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Team Effort
• Jeff Newman, CS
• Rachel  Copperman, CS
• Marty Milkovits 

(was CS, now Boston MPO – CTPS)
• Tom Rossi, CS
• Binny Paul, RSG
• Large group from the Oregon Modeling Steering Committee
• Sarah Sun and the System Planning Analysis Team from 

the Office of Planning, FHWA



Agenda - Overview

• Project Overview and Timeline
• Exploratory Modeling Motivation and Background
• Testing Scope/Design 
• Model (TMIP-EMAT) Setup Steps
• Results and Lessons Learned
• Planned Future Efforts and Next Steps



Purpose:  To test emerging tech policies 
with the newly deployed ABM 

Motivations

- Emerging Tech
- Uncertainty



ODOT’s Newly Released ABM

• CT-RAMP (pivot off of San Diego)
• Linked with Visum for Assignment
• Future Year ~500k people

• Runs in about 4-5 hours
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Enter TMIP-EMAT
• Dec 2018 TMIP-EMAT webinar
• Seemed to facilitate the exact 

testing OMSC wanted to 
complete with the ABM



Project Timeline
• Learned of Beta Test 

Opportunity (Feb 2019)
• Submitted and Approved
• Official Kick-off Meeting held 

March 20, 2019
• Completed Beta Test 

September 2019

• Late 2019 / Early 2020 OMSC 
improved beta test design

• March 2020 update beta-test 
setup

• April 2020 setup and ran 100 
ABM runs to complete scoped 
test design

• May 2020 shared and 
presented results



TMIP Exploratory Modeling and 
Analysis Tool (TMIP-EMAT)

• FHWA Travel Model Improvement Program Research 
Project
• Continues through Summer 2021

• Tool to support transportation planning under deep 
uncertainty
• Complements and enhances (does not replace) existing 

models, visualizations, or planning tools
• More info on the Beta Testing  can be found here:

• https://www.fhwa.dot.gov/planning/tmip/publications/other_reports/emat_beta/

https://www.fhwa.dot.gov/planning/tmip/publications/other_reports/emat_beta/


TMIP-EMAT Overview

Uncertainties, 
Measures, Levers

Region/Application 
Specific Materials

Core 
Model

Deployment Specific 
Requirements

Core 
Model API

Model Manager

Standard EMAT 
Components

Analysis Visualizers

EMAT Scoping

Simulation 
Results



Why TMIP-EMAT? Robust Decision-Making

STRATEGIES TO MITIGATE
IMPACTS OR SHAPE FUTURE

No
Reliable signposts?

Yes

Sufficient lead time?Yes

Near-term robust 
strategy (low risk)

Yes

Deferred adaptive 
strategy (low risk)

Mitigation 
Strategies

Performs well (no regrets) 
across plausible futures?

Shaping 
Strategies

No

Near-term hedging and shaping 
strategies (higher risk)

No



• Exogenous uncertainties (X) are factors outside the decision makers' control that 
may affect the ability of near-term actions to achieve decision makers' goals;

• Policy levers (L) are near-term actions that decision makers may want to consider;
• Relationships (R), generally represented by simulation models, describe how the 

policy levers perform, as measured by the metrics, under the various 
uncertainties; and

• Metrics (M) are the performance standards used to evaluate whether or not a 
choice of policy levers achieves decision makers' goals.

Robust Decision-Making Terminology

From Rand Robust Decision Making Glossary: https://www.rand.org/methods/rdmlab/glossary.html

RDM exercises often employ an "XLRM" framework (Lempert et al. 2003) to help guide stakeholder elicitation, 
data gathering, and model development. The letters X, L, R, and M refer to four categories of factors important to 
an RDM analysis

https://www.rand.org/methods/rdmlab/glossary.html


Each unique 
combination of 

levers and scenarios 
is an Experiment

Decision 
space

Uncertainty 
space

Model

Outcome space

Policy lever presence 
and combinations 

(lever combinations)

