a
good source of information concerning planned transit service routes and statfion locations.

Aerial/Satellite Imagery

Recent aerial/satellite imagery is used to identify the characteristics of existing facilities, including
high-resolution imagery that can show lane markings. The direction of traffic flow can also be
determined if the imagery shows vehicles traveling on the roads. Some imagery sources also
have historical data that could be used to determine when a road was opened to traffic.

Developing Future Scenarios

Developing a future-year scenario has three principal components:
1. Allocate future land use data.
2. Develop the future external model.

3. Code the future network.
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Allocating Land Use Data

Land use data dealing with population and employment will be allocated to the TAZs on a
county-by-county basis. Before allocating the data, countywide control totals of population and
employment should be determined. The control total establishes the countywide total of
population and employment, equal to the sum of the future year's TAZ data.

Population—Population control totals should be taken from BEBR's medium growth scenario for
the specified future year for each given county in the model.

Employment—Countywide control totals must be acquired from private vendors specializing in
employment forecasting. These data are specified by industry and can be correlated to the
employment data subgroups used by the models.

Once land use data control totals have been established, the portion of the control total
corresponding to growth needs to be separated. This is:

Control Total—Base Year Total = Growth
The county growth needs to be allocated to individual TAZs using the following guidelines:

o Growth related to a particular county should only be allocated to TAZs in the same county.
e Growth should be allocated in units of land use data, such as households and employees.

e Growth should be allocated to TAZs that have room for growth (i.e., TAZs that are not fully
built out).

o Growth should be allocated to TAZs where development is being supported by zoning and
future land use mapping.

e Growth should be allocated to TAZs where local Government actively provides capital
infrastructure such as municipal water and sewage.

¢ Growth should be allocated to TAZs where development has recently occurred or is
occurring.

Given the level of detailed local knowledge required to allocate land use data reasonably,
local planners working for the local MPOs, counties, and cities should be engaged and familiar
with the local land use development patterns as well as with local growth patterns to be able to
inform the data allocation process. However, these planners may not be prepared to quantify
growth in the units required by the model, so the modeling team will need to take the
information provided by local planners and convert that intfo model-specific data. Discussion
between the modelers and planners is encouraged during this process.
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External Models

The future-year external model begins by establishing future-year traffic at the external stations.
Since the traffic at the external stations is a function of travel behavior from outside the model, it
must be asserted using off-model methods. There are three principal steps:

1. Analyze Historic Count Trends—Historic count data should be available for all major facilities
crossing the model boundary. These data should have fraffic counts for many prior years.
Using historical data, a frendline forecast is developed for the external station. Florida Traffic
Online, maintained by FDOT, can assist with this process. It is important to consider recent
and expected growth patterns to determine whether historical trends will contfinue. Some
growth may be more or less aggressive than past trends implied.

2. Land Use Growth—In cases where an external station has no historical growth data or
concerns about the relevance of the revealed trend, it is also possible to look at the
antficipated population growth within the model and in neighboring counties. Average the
population growth rates between adjacent counties at the model boundaries. If this growth
rate is reasonable, apply this rate to the external base year traffic.

- Internal-to-External (IE)/External-to-Internal (El) and External-to-External (EE) Split—The
future year model should maintain the same percent split of frips at the external stations
between the IE and the EE as the base model unless information is available about future
growth beyond the external station that would warrant reconsideration. Adjusting these
splits may require coordination with neighboring FDOT Districts and their models where
the boundaries align. The growth patterns at the TAZ level near model boundaries
provide insight into whether changes should be made to the IE/EE split. A significant
residential development at a model boundary may indicate economic opportunities
beyond the boundary to which these residents would be attracted. A large commercial
development at a model boundary may suggest that there are customers or workers just
beyond the model boundary willing to fravel to the development. In either case, it may
increase the number of internal-external / external-internal trips.

- EE Matrix—The typical way to create a future-year EE matrix is to use a FRATAR process.
This mathematical model process is used to predict how many frips will occur between
zones in a residential area. Once the future year external traffic and IE/El and EE split
have been established, the base and future EE growth at each external and base year
EE matrix are used as inputs to FRATAR. The resulting matrix should be reviewed to ensure
that external-to-external flows are reasonable. Significant changes in how external trips
are distributed between external stations from the base year should be explainable by
regional demographic and economic growth patterns.
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Transportation Network

During model development, the most important future-year network is the E+C network. This is
developed as a precursor to an MPO LRTP update process, either as the tail end of the model
development and validation process or as one of the first steps of the LRTP update process.

The E+C network consists of two components:

e Existing—facilities open to traffic when the network is coded.

¢ Committed—facilities committed to construction within the FDOT Work Program and/or MPO
TIPs.

Existing—The base year network should be compared to recent imagery of the transportation
system along with current roadway characteristics data. This helps identify changes to the
network that have occurred since the base year. Recent TIPs, though not always the most
current, can be used to identify changes when construction projects are complete. Projects that
appear to be completed based on an evaluation of past TIPs should be confirmed with the
FDOT District to determine the completion date and/or when they were opened to fraffic.

Committed—These projects can be identified by reviewing the FDOT work program and MPO
TIPs. Projects with construction funding identified within their respective programs should be
considered committed if funding is programmed within the next five years. Projects programmed
for construction in year one should either be in progress or about to begin construction. After
year one, work programs become more fluid, so projects could get re-prioritized and
construction delayed. Even if a project’s construction is delayed, once it has been programmed
to begin construction within five years, the project will likely be completed at some point before
the model’s 20 to 30-year planning horizon. For a project that seems to be pushed back
continually, the FDOT District Office and/or MPO should be consulted to understand the
likelihood of completion better.

Only projects with a direct capacity or speed impact should be coded into the network. These
include:

o New roads/closed roads.
o Road widening/diet.
e One-way/two-way conversions.

e New interchanges/new intersections.
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The following projects are examples of projects not incorporated as part of the E+C: resurfacing,
curb freatments, intersection improvements, bridge replacements, sidewalks, bike lanes, street
lighting, maintenance, and other non-capacity projects. !

In addition to roadway network data, local transit development plans can be consulted to see
where new services and stations will be implemented. The local transit agency should be
consulted to see which planned services are likely fo occur and can be considered committed.

The importance of having an accurate E+C network for a travel demand model is second only
to a solid base-year network on which to build. This is because most model uses will compare
future-year project scenarios against a future-year E+C scenario. As such, be sure to:

e Allow sufficient fime to develop and verify the network. This could take up to 6-months,
depending on how much review and verification is needed.

¢ Include someone on the team familiar with district/MPO project development who can
identify which projects should be complete, under construction, about to begin
construction, or are committed to construction. This will improve the accuracy of the E+C
network while reducing the time spent on developing the network.

Other Standard Planning Scenarios

Other standard future-year scenarios include the Needs scenario and the LRTP scenario.
Developing these scenarios involves the long range transportation planning process, in which
the E+C future year model is run, and corridors needing improvement are identified. The
following should be kept in mind:

e Needs and LRTP scenarios share the same land use data as the E+C scenario.

e Needs and LRTP scenarios typically share the same external model as the E+C network. The
exception is when a planning project involving a new facility that goes beyond the model
boundary. In that case, the modeler should determine a suitable diversion onto the new
facility from the E+C network volumes and adjust to the external model accordingly.

e Needs and LRTP scenario networks are developed during the LRTP process itself. After
running an E+C scenario for the plan’s horizon year, the network should be coded with
sufficient projects to address all planning thresholds measured by the model, such as LOS
and VHT. This will be the needs network. Afterward, projects from the needs analysis will be
prioritized based on the concerns of the local communities, and a select number of projects
will be retained for which there is sufficient foreseeable funding to build. These remaining
projects are the LRTP cost-feasible network.

1 If a modelincludes junction modeling capabilities, it is possible that data related to
intersection lane configurations and signal timings could be incorporated as part of the
model.
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6. Resources

The references provided below link o reliable national and Florida-specific sources for more
detailed information on model development, model usage, and/or model data.

Model Development

FHWA Travel Model Validation and Reasonableness Checking Manual, Second Edition (2010)

e Keyreference for nationally accepted validation standards and procedures for each step of
the fravel modeling process.

o Applicable to: Chapters 2, 4.

NCHRP Project 836-B Task 91, Final Report: Validation and Sensitivity Considerations for Statewide
Models, (2010)

¢ Comprehensive report on key considerations for parameter sensitivity in models at a larger
statewide geographic scale.

o Applicable to: Chapters 2, 4.

NCHRP Report 716, Travel Demand Forecasting: Parameters and Techniques, Chapter 5, (2012)

e Reference report on travel model parameter development and reasonableness techniques
for producing reliable forecasts.

e Applicable to: Chapters 2, 4.

NCHRP Report 735: Long-Distance and Rural Travel Transferable Parameters for Statewide Travel
Forecasting Models, (2012)

e Reference report for long-distance and rural travel model parameters for statewide travel
forecasting models where regional models are not available. The considerations have
unique characteristics of long-distance and rural fravel that warrant separate freatment.

e Applicable to: Chapters 2, 4.

Model Usage

FTA Travel Forecast Guidance (2015)

e Forecast guidance to recommend tools and approaches for forecasting fransit usage.
o Applicable to: Chapter 5.

Federal Transit Administration (FTA) Capital Investment Grants Program Policy Guidance (2023)

e Investment guidance to determine steps for transit investment planning, including the
applicable tools and methodologies.
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Model Data

Statistical Policy and Research BTS Guide to Good Statistical Practice 4. Processing Data

e Guidance document for processing data to mitigate obvious errors and direction for
converting data into useful information for decision-making documents, publications, and
Internet postings.

e Applicable to: Chapter 3.

National Highway Planning Network (NHPN)

e A GIS dataset primarily used to serve the visualization needs of the Highway Performance
Monitoring System and as an input data repository for network modeling and related
applications.

e Applicable to: Chapters 3, 4.

National Household Travel Survey (NHTS)

e This survey is conducted nationally on a routine basis to gain insights into national fravel
patterns and serves as a key data input for model calibration.

o Applicable to: Chapters 3, 4.

FHWA's Office of Highway Policy Information

e This website provides information on traffic monitoring, surveys, highway system
performance, and other general fransportation-related topics, including aggregate travel
and fuel use.

e Applicable to: Chapters 3, 4.

National Performance Management Research Data Set (NPMRDS)

¢ The National Performance Management Research Data Set (NPMRDS) is a free data source
that focuses specifically on defined performance measures of the transportation system,
such as speed and travel fime reliability.

e Applicable to: Chapters 3, 4.

The FDOT Source Book

e The FDOT Source Book is an annual report that tracks the performance metrics of Florida’'s
transportation system.

e Applicable to: Chapters 3, 4.

National Transit Database (NTD)

e The National Transit Database (NTD) serves as a repository for data on all aspects of fransit
natfionwide, including the number of employees, fleet size by agency, safety performance,
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fare recovery, passenger miles tfraveled, and operating expenses, among others. This
database is invaluable for travel forecasting and analysis of mode share.

e Applicable to: Chapters 3, 4.

National Travel and Tourism Office (NTTO)

¢ The National Travel and Tourism Office (NTTO) is a primary source of information on fourism
statistics and general tourism trends, particularly for intfernational visitors. It serves to promote
the industry and enhance its competitiveness.

o Applicable to: Chapters 3, 4, 5.

U.S. Census Bureau

e The U.S. Census Bureau, particularly its decennial data, is the primary source of national-level
demographic data that informs planning needs nationwide.

e Applicable to: Chapters 3, 4, 5.

American Community Survey (ACS)

e The American Community Survey (ACS) is an ongoing survey that provides information every
year about the population. It helps inform how ftrillions of dollars in Federal funds are
distributed annually.

e Applicable to: Chapters 3, 4, 5.

Census Transportation Planning Products (CTPP)

e The Census Transportation Planning Products (CTPP) are a specialized tabulation of data
derived from the American Community Survey, relevant to travel modeling, including
journey-to-work information such as travel times and Origin-Destination patterns.

e Applicable to: Chapters 3, 4.

Florida Traffic Online

e FDOT provides an annually updated web-based mapping application that provides traffic
count site locations and historical fraffic count data.

Bureau of Economic and Business Research (BEBR)

e The Bureau of Economic and Business Research (BEBR) at the University of Florida provides
county-level future population estimates for the state of Florida. These estimates are used as
control totals for developing the model’s future-year population.

o Applicable to: Chapter 5.
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Freight Analysis Framework

e The Freight Analysis Framework offers a comprehensive overview of freight movement
natfionwide, encompassing commodity types, modes of transportation, and delivery fravel
times, among other key details. Version 5.0 is the latest.

e Applicable to: Chapters 3, 4, 5.
2022 NHTS National ABS Data User Guide

e The NHTS User Guide provides documentation for each National Household Travel Survey
(NHTS) data collection cycle.

e Applicable to: Chapter 3.

2024 FDOT Project Traffic Forecasting Handbook

e This handbook provides guidance for planners and engineers on procedures to follow when
forecasting traffic for specific projects.

e Applicable to: Chapters 3, 4, 5.

Systems Forecasting
& Trends Office 62

FDOT)

—



https://ops.fhwa.dot.gov/freight/freight_analysis/faf/
https://nhts.ornl.gov/assets/2022/doc/2022%20NextGen%20NHTS%20User's%20Guide%20V2_PubUse.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/planning/systems/systems-management/document-repository/traffic-analysis/2024-project-traffic-forecasting.pdf?sfvrsn=cf0e3e5c_3

USING A
TRAVEL DEMAND
MODEL




1. Overview Revised March 2025

1. Overview

This portion of the Travel Demand Modeling Manual is designed to guide model users in the
proper application of travel demand models to meet project needs. These models are primarily
developed by FDOT to support fransportation planning and analysis for an assortment of
activities including:

e Long Range Planning.
e Project-level Traffic Forecasting.
e Site Impact Analysis.

e Interchange Access Requests.

Though models can be applied to a range of other activities, those listed here are the most
common applications of a fravel demand model. This document will guide the reader with
these particular applications in mind.

Proven Process

The topics covered in this document include:

PROVEN PROCESS

B a g

SELECTION ADJUST SCENARIOS RESULTS
What guestions to Calibrate using data Consult stakeholders Review reports
answer? Check model results Define scenarios and outputs
Model already exists? Adjust parameters Code scenarios Check reasonableness
Available data and re-check Run Scenarios Consult stakeholders
Resources required Validate to ground counts Get feedback
Check reasonableness Respond to feedback

This proven process guides modelers in how to use established data to yield reliable results that
will address the needs of project stakeholders. The chapters in this document provide additional
details on where to acquire the models necessary for your project, what kinds of data you will
need to create your project scenarios, what to consider when setfting up the model and
preparing your scenarios, and what to focus on when providing results to project stakeholders.

