
Beyond Forecasting: 
Transport Modeling for Science and Policy

Gregory D. Erhardt, Ph.D., P.E.
Associate Professor of Civil Engineering
University of Kentucky

Hans Fischer Fellow & Global Visiting Professor
Technical University Munich (TUM), Institute for 
Advanced Study (IAS)

Seeon Symposium on Activity-Based Modeling
Seeon Abbey, Germany

Working Draft Material September 12, 2022



2

“Chicago Area Transportation Study.” Final Report: In Three 
Parts, April 1962.

For many decades, planners have 
used transport models to forecast the 
long-term effects of proposed projects 
and evaluate alternatives. However, 
many important decisions are made 
outside the bounds of this traditional 
“rational planning model”.  

Using a series of examples, this talk 
explores the role of transport models 
in understanding recent trends and 
informing policy.  It goes on to 
consider the implications for model 
design.



Five Examples
1. Models as our laboratory

Why is traffic congestion getting worse? 
2. Models across many cities

Why has transit ridership declined? 
3. Modeling the big picture

How much did induced demand contribute to VMT     
growth? 

4. Models for project ranking 
How to evaluate 1,200 projects efficiently?

5. Models to set targets
Which trips have the most “mode shift potential”?
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Why is traffic congestion getting worse?

Models as our laboratory



Motivation: Between 2012 and 2016, traffic 
congestion in San Francisco worsened 
dramatically. Why?

San Francisco 2010-2016:
• Average speed: 25.6 to 22.2 mph
• Vehicle hours of delay (VHD): +63%

5

2009 PM Level-of-Service 2017 PM Level-of-Service



Challenge: It is difficult to estimate the relative 
contribution of different factors because…
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Approach: Use an activity-based travel model to 
conduct control experiments, separating the 
effect of different contributing factors
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Some Details
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Tncstoday.sfcta.org

• Ride-hailing was not in the most 
recent travel survey.

• We did have access to observed 
ride-hailing pick-up and drop-off 
locations and deadheading traces.

• Estimated mode shift by assuming 
ride-hailing draws proportionally to 
mode shares by O-D and TOD
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Results: About half of the congestion increase is 
attributable to population & employment growth, 
and half to ride-hailing



Lessons:

• Simulation is valuable as a “third way of doing 
science, in contrast to both induction and 
deduction.”

• Questions remain about how to best incorporate 
new data sources that may be less rich than a 
travel survey.
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Axelrod, Robert. “Advancing the Art of Simulation in the Social Sciences.” In Handbook of Research on 
Nature-Inspired Computing for Economics and Management, edited by Jean-Philippe Rennard, 90–100. 
Hersey, PA: Idea Group, 2006.



Why has transit ridership declined?

Models across many cities
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Motivation: Between 2012 and 2018 bus ridership in the 
US declined 15% and rail ridership declined 3%.  Why?

• Widespread 
• Especially steep from 2014-2018

• During a period of economic growth
• In contrast to most other countries

The decline is: 



Challenge: In any single city, local factors may 
dominate, so the results may not apply elsewhere.
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Service 
cuts?

Higher 
incomes?

Car 
ownership?

Gas 
price?

Fare 
increases?

Poor 
maintenance?

Aging 
population?

Low-density 
development? Suburbanization 

of poverty?

Telework?

Ride-hail?

E-scooters?

Bike share?
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With many factors changing at once, 
we need a way to distinguish the 
effect of each. We can do so because 
they change at different rates in 
different places.

Estimate a fixed-effects panel model 
of the total bus/rail ridership in each 
MSA

Apply the estimated coefficients to the 
observed change in each variable to 
calculate the contribution of each 
factor to the change in ridership. 

Approach: Consider change in bus & rail 
ridership in each of 215 MSAs annually from 
2012-2018.
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Results: Estimated Sensitivities
Fixed-effects panel model of the log of bus and rail ridership in each MSA (part 1)

R-squared = 0.54
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Results: Estimated Sensitivities
Fixed-effects panel model of the log of bus and rail ridership in each MSA (part 2)

R-squared = 0.54
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Contributions to bus and rail ridership change: 2012-2018
estimated elasticity * observed change in value, summed across entities 

** Not statistically significant at 90% confidence interval
* Statistically significant at a 90% confidence interval but not a 95% confidence interval
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Contributions to bus and rail ridership change: 2012-2018
estimated elasticity * observed change in value, summed across entities 

** Not statistically significant at 90% confidence interval
* Statistically significant at a 90% confidence interval but not a 95% confidence interval
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Contributions to bus ridership change relative to 2012
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Contributions to rail ridership change relative to 2012



Lessons:

• To generalize, we would like to move beyond 
single-city analyses.