Model input 
ranges/distributions/

correlations (scenarios)

Outcome space is 
populated by a set 

of Metrics
associated with 

each Experiment

The Magical 
Latin 

HyperCube



TMIP-EMAT Workflow
Define the uncertainty 

and decision space

Run model 
across uncertainty /
decision dimensions

Risk / Exploratory 
analysis

Model

Analyze



Great Facilitated Decision Making Process

What are you 
trying to achieve

How can you 
influence your 
goals

What could impact 
your goals that you 
have no control 
over

How will you 
know you are 
successful; 
continued 
monitoring

Goals Policy Levers Uncertainties Metrics 



Scope Development - Goals

• “Evaluating the usefulness of the ABM for 
questions around Emerging Tech”

• “Determining resilient actions that work 
under all tested futures as opposed to 
actions that only work under some 
futures”

• “Evaluating actions with an equity lens (a 
more complete set of metrics)”



Scope Development - Goals

• “Evaluating the usefulness of the ABM for 
questions around Emerging Tech”

• “Determining resilient actions that work 
under all tested futures as opposed to 
actions that only work under some 
futures”

• “Evaluating actions with an equity lens (a 
more complete set of metrics)”

F – First

A – Attempt

I – In

L – Learning



Scope Development - Goals

• “Provide an equitable and accessible 
transportation system for all income 
groups”

Beta-Test 
Workshop 
Guided Scope



Scope Development - Goals

1. Safety – Vision Zero (reducing crashes)
2. Equity – Provide an equitable and accessible transportation system 

for all income groups
3. Provide for economic growth and development – Efficient movement 

of freight (movement of goods, long-haul and local delivery)
4. Livability – providing access to services and transportation options 

(across age and ability)
5. Sustainability – reducing GHG and air pollutant emissions

Refined with 
the OMSC



Scope Levers and Uncertainty
Policy Levers

• Transit Everywhere (like public 
TNCs)

• Transit LOS (quality of service)
• Parking Rates ($0.50 - $20)
• Active Transport Speed 

(allowing various levels of 
micro-mobility)

Areas of Uncertainty

• Freeway Capacity
• Auto Operating Cost (grouped 

with Value of Travel Time)
• Economic conditions (ended up 

representing with income)
• Household Density

Beta-Test 
Workshop 
Guided Scope



Scope Levers and Uncertainty
Policy Levers

• Transit Everywhere (like public 
TNCs)

• Transit LOS (quality of service)
• Parking Rates ($0.50 - $20)
• Active Transport Speed (allowing 

various levels of micro-mobility)
• Urban Speed Changes

Areas of Uncertainty

• Freeway Capacity
• Auto Operating Cost (grouped with 

Value of Travel Time)
• Economic conditions (ended up 

representing with income)
• Household Density
• Age Distribution
• Telecommuting Adjustment

Refined with 
the OMSC



Metrics 
The dream list:

• Regional accessibility by…
• Congestion / reliability…
• Affordable Transportation 
• Quality of Life
• Fiscal Sustainability
• Safety

Cold Reality (model and time limitations):

• Jobs by SOV in a time boundary
• Mode percentages
• PMT / VMT
• VHT
• V/C
• Auto ownership
• Number of Non-Mandatory Tours



The Next Phase of the Scoping Process -
How the Levers are Turned into Model Inputs



Transit Level of Service Goal - Equity

• ptype: policy lever
• desc: The overall comfort, performance, 

and attitude toward transit has been 
successfully changed dtype: real

• default: 0.0
• min: -20.0 (proxy of 20 min penalty)
• max: 20.0 (proxy of 20 min reduction)

• Measure – Accessibility by Income



Active Transport 
Speed

• ptype: policy lever
• desc: Technologies that aid biking and walking 

may increase average speeds of these modes
• dtype: real
• default: 1
• min: 1 x current speed (3 and 12mph)
• max: 2 x current speed