This document does not provide details on developing a model. Occasional references will be
made to activities related to model development as they pertain to the use of a model. For
further guidance on the development of fravel demand models, the reader should refer to
FDOT's Travel Demand Modeling Manual: Developing a Travel Demand Model.
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Modeling Project Roles

The primary audience for this document is those individuals who are overseeing projects that will
use fravel demand models, as well as those individuals who are directly working with the models
and model data. There are four main roles related to projects that use travel demand models.
An individual may fill multiple roles, such as an FDOT District Model Coordinator serving as both
the model owner and the project coordinator. Understanding your role in a travel demand
modeling project will help you to contribute productively and efficiently to the project. Specific
guidance for each of these roles will be called out with the corresponding icons below to help
you focus on information related to your role.

@
P

Stakeholder

®
ah

Project Coordinator

o

Modeler

we

Model Owner

Has a vested interest in
the project’s
outcomes and may
represent a wider

group

Originates and/or
directs projects that
have modeling tasks

Technical expert on
the development,
preparatfion, and use
of the model

Maintains, archives,
and distributes the
model

Provides input
throughout the project
to ensure that their
interests are being
addressed

Responsible for
deciding how
modeling will be used
in the project and
what resources to
spend on modeling

Responsible for
preparing inputs,
running the model,
and communicating
results

Main point of contact
for model acquisition
and answering
technical questions
about the model

Ex: FDOT Offices, MPOs

Ex: FDOT project
manager

Ex: Consultant,
Agency technical staff

Ex: the FDOT
District Model
Coordinator, MPO
staff in some cases

Process Workflow

The process flowchart on the following page shows the workflow for using a fravel demand
model. This model is typically used to answer questions about future travel patterns on a regional

transportation system.

1. A stakeholder interested in the model's results will typically bring these questions to the
aftention of a modeling team.

2. The project coordinator will then assess the questions being asked, determine which model is
the appropriate tool for the project, define scenarios and prepare a scope of work.

3. A modeler will then take this information and prepare an approach, acquire the model,
ensure that the model is running correctly, prepare and run the scenarios, and provide

results.

4. An iterative process will then take place where the modeler, project coordinator, and
stakeholders to confirm the reasonableness and suitability of the resulis.

5. Once the results are finalized, they will be published and archived as appropriate.
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®
can

Stakeholders

Request Project
Question arises that requires answers and model is
identified as potential tool to answer question.

[
-

Project Coordinator

Yes

A4

Initiate Project
Clarifythe purpose of the project.
Identify required metrics.
Determine ifthe model is the appropriate tool.
Identify the appropriate model.
Define scenarios.
Identify resources needs.
Develop scope.

e DB S

@

Modeler

v

Review Project Results
1. Did the project answer your questions?
2. Aretheanswers satisfactory?

No

Review Scenario Results
1. Are theresults provided in a format that you
can access?
2. Canyoureadilyread and interpret the results?
Do the results make sense?
4. Areyou able to defend the results?

o)

il

Develop Approach
Download appropriate model from FDOT
Transportation Forecasting Resource Hub.
Familiarize yourself with model capabilities.

Confirm if specific guidance exists for project.

Specify an approach that satisfies available
guidance and standard industry practices.

PS

Model Owner

F Y

!

i

o

Model Replication
Request official model outputs from model
owner if not already provided.
Set up model on modeling computer.
Run base year scenario.
Confirm model ran correctly.
Compare results and confirm results match.
If results do not match, review model setup
and look for errors. Retry replication until
match achieved.
If results match, document replication.
Inform project coordinator that model
adjustment and scenario modeling is ready to

Answer Questions
When modelers are developing an approach, they

may have questions about the model’s capabilities.

Be prepared to supply documentation and answer
questions.

proceed.
v

s

No

v

Yes

v

Coordinate with Modeler on Revisions
* Meet with the modeler.
* Provide comments and clarify the issues.
* Requestrevisions as needed.

ke

A

Scenario Modeling
Create scenario specific inputs.
Set up scenarios in model.
Review set up to confirm scenarios are
prepared correctly.
Run model scenarios.
Post-process model outputs.
Create required tables, charts, and graphs.
Deliver results to project coordinator for
review.

Initiate Project Closeout
* Requestfinalreports / documentation.
« Request final modelfiles for archiving.
* Request other deliverables.

Project Closeout
Once all deliverables are received, publish and
archive them as needed. Keep a record of where
everything is for posterity.

FinalDeliverables
Provide final reports / documentation.
Provide final model files for archiving.
Provide other deliverables.

F y
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Provide Base Year Outputs
Provide modeler with official base year model
outputs if requested as well as future year model
outputs if available.
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2. Defining the Ask

Work related to travel modeling and forecasting is a multifaceted process that begins with
addressing various stakeholders' needs. These stakeholders should be considered consumers of
model data as they will use the products of the model to inform their decision-making. These
consumers include the Florida Department of Transportation (FDOT), Metropolitan Planning
Organizations (MPOs), municipalities, and other public sector agencies. Private sector entities,
such as developers, also use modeling data, offen complying with specific laws or regulations.
The type of activities pursued by these consumers significantly influences whether travel
modeling and forecasting is the most suitable approach to meet their needs. This chapter guides
readers through the process of “defining the ask” including establishing the need for travel
modeling and forecasting, understanding the consumer, and selecting the appropriate
modeling tool when travel demand modeling efforts are necessary.

®

P12
The use of travel demand models can be time consuming; however, there are some efforts
where a fravel demand model is the only suitable tool. As a Stakeholder, you should
understand how the model is being used, what data the model will generate, and whether
those data meet your needs. It is not necessary to understand how the model works, but you
must clearly communicate your needs so the Project Coordinator and the Modeler can
provide you with useful information.

The Need to Use a Model

Within the overall realm of fransportation planning and analysis, there are several core activities
that can warrant the use of a travel demand model. These include:

o Metropolitan Transportation Plan (MTP) updates.
e Scenario planning.

e Project-level traffic forecasting.

e Interchange Access Requests.

e NEPA alternatives analysis.

e PD&E.

e Site Impact Analysis.

®
=

Some types of projects may have more specific guidance available related fo whether to
incorporate modeling for their purposes and how to do so, such as the Project Traffic
Forecasting Handbook, the Multimodal Transportation Site Impact Handbook, and the
Inferchange Access Request User’s Guide. Make sure that your modeler is familiar with the
appropriate guidance.
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There are other specialized use cases and studies for which a tfravel demand model may also be
appropriate. While it is not possible to anticipate every possible use case in this document, a
fravel demand model may be appropriate when a project requires information concerning the
following:

¢ The movement of people and/or goods.

e Along aregional transportation system.

e Over aspan of time measured in decades.

¢ When the goalis to understand how the public will want to use the system.

e And then plan the future system accordingly.

Project Inifiation ®
-

When a project stakeholder identifies a need that they Initiate Project

believe can be met by using a fravel demand model, the

stakeholder will approach the individual responsible for 1. Clarify the purpose of the
coordinating project activities related to modeling. This project.
project coordinator will typically be an agency project 2. Identify required metrics.

manager and may or may not be a modeler themselves.
The project coordinator will then initiate the project
following the general steps outlined in the sidebar to the
right. 4. ldentify the appropriate
model.

Determine if the model is
the appropriate tool.

It is important to note that the Project Coordinator often
oversees a larger project of which tfravel demand modeling
only plays a part. The guidance in this document deals
specifically with the modeling aspect of those projects.

o

Define scenarios.

6. ldentify resources needs.

N

Develop scope.

Clarifying the Project

Before beginning any fravel demand modeling effort, you should understand the purpose of the
effort. Often, stakeholders express their needs in broad terms. This leaves room for interpretation

and can result in wasted effort if the intentions behind the modeling request are misunderstood.
To prevent this, it is important to engage with the individuals requesting the modeling effort and

address the following:

Identify Stakeholders: The principal stakeholder in any modeling project will be the individual
requesting that the modeling work be done. They will have a question that will need to be
answered or an effort for which data concerning forecast fravel behavior will be vital. This principal
stakeholder will typically be an FDOT manager or reviewer, or an MPO director or planner. There
may be other infra-agency and inter-agency partners that are also stakeholders. Beyond the
stakeholders, there are also model data consumers, typically members of the public, with an
inferest in the outcomes of a project where the model may play a key role. The stakeholders may
have these consumers in mind when considering the questions they want the model to answer.

Clarify the Purpose: Ask what challenges the stakeholders face and what questions they are
trying to answer. Are they engaging in systems planning, seeking to evaluate a policy objective,
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supporting project delivery, or is there another issue
to be addressed? Start by establishing a good sense
of the consumer’s needs and then focus on the more
specific questions the consumer needs to answer.
Clarifying the purpose will help to establish which
metrics the model needs to generate.

Is the Model Suitable?

When asked to use the model to support a
fransportation project, it is important to determine
which model to use and the suitability of the model.
The model will need to be able to generate metrics
that meet needs of the stakeholders and address the
purpose of the project. A modeler should be able to
clarify whether the model will be able to generate
the desired metrics. If a model does not produce the
desired metrics for the project, it is typically possible
to make minor modifications to the model outputs
through post-processing to get at the desired
information. If this type of request becomes more
common, the model owner should be notified so that
they can consider making appropriate
enhancements to the model during their next model

®
dh

As the project coordinator, be
prepared to take the lead in
idenftifying key stakeholders
and incorporating stakeholder
engagement in your scope.

Determining stakeholder needs
prior to starting the project will
help in developing an effective
and achievable scope of work.
Others who have experience
doing similar projects may be
able to offer insight.

If you are not a modeler
yourself, make sure to engage
with someone who is a
modeler and can help you
understand how the available
models can be used to meet
the project objectives.

update. More information concerning model outputs and metrics is available in Chapter 5 of this

document.

Selecting the Model

Figure 3 Florida's Travel Demand Models (12/19/2024)

The most appropriate model
is the one that covers the
geographic extent of the
project. For example, a Northwe
traffic forecast being Remion
conducted in Hillsborough

County should use the
Tampa Bay Regional
Planning Model as that
model contains Hillsborough
County. Model boundaries
can be confirmed by
consulting FDOT's
Transportation Forecasting
Resource Hub. A map of
each model is shown in
Figure 3.

Regional Model Downloads

Northeast
Region

j Central
\ Florida

egion

Distriaﬁ
Region
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Scenario Definition

Scenarios represent the variety of conditions that the model will test to generate the metrics that
will answer the questions and meet the stakeholders' needs. Specific guidance on setting up and
running model scenarios is given in Chapter 4 of this document. Defining scenarios should be done
in full consideration of the requirements of the project. The purpose of modeling scenarios is to
compare the results between each scenario that makes it possible fo make meaningful decisions.
At this point in the process, it is sufficient to identify the number of scenarios anticipated and the
overall concepts of what each scenario is intended to cover. This may require additionall
consultation between the project coordinator, stakeholders, and/or the modeler.

Scenarios should address the following:
e The years that need to be analyzed.
¢ The network conditions (which projects / alignments).

e Any changes to land use data.

The scenarios should be defined according to the needs of the project and not specifically with
respect to the model. For example, a project forecasting effort will need to provide forecasts for
the opening year and design year of the project. The scenario definitions should include a
description of the project, the specific years corresponding to the opening year and the design
year, and which years should be modeled without the project and then with the project. Note
that the scenario definition in this case does not refer to the model’'s scenario years. The model,
used for the traffic forecast, may not have scenario years corresponding with the project’s
opening year or design year. There are several ways to address this in the modeling and the
modeler will need to account for this when they develop their approach.

Resource Needs

In addition to the model that will be used for the project, the project coordinator should identify
other resource needs that could impact the ability to deliver the project. Consider the following:

Staffing—Will the modeling be done in-house, or will it need to be assigned to others, such as a
consultant?2 A single modeler can typically handle simple requests and one-off model runs.
Larger projects, such as complex traffic forecasts or MTP updates, will require a team of several
modelers who specialize in different aspects of travel demand modeling.

Data—What additional data are needed to develop the model scenarios? These data needs
are not as extensive as those required during model development and are typically focused on
areas in and around the project study area. Chapter 4 of this document provides more
information on the types of data typically used to prepare scenarios.

Time—How long will the modeling take? A simple one-off request asking for planning-level
volumes on a particular road may only require a couple of days to accomplish. More complex
efforts, like modeling for an MTP, may take months. Most modeling efforts are embedded within
larger projects that use model outputs at different stages. This should be kept in mind as
modeling activity may occur with breaks in between waiting for feedback from the rest of the
project team. Depending on the project, time may also need to be set aside for model review
and subarea refinement.
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Scoping
When preparing a scope that incorporates modeling, be sure to include the following:

o State the purpose of the project and how the modeling is expected to be used (e.g., to
generate project-level traffic forecasts for PD&E, to support an MTP update, etc.).

e Identify the model to be used, including which version of the model.

¢ Indicate the number of scenarios expected and provide a brief description of each. The
goal is to indicate to the modeler how many scenarios they will need to prepare, run, and
analyze.

e Nofte any specific project requirements, such as guidance, procedures, or datfa.

Model Approach Q

Once aware of the scope for a project using
a travel demand model, a modeler will
need to develop an approach as outlined in 1. Download appropriate model from FDOT
the sidebar to the right that is able to saftisfy Transportation Forecasting Resource Hub.
the scope. Depending on the project's
needs, the modeler may need to consider

Develop Approach

2. Familiarize yourself with model

capabilities.
what adjustments to the model may be pabill
required. Determine the suitability of the 3. Confirm if specific guidance exists for
available model by consulting the model’s project.

documentation for the topics shown in 4.
Table 5 and contacting the model owner
with any questions.

Specify an approach that satfisfies
available guidance and standard industry
practices.

Table 5 Model Considerations

Criterion Considerations

Geographic  The model must cover the geographic area being studied. Whether it is a

Coverage corridor, a mix of corridors, a city, a county, an MPO, or some other
geographically defined space, the model’s boundary must contain all relevant
areas. The model will not generate data for areas not within the model

boundary.
Requisite The model must generate the kinds of data required to provide information to
Features the consumer. This may include key measures of effectiveness, proper temporal

resolution (hourly, by period, daily, etc.), accounting for tolls, calculating transit
ridership, etc.

Adequate Regional models are calibrated and validated at a regional level. If a study is
Validation focused on a specific subarea of the model or a specific set of corridors, further
validation focused on those specific areas may be required.

Future Year  While travel demand models are typically provided with data for future years,
Data not all future years required by the consumer may be available. These data
include socioeconomic data as well as future year network data.
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Addressing model suitability may include expanding
the model boundary, validating a subarea, or
preparing model data for a specific future year. This
is also the time to assess the metrics produced by
the model and determine if specific post-processing
will be needed to make the model outputs suitable
for the project. The effort to modify a model to
make it suitable for a particular project should be
communicated clearly to the project coordinator
and the associated costs and schedule should be
incorporated intfo any related scope of work.

Model Output Assessment

To adequately answer the questions that model
consumers are asking and provide them with the
information they need, conduct an assessment of
the outputs generated by the model. Some models
may already directly generate outputs that can be
used to provide the information required for the
project. Typical standard outputs include modeled
volumes, vehicle-miles-traveled, and vehicle-hours-
fraveled. Specific models may generate outputs of
particular interest to the regions for which the

®
ah

As the project coordinator, be
prepared to take the lead in
idenftifying key stakeholders and
incorporating stakeholder
engagement in your scope.