• We would ideally like to do so using more 
sophisticated models than presented here. 

• Sometimes, aggregate models are useful for 
informing how disaggregate models should 
behave.  
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How much did induced demand 
contribute to VMT growth? 

Modeling the big picture



Motivation: Some critics 
suggest that expanding 
roads is futile because of 
induced demand, and that 
travel models do not 
adequately reflect his. Are 
they right? 
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The average difference from forecasts changes in both 
direction and magnitude in the 2000s 
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Hoque, et al. 2021 “The Changing Accuracy of Traffic Forecasts.” Transportation.  

Traffic higher 
than forecast

Traffic lower 
than forecast



Challenge: Empirical estimates of induced demand 
are highly aggregate with data limitations.
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Hymel 2019. “If You Build It, They Will Drive: Measuring Induced Demand for Vehicle Travel in Urban Areas.” Transport Policy 76. 

US estimates of the elasticity of VMT w.r.t. lane miles.  
Short run : 0.28-0.59 Long run: 0.53-1.12



Approach: Aggregate estimation 
compared to travel model application. 

Estimate a fixed-effects panel model 
of the car VMT in each state as a 
function of lane miles and other 
control variables

Apply the estimated coefficients to the 
observed change in each variable to 
calculate the contribution of each 
factor to the change in ridership. 

Future: Compare to scenario tests in 
travel models. 



Results: Between 1980 and 2019, lane miles 
increased 13% resulting in an 11% increase in car 
VMT. 

Model ApplicationModel Estimation



Lessons:

• Future step to validate the sensitivity of ABMs vs 
the estimated elasticities. 

• Aggregate estimation is more limiting in this case, 
but an ABM could be applied or estimated across 
this period. 

• Limiting factor may be data on past networks.  
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How to evaluate 1,200 projects 
efficiently?

Models for project ranking



Motivation: Provide a 
means of raking 
~1200 projects for 
inclusion in the state 
highway plan. 
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Priority Score
Safety 25%
Congestion 20%
Economic Growth 20%
Benefit /Cost 20%

Asset Management 15%

TOTAL 100%

Priority Score
Safety 20%
Congestion 10%
Economic Growth 15%
Benefit/Cost 15%
Asset Management 10%

SUBTOTAL 70%
District Priorities (KYTC) 15%
Local Priorities (ADD/MPOs) 15%

TOTAL 100%
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Benefit / 
Cost

 Incorporating OMS data to identify reoccurring issue locations within a 
project.

 Including NHS importance in the bridge metric.
 Addition of new Criticality Measure.

Safety

Asset 
Management

Economic 
Growth

Congestion  Updating with field sampled real data as a measure of congestion.  

 Improving the travel time modeling inputs for TREDIS economic modeling software.
 Incorporating Job Access potential.

 Using Crash Severity in order to better inform related costs and 
improving travel time modeling methods.  

 Roadway - Updating Project Type Improvements.
 Crash History – Included all crashes and incorporated Severity Aspect

Previous Component Improvements 

Approach: Separate working groups for each 
component to develop a data-driven approach. 



Lessons:

• Legislators generally appreciate the rankings and 
also appreciate the opportunity for a “local boost”.

• Room for improvement in the scoring. 
• Travel model is useful for 2-3 of 5 categories. 
• Models impose a substantial burden on DOT 

planning staff due to runtime (1 hr) and staff time.
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Which trips have the most “mode 
shift potential”?

Models to set targets



Motivation: Metropolitan Council seeks to set 
targets for VMT reduction and identify how to 
effectively meet those targets. 
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Challenges
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Approach
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Feasible Mode Shifts: Trips that could feasibly switch to a non-auto mode, 
defined as lacking barriers to doing so. 

Potential Mode Shifts: Trips with a high potential to switch to a non-auto 
mode, defined as feasible trips with a best non-auto time within a user-
specified time cost of the auto travel time.



Expected Results
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Identify to what extent the mode shift potential 
varies across geography, demographic groups, 
and trip types.  Use this to identify the markets 
of trips likely to switch. 

Use this analysis to determine the 
degree to which the proposed targets 
can reasonably be met. 

High
Mode Shift
Potential

Low
Mode Shift
Potential


