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74.1 Introduction

Mobile sources are significant contributors to ambient traffic-related air pollution associated with several

adverse health impacts in urban areas. Therefore, it is important to accurately characterize mobile source

emissions and population exposures to those emissions. Doing so, however, requires a high-resolution

simulation of urban travel. In this study, using activity-based travel demand modeling and MATSim-

based dynamic traffic assignment modeling, we demonstrate a large-scale, high-resolution simulation

of resident population travel activity and highway network performance in Tampa, Florida. Such high

resolution simulation outcomes are useful for subsequent estimation of mobile source emissions and

human exposure to those emissions.

74.2 Study Area

Hillsborough County, comprising a majority of the Tampa Bay region in Florida is our study area.

The geographic context of the county is presented in Figure 74.1. The freeway road I-275, acts as

a major commuter corridor connecting north of Tampa to central business district at the south. The
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freeway roads I-75 and I-4 run along the north-south and east-west directions, respectively, and serve

as major highways for intra-city, inter-city and inter-state travel. The county has a diverse mix of air

pollution sources and population demographics, few public transportation options, an unsatisfactory air

quality record, and a sprawling urban form, which makes it an interesting test bed from an air pollution

perspective.

Figure 74.1: The study area of Hillsborough County, Florida.

Source: Gurram et al. (2015)

74.3 Modeling Framework

Figure 74.2 depicts the modeling framework used to simulate urban population activity and transporta-

tion network performance for the study region. An Activity-Based Model (ABM) of travel demand

(DaySim) is coupled with MATSim, here applied as a DTA model. The DaySim framework was origi-

nally developed for the Sacramento region (Bradley et al., 2010) and calibrated for the Tampa Bay region

using local household travel data (Gliebe et al., 2014). An appealing feature of DaySim is its use of fine,

parcel-level resolution for representing space, which leads to high spatial resolution in the simulated

activity locations. Similar to other ABMs, inputs to DaySim include detailed population demographics,

land-use patterns, and transportation system characteristics in the study region. The demographic inputs

come from a population synthesizer called PopGen (Pendyala et al., 2011) that generates a synthetic

population of individuals and households to match aggregate-level distributions of both household- and

person-level characteristics from the U.S. Census. To generate demographic variables that were not

controlled in PopGen (e.g., household car ownership and individual employment characteristics), a suite
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of econometric models estimated using local data were used. Taking all the above as inputs, DaySim

simulates the daily activity and travel patterns of all residents in the study region, including the timing,

duration and location of activities, and the mode of travel between different activity locations. We ran the

model on an eight-core Windows machine with a 2.8 GHz Intel Xeon processor and 24 GB RAM. The

run time was approximately 5 hours for the entire Tampa Bay population of about 3 million individuals.

Figure 74.2: The transportation modeling framework.

DaySim does not simulate the travel route information between the different activity locations. However,

information on travel routes and network performance (i.e., link speeds and volumes) is essential for

estimating emissions and human exposure to those emissions. Therefore, MATSim was used to simulate

travel routes and network performance (Balmer et al., 2008a). To do so, outputs from the Tampa ABM

were processed using SPSS and Java programming to provide the initial set of plans for MATSim.

Similarly, the ArcGIS road network file for the Tampa Bay area was processed to create the network

inputs for MATSim. Since a majority of travel in Tampa is by automobile (with close to 90 % mode

share), only the automobile trips were simulated in MATSim. It is worth noting, however, that a rather

large number of automobile trips were simulated. Specifically, 9.7 million trips made by approximately

2.3 million residents of the study region during a 24 hour period were simulated. The simulation was run
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for 300 iterations, with the storage capacity factor for the links set to 3. Additionally, the maximum plan

memory size for each agent was set to 3. The BestScore and ReRoute replanning modules were

used with a probability of 0.9 and 0.1, respectively. To undertake this large-scale and computationally

intensive simulation, 48 parallel processors each with 25 GB of RAM were utilized from a university

research computing cluster setup. The total run time for this scenario was approximately 5.2 days. Link-

level outputs from the simulation, including the hourly traffic volumes and travel times, were written to

a linkstats file whereas the trip-level route information was written to a plans file.