Determining stakeholder needs
prior to starting the project will
help in developing an effective
and achievable scope of work.
Others who have experience
doing similar projects may be
able to offer insight.

If you are not a modeler
yourself, make sure to engage
with someone who is a modeler
and can help you understand
how the available models can
be used to meet the project
objectives.

models were developed. Often, a project will require information that is not directly generated
by the model. It is important to understand what these are and to develop an approach to
derive these metrics from the model through post-processing or other means.

Another dimension fo this assessment is determining how the information or data from the model
can be presented to the stakeholders. Travel demand models are data-intensive tools, and
often the data generated by the model may not be readily understood by non-modelers.
Communicate with the project coordinator to determine how best to present or communicate
model information so that project stakeholders can use the products of the model to make
informed decisions. More information about model outputs and how to communicate them is

given in Chapter 5 of this document.

9

e What are the desired performance measures?

Consider the following questions when deciding the suitability of the model for the project.
o What plan, program or project is being undertaken?

e What are the details concerning the overall planning contexte

e What are the schedule and budgetary constraints?

¢ What methods and tools are the stakeholders already using?
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Modeling Approach Checklist for Modelers

Item Y/N

Have | read the scope?

Am | using the model as specified by the scope?

Did | download the model from: https://www.fdot.gov/forecasting/fl-
fransportation-forecasting-resource-hub/models

Have | reviewed the model's documentation, or have | previously worked with this
model?

Do I have the requisite hardware and software to run the model?

Do | know what the default scenarios are (years, network conditions, land use
conditions) that come with the model?

Do | know what meftrics are required for the project?

Do | know what the outputs, meftrics, and reports are that are generated by the
model?

Have | reviewed the model's validation in the project study area?

Does my approach account for doing a subarea validation if needed?

Does my approach account for any differences between the scenarios specified
in the scope and the scenarios provided by default with the model?

Does my approach address additional data needs required to model the
scenarios?e

Does my approach account for the effort required to prepare each individual
scenario that will be modeled?

Does my approach address how | will calculate the metrics required by the
project?

Does my approach consider how the metrics will be presented/communicated?

Have | communicated my approach to the project coordinator?

Systems Forecasting
& Trends Office 73

FDOT)

—



https://www.fdot.gov/forecasting/fl-transportation-forecasting-resource-hub/models
https://www.fdot.gov/forecasting/fl-transportation-forecasting-resource-hub/models

Systems Forecasting
& Trends Office

3. Accuracy & Precision

Revised March 2025

3. Accuracy & Precision

In fravel demand modeling, accuracy and precision are used to determine whether the model
is "correct.” While there are many variables to be considered when reviewing model results,
understanding how to assess accuracy and precision will lead to more confident decision-
making to assist in sefting policy and identifying projects for investment.

Accuracy

Accuracy refers to how close a model’s results are to actual fravel conditions, determined by
comparing the model’s results to observed data. Typical measures of accuracy include
difference ratios such as volume-to-count and root mean squared error (RMSE). These measures
are used during the model calibration and validation phase when a model is developed.
Having a reasonably validated model is the first step of any project that uses fravel demand

models.

®
[

Project coordinators should
allow for sufficient fime and
budget for the modeler to
assess a model’'s accuracy
and, if necessary, undertake
the effort to improve the
model’s performance. This

includes having the modeler:

e Assess the validation of
the model, especially
within the study area.

e Make recommendations
on any additional
validation that would be
required.

e Provide an estimate on
what it would take to
sufficiently validate the
model.

9

As the modeler, you will be
the one determining how
accurate a model is. Start by
assessing the base year
validation of the model.

¢ The model's validation
report should be
available from the model
owner.

e Chapter 4 of Developing
a Travel Demand Model
provides resources for
assessing model
validation.

e NCHRP Report 934
discusses the
complications with
determining forecast
accuracy in greater
detail and provides
guidance on how to

assess forecast accuracy.

®

2
The model's forecasts are
based on the best available
data, assumptions, and
methodologies at the time
they are made. While the
accuracy of the model
cannot be verified until future
condifions occur, the model
reliably replicates observed
conditions, ensuring
confidence for informed
decision-making. Keep in
mind that the following non-
model issues can impact
forecasts:

e Land use may develop in
unexpected ways.

e Unforeseen economic
changes, such as the loss
of major employers.

e Transportation projects
can get reprioritized.
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Model Variance

Variance occurs when model results differ from
observed conditions. All models contain variance
because they are based on averages, and
individual behaviors may be closer to or further
from the average. Ideally, variance is randomly
distributed in the model. If the variance is within
acceptable tolerances, randomly distriouted error
reduces the chance that any one portion of the
model contains issues that can skew forecasts.

Modeling assumptions impact variance. In addition
to model-specific assumptions that compensate for
missing data, models possess core assumptions that
influence variance, including:

e Model equations are adequate representations
of human behavior.

o Models are simplified representations of the
world.

e Current behavior is an adequate predictor of
future behavior.

A good model seeks to minimize variance but
cannot eliminate it entirely.

Reasonableness

®
ah

As an example of variance, consider
a household survey that indicates
that households in a region make an
average of 10 trips per day. In redlity,
households will make fewer or more
frips than that depending on the
makeup and needs of each
household. This difference between
what individual households actually
do and the average behavior that
the model represents is the variance.
So long as these differences are
randomly distributed across the
modeled region, the model overall
remains balanced. Keep in mind
that despite being regionally
balanced, it is possible that the
variance in the project study-area is
too great and further refinement of
the model may be required.

A related concept to accuracy is reasonableness. Reasonableness is a model behaving in a
way that makes sense based on the understanding of how travel behavior works. For many
projects, reasonableness can be more important than accuracy. This is frue for projects that
measure relative impacts from competing alternatives. Reasonableness is measured through
sensitivity testing. Testing sensitivity is changing the model’s inputs to determine if the model

reacts in a reasonable way.

o

approach. Test runs can include:
routing changes.

with the model that will need to be addressed.

Sensitivity testing can identify the usefulness of a model for a given purpose by showing what
happens to the model’s outputs when the model inputs are changed. If there are concerns
about a model’s suitability due to accuracy, recommend sensitivity testing as part of the

e Increasing or decreasing the population to see the impacts to the number of trips.
o Artificially increasing or decreasing the speeds or capacities on certain roads to see how

o Altering the accessibility to transit stops to observe the impacts on mode share.
Results should be infuitive. Unexpected results to these tests can point to underlying issues
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Overfitting

Achieving too high a level of model accuracy to
observed conditions can result in over-fitting. Models
need to be representative of observed conditions
while also being flexible enough to measure
changes in fravel demand resulting from alternative
transportation network and land use conditions.
Over-fitting makes the model too uniquely suited to
the observed condifion. The model becomes useless
because it cannot represent any other situation. It is
reasonable to expect some variance. Variance that
is too low or non-existent is unreasonable and will
need review and adjustment. An overfit model will
not be able to provide meaningful information
about different scenarios. Models need to be
sufficiently sensitive to test various scenarios and
alternatives.

Precision

Precision refers to the degree of refinement of a
model’s results, such as whether there is the right
level of information. Considering things like how
many decimal places are needed in data and
whether link volumes versus segment volumes should
be used helps to fine-tune precision. A model’s
precision is significant because meaningful decisions
rely on differences measured from a model’s results.

®
dah

o

When regional model validation
achieves %RMSE below 25 percent,
it could be an indication that the
model is overfit. Validations with
%RMSE below 20 percent are not
expected and should be assessed
for brute force calibration
techniques that will result in an
insensitive model. Some things to
look for include:

Targeted speed adjustments on
specific links inconsistent with
the rest of the network.

Unnecessary or exaggerated
furn penalties or prohibitors.

Unreasonable centroid
connector placement such as
at intersections.

Trip distribution and mode
choice parameters with
unexpected or exaggerated
values.

When meeting with stakeholders, be sure to ask about their precision needs. Many
stakeholders will not think about precision in scientific terms. Your questions should focus on
understanding what questions they need answered so that you can work with the modeler to
ensure that the model provides the necessary level of detail.

Impacts Precision

e Number of lanes. e Jurisdictional boundaries.

e Number of frips. o Study area definition.

e Amount of revenue. o Study corridor definition.

e Units of measure (gallons, <  Daily/time-of-day/hourly.
grams, etc.)

e Amount of congestion.

Spatial/Temporal Precision

Mathematical Precision
e How many decimalse
e Round to the nearest...?
e Ratios and percentages.
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Accuracy & Precision in Practice

When considering the level of accuracy and precision needed in a model, users of the model,
uses of the model, and the needs of stakeholders should be considered. The level of accuracy
and precision required of a model depends on the types of decisions being supported by the
model. Typical uses and the relative level of accuracy and precision generally required are
shown in Figure 4.

Figure 4 Accuracy and Precision Relative to Model Use

Investment-Grade
Traffic & Revenue

Traffic Analysis

Scenario Planning

Evacuation
Project-Level Modeling
Traffic Forecasts
Alternatives
Screening
Metropolitan New Starts
Transportation
Plans/LRTPs

Policy Planning
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Assessing Accuracy and Precision

9

Considering how the model will be used is needed for adjustments fo fine-tune accuracy
and precision. Review the available model and consider the following early in the process:

e Model's base year validation. When models are developed, a base year validation is
conducted to establish the model’s accuracy with respect to observed data. Questions
to consider:

- In addition to the model, what are the specific corridors and areas being studied?
- Do any areas of the model appear to be outside of accepted validation ranges?2
-  Whatis the model's volume-over-count and percent-RMSE?

e Model’s level of detdail in the study area. Travel demand models are developed to deal
with aggregate data, meaning that a model may or may not have the proper detail for
a particular study. Questions to consider:

- Are the roads and intersections required for the study included in the network?

- Do the model TAZs support the network system required for the study?

- Given the granularity of the input data available, can the model replicate the
appropriate period of time (known as temporal resolution)?

»  Forinstance, daily / peak-period / peak-hour.
- Does the model include the desired horizon year? Interim years?2

e Potential need to enhance the model. Models that are not sufficiently validated and / or
have an insufficient level of detail in the study area may have accuracy issues. Questions
to consider given the study area:

- What are the potential issues that can impact the model’'s accuracy? Develop a plan
to compensate for these issues.

- Are model enhancements necessary to produce reasonable model resultse The need
to enhance the model should become apparent when reviewing potential issues.

After assessing the model for accuracy and precision for your project, communicate your
findings to the project coordinator. Be prepared to:

e Recommend a course of action to address issues or concern.
e Provide an estimate on the level-of-effort to implement your recommendations.
¢ Suggest an alternative approach if the level of effort is too great.

o Stateif there is no viable alternative to enhancing the model. This could have greater
implications for the project as a whole.

Improving Accuracy and Diminishing Returns

Initial improvements to accuracy may be dramatic, especially if the variance is high;
@l however, as the model continues o be improved, gains in accuracy become marginal.
It is necessary to understand the level of accuracy required for a given project to keep
budgets and schedules reasonable.
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Accuracy and Precision Thresholds for Decision Support

Models only need to be as accurate and precise as necessary to support the decision-making
process. Making a model too accurate can result in wasted effort and resources to improve a
model that was already well-suited to support the project. Making a model too precise can
mislead decision-makers into thinking that irrelevant differences in results are important enough
to base a decision on.

®
dah

When engaging with stakeholders, it is important for the project
coordinator to clarify how the model results will be used to help
make their decisions. Consider the scale of the analysis. Meftrics to
be generated by the model should be discussed with the modeler
so expectations on accuracy and precision can be established.

®
0e®
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Stakeholders should be clear about what

information you need from the model. This The model does not need to be perfect but
includes not just what pieces of information must be defensible. Modelers should be
are critical, but also clarifying whether other aware of what the actual needs of the

pieces of information are irrelevant. The project coordinator and stakeholders are so

better understanding the modeling feam that the modeling effort can be focused

has, the better information you will receive. and efficient.
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Project coordinators should determine the level of accuracy needed for the project's
success. The goal is to have a reasonable approach to decision-making depending on the
decisions being made:

e Policy and programming decisions are usually concerned with metrics at the regionall
and larger scale.

e Design decisions are usually concerned with the corridor and intersection scale.

e Planning and prioritization can be at a higher level or be more detailed depending on
the need.

When discussing the approach with modelers, the project coordinator should keep in mind
the following:

e Are there relevant statutes, regulations, or guidelines that explicitly identify metrics and
criteria to be used in the process?

- Isthere a need for criteria not currently covered by existing statutes, guidelines, or
regulations?

e Model variance is only significant to the extent that the variance impacts the decisions
being made. How will model variance affect project outcomes?

e Relevant variance can be determined by considering how the outputs of the model
need to be presented, including:

- Knowing the study area being analyzed.

- Understanding the level of precision/rounding that is required for quantitative outputs.

- Determining whether meftrics need to be given in absolute values (such as
determining when an alternative meets a certain threshold) or in relative values (such
as determining if one alternative performs better than another).

e Are funds available to enhance the model’'s accuracy?

e What are the opportunity costs for adjusting the model?2

- Time and money spent on adjusting the model may take away from other actfivities.
- Project schedule may be delayed by adjusting the model, potentially impacting
project deadlines.

e Are project deadlines mandated by external factors (such as grant application
deadlines, project lefting schedules, or regulatory deadlines) that would impact timing for
enhancing the model’s accuracy?

e If extensive adjustments are needed, should a separate scope be developed to
accommodate the adjustments required?
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Model Replication @

Prior to making any adjustments to Model Replication

fhe mgdel of develop'mg.cny 1. Request official model outputs from model owner if

scenarios, model replication not already provided

should be established as per the yp ’

outline to the right. Model 2. Setup model on modeling computer.

replication is used to guarantee 3. Run base year scenario.

that the correct version of the

model is being used for a project 4. Confirm model ran correctly.

and that the model has been set 5. Compare results and confirm results match.

up and executed correctly by the .

modeler 6. |If results do not match, review model setup and look
for errors. Retry replication until match achieved.

A defailed .model.replico’rion 7. If results match, document replication.

procedure is provided below. To

accomplish replication, follow this 8. Inform project coordinator that model adjustment

procedure. and scenario modeling is ready to proceed.

* a @

Pre-Modeling

1. Determine the version of the model to run.

The version of the model to be used for the project should have been determined ahead
of time, usually during scope development or in pre-scoping meetings. The model to be
used is often the most recent version of the regional model developed and published by
the model owner.

2. Ensure that the model software is the right version.

Models are developed using specific modeling software and will require a specific version
of a specific software to run properly. The model owner can identify the proper software
version to use for running a model.

3. Check if the hardware available is adequate to run the model.

Complex models may require computers with precise hardware specifications to execute
properly. Hardware requirements should be available with a model’s documentation. If
this is not the case, this information should be available through the model owner. This is
also the fime to determine if multiple computers will be required for the project. This may
be necessary if the modeler will be modeling many scenarios.

