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1. Overview 
Transportation is an important infrastructure process needed in many steps of the supply chain of 

any product.  Transportation-associated global impacts are therefore important factor influencing 

the sustainability of any product cycle. Moreover, traffic integrates throughout different product 

cycles combining transportation of raw materials and products with passenger transport. Traffic 

improvement is needed to accommodate growing transportation demands of product-cycles 

while mitigating associated environmental, social and economic impacts. Emissions from by 

road transportation depend on traffic conditions to greater extent compared to other means of 

transportation. Emissions from road transportation depend on phased operation of a vehicle mix 

that is affected by traffic and road conditions.   

This report describe integrated modeling framework to assist environmental impacts of traffic 

systems in by road transportation. The methodology can be optimally used to evaluate impacts of 

new development and to justify the needs for smart traffic technologies and more resilient 

transportation infrastructure. The frame work integrates three modeling tools: microscopic traffic 

simulation software (VISSIM), Motor Vehicle Emission Simulator (MOVES) and a new 

TRACI-based Traffic Life Cycle Assessment tool (T2LCA). The new T2LCA is based on the 

EPA-TRACI environmental assessment protocol. TRACI protocol was developed as a Tool for 

the Reduction and Assessment of Chemical and Other Environmental Impact.  

The framework was organized by the National Institute for Advanced Transportation 

Technology (NIATT) – University of Idaho, Moscow, Idaho. The work was developed in two 

phases to integrate with MOVES Input-Output. In phase1, NIATT developed the protocol to 

interface VISSIM with MOVES generating its input from traffic microscopic simulation. In 

phase 2, NIATT contracted EAST-Environment  Automated Sustainable Technologies, Pullman, 

WA, to develop the T2LCA framework interfacing with MOVES’ output to evaluate global LCA 

impacts of the simulated traffic system. The integrated  framework was then tested by a case 

study simulating the traffic of small-to-mid sized city (Moscow-Idaho).  Global impacts of the 

city optimized traffic were compared with current (base condition) traffic to evaluate the 

environmental cost savings associated with traffic improvements.  
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2. PHASE 1: VSSIM-MOVES interfacing  
  In order to create an accurate MOVES project scale emissions model, the user must provide 

detailed vehicle operation information in the form of drive schedules or an operating mode 

distribution table. Representing microscopic vehicle operation and interaction can be the most 

difficult and time consuming part of constructing a MOVES project-scale model, and can also be 

a major source of inaccuracy in the model. In response to this, the idea put forward here is to use 

VISSIM to generate second-by-second vehicle drive schedules, which can then be used to create 

MOVES user input database tables.  

In MOVES, vehicle activity and operating mode assignment are calculated in two different steps. 

One, the project total activity generator (TAG) calculates the sum total of source (vehicle) hours 

for each of the three vehicle activity categories: operating, extended idle, and non-operating, as 

well as the total number of starts. The project TAG also allocates activity to source types, links, 

and road types. The allocation of vehicle activity to operating modes takes place in the second 

calculation step, and is controlled by a core model input table containing the “operating mode 

distribution” (OMD). The OMD table is the basis for assigning emission rates to hours of source 

activity, and so is a critical input for nearly all exhaust emission calculations. Therefore, 

realistically representing vehicle operation in the OMD table is essential to creating an accurate 

MOVES model and is the purpose of using VISSIM vehicle speed profiles for MOVES input. 

There is more than one approach that may be taken to represent source activity in the OMD 

table. The allocation of activity to operating modes can be performed by the MOVES operating 

mode distribution generator (OMDG), which computes the contents of the OMD table from 

roadway geometry and user defined or default vehicle drive schedules. This step is automatically 

initiated if an OMD table is not present in the user input database. If this method is used, 

individual vehicle speed profiles would likely need to be aggregated into a single profile for each 

link, with links defined physically according to VISSIM vehicle speed profiles power (VSP) and 

vehicle trajectory data speed profile. This method could get prohibitively complex as the size of 

the simulation area grows, because the number of potential vehicle trajectories increases 
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multiplicatively.  In such case, and to maintain statistically significant level, a number of vehicle 

trajectories in the VISSIM output files can be sampled.  It would, however, be fairly simple 

computationally, and would require no MOVES default or other additional data.  

Alternatively, VSP can be calculated for each second for each vehicle, and this information can 

be used to generate an operating mode distribution table directly outside of the MOVES 

computational structure. Computing VSP and assigning operating modes would involve several 

MOVES default tables, but would make it possible to preserve much of the detail from the micro 

simulation activity data. It should be noted here that MOVES default tables are not adjusted for 

local conditions such as temperature, humidity, sulfur contents, fuels used, etc.  Either of these 

approaches can be used effectively, although there are benefits and drawbacks associated with 

each.  

2.1. MOVES Project-Scale Emissions Modeling  

MOVES can model vehicle emissions at three scales: national, county, and project. Of these, 

project scale is the highest resolution and so requires the greatest detail in user input information. 

For example at the national scale, the vehicle operating mode distribution is calculated largely 

from default drive schedules that are specific to very general roadway parameters and do not 

differentiate between geographic locations, road length, or most other link-specific roadway 

characteristics. At the project scale, operating mode information must be provided by the user in 

the form of link-specific speed profiles, operating mode distributions, or link average speed. The 

additional information required for project scale modeling must be provided in the form of a 

special “user Input database”, which is entered under the geographic bounds tab of the MOVES 

Runspec. When MOVES is executed, the user input database is combined with default and 

Runspec information to create the execution database, which is where all information is read and 

written in subsequent calculation steps 

2.1.1. Core Model Input Generators 

Before emission calculations begin, a series of generators convert user and default data into core 

model input tables (CMITs), which describe all vehicle activity and environmental conditions in 
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the correct format for emissions calculations. The CMIT generators used in a typical project-

level MOVES run are listed below.  