74.4 Results

The diurnal patterns of link-level passenger car volumes and travel speeds for Hillsborough County

are presented in Figure 74.3 (in the form of bi-hourly averages). As expected, traffic volumes, shown

in Figure 74.3 a), are higher during the morning (7 to 9 am) and the evening (4 to 7 pm) peak hours

compared to the rest of the day. Additionally, traffic volumes during the evening peak hours are higher

compared to volumes during the morning peak hours, perhaps partly because the evening commute has a

higher propensity for trip chaining when compared to the morning commute (Chu, 2003). Corresponding

to the diurnal pattern of traffic volumes is that of travel speeds shown in Figure 74.3 b), with lower speeds

during the morning and evening peak hours.

Spatially, higher volumes are observed along the major freeway corridors—I-75, I-275, and I-4. This is

expected as these freeway corridors experience high traffic volumes. Higher volumes were also observed

along the road network near suburban locations including Brandon, Citrus Park, and Town ’N’ Country.

Accordingly, travel speeds are lower in these suburban locations along with the North Tampa area,

University area, and a few sections of the freeway corridors.

The Root Mean Squared Error (RMSE) between the estimated traffic volumes and observed traffic vol-

umes at eight different traffic counting stations is 0.41. Further, the error between estimated and observed

traffic flows for inter-city roads was higher compared to those for intra-city roads. This is presumably

because the current model system does not consider long-distance (or inter-city) travel, visitors’ travel,

and freight movement in detail. Nevertheless, the high temporal and spatial resolution of the population

activity (including individuals’ travel routes) and network performance (i.e., link volumes and speeds),

simulated using the model system, holds promise for subsequent estimation of traffic pollutant emissions

and human exposures to those emissions in detail.
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Figure 74.3: Simulated bi-hourly varying a) passenger car volumes and b) travel speeds (mph) for Hills-
borough County on a typical weekday.
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74.5 Future Work

The next steps of this study include addition of inter-city, visitor, and freight travel to the model system.

Utilizing the fine-resolution, link-level traffic volume and speed outputs from MATSim, EPA’s MOVES

software is being used to estimate mobile source emissions. Mobile source emissions can be combined

with other, point sources of emission as well as meteorological factors using a pollutant dispersion

model to estimate diurnal cycles of hourly varying pollutant concentrations. The resulting pollutant

concentrations (from the pollutant dispersion model) will be combined with the diurnal locations of

individuals (obtained from ABM and MATSim) to estimate individual-level exposure to traffic-related

pollutants such as nitrogen oxides. Such individual-level exposure measures will be utilized to estimate

demographic group-level exposures for subsequent assessment of inequality in exposure to traffic-related

air pollution as we have done previously using travel survey data (Gurram et al., 2015). The above

described model system will be used to obtain estimates of population exposure for alternative scenarios

of urban land-use design and transport policies.

74.6 Conclusion

In this study, we simulated urban travel using activity-based travel demand modeling and DTA, to obtain

network performance measures, including link-level traffic volumes and speeds, at a high spatial and

temporal resolution for Hillsborough County in Florida. As expected, the simulated traffic volumes

are higher and the travel speeds are lower during the morning and evening peak hours than other time

periods in the day. Spatially, higher volumes and lower speeds are observed along the freeway corridors

and suburban locations than other locations. Model performance (vis-à-vis observed traffic patterns) is

better for inter-city roads compared to intra-city roads highlighting the need for better modeling of long

distance passenger travel and freight movement. When the ABM-DTA framework built in this study is

expanded to consider mobile source emissions and pollutant dispersion, the resulting transportation and

air pollution modeling system will be useful for understanding interactions between urban transportation

design, air pollution, and population exposure to pollution.

530


	Matsim_book.pdf
	Table of Contents
	Cover Photos
	Editors Foreword
	Contributors
	Introduction
	Using MATSim
	Introducing MATSim
	The Beginnings
	In Brief
	MATSim's Traffic Flow Model
	MATSim's Co-Evolutionary Algorithm

	Let's Get Started
	Running MATSim
	Building and Running a Basic Scenario
	MATSim Survival Guide

	A Closer Look at Scoring
	Good Plans and Bad Plans, Score and Utility
	The Current Charypar-Nagel Utility Function
	Implementation Details
	Typical Scoring Function Parameters and Their Calibration
	Applications and Extensions

	More About Configuring MATSim
	MATSim Data Containers
	Global Modules and Global Aspects
	Mobility Simulations
	Scoring
	Replanning Strategies
	Other Modes Than Car
	Observational Modules