4. Acquire, install, and set up the model.

The most recent version of one of Florida's regional/districtwide models can be
downloaded from the following link: Models (fdot.gov). Once acquired, the model should
be installed on the computer(s) used to run the project model. The installation process
should be included in the model's documentation. If this is not the case, the model owner
should be able to provide this information. Advanced model users may have network-
based solutions to install and run a model, but this is typically not recommended unless the
modeler has significant experience with such setups.
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. Replication is achieved when model outputs on all project computers are the same as

@ &

Modeling
Run the model base year.

Assuming the model has been validated, it is a reasonable assumption that the model
base year will run completely and without fatal errors. The modeler should run the base
year and ensure the model runs completely from beginning to end.

Check the model for error messages.

The modeler should ensure that the model ran completely and without crashing. Modeling
software typically makes use of error codes to indicate a crash. The modeler should
possess enough familiarity with the software to correctly determine whether the model ran
to completion or crashed. If the model crashed, the modeler would need to determine
why the crash occurred and correct it before the project can proceed.

Check assignment results and compare them to an existing base year run.

The model owner should have an available set of archived base year model outputs. If
these were not provided with the model, they should be requested. If the base year
model outputs were not archived, the modeler should request that the model owner
recreate the outputs. It is important that the modeler attempting to achieve model
replication is not the one to recreate the original model outputs. A deterministic model
should always vield the same results each time the model is run under similar conditions.
This is determined by comparing assignment resulfs.

If assignment resulis differ from the existing base year run, check each step of model
outputs.

If assignment results are not the same, it is necessary to determine the source of the error
by checking model results against the existing base year model run step-by-step and
working backward from assignment. The step where the model results first diverge is where
the error is occurring. Recheck to make sure that the instructions provided with the model
were followed correctly. Correct any mistakes discovered. If no mistakes in model
installation and set-up are discovered, discuss the issue with the model owner. If
necessary, hold a meeting with the model owner and project coordinator to determine a
path forward if replication cannot be achieved.

If using multiple computers for a study, ensure replication on all machines.

This will ensure that any differences in model results between scenarios modeled on
different computers are due only to the differences in scenario inputs and not due to an
error in how the models were installed and executed on the different machines.

< 9
Post- Mode ing

each other.

Document the finding of replication and communicate this finding to the project
coordinator. The modeling of the baseline can now proceed.
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Fit for Purpose

After model replication has been achieved, any
adjustments to the model that are required to make it
fit for purpose can be undertaken. A model is fit for
purpose when the accuracy and precision concerns
discussed earlier in this chapter have been
addressed. To make a model fit for purpose, consider
the following work items which the modeler should
incorporate in the approach presented to the project
coordinator:

e Network refinement:

- Include additional roads/local streefs.
- Improve ramp and interchange details.
- Correct errors in network coding.

e TAZrefinement:

- Split TAZs.
- Adjust TAZ boundaries.
- Update socioeconomic data.

e Subarea validation.

e Additional post-processors and data analysis tools
to process model outputs.

¢ Development of new model
components/additional features/scripts.

'

A review of the model results in
the study area will determine if the
model is suitably validated in the
study area. This can be
determined by analyzing the
model’s performance in the study
area from the model validation.
Additional observed data for the
study area can be helpful if TAZ
splits and additional network
detail are part of the approach.
Subarea validation is warranted if
the validation of the model in the
base year indicates that as a
subarea of the model, the study
area is performing outside of the
accepted standards and
guidelines for model validation.
Subarea validation may also be
warranted if the model's
performance in the study area
falls outside of the expectations
for model accuracy, as discussed
during the scoping process.

The adjustments made to the model to make it fit for purpose should noft rise to the level of
warranting a revalidation of the model at the regional level. Adjustments made to the model
should be tested to determine if the regional validation was negatively impacted, but this should
not require a completely new validation effort as described in Chapter 4 of Developing a Travel
Demand Model. If there is a concern that the nature of the adjustments would require a
revalidation of the model at aregional level, then it is likely that the proposed adjustments are

tfoo excessive.
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4,

One of the fundamental reasons that travel
demand models are developed and used is to test
alternative scenarios. These scenarios are defined
by changes to model input data that reflect the
conditions anfticipated by each scenario. Each
scenario is differentiated from other scenarios

based on which inputs are changed and the 2. Setup scenarios in model.
nature of those changes. Changes can include
edits to the transportation network representing 3. Review setup to confirm scenarios

widenings or new construction, adding households
and employment, and incorporating changes to
costs such as tolls or transit fares.

The nature of the changes to be made and the 5.
amount of the model subject to these changes will
depend on the type and scale of the project.
Project coordinators should discuss the needs of
the project with stakeholders and then 7
communicate those needs to the modeler.

Be sure to specify:

Modeling Scenarios

o

Scenario Modeling

1. Create scenario specific inputs.

are prepared correctly.
4. Run model scenarios.
Post-process model outputs.

6. Create required tables, charts, and
graphs.

Deliver the results to the project
coordinator for review.

e Whatis being modeled in each scenario? (new highway alignments, alternative land uses,

etc.)

e Whatis the scale of the project? (is it a regional long-range plan oris it an IAR?)

The most common types of projects involving the testing of scenarios include:

Scenario-based

These scenarios involve the testing of alternative socioeconomic growth

Planning and development patterns to measure their impacts to a study area’s
fransportation system.

Systems These scenarios involve testing alternative fransportation projects or sets of

Planning fransportation projects to see which projects best address the future needs
of the community.

Alternatives These scenarios involve testing alternative alignments for a given

Analysis fransportation project to identify impacts.

Site Impact These scenarios involve testing the inclusion of a specific land development
project to measure impacts to fraffic.

Policy These scenarios involve ftesting the impact of policies (e.g., foll pricing,

Evaluation fransit incentives) to tfravel behavior.

Traffic These scenarios involve preparing future-year design hour fraffic fo support

Forecasting roadway design projects.

Interchange These scenarios involve assessing the amount of demand on freeways and

Access Request

near-by arterials to determine whether there is enough traffic to warrant a
new interchange or modification to an existing interchange.
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Four general scales of modeling projects exist. These are:

7 Fernandina Beach
¢ A regional study will look at
- sl large-scale changes to land
Corridor studies will A e T use and a variety of
potentially model transportation projects
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Intersection analyses and studies
of particular road segments will i
usually not be modeled with a Orange Park @ \
fravel demand model, but the ‘ Subarea studies will
model will supply useful data to be similar to regional
the analysis. > {1 studies but focused
f @ on the impacts to a
iz 7 much smaller area.
Middleburg
Lawtey
Scale Description
Region Projects at the regional scale are typically concerned with
measuring multiple transportation projects simultaneously as part of
a plan or program. The most common use of a model for regional
projects is in support of a long-range fransportation plan.
Subarea Subareas are smaller areas within a region. A subarea might focus
on a particular fown, neighborhood, or other area of particular
interest. This includes supporting sector plans and special studies.
Corridor Corridors are on a primary transportation facility and the

surrounding land uses and supporting network. This includes corridor
studies, alternatives analysis for NEPA, and traffic forecasts.

Intersection / Segment

These are small scale projects on specific intersections or city block
faces and use modeled volumes to inform capacity analyses.
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Baseline Scenario

The first scenario modeled for a given project is typically the baseline scenario. This section
discusses how to prepare a baseline scenario and the considerations when running and
documenting the scenario. Establishing a baseline is important for applying fravel demand
models for project purposes.

Why is Running a Baseline Important?

For most projects, a baseline model run establishes the basis for comparative analysis. Other
scenarios will be compared against the baseline. Depending on the type of project, this could
be known as the “no-build” scenario. It is important to distinguish the project baseline from the
model’s base year.

o The model’'s base year represents an observed

condition from the recent past that was used to ®
validate the model. dh
e The project baseline is a scenario that Site Impact Analysis?
specifically omits the particular network or land
use condition represented by the project. It can Modeling done to support a site
include other conditions in common with other impact analysis is the general
project scenarios such as planned or committed exception to preparing and
projects (other than the project being tested), running a baseline scenario. Site
population, employment, etc. impact model runs are only used to
calculate the distribution of site
If the baseline is based in the recent past, it can also traffic along the network and are
be used fo determine the model's accuracy by not part of a comparative analysis.
using data collected for the study area and For more information on how to use
validating the model for the study area. This could models for site impact, refer to the
indicate whether the model requires additional Multimodal Transportation Site

refinement prior to use for project modeling. Impact Handbook.

Preparing a Baseline Run

After establishing model replication, the baseline run must be prepared. This begins with
identifying and collecting the relevant reference data as the basis of the baseline.

1. Identify the year that the baseline will represent.

® This will depend on the nature of the project. A traffic forecast may use a project’s
Al opening year for a no-build baseline. A scenario planning exercise may select the same
horizon year as the alternative scenarios as a baseline. Remember, the baseline is not
necessarily the same as a base year. The year should be selected in consultation with the
stakeholders and in a manner that will result in an appropriate baseline. The baseline will
serve as the basis for comparing and measuring other scenarios.
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2. Gather dll required information and data.

Q This includes not just model-related data but also supporting information. Such data and
information may include:

- Long Range Transportation Plans/Metropolitan Transportation Plans.
- Transportation Improvement Programs.

- Recent traffic counts.

- Origin-destination data.

- Population data.

- Employment data.

- Otherland use data.

- Project descriptions/design drawings/concept maps.

This information is intended to assist in preparing the baseline scenario and have the
necessary information at hand for later preparation of the comparative scenarios. Data
should be acquired for the baseline year and comparative scenario years if these are
different. The exact nature of the data required is dictated by the project needs. This should
be explored during scoping discussions when preparing to begin work.

3. Determine if the baseline year comes standard with the model.

selected to conduct the study. In such cases, it will be necessary to decide how to
address this inconsistency. Two general options are available:

@ In some cases, the year desired for the baseline will not come standard with the model

- Option 1: Use a model year provided with the model. This year can be used directly as a
surrogate (e.g., run 2025 and say it will be used o represent 2027), or the results from this
year can be adjusted to represent the desired year (e.g., run 2025 and apply a 2%
growth rate to adjust the resulting traffic to represent 2027).

- Option 2: Create a new interim model year to represent the desired year. This requires
adjusting the model land use data, external model, transportation network, and possibly
other input data to fully represent the new interim year.

Network Preparation

Once the baseline year has been determined and the relevant data and information have
been acquired, it is fime to set the baseline network conditions. This step has three components:
verifying the network conditions, reviewing the network, and assessing network detail.

e Verify network conditions

This involves establishing the network for the baseline. This is not the same as confirming the
network coding. Verifying the network condition determines which facilities should be
included in the network and the typical sections for those facilities. This checks against
existing data or planned documents to create an understanding of what the model network
should look like.

Systems Forecasting
& Trends Office 87

—




4. Modeling Scenarios

Revised March 2025

Systems Forecasting

The network should represent the...

9

Past

Present

®
P2

®
[

Future

The modeler will need to
coordinate with FDOT
District staff to determine
when particular projects in
the recent past were
opened to fraffic. If the
study area is in a densely
populated part of the state,
frequent aerial imagery may
be available that can be
used to determine whether
a project was opened prior
fo the baseline condition.

The network should include
all fransportation projects
existing on the ground and
open to fraffic as of the
current year. This is known as
the existing network. The
modeler can verify this using
recent aerial imagery or by
fouring the study area and
visually confirming the
network condition.

The project coordinator will
need to reach a consensus
with stakeholders on which
projects are committed to
construction. Project
commitments are typically
based on which stage of
development a project is
funded forin the TIP. These
committed projects as well
as all existing projects open
to traffic will be part of the
baseline network.

Review network

This is specifically for the model network database
being used for the baseline. This review aims to ensure
that the model network corresponds with the baseline
network conditions specified during the verification of
the network condition. The modeler should address the

following questions:

Are the baseline facilities in the network?

Are the facility alignments correct?

Are there any network connectivity issues that
could result in bad assignments?

Are attributes, such as number of lanes, properly

coded®?

Assess network detail

The modeler should undertake this for the study area. If

o

The goalis for the model’s
fransportation network to be
consistent with the verified
network conditions. The
baseline network database
must be edited until the
coded network matches the
verified network conditions.
This is particularly important in
the part of the network
corresponding to the study
areaq.

more details are required in the network, they should be added to the model network now.
This may include adding additional roads and local streefts. If so, the model TAZs may need
to be split with additional centroids and centroid connectors added to the network to

support these splits.
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Input Data Preparation

'

In addition to preparing the baseline network, other input data sets must be reviewed to
determine if further modifications are required. These modifications would be required if the
model input data sets do not adequately represent the baseline conditfion.

¢ Check model's data

Land use data, such as population and employment, have a direct impact on trip
generation and distribution, which ultimately impacts how ftrips are assigned in the
network. Travel behavior data is not modified when using a model for specific projects,
although in certain cases, specific behavioral data may need to be incorporated. For
example, this could include new mode choice coefficients if modeling a new mode of
fransportation or updated cost coefficients for traffic and revenue studies.

e Verify data reflect baseline year conditions

Even if the baseline year is an existing scenario in the model when the modeler received it,
it is possible the assumed conditions atf the time the scenario was created may have
changed. Even if the baseline year happens to be the same as the model base year, the
modeler should verify the input data has no errors that may have been overlooked during
validation. Other than errors in the original datasets, the following considerations should be
kept in mind while reviewing the input data:

- Recent trends in development patterns may be different than what is assumed in the
model.

- Focus on development patterns in the study area.

- Knowledge of recent and planned developments can be obtained by
communicating with county and city planning departments.

- Regionally significant developments, such as the gain or loss of a major employer or a
new large subdivision, should be accounted for even if they are occurring outside of
the study area.

- If necessary, confer with the model owner to determine whether the model’s input
data sets already account for specific developments.

e Make necessary modifications to the input data

After verifying the proper baseline data, the relevant model input files need to be edited
tfo capture the changes necessary to represent the baseline condition. Note that if
additional detail was added to the network, splitting TAZs in the same area may be
necessary to better support traffic assignment. If TAZ splits are necessary, these should be
done now, and input data based on TAZs should be reallocated accordingly.
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Running the Baseline

When the baseline scenario is fully prepared, it can be run. When running the baseline scenario,

be sure to follow these steps:
2 9
(]

Pre-Modeling

1. Set up the baseline scenario

After the baseline scenario input data have been prepared and formatted for the model,
the scenario must be set up in the model’s interface. Familiarity with the software used to
run the model is required to set up a new scenario. The scenario should be clearly and
distinctively named so there is no confusion as to which scenario is the baseline. All
scenario inputs should be appropriately referenced in the model interface. This may involve
moving or copying input data files into specific folders as specified in the model
documentation. The baseline scenario should be set up on one of the computers used to

establish replication.

Modeling
2. Run the model for the baseline scenario

The baseline scenario should be executed following the scenario setup. Running the model
should be monitored. Longer model runtimes should rely on periodic monitoring, checking
in with the model approximately once per hour. Regular monitoring of the scenario run will
reduce time lost if the model crashes, stalls out, or finishes earlier than expected. Waiting to
check on the model’s progress until the model is expected to finish can result in lost fime.
This lost time is compounded if the model crashed or stalled since additional time will be
required to correct the error and restart the model.