• Operating mode distribution generator (OMDG) 
o Generates the OpModeDistribution table 
o Allocates total activity to operating modes with distinct emissions profiles 

• Total activity generator (TAG) 
o Generates the SourceHours, Starts, ExtendedIdleHours, and SHO tables 
o Calculates total hours for each activity category in each link, road type, and 

source type 
• Source bin distribution generator (SBDG) 

o Generates the SourceBin and SourceBinDistribution tables 
o Creates detailed source type population distribution for each source use type 
o Maps “source use types” used in TAG and OMDG to “source bins” used by the 

emissions calculators  
• Meteorology  

o Generates two fields in the ZoneMonthHour table 
o Calculates heat index and specific humidity from user defined temperature and 

relative humidity 

In addition to those listed above, several generators related to evaporative emissions are run at 

larger model scales. However, MOVES does not currently model evaporative emissions at the 

project level. In addition, the start OMDG is not used at the project level, because a start 

operating mode distribution requires user input if an off-network link (e.g. parking lot) is 

specified.  

At the project scale, nearly all of the information used to populate the CMITs is contained in the 

user input database. The SBDG is an exception to this rule, as it is essentially a mechanism for 

mapping user defined vehicle types and model years to the source types that are used in 

emissions calculations. For example, the source use type “light commercial truck” of a certain 

model year is mapped to a population distribution that contains multiple distinct emission rates, 

and is calculated from default tables. 

The tables produced by the TAG and OMDG provide all vehicle activity information for energy 

and emission calculations in MOVES. These tables are key to understanding how emissions are 

calculated in MOVES, and are further explained in the following two subsections.  
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2.1.2. The Total Activity Generator (TAG) 

The project TAG computes and allocates source activity based on user supplied information in 

the Runspec and the user input database. All data used in the project TAG is supplied by the 

user. The inputs to the project TAG are the user defined Links, OffNetworkLink, 

SourceTypeDistribution, and AgeDistribution tables. Source activity is calculated separately for 

each link and source type, and is allocated to activity categories as follows:     

Source Hours Operating (SHO) 

SHO is calculated by multiplying the hourly volume of each source type in a link by the 

average time spent in the link. All operating activity takes place within the link network.   

Source Hours Parked (SHP) 

SHP is calculated by multiplying the vehicle population in the off-network link by the 

fraction of vehicles that are parked. It is calculated separately for each vehicle age. All 

parked vehicle activity takes place in the off network link. 

Starts 

The number of starts is calculated by multiplying the vehicle population in the off-network 

link by the hourly fraction of vehicle starts. It is calculated separately for each vehicle age. 

All starts take place in the off network link. 

Extended Idle (ExtIdle) 

Extended idle is calculated as the product of the vehicle population and the extended idle 

fraction. It is calculated separately for each vehicle age. All extended idle activity takes place 

in the off network link.  

Source Hours (SH) 

This is calculated in the same way as SHO for roadway links and the same as SHP for off-

network links. It is used for evaporative emission processes, and so is not currently used in 

project-level analysis.  
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2.1.3. The Operating Mode Distribution 

The operating mode distribution table contains a fractional distribution of operating modes for 

each link and source type. Operating mode bins are differentiated by a number of operational 

parameters, most notably vehicle specific power (VSP). The information contained in this table 

is used to allocate the total vehicle activity calculated by the TAG to operating modes for 

emissions calculations.  

One option in a MOVES project-scale model is for the user to enter an operating mode 

distribution directly in the user input database. If this is done, the user supplied table is used as-is 

by the emissions generators and the OMDG is unnecessary. Alternatively, the user may enter a 

vehicle drive schedule speed profile for every link, and this is used with default vehicle 

parameters in the OMDG to create an operating mode distribution table. A third option, a simple 

average speed may be entered for each link. In this case, default drive schedules are used in the 

place of user supplied drive schedules to compute the OMD.  

In the OMDG, link drive schedules are used to calculate VSP, which is a key distinguishing 

point for operating mode bins. VSP is calculated with an algorithm based on vehicle dynamics, 

and is a function of acceleration, speed, grade, and vehicle characteristics. The inputs for this 

calculation are as follows: 

• Speed and acceleration from second-to-second vehicle drive schedule 
• Link grade from user input link table 
• Vehicle mass, rolling term, drag term, and rotating term from default SourceUseType 

table  

VSP is calculated for every second of vehicle activity in the drive schedule, which allows travel 

time to be divided into VSP-specific operating mode bins. Based on this, a fraction of the total 

operating hours is then assigned to each operating mode bin to create the operating mode 

distribution table. It should be noted that some operating mode bins are not differentiated by 

specific power, including starts, braking, and idling.  
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2.1.4. Emission Calculations 

MOVES models a wide range of running and start emissions, some of which require several 

computation steps. An overview of some of the key elements is given here. From the following 

discussion, it is apparent that MOVES emission calculations can be rather complex. Unlike in the 

VISSIM emission module, MOVES emission rates vary in the method of application, units, and 

interconnection with other calculated emission quantities. 

Emission Rate Tables 

All default data including emission rate tables can be found in the MOVES default database. 

Rates for age dependent and non-age dependent emissions are contained in the 

EmissionRateByAge and EmissionRate tables respectively. There are two major types of 

emissions, mass and energy. Mass emissions are those that are typically measured in mass 

terms, including N2O, CH4, and other air pollutants. Energy emissions are used to calculate 

the quantities of different sources of energy, including total, petroleum, and fossil fuel. Many 

emission types have two separate sets of rates, one for base emissions and one that reflects 

the ideal impact of a reference inspection/maintenance program.  

Chained Emissions    

A number of emission types are “chained” to other emission quantities in MOVES. This 

means that the associated emission rates are simply multiplicative factors that relate the 

quantity of one emission to another. For example, atmospheric CO2 and CO2 equivalent are 

functions of the total energy consumed.  

Criteria Pollutants 

Criteria pollutants are those that are affected by the presence of an inspection/maintenance 

(IM) program. There are multiple IM program types supported in MOVES, as well as 

additional adjustments that can be made to better represent the effectiveness of any given 

program. The user-defined IM program information determines which pollutants and 

vehicles are affected as well as to what extent emissions are reduced by the program. The 

calculation process for criteria pollutant emissions has an additional step in which the effects 

of the inspection/maintenance program are calculated. In this step, an intermediate table of 
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emission rates is created that weights IM and non-IM emission rates according to the 

coverage and effectiveness of the IM program.  

Air Toxics 

There is no direct relationship between air toxics and vehicle activity in MOVES, as all 

toxics are chained to other emission quantities. This class of emissions are related to either 

volatile organic compounds or PM 10 emissions. This illustrates the complexity of tracing 

default emission rates to final computed quantities, because PM 10 emissions are themselves 

chained to PM 2.5, some of which are in turn chained to total energy consumed. Toxics 

include Benzene, Ethanol, MTBE, Naphthalene, 1,3-Butadiene, Formaldehyde, 

Acetaldehyde, and Acrolein, with some additional air toxics added to the MOVES 2010b 

release. The rates for these emission types are stored separately from the general emission 

rates, in a series of default tables with prefix ATRatio. 