• Measures
Bike/walk mode share, Overall VMT

Goals – Livability,
Sustainability



Freeway 
Capacity

• ptype: exogenous uncertainty
• desc: Future Tech changes how many 

vehicles can use a given lane of 
freeway

• dtype: real
• default: 1900.0
• min: 1500.0
• max: 3000.0 

• Measures:  VHT

Goals – Equity,
Economic Growth



Telecommuting 
Adjustment

• ptype: exogenous uncertainty
• desc: How might the amount of 

Telecommuting change in the future
• dtype: real
• default: -0.23
• min: -1.0 
• max: 0.0

Goal – None, just 
seemed timely



Great Facilitated Decision Making Process

What are you 
trying to achieve

How can you 
influence your 
goals

What could impact 
your goals that you 
have no control 
over

How will you 
know you are 
successful; 
continued 
monitoring

Goals Policy Levers Uncertainties Metrics 



TMIP-EMAT Workflow
Define the uncertainty 

and decision space

Run model 
across uncertainty /
decision dimensions

Risk / Exploratory 
analysis

Model

Analyze

2



Model Setup / Configuration

https://github.com/RSGInc/SOABM/wiki/Getting-started

Required Software 
- Visum
- dependencies.zip

- Java jdk 1.8.0_111 (and libraries)
- Python 27 (and libraries)
- R-3.3.1 (and libraries)

Designed so that only Visum needs to be installed.



Model Setup / Model Run



Model (API) Development

• Setup
• Run
• Post Process
• Archive
• Measure Parser Linkage



API Steps – Steps to Automated
• Setup

• Copy blank directory
• Write csv of scenario design 

values (parameters)
• Run R script to update inputs 

based on design lever values

• Run
• Simply run RunModel.bat 

• Post Process
• Runs an R script to build summary 

output files specific to TMIP-EMAT 
scope and clean/thin ABM outputs.

• Archive
• Simply Renames the working directory 

with a scenario design number

• Measure Parser
• Existing function to read measures, just 

needs a linkage to specific files / fields.



Stepping Through Experiments Picked through 
Latin HyperCube Sampling (LHS)

The 
Magical 

Latin 
HyperCube



Looking Behind the Curtain

https://en.wikipedia.org/wiki/Latin_hypercube_sampling

https://en.wikipedia.org/wiki/Latin_hypercube_sampling


TMIP-EMAT Workflow
Define the uncertainty 

and decision space

Run model 
across uncertainty /
decision dimensions

Risk / Exploratory 
analysis

Model

Analyze3



10 Levers x
10 Core Model Runs/Lever =
100 Full ABM Scenarios Completed

Results look good

Results Based on:

OutputsInputs



Policy LeversUncertainties

Feature Scoring –
With machine learning 

Numbers are 
relative to each 
measure

Yellow = most 
important input 
to an output

Purpose = least 
important input 
to an output



The Strength of the Meta Model



Active Transport 
Speed

• ptype: policy lever
• desc: Technologies that aid biking and walking 

may increase average speeds of these modes
• dtype: real
• default: 1
• min: 1 x current speed (3 and 12mph)
• max: 2 x current speed

• Measures
Bike/walk mode share, Overall VMT

Goals – Livability,
Sustainability



Measures:  Bike/walk mode share, Overall VMT



Urban Speed Goal - Safety

• ptype: policy lever
• desc: A multiplier on Urban (non-

interstate) speedsdtype: real
• default: 1.0
• min: 0.25
• max: 1.25

• Measures:
VMT by Speed (lower speed), VMT by 
V/C (lower V/C), Active Mode Share



Measures:
VMT by Speed (lower speed), VMT by V/C (lower V/C), Active Mode Share







Transit Level of Service Goal - Equity

• ptype: policy lever
• desc: The overall comfort, performance, 

and attitude toward transit has been 
successfully changed dtype: real

• default: 0.0
• min: -20.0 (proxy of 20 min penalty)
• max: 20.0 (proxy of 20 min reduction)