3. Ensure the model ran completely and correctly

A proper and complete run of the model should yield no fatal error messages, and all
model outputs should have been generated. If the model terminated prematurely, it is
important to understand where the model failed and to correct the issue. If the model ran
successfully during model replication, then the source of the model crash should be with
the baseline scenario itself. Two general sources of error can be expected.

a. First, there may be a problem with how the scenario was set up in the interface. Ensure
all input files are referenced correctly, and the input files are placed in the appropriate
locations on the computer.

b. Second, there may be a problem with the input files. This could include missing or illegal
values that cause the model to crash when trying to run calculations using those
values. Recheck the input data files to ensure all required values are entered correctly.
The most common error is a missing value that can cause a divide-by-zero error.
Rechecking the input data files should focus on the files that function as direct inputs to
the model step that crashed. If such files show no errors, it is necessary to look at input
files used earlier in the model process, as the error may have been infroduced at an
earlier step but did not result in a crash until later.
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29

Post-Modeling

4. Review the model results

Baseline scenario results should be checked for reasonableness. This can be established by
comparing the baseline scenario results to the base year model run.

a. The results should show differences relative to the changes between the baseline
scenario inputs and the base year inputs. Changes to fraffic assignment and travel
demand should be generally consistent with changes to the input network and the
socioeconomic data:

i. Increases in population should also result in increases in traffic. Traffic increases
should be correlated to areas where the population increased.

i. Changes to the highway network, including incorporating new or altered
alignments, should show a diversion of fraffic consistent with the availability of new
capacity.

ii. The amount of the change in output should also be consistent with input data
changes. For example, significant changes to the population should anficipate
correspondingly large changes to the fraffic volumes on the network.

Counterintuitive changes warrant further investigation, such as an increase in
population resulting in a decrease in fraffic or additional capacity causing tfraffic to
avoid a new / widened road. Also, changes in results out of proportion to the changes
in inpufts, such as significant increases in population resulting in minor increases in fraffic,
need to be examined more closely. The modeler must determine if these
counterintuitive results are valid findings of the model or the result of model error. Any
errors must be identified and corrected, and the scenario rerun. If the counterintuitive
result is determined to be a finding and not the product of an error, the modeler must
defend the result to stakeholders. Since stakeholders will need to defend these results to
their constituencies, the defense of model results must be communicated in plain
language and supported with reasonable explanations for why the result is valid.

b. Additionally, the study area traffic assignments should be reviewed to ensure that
fraffic loaded properly. Links in the study area portion of the network with zero traffic
volumes may point to an error in the model’s input data. This can include broken
network connectivity, invalid attribute values, or a problem generating trip assignment
tables. Path-building analyses can usually identify broken network connectivity. Make
sure to use the same cost values as the model is using for path building and assignment.
Even if there is no connectivity issue, other data errors may result in unexpectedly high
or low-cost values that prevent trips from adequately using the impacted portions of
the model network.
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Baseline Run Documentation

After successfully running the baseline, it
should be documented. This
documentation can take several forms
depending on what was agreed to during
project scoping. When documenting the
baseline scenario, the following should be
covered:

e |dentify the rationale for the baseline
model run.

e Assert the suitability of the model for
the project. Determining a model’s
suitability is a matter of professional
judgment. It considers issues such as
what features are possessed by the
model, how well-validated the model
is, and how sensitive the model is to
input changes.

- Model suitability should be
apparent while preparing the
baseline scenario. If the model is
unsuitable, this should be
communicated fo the relevant
stakeholders and addressed as
soon as this issue is realized.

- If the issues are addressed,
document all remedies used o
make the model suitable.

¢ Document any changes to input data
required for the baseline condition
and the reasons for them.

e Document any complications that
arose during the preparation and
running of the baseline model.

e Document baseline model outputs
and results. The baseline results are
usually the reference point for
comparison for all alternatives and
scenarios run in the future as part of
the project.

®
(]

The project coordinator should review the
baseline run documentation. When reviewing
the document note the following:

e Was the approach taken consistent with
the scope?¢

e Do the results of the baseline make
intuitive sense?

e If the results do not make sense, is this
adequately explained and is the
explanation defensible?

You should be engaged with the modeler in
regular progress meetings throughout the
baseline model run process. As such, nothing
in the document should come as a surprise.
Do not wait until the document is submitted to
check in on the modeling. It may be too late
at that point to address any issues.

9

When preparing the baseline run
documentation, it is important fo remember
that the document may be read by
individuals without a thorough technical
understanding of modeling. This could include
the project coordinator and / or the
stakeholders. While you should document the
technical aspects of the run and any
changes made to the model for the baseline,
be sure to also include a summary as well as
some narrative that explains the results and
changes in plain language.
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Typically, models will come with some Q

available future year scenarios based on When adjusting land use data, make sure to
the acceptance of the most recent account for the following steps:
Meftropolitan Transportation Plans 1.
developed by the MPOs represented in
the model. If the model scenario years
match years already provided with the
model and if the project scenarios do not
consider changes to the land use 3. Calculate conftrol totals, growth factors,
conditions anticipated by the MPOs, then and other land use characteristics.
adjusting the land use data may not be
necessary. If, on the other hand, a novel

Land Use Data

Identify the area you will be adjusting. This
will depend on the project study area.

2. Acquire the data that will inform the land
use adjustments from reputable sources.

4. Split TAZs if necessary.

horizon year needs to be added to the 5. Allocate the data in units (households,
model, the project in question requires population, employment, etc.) to
additional refinement of that land use individual TAZs.

detail in the study areaq, or the project itself
concerns the question of the impacts due
to changes in land use data, then these
data will need to be adjusted.

6. Verify that they data are entered
correctly by checking the final dataset.

General land use data recommendations from Chapter 3 Preparing Model Data from
Developing a Travel Demand Model apply, but there are additional considerations when
adjusting land use for project scenarios.

Land Use Data Sources

Data Type Horizon Source
Occupancy Permits Short City / County

Occupancy permits provide data on when specific sites were allowed to house occupants.
While this does not guarantee that the site in question is in fact occupied, understanding
where new occupancy has been permitted can assist the modeler in allocating control
growth values by indicating where a portion of that growth can go. This is particularly suited
for shorter term horizons, updating a base year condition to the current year, and as part of
an incremental process of allocating long-term growth that start by accounting for recent
growth first before allocating later anticipated growth.

Data Type Horizon Source
Zoning Data Short City / County

Zoning maps indicate the allowable land uses in a given area within a planning jurisdiction.
Zoning data only provides information on existing zoning and is thus most suited for use with
short-term horizons. Information on pending zoning amendment applications can often be
acquired as well, thus providing an indication of how land use might change in the very near
future. Zoning data can help identify where short-term growth can be allocated in the
absence of more detailed data from occupancy permits and site plans.
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Data Type Horizon Source
Site Plans Medium City / County

Site plans provide details on the proposed land use and intensity of development for a site.
Site plans typically will specify the number of proposed dwelling units for residential
development. For non-residential development, information on square footage is provided
instead. Local planning agencies at the city and county level may have identified specific
rates to use to convert this information to population and employment depending on the type
of development. If locally specific rates are not available, generally applicable rates are
provided in Table 9 | Land Use Conversion Rates for Traffic Impacts Assessments in the
Multimodal Transportation Site Impact Handbook. Site plans may be available for larger multi-
phase developments. It may not be reasonable to assume 100% build out by the scenario’s
horizon. An appropriate build out assumption should be reached in consultation with the
stakeholders.

Data Type Horizon Source
Population Projections Long Bureau of Economic and Business Research, UF (BEBR)

BEBR provides population projections at the county-level for various growth scenarios
throughout the state. The use of BEBR medium growth population projections for establishing
future year county population control totals is typical. BEBR projections should be used when
benchmarking future year scenarios for when desired future years are not in the model.
Consult with the model owner to determine if exceptions to the use of BEBR data were made.

Data Type Horizon Source

Future Land Use Maps Long City / County

Future land use maps indicate how local governments intend to shape growth and
development within their communities. These maps guide the development and zoning

process going into the future. While not as precise as zoning maps, future land use maps can
help the modeler determine how to allocate land use data for future decades.

Data Type Horizon Source
Employment Projections Long Florida Commerce / private vendors

Employment projections are available by industry from Florida Commerce for the state, MSAs,
large counties, workforce regions, and 3 additional areas meant to capture the balance of
the state. The projections are only 8-year projections. Private vendors are available that
provide similar projections at the county-level and for decades into the future. As with
population projections, employment projections are best used as control totals for future year
growth with other data (such as future land use maps for the long term and site plans and
applications for the shorter term) used to inform allocations within given geographies.
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Land Use Data Checking

Data representing conditions for the current year or earlier represent observations of actual
conditions. Checking such data should follow the same basic principles followed when
developing a model’s base year as discussed in the Developing a Travel Demand Model. For
future year land use data, observations are not available, and data checking must rely on making
sure that the adjustments made to the data are reasonable and were made as intended.

9

Land use data checking for future year data falls under two general categories:

Intentionality The data were entered into the model the way the modeler infended. Data
checks focus on making sure that individual components properly sum to
established control tfotals and that data were allocated to the desired TALZs.

Reasonableness The future year data represent reasonable growth spatially and in intensity.
Data checks focus on calculating growth rates from the updated data and
measuring where growth is occurring. Care should be given to make sure
that growth was not allocated to restricted areas such as fully built-out
locations or locations where development is restricted.

Check the data and correct any errors discovered. Note that errors may be with the data
themselves and not necessarily with how the data were entered in the model. Prior to running
any scenarios, confirm that all land use data adjustments are correct for each scenario.

TAZ Geometry

Accommodating changes fo the land use data may require changes to TAZ geometries. This
may be true if TAZs in the study area are particularly large and significant amounts of
development are being coded into the TAZ. Changes to TAZs may also be required if refining the
detail to the study area is desired. TAZs may be split to better accommodate additional
transportation network detail. When splitting TAZs, consider the following:

e TAZs vary in size based on the needs of the transportation network.

- Network links should not bisect TAZs.
- TAZs should be bounded by network links or impassible terrain such as rivers, railroads
without crossings, etfc.

e When TAZs are split, centroids and centroid connectors need to be added to the network
(the Network Updates section below has more information).

e Land use data will need to be disaggregated to split TAZs. Common approaches include:

Use of geographic point data (e.g., for employment) and sometimes parcel data.

Use of Census Blocks for demographics.

Counting “rooftops” (i.e., looking at aerial imagery and noting how many structures fall
info each TAZ portion).

Spatial proportions of each TAZ portion to the whole applied to the land use data.
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Accounting for Future Developments

Often, the question may arise whether a particular development is already included as part of
the land use data in the model. There is not always a straightforward answer to this as models
are developed with regional aggregate growth in mind and many smaller development
projects may be implicit in the general demographic and economic projections for the region.
This is most likely true for individual sites such as a free-standing store or a small apartment
building. If the development in question is larger, such as a new proposed regional employer,
then the development may have been explicitly accounted for in the data. This is only likely if
the certainty of the development is high, it enjoys strong local support, and/or is already under
construction. The model documentation or model owner may provide more clarity.

If there is uncertainty whether a required development is already accounted for in the model,
consider the following:

Is there a guidance document

or handbook available for your No Assume that the model
type of project (such as one of accounts for the development
the ones referenced in and proceed accordingly.
Chapter 2)? 7'y
Yes Yes
v
\ 4

Does the guidance document
or handbook provide No

instruction on how to address >
land use developments for

Is the amount of growth and
No type of growth in the

—Pp1 corresponding TAZs = the
amount of growth expected in

Is the development small?
(approximately less than 50
dwelling units or 25

your project? employees) the development?
Yes Yes No
\ 4 A 4 A 4
; Add the appropriate amount of Y
Follow the guidance. es Isth l t letel
land use data to the existing < s the development completely

new and unexpected?

future year in relevant TAZs.

No
\ 4
q Itis possible that the growth
representing the development
. was accounted for elsewhere
_‘.’_ in the model. Discuss with the
TardS model owner and the

stakeholders whether future
year land use data should be
moved from other TAZs into
the development TAZs and
proceed accordingly.
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Network Updates

It is unlikely that the modeler will need to code @

an entire regional network for the project. If so,

follow the guidance provided in Developing a When updating the model network,
Travel Demand Model for developing model make sure fo account for the following
networks. More likely, network updates will be steps:

limited to adding specific projects or project 1. Identify the facilities that you will
alternatives for each scenario being modeled. be coding.

The exact extent of the edits to the network will

depend on the needs of the project. 2. Acquire the data that will inform

the characteristics of the network
The modeler should expect to: segments fo be coded.

3. Edit the network to reflect the
needs of the project.

Add network links, delete network links, and
alter network link attributes.

4. Verify that the changes to the
network were properly coded and
reflect the needs of each scenario.

Interpret network data and source
documents to understand how the network
should be coded.

Be familiar with the modeling software used to run the model and understand how to use
that software’s network editing tools to make the necessary changes to the network.

Sources of Network Coding Data

Data Type Horizon Source
Design Plans Short FDOT District

Design plans are a good source for very precise network coding characteristics. While the
level of detail provided are usually beyond the needs of most modeling projects, they can
clarify network characteristics such as number of lanes, turn prohibitions, and complex
interchange connections. Design plans are usually available for projects fairly close to lefting
or under construction, making them typically suitable for coding network projects expected to
be open to traffic in the near future.

Data Type Horizon Source
Public Involvement Map Short FDOT District

Public involvement maps and diagrams are designed to convey the overall characteristics
and spatial impacts of a project to members of the general public. As such, they are usually
easier to interpret for individuals not well-versed in engineering. While they do not possess the
same level of detail as a design plan, these maps clearly display many of the network
characteristics relevant to travel demand modeling. As a planning tool, they can be available
earlier than design plans, but are subject to change depending on where the planning and
design process is for the related project.
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Data Type Horizon Source
GIS Data and Maps Varies FDOT / MPO

Online maps and GIS data can be used to identify the location of and, in some cases, general
alignments for transportation projects in Florida. FDOT's GIS Open Data Hub makes many of
these data accessible. MPOs may have similar data sets available related to their
fransportation planning efforts.

Data Type Horizon Source
Work Programs / TIPs Medium FDOT / MPO

Work programs and TIPs can provide information on project development for short and
medium-term projects. These documents indicate anticipated costs by project phase and
fiscal year. Typically, a project description is included, but depending on how early in the
development process the project is, the description may be vague.

Data Type Horizon Source
Long Range Plans Long MPO

Meftropolitan Transportation plans are an excellent source for identifying cost feasible
fransportation projects in the long-term. Details concerning project characteristics and
alignments will vary depending on the nature of the project. Cost feasible projects should be
available in the travel demand model future year network consistent with the most recently
adopted long rang plan.