A/C Adjustment Factors 

There are several emission types in MOVES that are affected by air conditioner use, either 

directly or by way of being chained to emissions that are directly affected. This process 

involves the calculation and application of A/C adjustment factors, and is the same for all 

relevant emission types. First, MOVES calculates how much time a vehicle’s A/C 

compressor is engaged based on scenario date and time information, in addition to a heat 

index calculated from user-defined local meteorological information. Next, the overall 

fraction of A/C compressors in use is calculated based on default data. This step accounts for 

several A/C-related variables, including the population fraction of inoperable systems. A/C 

adjustment factors are then calculated from default A/C factors and the previously computed 

A/C activity fraction. Emission rates are adjusted by multiplying the default rates by the 

calculated A/C adjustment factors.      

Other Adjustment Factors 

• Fuel adjustment factors: listed in some emission calculation steps, but no default 
values are contained in the default database. It is likely that this field is a place holder 
for future improvements, or possibly a user input calibration point.  

• Temperature adjustment: Calculated from user defined current temperature and 
default factors in the TemperatureAdjustment table. 
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• Humidity adjustment: NOx emissions are adjusted for humidity affects.  
2.2. VISSIM Emissions/Fuel Module 

The VISSIM emissions module uses the vehicle operation information produced by the traffic 

flow model to compute exhaust emissions, evaporative emissions, and fuel consumption. Twelve 

emission types are supported by the VISSIM module: Benzene, CO, CO2, HC, Fuel, NMOG, 

NMHC, NOx, Particulate, Soot, SO2, and Evaporation. Emissions are not dependent on or 

“chained to” each other, so any combination of pollutants may be modeled in a simulation. 

However, an “engine map” or emission rate table must be defined for each combination of 

vehicle and emission type that is to be modeled. Fuel consumption is modeled as an emission, 

and so for each vehicle type the inputs are the same as other pollutant categories.  

2.2.1. Note on VISSIM Information 

This subsection explains the calculation methods used in the VISSIM emissions module in 

limited depth, as detailed documentation of the calculation algorithms has not been made public. 

This means that some calculation steps are glossed over or not mentioned at all. Available 

information is limited to underlying technical documents and user manuals made available by 

PTV America, the developer of VISSIM  

2.2.2. Engine Map Files 

Before a VISSIM simulation model with emissions calculations can be run, an emissions layer 

file (*.sch) should be defined and selected in the emissions dialog box. This file contains the 

vehicle information needed to calculate emissions, including file names for the “engine maps” 

that relate specific vehicle operation parameters to emissions rates. Each vehicle type must have 

an engine map for each emission type to be modeled. 

There are three different engine map formats for warm running emissions, one each for 

passenger car, heavy commercial vehicle (HCV), and motorcycle. Warm running emissions are 

modeled differently for each of these three vehicle categories. A single engine map format is 

defined for cold emissions processes, in which emissions rates are a function of operating 

temperature and normalized required power. The format of the engine map file for each vehicle 

emissions category is described below: 
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Passenger cars  

• Function of velocity and the product of velocity and acceleration 
• Matrix format 
• Emission rates in units of mg/s  

Heavy commercial vehicles 

• Function of engine power and normalized rotational speed 
• Matrix format 
• Emission rates in units of g/hr/kW 

Motorcycles 

• Function of velocity only 
• Two column table format 
• Emission rates in units of g/km 

Sub-operating temperature 

• Function of operating temperature and normalized required power 
• Matrix format 
• Emissions rates in units of g/hr/kW 

2.2.3. Physical Vehicle Characteristics  

In addition to engine maps, a number of attributes must be defined for each vehicle type in order 

for emissions to be calculated. Physical vehicle characteristics are needed to compute engine 

speed and instantaneous power requirements, and one or both of these quantities are required for 

multiple emissions calculations. Many attributes are self-explanatory and readily available for 

any common vehicle make and model. Others, like the two frontal area coefficients, are not as 

straight forward in derivation or application. For many typical scenarios, default vehicle types 

will be used or customized somewhat to better represent actual conditions. Otherwise, input from 

the developer may be needed to generate some of the less transparent parameters for custom 

vehicle types. A full list of the vehicle description fields in VISSIM layer file is given later in 

this report.     

2.2.4.  Dynamic Correction Factors 

Dynamic correction factors are entered as a file name in the layer file. Supporting documentation 

describes the Dynamic adjustment factors as being based on kinematic variables such as the 
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number of changes from positive to negative acceleration, idling portions, and mean acceleration 

values. Little information is provided on the derivation or application of these adjustment factors. 

It seems that factors were developed independently for several vehicle types, each with a unique 

set of input variables. Next, they were averaged over multiple vehicle types with input based on 

the most significance for the greatest number of vehicles. This indicates that vehicle-specific 

adjustment factors may not be necessary, and that default factors may be used effectively. 

However, the document that describes this process dates from 1999, and changes may have been 

implemented in the more recent releases of VISSIM. Also, HCV dynamic adjustment factors are 

specific to individual engine concepts (suction engine, exhaust gas turbocharger, and exhaust gas 

turbocharger with charging air cooling).  

2.2.5. Calculation Steps for Warm Running Emissions 

Passenger Cars 

The calculation process for passenger car emissions differs significantly from the process 

used for HCVs. Passenger car emissions are calculated for each second of operation by 

looking up the emissions rates in the engine map for each pollutant, and summing for all 

seconds of operation. VISSIM calculates speed and acceleration values at high temporal 

resolution for every vehicle in the simulation, so identifying the correct emission rate is a 

simple matter of looking up speed and speed*acceleration on the engine map for each 

pollutant. Warm running passenger car emission rates are in units of mg/s, so emission 

quantities for each second are read directly from the engine maps. An averaged dynamic 

correction factor is applied to the calculated emission quantities to account for the difference 

between experimental and calculated results.  