	Extending MATSim
	Available Functionality and How to Use It
	MATSim Modularity
	An Overview of Existing MATSim Functionality
	MATSim Data Containers
	Global Modules and Global Aspects
	Mobility Simulations
	Initial Demand Generation

	Destination Innovation
	Basic Information
	Introduction
	Key Issues in Developing the Module
	Application of the Module
	The Module in the MATSim Context
	Lessons Learned
	Further Reading

	Within-Day Replanning
	Basic Information
	Introduction
	Simulation Approaches
	Implementation

	Public Transport
	Modeling Public Transport with MATSim
	Paratransit
	Network Planning or Solving the Transit Network Design Problem with MATSim
	Public Transport in Singapore

	The "Multi-Modal" Contribution
	Basic Information
	Introduction
	Modeling Approach and Implementation
	Conclusions and Future Work

	Freight Traffic
	Basic Information
	Carriers

	Carsharing
	Background
	Modeling of Carsharing Demand in MATSim
	Carsharing Membership
	Validation
	Applications

	Joint Decisions
	Joint Decisions and Transport Systems
	An Solution Algorithm for the Joint Planning Problem: a Generalization of the MATSim Process
	Selected Results
	Further Reading

	Dynamic Transport Services
	Introduction
	DVRP Contribution
	DVRP Model
	DynAgent
	Agents in DVRP
	Optimizer
	Configuring and Running a DVRP Simulation
	OneTaxi Example
	Research with DVRP

	Parking
	Basic Information
	Introduction
	Models
	Applications
	Usage

	Electric Vehicles
	Introduction
	Models
	Application: Electric Taxis
	Usage

	Roadpricing
	Basic Information
	Introduction
	Some Results
	Invocation

	Emission Modeling
	Basic Information
	Integrated Approaches for Modeling Transport and Emissions
	Emission Calculation
	Software Structure

	Accessibility
	Basic Information
	Introduction
	The Measure of Potential Accessibility
	Accessibility Computation integrated with Transport Simulation
	Econometric Interpretation
	Spatial Resolution, Data, and Computational Aspects
	Conclusion

	Evacuation Planning: An Integrated Approach
	Basic Information
	Related Work
	Download MATSim and GRIPS
	The Fifteen-Minute Tour
	Input Data (any Place and any Size)
	Scenario Manager
	Conclusion

	Traffic Signals and Lanes
	Motivation
	Traffic Signal Control
	Network Representation & Traffic Flow
	Iterations & Learning
	Conclusion

	Multi-Modeling in MATSim: PSim
	Introduction
	Basic Idea
	Performance

	Cadyts
	Basic Information
	Introduction
	Adjusting Plans Utility
	Hooking Cadyts Into MATSim
	Applications

	Making MATSim Agents Smarter with the Belief-Desire-Intention Framework
	Basic Information
	Introduction
	Software Structure
	Building an Application Using BDI Agents
	Examples

	WagonSim
	Senozon Via
	Introduction
	Simple Usage
	Use Cases and Examples

	OTFVis: MATSim's Open-Source Visualizer
	Basic Information
	Introduction
	Using otfvis
	Extending otfvis

	Network Editors
	MATSim JOSM Network Editor
	Map-to-Map Matching Editors in Singapore

	Interactive Analysis and Decision Support with MATSim
	Introduction
	Requirements of a Decision Support Interface to MATSim
	General Framework for Decision Support
	Diaries from Events

	Miscellaneous Extensions in Short
	Analysis
	freightChainsFromTravelDiaries
	matrix based pt router
	MATSim4UrbanSim
	NetworkEditor

	Discontinued Modules
	deqsim
	Planomat
	PlanomatX

	Organization: Development Process, Code Structure & Contributing to MATSim
	MATSim's Team, Core Developers Group, and Community
	Roles in the MATSim Community
	Code Base
	Drivers, Organization and Tools of Development
	Documentation, Dissemination and Support
	Your Contribution to MATSim

	How to Write Your Own Extensions and Possibly Contribute Them to MATSim
	Introduction
	Extension Points


	Understanding MATSim
	Some History of MATSim
	Scientific Lineage of matsim
	Stations of Development

	Agent-Based Traffic Assignment
	Introduction
	From Route Swapping to Agent Plan Choice
	Agent-Based Simulation
	Conclusion