Data Type Horizon Source

Scoping Documents Varies Project Specific

In some cases, the project being modeled is new and has not previously been modeled or
studied. In other cases, while the project may not be new, its exact configuration is uncertain,
and the modeler is expected to test alternative configurations and alignments. In these cases,
the understanding of what the project is and how to code it will be discussed with the project
coordinator and the stakeholders and recorded in the scoping documents guiding the
modeling effort.
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Types of Network Editing

Type Purpose Activities
Updating ¢ Road widenings Alter attributes such as number of lanes,
an Existing Road diets facility type, context classification, etc.
Alignment Upgrading facilities Editing turn prohibitors (if needed)

Change in land use context

Adding a New road Digitize network links corresponding to the
New Roadway re-alignment alignment
Alignment (adding the new alignment) Add appropriate attributes such as

New / reconfigured
inferchange
Enhancing the network
detail in the study area

number lanes, facility type, context
classification, etc.

Create turn prohibitors (if needed)

Split existing links to provide connection

points for new alignment (if needed)
e Test network connectivity fo ensure
proper traffic loading
Delete network links corresponding to the
alignment
Test network connectivity to ensure
proper traffic loading

Road closure .
Roadway re-alignment
(removing the old alignment)

Removing o
an Existing e
Alignment

Special Considerations

9

Centroid Connectors Transit

e Reassess centfroid connectors in light of new e  Splitting or deleting roadway links can
network coding. result in a broken transit network.

e New roads coded into the network may e Edit highway networks with transit
require that nearby cenftroids be connected networks visible so that disruptions can
directly to them. This is especially true if the be anticipated.
new road is infended to improve local

e Transit network coding is its own speciall
access.

process that deals with additional data
e Split TAZs will result in new centroids that will types and network elements such as:

need to connect to the network.

- Transit lines.
¢ Changes to land use may require new - Transit stops & stations.
centroid connectors to represent - Non-fransit segments such as drive
connectivity to the network that did not access and walk access links.
previously exist. - Operator characteristics.
e Do not connect cenfroid connectors directly E?(Ees.

to intersections. It is sometimes the case that

a centroid connector represents a major
driveway or local street that functions as an

approach fo an intersection. In such cases, it

is preferable to add a small link to function
as the intersection approach and then
attach the centroid connector to that.

A modeler coding a transit network or
transit project should be familiar both
with the basic principles of transit
modeling and the transit network
editing tools of the model software
being used.
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Running Model Scenarios

When running the model scenarios there are four basic steps that must take place. The order of
these steps may change slightly based on whether one’s scenarios are assignment-based or
demand-based. The differences between these are discussed later in this section. The four steps
are:

e Prepare Scenarios—This step involves adding the scenarios to the model and ensuring that
the proper input files are being referenced for each scenario.

e Calculate Demand—This step involves running the model to generate the demand related
outputs, especially the vehicle trip tables. These include running the model’s trip generation,
distribution, and mode choice components. If the model includes a feedback loop, then
assignment will be run as well to create the congested skims for feedback.

e Assignment—This step involves running the model’s trip assignment to create the loaded
network. For models with feedback loops, this may also be referred to as the final assignment.

e Compare Results—This step involves reviewing the model’s outputs for each scenario,
comparing the results between the scenarios, and analyzing the differences to draw
conclusions concerning the impacts of each scenario. This is discussed more in Chapter 5 of
this document.

Modelers are responsible for knowing how to run the model being used for the project. Information
on running any particular model should be available from that model’s user’s guide. If the user’s
guide was not provided with the model, contact the model owner and request the user’s guide.

Parameters Should Not Change Between Scenarios

@ Examples of Inputs
(Change as Needed)

While scenarios require that certain inputs be e Population.

changed to reflect the intfended conditions of the e Employment.

scenario, there are certain aspects of the model e Number of lanes.

that should not be changed. These are the model e Road alignment.
parameters. Parameters set the behavioral e Transit routes and stops.
elements of the model and are estimated and e Tolls, fares, etc.

calibrated from observed data. Parameters may be
adjusted for the model if new data become
available, and a recalibration effort is undertaken.
Once the parameter values have been established,
you must not change them.* All scenarios should use Model constants and coefficients.
the same parameters. Editing a model’s parameters Friction factors.
for a particular scenario can yield very misleading e Speed curves.
results. e Auto occupancy rates.

e Volume-delay curves.

e Value-of-time.

Examples of Parameters
(Do Not Change)

Trip rates.

*  Some projects may focus on testing “what if” scenarios. These scenarios may want to consider what
would happen if travel behavior were o change in unexpected ways. In this case, certain parameters
might be changed to reflect these conditions. If this is the case, be sure to clearly document what was
changed and why.
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Assignment-based Scenarios

Assignment-based scenarios are those that focus on analyzing
the impacts to traffic from changes to the transportation
network. There are projects where the expectation is that while
people might alter their routing to get to their destinations, they
are not expected to alter their destinations or their likelihood of
making a frip. These include projects focused on comparing
alternative alignments for a single transportation project or
assessing competing transportation projects on an individual | |
basis. If that is the case, then recalculating demand can | - |
Le Lo L

Calculate Demand

Prepare Scenarios

obscure the relative merits of each scenario. By running an
assignment-based scenario, the model analysis can focus solely
on the benefits due to the routing choices made for the
different alternatives.

Assignment Assignment Assignment

When running assignment-based scenarios, the modeler should:

1. Calculate demand up to developing the trip tables for
assignment from the baseline. Compare Resits

2. Prepare scenario inputs and set up each scenario.
Execute the trip assignment for each scenario using the same frip tables.

4. Compare the results between scenarios.

Demand-based Scenarios
5

Demand-based scenarios are those that focus on analyzing
demand impacts from changes to the transportation network, [

land use, or other inputs. There are projects where the [ | |
expectation is that people will alter their travel making behavior
due to the influence of these changes. This typically focuses on
changes to the destinations of their trips. More sophisticated Calcllate Demand  CalGulate Demand  Caldulat Demand

models, such as activity-based models, may even allow for | |
changes to the frequency, timing, and purpose of trips being
o . . . [ | B [ |

made. In addition to scenarios that are measuring the impacts
of changes to land use, policy-oriented scenarios (i.e., those -L. e -L.
that affect travel costs) and network scenarios that make A“igre"‘ oo A“'g"lme"‘
entirely new travel sheds possible (e.g., building a new river
crossing) are also suitable demand-based scenarios. .

o —
When running demand-based scenarios, the modeler should: gE

1. Prepare scenario inputs and set up each scenario.
2. Run the model for each scenario, including:

- Calculate demand.
- Execute the trip assignment.

3. Compare the results between scenarios.
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Documentation of Methods

Scenario documentation from the perspective of
modeling has two basic objectives:

¢ Document the methodologies used to model the
scenarios.

¢ Communicate the results of each scenario to
stakeholders so that they can draw meaningful
conclusions and make rational decisions.

Communicating the results of the scenarios will be
discussed further in Chapters 5 of this document.

When documenting methods, be sure to document
every modification made to the model. Note any
errors that you discovered, either with the base
model coding or scenario assumptions, and describe
how these were corrected. Record all edits made to
the network, TAZs, land use data, or any other inputs
to reflect the scenario conditions. Describe how
these edits reflect the scenario conditions and note
any special considerations or stakeholder feedback
that may have encouraged that the edits be made
a certain way.

The main reason for documenting all changes made
when running scenarios is to maintain a high degree
of fransparency. Stakeholders and other reviewers
will need to have confidence that the scenario
modeling was done correctly. This means knowing
that the results from the scenarios are specifically tied
to the changes made to the model and that the
changes made to the model reflect only what was
necessary to represent the scenarios defined in the
project scope. Failure to properly document all
changes made for each scenario can lead to
confusion and mistrust with respect to the modeling
effort and can undermine the project coordinator’s
ability to defend the modeling.

Documentation should be reviewed thoroughly and
shared with stakeholders once ready. Specific
modeling efforts tied to other guidance may have
particular reporting requirements that must be
followed. Be sure to familiarize yourself with the
reporting requirements and standards relevant to
your project such as those represented by the FDOT
guidance documents mentioned in Chapter 2.

9

When preparing the scenario
documentation, it is important to
remember that the document
may be read by individuals without
an understanding of modeling.
While you should document the
technical aspects of the run and
any changes made to the model
for the scenarios, be sure to also
include a summary as well as some
narrative that explains the
changes in plain language.

®
-

The project coordinator should
review the scenario model run
documentation. When reviewing
the document note the following:

e Was the approach taken
consistent with the scope?

e Were the changes to the
model reasonable and well
documented?

e Do the edits made to the
model inputs make sense in
terms of the scenarios they
represente

The information provided and
explanations given in the
documentation should make
sense to you even if you do not
possess a background in
modeling. If something is unclear
or does not make sense, ask your
modeler to clarify it in the
documentation. If you do not
understand it, chances are the
stakeholders will not either.
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5. Scenario Outputs

One of the greatest strengths of a fravel demand

model is its ability fo demonstrate how the 2
fransportation system responds to changes in

either the supply (such as the roadway network

and transit system) or the demand (including the 1.
number of households, population, and

employment levels). By comparing the baseline
conditions of a model to one that incorporates 2. Canyou readily read and interpret
proposed changes, it is possible to evaluate the resultse

whether the change would have a significant
impact on fravel within the modeled area orif a
proposed mitigation strategy would supply an
adequate remedy. For this reason, tfravel demand
models are used during several stages of the
planning and design processes.

Review Scenario Resulis

Are the results provided in a format
that you can access?

3. Do the results make sense¢

4. Are you able to defend the results?

Model Outputs

At a minimum, the model scenarios for a project should be compared to the base year
scenario, the horizon year no-build scenario, and each other. These comparisons form the
foundation of the project’s tfravel demand modeling narrative. They enable the project team to
assess how effectively a scenario meets the project's needs relative to a no-build condition and
the other proposed scenarios. The comparisons typically encompass the performance measures
identified by the project team and may be comprehensive. Common metrics include
comparisons of fraffic volumes, vehicle miles traveled (VMT), vehicle hours traveled (VHT),
volume-to-capacity ratios, select link analysis, select node analysis, and travel patterns.

Often, the outputs from the fravel demand model and performance measure comparisons are
utilized to support the selection of a preferred alternative among multiple proposed
transportation projects. Given the multitude of available outputs, it can be challenging to
identify which ones convey significant information. When determining which outputs provide
meaningful insights, it is advisable to focus on those that markedly differ among the alternatives.
For example, if the volume on a particular roadway in one scenario is significantly higher or lower
than that of the same roadway in another scenario, this disparity warrants attention. The relative
impacts should be evaluated in relation to the project’s objectives and its Purpose and Need.

Modeling project scenarios and evaluating outcomes can be a repetitive process. Automating
the retrieval of results from the modeling software presents significant advantages. By
implementing automation, we can allocate more time to evaluate the scenarios in relation to
the project’s objectives rather than merely focusing on retrieving outputs. This approach also
enables us to dedicate additional resources to uncovering meaningful insights that effectively
illustrate how well the scenarios align with the project’s goals.
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Basic Concepts

Distance: Travel demand models measure distance in miles. If the distance metric of the source
data for a transportation network is not given in miles, it must be converted.

Impedance: Impedance is a measure of inconvenience between an origin and a destination.
The greater the impedance between two zones, the less likely it is for a trip to occur between
those two zones. Typical impedances include distance, fravel fime, and tolls, essentially costs to
the driver in terms of time, money, or both.

Matrix: Matrices are data structures with rows and columns, where the rows typically represent
production end or origin TAZs, and the columns typically represent attraction end or destination
TAZs. The individual cells of each matrix contain values such as trips and fravel times and are
read as the value going from the row TAZ to the column TAZ (e.g., 100 trips from TAZ 1 to TAZ 2).

Origin-Destination (OD): OD trip tables in person trip analyses have been directionally balanced
for use in traffic assignment, which has obscured the relationship between the tfrip and its
corresponding land use data.

Periods: The duration that a model represents. This typically refers to traffic assignment. Typical
durations for travel demand models include a 24-hour day and/or several multi-hour times-of-
day. Generally, fravel demand models do not provide results for hourly or peak-hour periods.
Traffic simulation models may have periods of one hour or less.

Person Trips: Person trips measure the movements of individuals throughout the modeled area.
Person trips help us to understand the impacts to users of the transportation system as well as
their purpose of fravel.

Productions / Aftractions (P/A): Trip tables that have not yet been directionally balanced
contain P/A data. This makes it possible to analyze trips with respect to the land use data used
for trip generation.

Tours: A four is a sequence of trips arranged chronologically from the first trip of the period fo the
last trip of the period. In Florida, only activity-based models generate data that can be analyzed
at the tour level.

Travel Time: Travel tfime refers to the duration it takes to complete a trip from its origin to its
destination. This is typically measured in minutes. It can be aggregated by secondary factors,
like type of roadway facility or type of vehicle, and can be converted into hours for providing
certain meftrics such as vehicle-hours-traveled or hours of delay.

Trips: Trips are the movements between TAZs that connect frip ends to each other.

Trip Ends: Trip ends indicate the level of trip-making activity generated at a TAZ. These are
regarded as productions af the residence or home location and atftractions af the employment
or activity center location.

Trip Table: A specific type of matrix that describes the person or vehicle trips between zones.

Vehicle Trips: Vehicle trips measure the movement of vehicles. Vehicles can contain more than
one person. The relationship between a vehicle and its associated occupants for a trip is
referred to as auto occupancy. Vehicle trips help us understand the impacts on the system itself.
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Types of Outputs

There are multiple types of model outputs that can be gathered to support the decision-making
process. The selection of which ones are used is highly dependent on the performance
measures identified during conversations with the project feam, particularly those that indicate
the level of precision and accuracy required for the project and the project coordinator.

Productions

Productions inform you of the number of trips generated at each TAZ, primarily based
on residential land use data. These are typically given in-person trips, though in some
cases, such as for frucks and commercial vehicles, they are given in-vehicle frips. The
number of productions in a TAZ is typically dependent on a combination of datasets,
which may include the number of dwelling units or households, the number of persons
per household, income, and the availability of automobiles. Productions are given by
frip purpose. The typical person-trip purposes in Florida models are:

e Home-Based Work (HBW).

¢ Home-Based School (HBSc).

e Home-Based Shopping (HBSh).

¢ Home-Based Social-Recreational (HBSR).

¢ Home-Based Other (HBO).

e Non-Home-Based Work (NHBW).

¢ Non-Home-Based Other (NHBO).

Description

Spatially Analyze Trip Making: Since productions are generated at the TAZ level, it is
possible to see where frips are being produced. Productions should correlate to
populated areas and can be analyzed directly or as trip densities.

Summarize Trips: For most purposes, trips are typically balanced to productions. This
means that productions determine the number of frips generated in the model.
Summarizing productions gives a good idea of the overall number of person rips in the
model.

Uses

Attractions

Attractions let you know where trips want 1o go. Attractions are generated based on
employment, school enrollment, and other activity center-driven land use data. As with
productions, these are typically given as person trips according to the same trip
purposes used for frip productions. Attractions are typically balanced against
productions for most purposes, which means that the model will adjust the number of
aftractions to match the number of productions.