Heavy Commercial Vehicles 

The calculation process for HCVs includes intermediate steps to calculate vehicle power and 

normalized engine speed. Engine power for each second in the analysis is calculated from the 

vehicle speed profile produced by the VISSIM traffic flow model and the vehicle 

characteristics contained in the layer file. From the original document describing the 

calculation process, it seems that grade is not considered in power calculations. More recent 

documents suggest that grade sensitivity has been added in newer versions of the software, 
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but provide no indication of whether this has been incorporated into instantaneous power 

calculations. Engine rotational speed is calculated using the vehicle speed profile and the 

gear ratio information contained in the layer file. Engine speed is normalized by dividing 

current engine rotational speed by the maximum rotational speed for the vehicle type listed in 

the layer file. With the second-to-second power and normalized speed calculated, emissions 

rates can be found in the engine map files. It should be noted that the warm running 

emissions rates for HCVs are in units of g/hr/kW, which means that the rates must be 

multiplied by instantaneous engine power to get mass/time. Similar to passenger cars, a 

dynamic correction factor is applied to HCV emissions to account for the differences 

between experimental and calculated values. 

Motorcycles 

The calculation process for motorcycle emissions is not described in any readily available 

supporting documents. It is clear that emission rates for each pollutant are found by looking 

up the vehicle speed for each second of operation in the engine maps. It is not clear, however, 

whether any type of correction factor is applied.          

2.2.6. Calculation Steps for Sub-Operating Temperature Emissions  

The VISSIM emissions module includes a separate component to account for the additional 

emissions produced by vehicles operating at warm-up temperatures. This is calculated as an 

additional emission quantity produced in the time between a vehicle start and when normal 

operating temperature is reached, during which the engine consumes more fuel and the catalytic 

converter does not perform to its full potential. This calculation requires a separate engine map 

for each pollutant and vehicle type, as well as an engine temperature distribution. 

As mentioned previously, sub-operating temperature engine maps are in the same format for all 

vehicle emissions categories. The independent variables needed to look up emission rates are 

instantaneous vehicle power and engine or catalytic converter temperature. Instantaneous power 

must be computed for each vehicle using the vehicle characteristics contained in the layer file 

and the speed profile produced by the VISSIM traffic flow model. Emission rate lookup values 

for power must be normalized to reach a maximum of 1. Engine coolant and catalytic converter 

temperature are readily available from the VISSIM vehicle traffic flow simulation. These 
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temperatures are defined or edited by the user as a distribution in the VISSIM user interface, and 

can be accessed under Base Data>Distributions>Temperature. Because sub-operating 

temperature emission rates are in units of g/hr/kW, each must be multiplied by instantaneous 

vehicle power to get g/hr. 

There is no location for sub-operating temperature dynamic adjustment factors in the layer file, 

and this subject is not discussed in any available supporting documentation. It is possible that no 

adjustment or calibration factors are used in this calculation, but further research should be 

conducted on this topic.    

2.3. Integrating VISSIM Vehicle Operation Information into MOVES 

The following sections describe two different ways in which VISSIM microscopic traffic 

simulation software may be used to generate vehicle operation information for MOVES input. 

They represent the most intuitive interface points for the two programs, and both rely on existing 

user data input points in the MOVES project level Runspec. The average speed method is not 

discussed here, but most certainly would be the simplest and least detailed way to translate 

VISSIM output into MOVES input. There are several technical challenges associated with each 

method of using VISSIM output to generate MOVES project-level input. In addition, there are 

some issues that will be faced regardless of the method used, including: 

• Mapping vehicle types in VISSIM to source use types in MOVES  
• Insuring continuity between MOVES RunSpec and VISSIM input 

2.3.1. Using VISSIM Data to Create a DriveSheduleSecondLink Table 

One of the ways in which vehicle activity is entered in a MOVES project-level model is by 

creating a second-to-second vehicle speed profile for each link. MOVES uses this speed profile 

to calculate vehicle specific power (VSP) and generate an operating mode distribution (OMD) 

for emissions calculations. In a MOVES project-scale Runspec, the speed profile can be entered 

as a spreadsheet table in the user input database. It would seem intuitive, then, to create a table of 

speed profiles from VISSIM model output and use it as input for a project-scale MOVES user 

input database. The problem with this is that VISSIM provides a speed schedule for each vehicle, 

and MOVES only allows a single drive schedule for each link. This would require either that 
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each vehicle path be defined as a link (resulting in an unfeasibly large number of links), or that 

individual vehicle paths are grouped and averaged into a more realistic number of aggregate 

links.  

The desired format for MOVES input is a spreadsheet table with a single, 1-second resolution 

vehicle speed and grade profile for each link in the analysis. In this case, links will be partially 

defined by speed profiles produced in the VISSIM simulation, which will require that the 

physical location of the link correspond to VISSIM vehicle trajectories. This also implies that 

links should not be defined in the MOVES Runspec until VISSIM output is processed.  

VISSIM output should be in the form of 1-second or higher resolution velocity and grade 

profiles for each vehicle in the analysis. Because MOVES requires 1-second resolution, higher 

resolution output will have to be sampled at 1-second intervals. The speed profiles must be 

processed to identify and average similar profile shapes. This step may prove challenging 

because each speed profile will cover a slightly different time span for the same distance 

traveled, making a point-by-point averaging of similar profiles impossible. Speed profiles must 

also be associated with a physical roadway section, so that the correct road geometry and vehicle 

population are assigned. It should be noted that no acceleration information is required, because 

the MOVES OMDG uses the discrete changes in velocity to calculate acceleration and the 

resulting change in VSP.  

This technique would require a reliable method for identifying and combining statistically 

similar velocity profiles. There are likely a number of ways to simplify this process, such as:  

• Because each link has a single length value, and because a single grade may be assigned 

to each entry in a drive schedule, velocity profiles for more than one link can be grouped 

if the road sections are geometrically similar. For example, west bound left turn and east 

bound left turn traffic can be combined if the intersection is flat and the source type 

distribution is the same.   

• A single road section may be split into multiple links if different vehicle performance 

characteristics result in significantly dissimilar speed profiles. For example, a steep road 

grade may have a separate speed profiles for passenger cars and heavy trucks. This would 
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require special care to insure that the correct vehicle type distribution is assigned to each 

link. 

• Because of the large number of speed profiles that are output by VISSIM, a software 

application may be developed to combine and average similar speed profiles. However, 

this may prove challenging due to the inherent subjectivity in identifying “similar” 

profiles. 