	MATSim as a Monte-Carlo Engine
	Introduction
	Relaxation as a Stochastic Process
	Existence and Uniqueness of MATSim Solutions
	Analyzing Simulation Outputs
	Summary

	Choice Models in MATSim
	Evaluating Choice Models in a Simulated Environment
	Evolution of Choice Sets in a Simulated Environment
	Summary

	Queueing Representation of Kinematic Waves
	Introduction
	Link Model
	Node Model
	Summary

	Microeconomic Interpretation of MATSim for Benefit-Cost Analysis
	Describing Human Behavior
	Valuing Human Behavior at the Individual Level
	Aggregating Individual Values


	Scenarios
	Scenarios Overview
	Berlin I: BVG Scenario
	Berlin II: CEMDAP-MATSim-Cadyts Scenario
	Switzerland
	Zürich
	Studies Based on the Zürich Scenario

	Singapore
	Demand
	Supply
	Behavioral Parameters
	Policy
	Calibration and Validation

	Munich
	Sioux Falls
	Demand
	Supply
	Behavioral Parameters
	Results, Drawbacks and Outlook

	Aliaga
	Baoding: A Case Study for Testing a New Household Utility Function in MATSim
	Introduction
	Population and Demand Generation
	Activity Locations, Network and Transport Modes
	Historical Validation
	Achieved Results

	Barcelona
	Transport Supply: Network and Public Transport
	Transport Demand: Population
	Calibration and Validation
	Results and More Information

	Belgium: The Use of MATSim Within an Estimation Framework for Assessing Economic Impacts of River Floods
	Problem Statement
	Data Collection
	Inputs Preparation
	General Modeling Framework
	Modeling Network Disruption
	Next Development Steps

	Brussels
	Caracas: Scenario
	Cottbus: Traffic Signal Simulation
	Dublin
	Introduction
	Study Area
	Network
	Population Generation
	Demand Generation
	Activity Locations
	Validation and Results
	Achieved Results
	Associated Projects and Where to Find More

	European Air- and Rail-Transport
	Air Transport Scenario
	Simulation Results
	Interpretation & Discussion
	Conclusion

	Gauteng
	Hamburg Wilhelmsburg
	Brief Description
	Road Network
	Evacuation Scenario
	Simulation Results

	London
	Supply
	Demand
	Calibration and Validation
	More Information

	Nelson Mandela Bay
	New York City
	Padang
	Patna
	The Philippines: Agent-Based Transport Simulation Model for Disaster Response Vehicles
	Literature Review
	Design Details And Specifications
	Model Scenarios
	Validation
	Achieved Results
	Conclusions

	Poznan
	Quito Metropolitan District
	Rotterdam: Revenue Management in Public Transportation with Smart-Card Data Enabled Agent-Based Simulations
	Samara
	Study Area
	Transport Demand
	Transport Supply
	Calibration and Validation
	Intelligent Traffic Analysis

	The SmartBay Project: Connected Mobility in San Francisco Bay Area
	Introduction
	The Study Area and Networks
	Population and Demand Generation
	Work Commute Model Evaluation
	Extensions and Work in Progress
	Conclusions and Acknowledgments

	Seattle Region
	Seoul
	Shanghai
	Sochi
	System Overview
	Extensions to MATSim
	Simulation of Sochi
	Outlook

	Stockholm
	Tampa, Florida: High Resolution Simulation of Urban Travel and Network Performance for Estimating Mobile Source Emissions
	Introduction
	Study Area
	Modeling Framework
	Results
	Future Work
	Conclusion

	Tel Aviv
	Toronto
	Study Area
	Population, Demand Generation and Activity Locations
	Network Development and Simulated Modes
	Calibration, Validation, Results

	Trondheim
	Yarrawonga and Mulwala: Demand-Responsive Transportation in Regional Victoria, Australia
	Yokohama: MATSim Application for Resilient Urban Design
	Introduction
	Results


	Research Avenues
	MATSim and Agents
	Within-Day Replanning and the User Equilibrium
	Choice Set Generation
	Scoring/Utility Function and Choice
	Double-Queue Mobsim
	Choice Dimensions, in Particular Expenditure Division
	Considering Social Contacts

	Acronyms
	Glossary
	Symbols & Typographic Conventions
	Bibliography


