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INTRODUCTION

(1) ADAPTS ACTIVITY-BASED MODEL
 ADAPTS: Agent-based Dynamic Activity Planning and Travel Scheduling

Economic &
Land Use Model

 A new activity-based travel demand model to simulate individuals’ behavior
in all activity-oriented decisions including activity generation, planning,
scheduling, and execution.

Travel Demand
Model

Health Exposure
Model

 This simulation process recurs in each simulation time step and for all
individuals:

(2) DYNAMIC TRAFFIC ASSIGNMENT MODEL

(3) MOVES EMISSION MODEL

 The developed simulation-based DTA model iterates between:
o
o

route-choice module: determines time-dependent fastest routes for vehicles
regarding link travel times at the simulation time
network-loading module: moves vehicles based on calculated speed of each
vehicle during one simulation step

 Simulation of traffic movement: Mesoscopic level

Macroscopic Emission Models

Microscopic Emission Models

Use of average aggregate network
parameters

Use of instantaneous speed &
acceleration profiles

EPA’s MOBILE, CARB’s EMFAC

CHEM, VTMicro, EPA’s MOVES

 MOVES: Motor Vehicle Emission Simulator
Air Dispersion
Model

Activity Generation model

Traffic Simulation

Refers only to the decision of whether or not to execute an activity of a certain
type in the current simulation time step

Planning Order model

Emission Model

Determines the planning horizon of the activity itself and its attributes
Including location, start time, duration, party composition, and mode of travel.

 Objective: Providing a platform that demonstrates how drivers’ behavior can affect air
quality, and in a more comprehensive sight, how environmental influences of large-scale
and small-scale transportation policies can be modeled

Activity Planning model
Specifies the actual values of the various activity attributes, in the order and at
the time determined by the planning order model.

 Approach: Developing an integrated framework of a microsimulation activity-based travel
demand model, a proposed DTA model, and a microscopic emission model

Activity Scheduling model

 The activity-based model ADAPTS is applied to generate activity patterns and through
implementation of an agent-based dynamic traffic assignment module, traffic conditions in
network links are simulated as the main source of input for the emission model MOVES.

Adds the planned activities to the daily schedule and detect/resolve the arisen
conflicts.

 Based on the Anisotropic Mesoscopic Simulation (AMS) model that simulates
the movement of individual vehicles according to two intuitive concepts:
o
o

Vehicle’s prevailing speed is influenced only by the vehicles moving in front of it
The influence of traffic downstream upon that vehicle decreases by increasing
distance

 Prevailing speed of each vehicle is determined by a speed-density relationship
function, and the density is calculated as the number of vehicles per mile in a
limited distance, defined as the speed-influencing region (SIR), downstream
of the vehicle.
 Post-processing analysis to derive vehicle-miles traveled (VMT) by vehicles,
links, and hours of day are logged as well as instantaneous speed and
acceleration of vehicles.
Source: Beardsley, 2004 (presentation at the CRC On-road Emissions Workshop, slide 9)

 MOVES is capable of modelling emission inventories and fuel consumption in geographic
scales of national-level, county-level, and project-level.

 Incorporates the effects of instantaneous speed and acceleration profiles on vehicle
emissions to represent real driving conditions

 Data requirement: Vehicle Type VMT, Average Speed Distribution, Source Type Population, Road Type Distribution, Source Type Age
Distribution, Meteorology, Fuel supply, I/M program

 MOVES default database: Meteorology, I/M program, fuel supply, and vehicles age distribution

1) Average speed: default driving schedules that are associated with the speed profile and road type
2) Drive schedules: second by second speed trajectories of vehicles
3) Operating mode distribution: distribution across operating modes based on speed and vehicle specific power (VSP)

 Hourly distribution of links traffic volumes, vehicles speed and acceleration profiles, and
vehicles-miles travelled (VMT) are among the critical inputs of MOVES, which can be
derived from ABM-DTA model chain.

 Case study: effect of a ramp capacity variation on emissions in Chicago network.

 The project-level analysis in MOVES must be executed for one single hour, thus the baseline and improvement scenarios are tested for 10

Integrated
Model

MOVES Default
Data

Difference
(%)

Carbon Monoxide (CO)

US Tons/day

719.58

658.89

+8.43

Oxides of Nitrogen (NOx )

US Tons/day

31.61

29.94

+5.28

Sulfur Dioxide (SO2 )

US Tons/day

0.97

0.84

+13.67

CO2 Equivalent (∗ 103 )

US Tons/day

24.57

22.81

+7.17

Primary Exhaust PM2.5

US Tons/day

1.01

0.906

+10.34

Joules/day

37.03

34.30

+7.36

Total Energy Consumption (∗ 107 )

 Operating modes are binned according to second-by-second speed and vehicle-specific
power (VSP).
 A few correction factors to capture influence of temperature, humidity, and fuel properties
are applied.

 Travel activity data:

 Source types: Passenger cars. ADAPTS synthesized 2,842,400 passenger cars in Cook County showing a ratio of 1.52 car per household.

Unit

 Data requirement: Link characteristics, Link drive schedule, Operating mode distribution, Link source type fraction, Source type age
distribution, Meteorology, Fuel supply, I/M program

 Area & time of analysis: Cook County, Illinois - A weekday in month of August 2009

Pollutant

 Emission factor estimation is based on vehicle operating modes defined by a number of
factors including speed, acceleration, and road grade.

PROJECT-LEVEL ANALYSIS

COUNTY-LEVEL ANALYSIS

Comparison of Emission Inventories
Integrated Model VS. MOVES Default Scenario

EPA’s current official model to estimate mobile source emissions, greenhouse gases, and
fuel consumption.

Contribution of Different Trip Purposes
in NOx Production

CONCLUSION

consecutive hours from 12 p.m. to 22 p.m. to capture both on-peak and off-peak periods, on a weekday in August, 2009.

 Main Findings of County-Level Analysis:
o

o

14.1%
o

5.6%

o

41.4%
10.8%

The integrated model overestimates the emission inventories of main pollutants mainly because of higher
VMT and average speeds estimations.
The running exhaust and start exhaust processes own the largest portions of emissions with 77.3% and
11.7% of total emission.
There is a drastic increase in emissions during the on-peak periods, that is, around 14.8% and 27.2% of
total daily NOx emission produced in morning and evening rush hours, respectively.
It is observed that the share of different trip purposes in VMT and emission inventories as expected are
highly correlated.

 Main Findings of Project-Level Analysis:
o
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Hourly Emission of NOx by Various Emission Processes
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Comparison of Hourly Emission of NOx and CO2
Base VS. Improved Scenarios
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Adding one lane to a specific ramp leads to 24% reduction in VHT, 30% reduction in total stop time in the
queue, and 2.3% increase in VMT in 10-hour simulation period in that link.
In off-peak periods, the amounts of pollutants in two scenarios are in the same range; even in some
cases, the improved condition slightly produced more pollutants, which might be because of induced
demand generated by higher capacity of the link.
In on-peak periods, the reductions in emissions are significant, mainly because of reduction in congestion
and the time that vehicles spend in the queue.
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o
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Analyzing the impacts of various TDM policies on air emissions such as flexible work hours, congestion
pricing, and telecommunication
Capturing other modes of transportation in ADAPTS and specifically assessing impacts of public transport
strategies on emissions reduction
Improving the results validation through comparison with other similar frameworks and real local
measurements.
Estimating population exposure to air pollution throughout their daily activity-travel pattern