2.3.2. Using VISSIM Data to Create an OpModeDistribution Table.  

Vehicle operation information can be input to a MOVES project-scale user input database in the 

form of a distribution of vehicle operating modes for each link and source type. Note that, in any 

case, total vehicle activity or operating time is calculated in the MOVES total activity generator, 

so the operating mode distribution (OMD) table is simply a way of allocating total activity to 

vehicle operating modes. Nearly all operating mode bins are distinguished by VSP and/or vehicle 

speed. 

Each operating mode bin has a number of pollutant processes associated with it, and is 

characterized by the operating parameters related to those pollutant processes. For example, most 

exhaust emissions depend largely on VSP, and the associated Cruise/acceleration bins are 

differentiated by speed and VSP. Non-running evaporative emissions are dependent strictly on 

soak time, as are the non-running operating mode bins. In addition, several operating mode bins 

are simply “catch-all” categories for pollutant processes that do not depend on the operating 

parameters listed above. These categories include starts, extended idle, and braking. 

Because the OMD table is a core model input, it represents the highest level of detail for vehicle 

operation information that is supported by MOVES. If VISSIM output could be used to generate 

this table directly instead of going through the MOVES OMD generator, a higher level of detail 

could be preserved thereby taking maximum advantage of the micro-scale simulation. A 

software application would likely be required as an interface between the two programs, 

otherwise each MOVES run would require a great deal of spreadsheet calculations and manual 

data processing.  
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The format of the MOVES OMD input table is a list of all possible combinations of link, source 

type, pollutant process, and operating mode. Each entry in the list is associated with a fraction of 

the total activity for that combination of source type, link, and operating mode. That is, each 

combination of source type and link, an operating mode will have a given quantity of running 

activity calculated by the total activity generator, and the sum of operating modes fractions for 

each combination of link and source type is 1. 

The algorithm used to calculate the OMD can be loosely based on the MOVES project-level 

OMD generator, but must be executed for each vehicle trajectory. Computationally, this would 

be similar to executing the MOVES OMD generator with each vehicle path defined as a link. 

The difference is that the many individual vehicle paths are then pre-aggregated into a realistic 

number of links to simplify subsequent MOVES calculations. Essentially, the calculation for 

each vehicle would consist of a) calculating VSP (if applicable) and b) assigning the operating 

mode for each second to a MOVES operating mode bin. After this is complete for all vehicles, 

the second-to-second, individual vehicle data can be converted into a fractional distribution.  

The biggest challenge of using VISSIM output to generate an OMD table would be in making 

sure that enough information is available for each step in the calculation process. For example, 

each VSP calculation requires several pieces of information including time variables (speed, etc.) 

link geometry, and default vehicle parameters. This would require that several MOVES default 

tables be available to lookup vehicle parameters and operating mode ID numbers. However, once 

the OpModeDistribution table is generated and input to the project-level user input database, 

MOVES would be executed in the typical fashion.  

3. PHASE 2: MOVES-T2LCA interfacing  
The T2LCA was implemented to interface with MOVES’ output as depicted in Figure 1. An 

output array of emission is generated by moves for each simulated process of vehicle operations. 

A transformer model was built to map MOVES emission arrays to more detailed chemical 

compounds considered in the TRACI protocol. The TRACI matrix consists of factors to scale the 

emissions to an equivalent compounds quantifying global impacts, e.g. CO2e for the global 

warming impact. Each module is described in more detail in the following sections.     
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Figure 1 Framework of Traffic LCA (T2LCA)  

3.1. MOVES output  

Emission output from MOVES version 2010b is organized in a matrix of pollutants and 

processes as presented in Appendix A. Possible emission outputs marked “X” are specified 

before running MOVES simulation. The same matrix of all possible emissions is used as input to 

the T2LCA. It is worth mentioning that as illustrated in section 3.3 the T2LCA algorithm 

evaluates LCA impacts for any selection of pollutants and processes defined by the user. Thus 

the T2LCA runs as flexibly as MOVES output would be configured.   

Each column in the output matrix refers to a MOVES process for which indicated emissions are 

simulated. According to MOVES 2010b user guide, engine operation creates Running Emissions 

Exhaust, Start Emissions Exhaust (the addition to running emissions caused by the engine start), 

and Extended Idle Emissions Exhaust (i.e., “hotelling” emissions from a combination, long-haul 

truck). MOVES also distinguishes Crankcase Running Exhaust, Crankcase Start Exhaust, and 

Crankcase Extended Idle Exhaust to describe the exhaust gases that escape around the piston 

rings and enter the crankcase during normal operation. 

MOVES models evaporative emissions, situations in which unburned fuel escapes the vehicle's 

fuel system, through the Evap Fuel Vapor Venting, Evap Permeation, and Evap Fuel Leaks 

processes. In addition, vehicle refueling can cause Refueling Spillage Loss and Refueling 
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Displacement Vapor Loss. Brakewear and Tirewear describe the non-exhaust particulate 

emissions that result from brake use and tire wear. It’s worthwhile to mention there are Process 

dependencies on other Processes or other conditions that apply to all pollutants that share the 

process association. The first three dependencies relate to the Time Spans panel, suggesting that 

all hours must be selected to run the process for any selected pollutant. For instance, all Evap 

process require all hours to be selected while configuring MOVES output. 

3.2. Transformer model  

A transformer model was implemented to map MOVES pollutant output to TRACI flows. 

Transformation stoichiometry was evaluated to convert MOVES correlated outputs into specific 

chemical flows considered in the TRACI protocol. LCA protocols consider independent flows of 

chemical compounds to allow scaling of their global impacts to indicator compounds as 

illustrated in section 3.3. MOVES calculates lumped emissions defined by vehicle operation 

standards in addition to specific compounds of ecological concern.  Vehicle emissions include  

criteria pollutants, greenhouse gases and selected air toxics associated with motor vehicle 

operation in addition to energy consumption. For many pollutants, the emissions calculation is 

function of another pollutant emission. Thus, MOVES displays an error message if the user 

selects a dependent pollutant but not the base pollutant. Pollutants and base pollutants are listed 

in the MOVES user guide.  

The implemented MOVES-TRACI transformer considers the direct assignment of specific 

chemical compounds and elemental heavy metal fractions of particulate matter from tire and 

break wear as listed in the Appendix B: MOVES-T2LCA Transformer. The transformer would 

also support fractionations of hydrocarbons that was not implemented in the current T2LCA 

version since it is subject to current research supported by EPA and planed for next  MOVES 

versions.  