Description

Spatially Analyze Trip Making: Since attractions are generated at the TAZ level, it is
possible to see to where trips are being attracted. Attractions should correlate to
employment-driven activity centers and can be analyzed directly or as trip densities.

Uses
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Activity Chains (ABM)

Activity chains are a trip data format generated by activity-based models (ABM). The
activity chain describes an individual’s trip-making behavior over a 24-hour period, with
each record indicating the origin, destination, activity type, and duration of the activity.
The result is a fravel record for everyone in the model, similar to a household survey
fravel diary.

Description

Analyze Household Trip Characteristics: Trip chains are based on simulated households
and individuals modeled by a population synthesizer. This allows you to analyze trip-
making characteristics by individuals by households. Unlike traditional frip models, which
can only be studied at the aggregate TAZ level, frip chains can be analyzed for similar
households across different TAZs.

Traditional Trip Analysis: By parsing the activity chain file, it is possible to analyze
productions and attractions and build trip matrices that can be analyzed in the same
way as traditional trip models.

Assess Trip Chains: One of the great benefits of having activity chains is that trips can be
analyzed based on more practical interactions. Whereas a traditional trip model would
require you to analyze two separate trips—one from home to work and another from
home to shopping—activity chains allow you to assess activities that span from home to
work, to shopping, and back to home.

Uses

Skim Matrices

Skim matrices show accumulated impedances from each origin to each destination.
Impedance values are accumulated along the path that is the most convenient route
from origin to destination. The most common impedances are:

« Distance.
e Time.

o Toll

e Fares.

o Transfers.

Description

Measures of Accessibility: By correlating certain skim matrices with land-use data, it is
possible to quantify the population within a certain travel time radius of specific activity
centers. This forms the basis for analyzing accessibility, allowing you to measure the
change in the number of people within a certain travel time to activities, such as jobs,
based on improvements to the transportation network.

Analyze Changes in Travel Costs: Impedance values can change from scenario to
scenario. Analyzing the skim matrices between scenarios can show how different cost
elements are affected by the input changes in the scenarios themselves. For example,
fravel fimes may remain similar. Sfill, travel distances may increase between certain
origins and destinations, indicating that a longer but faster route is being utilized in this
scenario.

Uses
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Trip Tables

Trip tables are matrices that show the number of trips between one TAZ to another. Trip
tables can be given in terms of person trips or vehicle trips. If the model includes mode
choice, then separate trip tables for each mode of fravel should also be available,
allowing the modeler to analyze modes such as single-occupant vehicle (SOV), high-
occupancy vehicle (HOV), bus, rail, bike, and/or pedestrian. If the model includes a
fruck component, then truck trips can also be analyzed from the frip table.

Description

Analyze Trip Movements: In scenarios where trip distribution is recalculated, it is possible
tfo measure the change in frip locations by analyzing the trip tables. The modeler should
focus on specific groups of origins and destinations to identify the changes more readily.
Matrices can be aggregated to cluster individual TAZs into districts or other larger
geographies, making changes to frip movements easier to interpret.

Evaluate Mode Shifts: Similarly, if scenario changes are made to any of the travel
modes, the change in trip tables can be used to describe the magnitude of mode shift.
For example, suppose a new bus route is infroduced as part of a scenario. In that case,
comparing the change in frip tables between the scenarios can provide an indication
of how many and which trips shiftf between the tfravel modes.

Uses

Select Link / Select Node Analysis

Select Link Analysis preserves the origin and destination flows of all trips utilizing a specific
link and indicates the vehicles traversing a specific roadway or corridor. Similarly, Select
Node Analysis preserves frip flows using a specific node, typically a centroid
representing a development of interest to the project.

Description

Visualize Traffic Flows: Preserving the O-D flows for a specific location provides a
practical way to view how traffic is utilizing that location. The network paths taken often
inform available analysis methods.

Performance Measure Analysis: The select link and select node analyses isolate the
tfraffic flows for a specific location or corridor, allowing for an understanding of where
vehicles at that location or on the corridor are coming from and going to. This provides
crucial information for assessing the impacts of proposed projects, changes in land use,
or the effectiveness of mitigation strategies. Comparing select link or node analyses
from different scenarios can provide insight intfo how the fransportation network is
adapting to changes infroduced in the network or land-use data.

Uses
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Estimated Volumes

Estimated volumes are a key output from the travel demand model. They represent the
number of predicted vehicle trips on the roadway network. Oftentimes, this information
is stratified by the model's time periods and travel modes. A typical Florida model will
have outputs for SOVs, HOVs, and tfrucks, provided both daily and by time period (AM,
Midday, PM, and Night).

Description

Scenario Comparisons: Estimated volumes will change when the model's inputs change.
Comparing scenarios to each other allows the project team to see how the inputs have
caused fraffic to shift. It can also inform the project team as to how the scenarios might

compare across key performance measures.

Estimate Congestion Levels: Volumes are a key component in calculating numerous
performance measures that inform the project team, and ultimately the decision-
makers, about the congestion levels on the roadway system. They are used to calculate
various metrics, including volume-to-capacity ratios, vehicle miles traveled, and vehicle
hours tfraveled. Apart from demand modeling, they are often used to inform the
development of peak-hour design volumes during the project's design phases.

Develop Growth Factors and Traffic Forecasts: Model volumes are often used in
conjunction with traffic count data to develop growth factors and traffic forecasts for
various project types.

Uses

Volume-to-Capacity Ratios

Volume-to-Capacity Ratios (VC Ratio) compare the model output vehicle volume to
the roadway volume capacity, providing a measure of how congested the roadway is
estimated to be.

Description

Estimate Congestion Levels: As a roadway’s VC ratio increases, the estimated
congestion level increases. Without sufficient capacity, vehicles take longer to travel the
road, resulting in decreased volumes. A VC ratfio of 1.0 or above indicates a highly
congested area of the network. Travel demand models allow for the volume on the
road fo exceed its capacity. This occurs when the surrounding roadways are also
severely congested, and there is no alternative route for the vehicles to use. When this
occurs in a travel demand model, it results in a significant delay on the link. Many
models use VC ratios as a broad-brush estimation for a roadway’s Level of Service.

Uses
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Measures of Effectiveness

Measures of Effectiveness (MOE), also known as performance measures, are metrics derived
from travel demand model outputs that inform the decision-making process. It is the differences
between the values of MOEs compared among various scenarios that provide the requisite data
by which conclusions concerning model analyses can be drawn. MOEs should be calculated
using reasonable methodologies that can be readily explained and demonstrated. The
computation of a novel MOE should be conducted in collaboration with the stakeholders of a
modeling project to ensure that all parties involved understand the nature of the MOE, the
methods used for its calculatfion, and the proper interpretation of the MOE.

This guidance identifies some MOEs for use in Florida modeling, along with their calculation
methods. The information provided here is specifically tailored for use in fravel demand models.
Correlations to metrics offered in the FDOT Source Book are given when relevant.

Name Vehicle-Miles-Traveled

Abbreviation VMT

Source Book Metric Vehicle Miles Traveled

Definition VMT is the aggregate value of the distance, measured in miles,
traveled by all vehicles along a network. The network could be an
entire model network, a subarea, a corridor, or a single link. The
network can be further subdivided by link characteristics, such as
facility type, area type, or jurisdictional boundaries.

Interpretation VMT represents the intensity of vehicular travel on a network. Increases
in Vehicle-Miles-Traveled (VMT) may be associated with negative
outcomes, as traffic growth is correlated with increased congestion,
vehicle emissions, and fuel consumption. VMT can increase because
more vehicles are traveling along the network, vehicles on the network
are traveling longer distances, or both. Many other vehicle-related
metrics, such as fuel consumption and emissions, are calculated as
functions of VMT.

Methodology L
VMT = Z VL DL

L=1

Where:
Lis a link on the network.
n is the total number of links on the network.
V is the modeled volume on a given link.
D is the length of the link in miles.
VMT is vehicle miles traveled.
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Name Person-Miles-Traveled
Abbreviation PMT
Source Book Metric Person Miles Traveled

Definition PMT is an aggregate value, expressed in miles, of the distance traveled
by all individuals along a network. The network could be an entire
model network, a subarea, a corridor, or a single link. The network can
be further subdivided by link characteristics, such as facility type, area
type, or jurisdictional boundaries.

Interpretation PMT represents the mobility of individuals traveling on a network. PMT
can increase because more people are traveling along the network,
people on the network are fraveling longer distances, or both.

Methodology L
PMT = Z v, D,0,
L=1
Where:
Lis a link on the network.
n is the total number of links on the network.
V' is the modeled volume on a given link.
D is the length of the link in miles.
O is the average auto occupancy on the link (calculated from a
model-wide average or by occupancy-based volume purposes if
the model assigns frip by occupancy).
PMT is person miles fraveled.

Name Congested Travel Time

Abbreviation n/a

Source Book Metric Not a Source Book metric but congested travel fime correlates to
Travel Time.

Definition Congested travel time refers to the time it takes for a vehicle to fravel
a specified distance while navigating through traffic. Despite its name,
congested fravel time refers to any travel time calculated when
considering the presence of all vehicles on the network (i.e., a fully
loaded condition), even if the number of vehicles present does not
reach the level that causes traffic congestion.

Interpretation Increases in congested travel time may indicate that demand is
approaching or exceeding supply and that some form of mitigation,
such as developing a fransportation plan and implementing
fransportation projects, may be warranted.

Methodology Congested times are calculated using a volume delay function. Florida
models typically use a UROAD factor to reduce the available capacity
on the network, thereby achieving a reasonable allocation of trips
during assignment. As a result, the default calculation of capacity-
dependent metrics, such as congested fravel time, may be
overstated. It is recommended that congested travel times be
recalculated using a post-processor. The FDOT Source Book provides
several methodologies for calculating travel speeds. These can also be
used to calculate average fravel times per link.
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Name Vehicle-Hours-Traveled

Abbreviation VHT

Source Book Metric Not a Source Book metric, but VHT correlates to Travel Time * Vehicle
Volume.

Definition VHT is the aggregate value of congested driving time, expressed in

hours, for all vehicles traveling along a network. The network could be
an entire model network, a subarea, a corridor, or a single link. The
network can be further subdivided by link characteristics, such as
facility type, area type, or jurisdictional boundaries.

Interpretation VHT is a measure of congestion on a network, especially when used to
compare between different model scenarios. Increases in VHT are
typically associated with negative outcomes, as they represent an
increase in congestion. VHT can increase because more vehicles are
fraveling along the network, capacities in the network have been
reduced (such as by removing travel lanes or reducing network
connectivity), or both.

n

Methodology VHT — Z V,Te,
60

L=1
Where:
Lis a link on the network.
nis the total number of links on the network.
Vis the modeled volume on a given link.
Tc is the congested fravel time of the link in minutes.
VHT is vehicle hours traveled.

Name Free Flow Vehicle-Hours-Traveled
Abbreviation FFVHT

Source Book Metric Not a Source Book metric, but FFVHT correlates to Threshold Travel Time
*Vehicle Volume.

Definition FFVHT is the aggregate value of free-flow driving time, expressed in
hours, for all vehicles traveling along a network. The network could be
an entire model network, a subarea, a corridor, or a single link. The
network can be further subdivided by link characteristics, such as
facility type, area type, or jurisdictional boundaries.

Interpretation FFVHT represents an idealized state in which all vehicles can travel
along the network without experiencing congestion. FFVHT is not an
MOE in and of itself but is used to calculate other MOEs such as hours
of delay.

n

VLTFL
FFVHT = ) ——
60

L=1

Methodology

Where:
Lis a link on the network.
n is the total number of links on the network.
Vis the modeled volume on a given link.
Tris the free flow travel time of the link in minutes.
VHT is vehicle hours fraveled.
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Name Average Congested Speed

Abbreviation n/a

Source Book Metric  Average Travel Speed

Definition Average congested speed is an aggregate value of travel speeds
along the network under congested conditfions.

Interpretation Average congested speed is a measure of congestion on a network,
especially when used to compare between different model scenarios.
Decreases in average congested speed are typically associated with
negative outcomes, as they represent an increase in congestion.
Average congested speed can decrease because more vehicles are
fraveling along the network, capacities in the network have been
reduced (such as by removing travel lanes or reducing network
connectivity), or both.

Methodology 6 - 2I-1(VMT, * S)
¢ Xi=1VMT,
Where:
Lis a given link on the network.
n is the total number of links on the network.
VMT is vehicle miles traveled.
Siis the congested speed on a given link.

Scis the average congested speed for the network.

Name Job Accessibility by Auto

Abbreviation n/a

Source Book Metric  Job Accessibility by Auto

Definition The total number of jobs reachable by auto within a travel time
threshold.
Interpretation Job accessibility by auto is a measure of economic opportunity.

Increases in job accessibility by automobile are associated with
positive outcomes, as more workers are perceived as having greater
access to jobs.
Methodology . Yi W f(Ty;)
A= -
i=1 Wi

1,T;; < Ty
f(Ty) = {0, Tij- > Ty
Where:
Wi is the number of workers in origin zone i.
Ejis the number of jobs in destination zone |.
Tijis the fravel time between zonesiand .
Tuis the fravel time threshold.
m is the total number of origin zones.
n is the total number of destination zones.
A is the job accessibility by auto.
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Communicating Results

Modeling results should provide information that benefits the study's target audience. The target
audience and their needs must be carefully considered so that information can be provided in
a way that is most useful to them. These considerations should also take into account how the
information will be used and the level of technical expertise the audience may possess. The
value of a study ultimately hinges upon the ability for information generated by the study to be
understood and acted upon by its infended target audience.

Target Audience

Each type of audience will have particular needs with respect to the information they will
receive. Information should be tailored to maximize its relevance to a particular type of
audience. Below is a brief list of considerations on the nature of information that should be
conveyed to specific target audiences.

Type of Audience Nature of Information

Stakeholders o Supports the decision-making process
o Highlights key metrics
o Makes clear the differences between options

Technical Experts o Highlights the methodology used
o Supplemented with quantitative data
o Sufficient detail to support the next level of analysis

The Public e Highlights the message being communicated
e Highly visual
e« Concise presentation

Communication Strategies

The following strategies should be considered when communicating results to the target
audience:

e Use graphical representations of data whenever possible to communicate information more
effectively.

e Avoid using jargon and explain any technical terms that must be used in clear, non-
technical language.

¢ Have someone with a similar level of technical knowledge to the target audience review the
materials intfended to communicate the results.

¢ Allinformation should be provided in high-level executive summaries that quickly convey the
necessary information at a level of detail sufficient o meet the target audience's needs.
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Making Outputs Relevant

When presenting outputs, be sure to highlight the key findings that summarize the information to
support the decisions made by stakeholders. This information should naturally align with any
recommendations being made, such that the target audience can easily see the connection
between the information being presented and the conclusions being drawn. Any model results
presented in tabular or graphical formats should be accompanied by a brief narrative that
explains how the results relate to real-world impacts and policy goals.