• Measure – Accessibility by Income



Measure - Accessibility by Income





Parking Rates Goals – Equity, 
Sustainability

• ptype: policy lever
• desc: Varies the cost of Parking in 

Parking Zones
• dtype: real
• default: 1.0
• min: 0.5 $/hr
• max: 20 $/hr

• Measures:
Overall VMT, VMT by income group (low)



Measures:  Overall VMT, VMT by income group (low)





Goals – SustainabilityAuto Operating 
Costs

• ptype: exogenous uncertainty
• desc: Change vehicle fuel cost
• dtype: real
• default: 12.4
• min: 1.0    # auto operating cost is what the user 

sees not actual costs, so a low cost could be 
subsidized by ad-rev, also home solar power... 

• max: 50.0 # max represents higher tax scenarios 
and carbon fees and PAYD

• Also assumed to cover value of travel time and 
road use charges

• Measures:  Overall VMT (assuming proxy for GhG)









Next Steps –
Exploring the Data



Lessons Learned -
Great Testing of the Model Before Official Use



Model Runs – a Lesson Each Time

3 Beta Test Rounds in 2019

1. issues found with v/c 
calculations and 
reference scenario 
setup/inputs

2. Household Densification
3. Clear that Transit 

Everywhere had Issues



Output 
Design 
Matters 
!!!!!!!!!!!!!

Assumption was made that shifting to ABM 
would give a wider array of outputs to help tell 
the story…

Yes, BUT

In order to get access to those results and 
information, the ABM design needs to 
anticipate and export the outputs in an easy to 
use format (ideally a travel survey format).



Model Runs – Still More Lessons

Lessons from 2020 re-run

• Tolling not setup as user anticipated. 
• Tolling methodology was inconsistent 

across modules (commercial vehicle 
and externals

• Accessibility is a key/important 
measure that needs to be better 
defined.



Final Thoughts:

How do you 
summarize all 
this?

1. Uncertainties seem much 
more impactful than Levers

2. Further model enhancements 
needed to fully test all the 
levers like MaaS

3. Lots more to learn –
specifically around 
accessibility

Policy LeversUncertainties



Next Steps – Model Development

These lessons are helping to guide 
model improvement:
• Telecommuting
• Vehicle Representation
• Vehicle Tracking
• Tolling Improvements
• Output Access / Formatting 
• Better Measures

• https://github.com/RSGInc/bca4abm

https://github.com/RSGInc/bca4abm


1. Robust Decision Making (RDM) 
Problem Design and Scoping

2. (2.5 words) Latin HyperCube

3. Exploratory Model and Analysis 
(EMA) Workbench  
https://emaworkbench.readthedocs.io/en/latest/

The rest is just automating your 
core model

The Magic of 
TMIP-EMAT

https://emaworkbench.readthedocs.io/en/latest/


Any Questions?

Alexander.o.bettinardi@odot.state.or.us



Appendix
Next slides are extra lever (input) context



Urban Speed Goal - Safety

• ptype: policy lever
• desc: A multiplier on Urban (non-

interstate) speedsdtype: real
• default: 1.0
• min: 0.25
• max: 1.25

• Measures:
VMT by Speed (lower speed), VMT by 
V/C (lower V/C), Active Mode Share



Parking Rates Goals – Equity, 
Sustainability

• ptype: policy lever
• desc: Varies the cost of Parking in 

Parking Zones
• dtype: real
• default: 1.0
• min: 0.5 $/hr
• max: 20 $/hr

• Measures:
Overall VMT, VMT by income group (low)



Goals – SustainabilityAuto Operating 
Costs

• ptype: exogenous uncertainty
• desc: Change vehicle fuel cost
• dtype: real
• default: 12.4
• min: 1.0    # auto operating cost is what the user 

sees not actual costs, so a low cost could be 
subsidized by ad-rev, also home solar power... 