3.3. TRACI protocol 

TRACI was developed in context of the US EPA development of US specific LCA and 

sustainability metrics http://www.epa.gov/nrmrl/std/traci/traci.html. Based on a nationwide 

survey of LCA case studies the TRACI methods provide consistent quantification of emergent 
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global warming and ozone depletion impacts as well as site specific impacts of importance to US 

such as acidification, eutrophication, photochemical oxidation and human health carcinogenic 

and non-carcinogenic impacts.  The T2LCA implemented characterization factors of these 

impacts are listed in Appendix C: TRACI Characterization factors. Only compounds in the air 

and soil compartments were considered as they could be estimated from traffic dependent air 

emissions and soil depositions.  Applying the transformer model and TRACI characterization 

factors all listed impacts except ozone depletion could be estimated by T2LCA. Cloro-Floro-

Carbon (CFC) compounds could be generated from coolant fluids’ evaporation that is not 

currently simulated by MOVES.  

Impacts were evaluated at mid-point level in equivalent compound units. Chemicals affecting 

global warming were scaled to kg CO2-Eq based on their radiative forcing and lifetime. 

Acidification impact was quantified as moles H+ Eq based on each chemical compound potential 

to cause wet or dry acid deposition. Similarly, Eutrophication impact was quantified as kg N-q, 

eco-toxicity was quantified as kg 2,4-D-Eq, respiratory effects as PM2.5-Eq, photochemical 

oxidation in kg NOx-Eq and human health carcinogenics in kg benzene-Eq and non-

carcinogenics in kg toluene-Eq.  

     

3.4. T2LCA computational framework   

MOVES output from each simulated process  j of vehicle operation is inputted to T2LCA as an 

array ai, i.e. forming the MOVES output matrix Ai,j. We developed the transformer matrix Ti,k 

and the TRACI scaling matrix Sk,l where k is the index of chemical compounds in the TRACI 

protocol and l is the index of the evaluated impacts. Accordingly the impacts ml associated with 

each MOVES simulated vehicle operation is evaluated from the following  

∀ 𝑗:  𝑚𝑙
𝑇 =  �𝑎𝑖𝑇𝑇𝑖,𝑘�𝑆𝑘,𝑙                Equation 1 

 This matrix operation was implemented in excel and repeated for each simulated MOVES 

process to give the final matrix Ml,j of impacts.  

 
19 

 



4. Case Study  
4.1. Generating MOVES Activity Tables from VISSIM Vehicle Data  

This subsection describes a case study in which VISSIM vehicle profile information is used to 

create an operating mode distribution for MOVES input. A hypothetical stop sign controlled 

intersection with approach road sections is used in the example, although along with all scenario 

and vehicle operation parameters, the intersection geometry is essentially arbitrary. A 1-hour 

time span is modeled with results output in 1-second resolution. Because vehicle activity is 

calculated from the VISSIM data, and because all directional traffic is given the same vehicle 

type distribution, the intersection is modeled as a single link. The data could be easily 

disaggregated to allow road sections or lanes to be modeled separately, which would require that 

link identification be included in the VISSIM output file.    

4.1.1. Scenario Description 

Vehicle Types and Population 

Three default vehicle types with associated operational parameters were used for this 

example, Passenger car, HCV, and Bus. The only relevant difference between vehicle types 

is in performance characteristics, as the resistance terms and emission characteristics are 

sourced from the MOVES default database. In many cases, custom vehicle types correlating 

to MOVES source types will need to be created in VISSIM. This step is avoided in this case 

study because only source types that correlate with VISSIM default vehicle types are 

included in the MOVES model. Detailed vehicle performance data is not defined for 

MOVES source types, so VISSIM default data is used as an alternative to seeking out and 

formatting vehicle manufacturer’s data. The population fraction for each vehicle type is 

shown below. Note that the population fractions need not sum to 1, as VISSIM recalculates 

each one as a fraction of the sum.  

0.85 Passenger cars (default parameters) 

0.10 HCV (default parameters) 

0.10 Busses (default parameters) 

 
20 

 



Vehicle populations for each direction of travel are given below. The vehicle type 

distribution given above is assigned to all directions of travel. 

North bound:  200 vph 

South bound:  200 vph 

East bound:  300 vph 

West bound:  400 vph 

Vehicle Behavior 

Vehicle routing is highly simplified for this example. The Wiedemann 74 car following 

model was used to describe vehicle interaction. A summary of vehicle behavior and route 

choice is given below. 

• Four-way stop 
• All vehicle types in the simulation are assigned to a desired speed of 50 km/hr, with a 

maximum and minimum of 58 and 48 km/hr respectively  
• All north and south bound traffic turns right 
• All east and west bound traffic goes straight 
• All links are described as “urban motorized” 

Roadway Geometry 

The intersection used in this example is approximately 62 meters is each direction, with a 

single lane for each direction of travel. A 1% grade slopes in the south direction, so that the 

north and south bound lanes have a -1% and 1% grade respectively. 

4.1.2. Generating the OMD Table 

VISSIM can produce a report of vehicle operation information as part of the simulation run, and 

this report is used to generate the OpModeDistribution and SHO tables describing all running 

vehicle activity. To generate vehicle profile data in a VISSIM simulation model, select the 

vehicle profile box under Evaluation>Files, then choose configure>select parameters. In this 

menu box, a number of vehicle operation data points can be selected for inclusion in the output. 

Select and add the following: 

Simulation time 
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Vehicle type 

Gradient 

Speed (m/s) 

Vehicle number 

Acceleration 

A screenshot of the output data headings and data is given below in Figure 1. The file is exported 

from VISSIM rows with fields delimited by semicolons, and can be opened and converted to the 

spreadsheet format by selecting the “text to columns” option in the data menu.  

 

Figure 2: VISSIM vehicle data. 

 

The desired OMD table consists of six data columns, four of which are created in the following 

steps. The remaining two columns are hourDayID and LinkID, and are generated as follows: 

HourDayID must be selected by the user, and only a single hour/day combination is allowed in 

MOVES at the project level. Because the intersection in this study is modeled as a single link, 

the linkID is also selected by the user and is the same for all rows. 