One of the benefits of using a fravel demand model is the ability to analyze various scenarios
and compare the results between them. Often, stakeholders will need to make decisions
concerning which of several options represents the best choice. Results intended for comparison
between scenarios should be presented together to facilitate meaningful comparisons. For
example, presenting metrics from different scenarios as separate rows or columns in a table or
using distinct symbols for each scenario on a chart or graph.

Developing and presenting model results for use by stakeholders may involve an iterative
process of communication and review between the modeler, the project coordinator, and the
stakeholder, as demonstrated in the image below.

0o ®
an [ a
Stakeholders Project Coordinator Modeler

Scenario Modeling
Create scenario specific inputs.

Review Scenario Results 2. Setupscenariosinmodel.
1. Arethe results provided in a format that you 3. Review set up to confirm scenarios are
Yes can access? prepared correctly.
2. Canyou readily read and interpret the results? 4. Runmodelscenarios.
3. Do theresults make sense? 5. Post-process modeloutputs.
4. Areyou able to defend the results? 6. Createrequired tables, charts, and graphs.
7. Deliver results to project coordinator for
review.
No
Review ProjectResults No Coofdlnate with Modeler on Revisions
1. Did the project answer your questions? : Meernh themotisiee. - :
2. Arethe answers satisfactory? * Provide comments and clarify theissues.
* Requestrevisions as needed.
Initiate Project Closeout Final Deliverables
Yes * Requestfinal reports / documentation. * Provide final reports / documentation.
* Requestfinal model files for archiving. * Provide final model files for archiving.
* Requestotherdeliverables. * Provide otherdeliverables.
ProjectCloseout
Once all deliverables are received, publish and
archive them as needed. Keep a record of where
everything is for posterity.

Data Visualization

The visualization of data makes seemingly complex information more accessible to the target
audience. It achieves this by directing the audience's attention to the most relevant pieces of
information derived from the model results. Visualizations can often make the implications of the
data being presented more obvious to the target audience by drawing attention to intuitive
relationships that are recognizable to the reader. These include the differences between large
and small, high and low, different colors and patterns, and progressive arrangements such as
before and after.
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When developing visualizations, it is essential fo focus on a specific metric that serves as the
primary means of communicating information to the target audience. Attempting to portray too
many metrics at once will only serve to confuse the reader. Tailor the level of detail of the
visualization to the needs of the target audience, displaying only enough data to inform the
reader. Consider levels of aggregation that are appropriate for summarizing the model results
and conveying them in a visual format. Supplement visualizations with brief narratives or
descriptions to orient the reader.

Consider the following general categories of presenting data:

Manner of Presentation Key Concepts
Tables e Present data in a structured, easy-to-read format
e Highlight key meftrics and comparisons
e Include summary statistics (e.g., averages, totals) for quick

insights
o Use conditional formatting to emphasize significant values or
frends
Graphs / Charts o Create clear, accessible charts and graphs fo illustrate key
findings

« Use different types of graphs (e.g., bar charts, line graphs, chord
diagrams) to convey various aspects of the data

e Ensure graphs are labeled clearly with fitles, axes, and legends

Maps o Use maps to show spatial patterns in travel behavior or traffic
volumes

e Colorthemes can be used to represent different data ranges,
demonstrate hotspots of activity, and show changes over time

e Size themes can be used fo represent quantitative data
spatially, such as using bandwidths fo demonstrate fraffic
volumes

o Chart themes integrate graphical elements like pie charts or bar
graphs directly info maps to reinforce or summarize information
presented on the map

e Isochrones visualize fravel time or accessibility gradients in multi-
colored contours

o Inferactive digital maps allow users to engage with the data,
enabling features like zooming, panning, and clicking on data
points for more information

e Dashboards can enhance the user experience by providing
dynamic data visualization

Infographics e Combine text, data, and visuals to provide a summary-level
overview

o Infographics simplify complex information
e Incorporate storytelling elements

The following section presents several examples of data visualizations suitable for model-related
data. The images for CFRPM v7 and the FDOT Sourcebook data are taken from their respective
dashboards. All other examples in this document were created using the sourced data.
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Visualization Examples

Online maps allow users easy access to model data curated by the project team. The use of
online mapping enables a single point of editing and maintenance while allowing multiple users
to view and interact with the data simultaneously. This greatly increases version control while
reducing the opportunity for error. The interactivity of an online map also allows the user to
zoom, pan, filter, and otherwise position the map to allow for a greater focus on areas of
particular interest.

Online Map: Interactive map
allowing users to explore model

volumes on a loaded network. -
Example: Model loaded volumes by link Interactive map allows user
to filter specific counties

and select highway links to
view the model’s data.

‘_ Central Flonda Regional Planning Model (CFRPM) Loaded Networks Sebent Lo s

2000 aerm Yow

@
T Clear contrast between the background Map legend uses
Multiple tabs allow the user and the network makes the relevant clear language and
to quickly switch maps information pop. meaningful ranges.
between scenario years.

Data Source: CFRPM V7 Network Dashboard

Online mapping applications allow for multiple maps to be arranged on tabs that will enable
the user to switch easily between maps, making it easier fo compare data between scenarios.
Maps should include both information-bearing imagery as well as background imagery.
Background imagery helps to provide additional context to the map and may consist of place
names and street names that help spatially orient the reader. Information-bearing imagery are
those map elements that are infended to communicate information to the reader, such as
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tfraffic volumes. Maps should use high contrast between background imagery and information-
bearing imagery to make the map easier to read.

Model dashboards build upon the concept of an online map by infegrating various data
elements. These elements, such as tables and charts, are integrated in a way that the
information displayed in various elements is updated based on the user’s selection of specific
features in a single element. This allows the user to drill down into a specific set of features, such
as a model TAZ, and display information about that TAZ. Selecting multiple features, such as
multiple TAZs, allows for on-the-fly aggregation of the relevant data to provide higher level
summaries.

Model Dashboard: Interactive
map and table platform allowing .
users to explore model data and Interactive map allows user

. . to select TAZs and view the
display summaries. ,
model’s data.
Example: Model zonal data by TAZ and by county

¢ Central Florida Regional Planning Model (CFRPM) Transportation Analysis Zones Select countlis)

Central Florida Regionsl Planning Model (CFRPA

CFRPM? ZDATA Summary: 2045 Morizon Year

Aqomgate Yaues
Couty  #Zones  SingleFamily Occupled OUs S

951 248,533

CPRPM? ZDATA Summary: 2045 Horizon Year
Paccar

2023

Cou % B Yo B Bha % %S,

Ma 8343 991 442 54 1493 2098 | 6404

CFRPMT ZDATA Summary: 2015 Base Yasr

Pop.. | Bmp... | imp... | Auto... | Stud.. | Hotel
= 213 097 12 ¢ 25

B
F

CFRPM7 ZDATA Summary: 2045 Horizon Year

054 115 M 048

g 262 025 | 067

Multiple tables provide top -level
summaries of model data. The pop -out
On-the-fly data summaries feature of the tables allow the user to

for groups of TAZs are get more information.
possible by selecting

multiple TAZs on the map.

Data Source: CFRPM V7 TAZ Dashboard

The use of filtering can also allow for high-level summaries to be generated on the fly consistent
with the needs of the user. Embedded tables can fie directly intfo the databases used and
generated by the model to generate relevant information as needed. These data elements,
such as maps, tables, and charts, can be “popped out” or maximized to make the information
more legible and drill down info the details as needed.
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The close integration of various data elements allows for the development of a map with
analytics that allows for the prominent display of key pieces of information. While these maps
are most powerful when used interactively in the form of a dashboard, the resulting imagery can
be incorporated easily into reports and presentations.

Map with Analytics: Interactive
map and linked data summaries
recalculate on the fly when users —
. . Aggregate geographies like
select specific geographies or counties make it easier to

manipulate the data slicer. process and understand the
Example: VMT by county and compared to prior years

information.

Textual information is kept

brief and uses large font to \ Daily
draw the reader’s eyes. Vehicle Miles Traveled

362.7M 1T 3.5%

in 2023 from 2022

Data slicer allows user to Comparison Year
change which scenarioyear |—» zozz o K
to compare against .

% Change in Vehicle Miles Traveled

-10.8% [l . I 2 2o

Color ramping allows reader to avoid being distracted
by trying to discern specific values to discreet symbols.
This provides a quick way to tell which areas are
growing in VMT and which ones are not.

Data Source: The FDOT Source Book

These maps should be designed in a way that intentionally highlights a particular piece of
information that needs to be communicated. When relative metrics are the focus, the intention
should be to convey how much more value there is in one location relative to other locations.
Heat maps convey this sense well by not focusing on the discreet values associated with each
color but rather allowing the reader to quickly survey the map and call out, for example, high-
growth versus low-growth areas.

The textual and numerical information presented in the map should be limited to just the key
points that need to be communicated. The use of large fonts not only makes it easier to see and
digest this information but also focuses the attention of the user on the main point of the
information being communicated.
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Graphs and charts represent another way to visualize data. These visualizations make use of
limited quantitative benchmarks combined with symbols showing the intensity of some metric in
a way that makes drawing comparisons and inferring frends an intuitive process. While there are
a large variety of chart and graph styles available, they all share similar elements. This includes
the use of symbolism that shows relative levels of magnitude combined with a quantitative
element such as an axis that allows the user to interpret the differences in magnitude.

Graphs and Charts : Graphs and

charts provide representations of

data that quickly allow the reader Succinct title clearly

to identify trends and make indicates the information
comparisons. conveyed by the graph.
Example: VMT by year and by area type for Florida l

Vehicle Miles Traveled
by Area Type

200M

Relatively large increments
on the Y-axis makes the
graph more legible while
still conveying the
necessary information.

300M

200M

Vehicle Miles Traveled

1008

oM

Limited number of categories prevents
the reader from being overwhelmed.

Data Source: The FDOT Source Book

Furthermore, charts and graphs should have clear and succinct titles that indicate the nature of
the information being communicated, as well as clear labels that identify magnitudes,
categories, and subgroupings. Elements in the graph should be aligned in a way that is
consistent with the nature of the information, such as showing historical information in a way
such that by scanning the data, the reader naturally looks from earlier data to more recent
data. The number of categories and subgroupings should be kept to an intelligible minimum. This
should be no fewer and no more than what is needed to be able to draw meaningful
comparisons. Too many categories may result in visual noise, making it difficult for the reader to
effectively interpret the information.
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Certain diagrams can also be used to demonstrate more complex interactions. A chord
diagram makes it easy to show the movement of trips between origins and destinations. These
diagrams ascribe sections of the circumference of a circle to different locations. The bands
moving between sections of the circumference give a sense of the relative magnitudes of the
movements between locations. The clarity of a chord diagram can be enhanced by using
aggregate geographies such as counties, districts, or regions to reduce the number of potential
locations. While these diagrams can display movements both fo and from multiple locations,
focusing on a single destfination or point of origin at a time can reduce visual clutter.

Chord Diagram: Graphical
representations of the movement
of trips between origins and

destinations in a chart format.

Example: Evacuees from Florida Keys to regions
across the state and beyond

& £©
- b \ 8
Focusing on h u‘“«ﬁ
movements to and se
from one particular a Bay
. L » £ L TamP
location keeps the Torida Keys i
diagram clean and | Central
easier to interpret. '
\\. ."4 Sa”
y e,
g ray
, A\ ¢
: W %
Vibrant and clear colors as well @ \ 2z 'Z,o
- ) . S
as avoiding the crisscrossing of g™ 2 % %
. : T 2
bands makes it easier to e

distinguish which movements
belong to which locations.

24es Jono

Limited number of categories prevents
the reader from being overwhelmed.

Data Source: Transportation Interface for Modeling Evacuation

Typically, chord diagrams coordinate the color of the bands with the origin of the trips; however,
when focusing on a single point of origin, it may be more visually appealing to color code the
bands according to destination. Accompanying such a diagram with a brief explanation will
make it easier for the reader to interpret the information being presented. Thought should be
given to how the locations represented along the circumference are ordered. For example,
consider organizing the locations from closest to farthest from a particular point of reference.
Showing a color-coded map corresponding to the colors in the diagram can also help with this.
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Relationships between origins and destinations can also be displayed visually using a desire line
map. The thickness and color scheme of the lines drawn between origins and destinations can
be used to visualize the magnitude of the relationships between them. Typical relationships from
a travel demand model shown this way are frips moving from one area to another. Those
outputs are generally provided at a TAZ-to-TAZ level and, when presented at that scale, can
prove to be too cluttered as well as misleading. Aggregating origin-destination data to larger
and more meaningful geographies makes it easier to understand and interpret this information.

Desire Lines: Graphical

representations of the movement 3D-style desire lines overcome issues
of trips between origins and when movements are arranged linearly
destinations in a spatial format. as in this example with regions aligned
Example: Evacuees from Florida Keys to regions north to south.

acrossthe state and beyond

TAMAULIPAS

Nashndlle

ALABAMA

SOUTH CAROLIN

Tampa

FLORIDA

Using aggregate geographies, like Clear contrast between the background
regions, reduces the visual noise in and the desire lines makes the relevant
the visualization. information pop.

Data Source:Transportation Interface for Modeling Evacuationsl

While desire lines have typically been presented using flat 2-dimensional imagery, the resulting
images could make it difficult to distinguish different lines if the relevant destinations were close
to one another or arranged linearly, such as when mulfiple destinations are arranged from south
to north. Rendering desire lines using 3-dimensional imagery allows the lines to be more clearly
distinguished from one another, making it easier to understand what is happening in the image.

Desire lines are typically displayed on a map, so as with other mapping approaches, there
should be a clear visual contrast between the information-bearing imagery of the map and the
background imagery of the map.
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A Sankey diagram can show more complex relationships than other data visualizations. While
they can be used to demonstrate relatively simple interactions like origin-destination flows, they
excel at visualizing tiered relationships or changes over fime. Common non-fransportation
examples include energy flow diagrams. These diagrams can often make it easier for readers to
navigate information that would otherwise need to be presented in data-dense tables that can
be difficult for many people to interpret.

Sankey Diagram: Graphical
representations of relationshipsin

a chartformat.
Example:Work Tour Estimated Mode Splits

Drive Alone Use clear labels that are
4—
3,949,410 easy to understand .

Auto
Trips 5,334,900
5,651,540

Shared 2
981,280 Limited number of categories prevents

the reader from being overwhelmed.

Non-Motorized Shared 3+

70,260 404,210
Public Transport . Walk
246,380 57,090
__ Bike Local Bus
13,170 ™ 140,920
Walk Access
Bus Rapid Transit
185,100 5620
i Kiss-and-Ride Express Bus
rive Access =
61280 18,360 17,280
Park-and-Ride Urban Rail
) — - ) 42,920 =~ 70,180
Focus on intuitive relationships )
A A . Commuter Rail
that readers will easily recognize. 12,380

Data Source:SERPM v7 Model Development Report

Sankey diagrams should focus on clear relationships that flow naturally from one level to the
next. The reader should be able to intuit easily what the image is frying to convey. Consider how
many tiers of data need to be portrayed and keep the number of categories at each fier to a
manageable number. Sankey diagrams can quickly become overcrowded and thus negate
the benefit of using them.
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