• max: 50.0 # max represents higher tax scenarios 
and carbon fees and PAYD

• Also assumed to cover value of travel time and 
road use charges

• Measures:  Overall VMT (assuming proxy for GhG)



Personal 
Income

• ptype: exogenous uncertainty
• desc: How have incomes (purchasing 

power) changed moving into the future
• dtype: real
• default: 1.0
• min: 0.5 x current income
• Max 1.5 x current income

• Measures – unclear how best to 
monitor

Easier than to try to model the 
overall economic conditions 
(jobs, job type, occupation, 
household mix…)

Goal - Equity



Household 
Densification

• ptype: exogenous uncertainty
• desc: Shifting Households closer to or father 

away from urban cores to represent different 
land use scenarios

• dtype: real
• default: 1.0
• min: 0.5 (half the distance to the urban core)
• max: 1.5 (1.5x farther from the core)

• Measures?:
VMT for Low Income, VMT Overall

Goal - Livability



Age Distribution

• ptype: exogenous uncertainty
• desc: Two populations indicating 

whether the population ages or not.
• dtype: boolean
• default: False (projected older)

• Measures: 
Accessibility by Low Income and by Older 
Populations

The population is anticipated to 
age (get older on average), but 
what if climate migration pushed 
the demographics younger – like 
today.



Transit Everywhere

• ptype: policy lever
• desc: Allows transit everywhere to 

approximate a public TNC versus 
typical routed and scheduled transit 
service

• dtype: bool
• default: False
• False = routed transit
• True = public TNC



Extra results slides



Freeway 
Capacity

• ptype: exogenous uncertainty
• desc: Future Tech changes how many 

vehicles can use a given lane of 
freeway

• dtype: real
• default: 1900.0
• min: 1500.0
• max: 3000.0 

• Measures:  VHT

Goals – Equity,
Economic Growth



Measures:  
VHT



Goals – SustainabilityAuto Operating 
Costs

• ptype: exogenous uncertainty
• desc: Change vehicle fuel cost
• dtype: real
• default: 12.4
• min: 1.0    # auto operating cost is what the user 

sees not actual costs, so a low cost could be 
subsidized by ad-rev, also home solar power... 

• max: 50.0 # max represents higher tax scenarios 
and carbon fees and PAYD

• Also assumed to cover value of travel time and 
road use charges

• Measures:  Overall VMT (assuming proxy for GhG)



Measures:  
Overall VMT





Personal 
Income

• ptype: exogenous uncertainty
• desc: How have incomes (purchasing 

power) changed moving into the future
• dtype: real
• default: 1.0
• min: 0.5 x current income
• Max 1.5 x current income

• Measures – unclear how best to 
monitor

Easier than to try to model the 
overall economic conditions 
(jobs, job type, occupation, 
household mix…)

Goal - Equity





Household 
Densification

• ptype: exogenous uncertainty
• desc: Shifting Households closer to or father 

away from urban cores to represent different 
land use scenarios

• dtype: real
• default: 1.0
• min: 0.5 (half the distance to the urban core)
• max: 1.5 (1.5x farther from the core)

• Measures?:
VMT for Low Income, VMT Overall

Goal - Livability



Measures?: VMT for Low Income, VMT Overall





Age Distribution

• ptype: exogenous uncertainty
• desc: Two populations indicating 

whether the population ages or not.
• dtype: boolean
• default: False (projected older)

• Measures: 
Accessibility by Low Income and by Older 
Populations

The population is anticipated to 
age (get older on average), but 
what if climate migration pushed 
the demographics younger – like 
today.



Measures - Accessibility by Low Income and by Older Populations



Telecommuting 
Adjustment

• ptype: exogenous uncertainty
• desc: How might the amount of 

Telecommuting change in the future
• dtype: real
• default: -0.23
• min: -1.0 
• max: 0.0

Goal – None, just an 
extra COVID test



Measure would need to be changed to really see how 
Telecommuting was impacting trips, but from other measures it 
seems like the telecommuting adjustment is not having much 
overall impact, and the modeling approach should likely be 
reviewed and improved. 
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