Step 1: Calculate VSP for Each Second in the Vehicle Data Output 

In this case study, all data processing and calculations are completed using a Microsoft Excel 

spreadsheet and a number of VBA macros that were coded for this purpose. This could also 

be accomplished with MySQL, which would save the time required to import/export files 

into the database software. This would, however, require more advanced programming 

knowledge.  
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There is a number of operating mode ID numbers that a vehicle may fall under at a given 

time, and each one is specific to particular pollutant or group of pollutants. For example, 

consider a vehicle driving at 50 miles per hour up a hill, for which exhaust emissions are 

largely a function of how much work the engine is doing to overcome the drag, rolling 

resistance, and vehicle weight on the grade. This vehicle will have a certain operating mode 

classification ID for the purpose of exhaust emissions that is based on VSP, and another ID 

for the purpose of brake wear emissions that depends only on speed. 

In this case study, only the braking, idling, and VSP-based operating mode classifications are 

used because only a limited number of exhaust emissions are being modeled. The first step to 

generating an operating mode distribution from VISSIM output is to calculate VSP for every 

second in the data. To do this, the SourceUseType table was imported to the spreadsheet 

from the MOVES default database. A VBA function was designed to lookup vehicle 

characteristics in the SourceUseTable and combine them with grade, speed, and acceleration 

values to compute VSP as shown (Equation 1):   

𝑽𝑺𝑷 = [(𝒔𝒑𝒆𝒆𝒅 × 𝟎.𝟒𝟒𝟕𝟎𝟒) × ((𝒓𝒐𝒍𝒍𝒊𝒏𝒈𝑻𝒆𝒓𝒎𝑨) + (𝑹𝒐𝒍𝒍𝒊𝒏𝒈𝑻𝒆𝒓𝒎𝑩) + (𝑫𝒓𝒂𝒈𝑻𝒆𝒓𝒎𝑪))] ⁄ (𝑺𝒐𝒖𝒓𝒄𝒆𝑴𝒂𝒔𝒔 ) +
(𝒔𝒑𝒆𝒆𝒅 ∗ 𝟎.𝟒𝟒𝟕𝟎𝟒) × ((𝒂_𝑺𝒑𝒆𝒆𝒅 − 𝒃_𝒔𝒑𝒆𝒆𝒅 ) × 𝟎.𝟒𝟒𝟕𝟎𝟒 + (𝟗.𝟖𝟏 × 𝐬𝐢𝐧 (𝐚𝐭𝐚𝐧 (𝒈𝒓𝒂𝒅𝒆/𝟏𝟎𝟎) ))  

Equation 2 

 

Step 2: Assign an Operating Mode ID Number to Each Second in the Vehicle Data 

Output 

To accomplish this step, the OperatingMode table was imported to the spreadsheet from the 

MOVES default database. A simple VBA subroutine was designed to lookup instantaneous 

speed, VSP, and, in the case of braking, acceleration in the OperatingMode table to find an 

operating mode ID number. For this study, braking was defined as acceleration < -1 m/s2. 

Step 3: Count Occurrences of all Vehicle Type/Operating Mode ID Combinations. 

Even though the VISSIM output is for one hour at 1-second resolution, there are nearly 

15,000 data points in the output. This is because there is a point for every vehicle in every 

second, and a number of vehicles may be in the intersection at a given time. For the purpose 

of calculating the time each vehicle type spends in each operating mode, the occurrence of a 
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given vehicle type/operating mode combination in the data file is equivalent to a second of 

time for that vehicle type in that operating mode. A simple VBA subroutine was devised to 

lookup the occurrence of every possible vehicle type/operating mode combination and list the 

results under the following three column headings: OpModeID, SourceTypeID, and count. 

This is shown in the spreadsheet screen shot in Figure 2.  

 

Figure 3: Results of Step 3. 

 

Step 4: Calculate Operating Mode Fraction from Count Data 

The operating mode fraction is calculated by dividing the count for each operating 

mode/source type combination (previous step) by the total count for that source type. If more 

than one link were present, this would be done separately for each link.  

Step 5: Assign Pollutant Process IDs to Each Operating Mode ID 

To accomplish this step, the OpModePolProcAssoc table was imported to the spreadsheet 

from the MOVES default database. This table contains a list of all pollutant process ID 

numbers that are associated with each operating mode ID. The calculation process is simply 

to lookup all pollutant process ID numbers that are associated with each operating mode, and 

write a new series of data columns containing SourceTypeID, PolProcessID, OpModeID, and 

OpModeFraction. In this study, this was accomplished with a VBA subroutine. The results of 

Step 5 are shown below in Figure 3. Note that HourID and LinkID will be inserted between 

the SourceTypeID and PolProcessID columns.  
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Figure 4: Results of Step 5. 

 

4.1.3. Generate Source Hours Operating Table 

MOVES calculates the source hours operating (SHO) in the project TAG from link average 

speed and length. This is only possible if the links are defined as physical, homogenous road 

sections, which is not the case in this study. This step can be skipped altogether if the links are to 

be defined as physical road sections in MOVES. Fortunately, the SHO table can be easily 

generated from the VISSIM output data. The total SHO is the total number of vehicle operating 

hours in the model, which is calculated as the number of data points in the VISSIM output 

divided by 3600. The total SHO must be allocated to source type and age, and at the project level 

this must be based on user input data. The source type allocation is done according to the vehicle 

type distribution used in the VISSIM simulation as follows: 

0.85/1.05  Passenger cars 

0.10/1.05  Busses 

0.10/1.05  HCV   

The age distribution for each source type is required user input data at the project level. The 

calculation for each source type is performed by multiplying the SHO fraction that source type 

by each age fraction in the SourceTypeAgeDistribution table. The results are then written to 

AgeID, SourceTypeID, and SHO columns in the SHO table. The remaining yearID, monthID, 

and hourID columns in the SHO table are user defined and are unchanged for all rows at the 

project level. A VBA subroutine was used in this example to populate the SHO table.  
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4.1.4. Create MOVES Project-Level Model      

The final step in this case study is to create a project-level model in MOVES and input the tables 

generated from VISSIM data. The OpModeDistribution table is input through the required user 

input database, in the form of a CSV file. Note that if the SHO and OpModeDistribution tables 

are input directly, the link average speed information is not used. An off-network link was not 

included in this model, but this would be required if start and extended idle processes were to be 

computed. At the project level, a separate OpModeDistribution table must be entered for the off-

network link containing all idle and start activity. VISSIM could be used to generate this table as 

well, but would require a separate (but similar to the one used in this case study) process to 

convert VISSIM output to MOVES input. 

The SHO table is not input through the user input database, instead it must be entered in the 

“Manage input data sets” tab in MOVES. To do this, a blank database is created and named in 

the Selections box under the Manage input data sets tab. Next, the SHO table must be added to 

this blank database. If the SHO table is created in a spreadsheet program, it must be imported as 

a database table in MySQL. For this study, HeidiSQL browser software was used to import the 

spreadsheet file to MySQL. Note that the table must be named SHO so that MOVES identifies 

and uses the contents instead of running the TAG. In addition, all unused tables in the blank 

database should be removed to insure that MOVES does not import blank or incorrect tables. 

Other than the two tables described in this study, the MOVES run is set up and executed as 

normal. Some care may be required to insure that the date/time and scenario information entered 

in the Runspec is consistent with the user input tables.     

4.1.5. Summary of Case Study 

This case study described a method that may be used to calculate and input MOVES vehicle 

activity information from VISSIM output data. The basic steps are given below: 

Outline of steps 

1) Set up VISSIM simulation of case scenario, specify desired vehicle profile data 
2) Create or select vehicle types corresponding to desired MOVES source use types 
3) Execute VISSIM traffic simulation 
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4) Calculate VSP for every entry in the output file 
5) Create operating mode distribution table  
6) Calculate SHO table from data output file and user defined age distribution 
7) Input SHO and OpModeDistribution tables to MOVES 
8) Run MOVES as normal, taking special care to insure continuity between VISSIM and 

MOVES input 
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4.2. Evaluating MOVES output using T2LCA  

The integrated  T2LCA framework was then tested by repeating the above VISSIM-MOVES 

steps for two scenarios simulating a traffic area in small-to-mid sized city (Moscow-Idaho).  

Global impacts of the optimized traffic were compared with current (base condition) traffic to 

evaluate the environmental cost savings associated with traffic improvements. Moves output is 

presented in Table 1. The MOVES simulations were run for fewer processes and pollutants than 

the template output to test if T2LCA would still capture the impact difference between the base 

and the optimized scenarios.  

The generated moves output was used as input to the T2LCA and the estimated impacts of each 

scenario are listed in Table 2. Environmental savings of optimized traffic was 7% for global 

warming acidification, respiratory effects, eutrophication and photochemical oxidation impacts. 

Savings in toxicity was 3%  for carcinogenic , non-carcinogenic and ecological impacts that were 

mainly contributed by break wear. Fractionation of the PM of the break wear was important to 

estimate toxicity impacts in addition to the direct impact to the human health respiratory effects.  

In general the implemented T2LCA frame work captured the environmental savings analyzing 

few outputs compared to the complete MOVES output template. The results could be further 

refined utilizing full simulated output from MOVES. Future work should consider more 

fractionation of hydrocarbons to cope with next MOVES upgrades and quantify their associated 

toxicity impacts.   

Future software implementation would optimally integrate the T2LCA algorithm with VISSIM 

and MOVES instead of the soft linking through input-output data.   
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Table 1: MOVES output for case study scenarios  

                                            Operation 
Pollution 

Running 
Exhaust 

Start 
Exhaust 

Brake 
wear 

Extended 
Idle 
Exhaust 

Total 

Base Condition Scenario      
Volatile Organic Compounds 6.28 12.56  1.30 20.14 
Carbon Monoxide (CO) 340.64 164.20  3.06 507.90 
Oxides of Nitrogen (NOx) 18.26 3.98  1.57 23.81 
Nitrogen Oxide (NO) 56.90 14.09  4.04 75.03 
Nitrogen Dioxide (NO2) 13.41 0.95  2.14 16.51 
Sulfur Dioxide (SO2) 1.08    1.08 
Primary PM10 - Organic Carbon -  Total  9.24    9.24 
Primary PM10 - Elemental Carbon 0.72    0.72 
Primary PM10 - Sulfate Particulate 0.006    0.006 
Primary PM10 - Brakewear Particulate   0.72  0.72 
Primary PM2.5 - Organic Carbon 9.24    9.24 
Primary PM2.5 - Elemental Carbon 0.72    0.72 
Primary PM2.5- Sulfate Particulate 0.006    0.006 
Primary PM2.5- Brakewear Particulate   0.72  0.72 
      
Optimized Scenario      
Volatile Organic Compounds 6.03 12.56  1.30 18.36 
Carbon Monoxide (CO) 316.79 164.20  3.06 470.74 
Oxides of Nitrogen (NOx) 17.16 3.98  1.57 22.05 
Nitrogen Oxide (NO) 52.92 14.09  4.04 69.67 
Nitrogen Dioxide (NO2) 12.60 0.95  2.14 15.42 
Sulfur Dioxide (SO2) 1.03    1.03 
Primary PM10 - Organic Carbon -  Total  8.99    8.99 
Primary PM10 - Elemental Carbon 0.70    0.70 
Primary PM10 - Sulfate Particulate 0.71    0.71 
Primary PM10 - Brakewear Particulate   0.70  0.70 
Primary PM2.5 - Organic Carbon 8.99    8.99 
Primary PM2.5 - Elemental Carbon 0.70    0.70 
Primary PM2.5- Sulfate Particulate 0.71    0.71 
Primary PM2.5- Brakewear Particulate   0.70  0.70 
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Table 2: Case study impacts and environmental savings of optimized traffic  
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Appendix A: MOVES output and T2LCA input template 
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Appendix A: MOVES output and T2LCA input template (continued) 
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Appendix A: MOVES output and T2LCA input template (continued) 
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Appendix B: MOVES-T2LCA Transformer 
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Appendix B: MOVES-T2LCA Transformer (continued) 
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Appendix B: MOVES-T2LCA Transformer (continued) 
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Appendix B: MOVES-T2LCA Transformer (continued) 
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Appendix C: TRACI Characterization factors 
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Appendix C: TRACI Characterization factors (continued) 
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Appendix C: TRACI Characterization factors (continued) 
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Appendix C: TRACI Characterization factors (continued) 
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Appendix C: TRACI Characterization factors (continued) 
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Appendix C: TRACI Characterization factors (continued) 
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