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1. Introduction

This manual describes a set of procedures that can be used to evaluate voluntary mobile
source emission reduction and commuter choice incentive programs for State
Implementation Plan (SIP) and employer-based commuter choice programs.” To
simplify their use, they have been implemented in a spreadsheet model, entitled
COMMUTER, whose operation is explained in a companion report entitled
“COMMUTER Model User Manual for Analysis of Voluntary Mobile Source Emission
Reduction and Commuter Choice Incentive Programs.”

The procedures are intended to be simple to apply, with data requirements the minimum
necessary to evaluate alternative programs. At the same time, the analytical techniques
employed in these procedures are consistent with existing state-of-the-practice travel
modeling techniques widely employed by transportation professionals. The calculation
methodologies are largely based on those used in the Federal Highway Administration
Travel Demand Management Evaluation Model (FHWA TDM Evaluation Model),
developed by COMSIS Corporation in 1993. This model has been widely applied in the
evaluation of employer-based TDM programs for the purposes of calculating travel
impacts.

The analytical process described in this report isillustrated by the flowchart in

Figure 1-1. The basic sequence of stepsin this process can be used to assess travel
impacts without use of the COMMUTER model. The sequence of procedural stepsis
outlined below.

» First, adjust the baseline (existing) mode shares to reflect the impacts of
support and incentive programs such as rideshare matching and provision of
bicycle facilities. To make the adjustments, apply mode shift factors from
lookup tables that have been compiled from the literature and national
experience.

» Oncetheimpact of support and incentive programs have been accounted for,
use travel modeling techniques to estimate the impacts of strategies related to
travel time or cost savings on mode choice. Support and incentive programs
include site-specific employer programs such as on-site transit pass sales,
rideshare matching, and guaranteed ride home programs. Those strategies that
can be measured by savingsin travel times and costs include transit use
frequency, high occupancy lanes, and transit fare reductions.

’ Conformity regulations (40 CFR 93.110) require the use of the latest planning assumptionsin conformity
analyses. Whenever the COMMUTER model is use for SIP or conformity purposes, the regulations require
that the latest planning assumptions be used for conformity determinations. Default data should not be
used.
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Figurel
Overview of Calculation Procedure
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» Convert the changes in mode shares to changes in motor vehicle trip ends. Use
the average trip length by mode to convert these changesin trip ends to
changesin vehicle milestraveled (VMT).

» Use predefined sets of emissions factors to estimate the emissions impacts.

The following sections discuss each step in the process in greater detail for both model -
and manually derived applications. The discussion covers definitions of terms,



assumptions and analytical techniques, and coefficients and parameters that enter the
calculations.

It is highly recommended that analysts use locally derived values for the parameters
whenever possible to be consistent with local travel behavior characteristics in the
metropolitan area of analysis. In the absence of local data, the analyst may use default
values for program effectiveness that have been provided in this manual and built into the
spreadsheet model.

The following sections provide guidance in setting parameter values. Typicaly,
employers will want to use parameter values or values provided by their local
transportation planning agency, if available, before relying on the defaults listed in this
guidance.



2. Overview of the COMMUTER M odel
Analysis Procedure

What isthe COMMUTER Model?

COMMUTER is a spreadsheet-based computer model that has been developed by EPA to
help areas obtain air quality credit from Best Workplaces for Commuters (BWC) and
other commuter choice-type programs. It is specifically intended to calculate the travel
and emissions effects that might result from implementation of voluntary employer
transportation management programs. The tool may be used by regiona planning or air
agencies who are interested in pursuing this credit on aregion-wide basis, or by
individual employers who may be seeking tax credit for implementing a voluntary
commuter choice incentive program.

Conventional transportation anaysistools normally used for regiona planning and SIP
development are not well suited to thistype of analysistask for several reasons, the most
important of which are the following:

» Traditional transportation analysis tools are unable to address many of the
voluntary commuter-choice measures, such as rideshare matching support or
alternate work schedules, in their structure; and

o Useof thetraditional analysistoolsisacomplex and labor-intensive process.
Thiswould limit analysis to only trained specialists, thereby excluding
employers and other interested groups from engaging in the process, and
dramatically cut down on the trial-and-error nature of determining what
particular combination of measures is the most effective and acceptable for a
given program.

COMMUTER offers a substantial savingsin time and effort over the traditional approach
by employing some key shortcuts in the amount of data used and the number of micro-
level calculationsthat are performed. The result is a conscious but judicious tradeoff of
some accuracy for asignificant increase in ease and flexibility for the user.

Conventional Analysis Methods

To understand the nature and operation of the COMMUTER model approach, it is
helpful to contrast it with the traditional approach. Figure 2-1 shows how a mobile
source emissions analysis would be done in normal practice. The process generally
consists of first estimating the transportation effects of a particular policy, program, or
improvement in the suite of models collectively known as the “four-step” process. This
resultsin arevised summary of vehicletrips, VMT, and operating speeds, which then
become the inputs to the emissions modeling procedure. Vehicle travel activity is mated
with emission production rates, typically through the latest version of EPA’s MOBILE
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emissions model (EMFAC in California), which applies emissions factors that have been

specially adjusted to reflect local vehicle, regulatory, and climatalogical conditions.

Figure2-1

Traditional Transportation and Emissions Analysis Process
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The four-step transportation analysis process is so hamed because of its separate
consideration of the elements of Trip Generation, Trip Distribution, Mode Choice and
Traffic Assignment.

 TheTrip Generation step converts population, employment, income, vehicle
ownership, land use and other factors into an estimate of the number of trips
that will be made by households (productions) or attracted by economic and
personal activities (attractions).

e Trip Distribution then determines “where” households will travel to meet
their various needs, or conversely, “from where” travelers will come to serve
the various economic or personal attractions. Theresult isa set of tables (or
matrices) that depict trip flows between origins and destinations. The origins
and destinationsin these “trip tables’ correspond to specific geographic
“zones” defined by the planning agency. In atypical metropolitan area, there
islikely to be more than 1,000 such zones, meaning that their combined
function as both origins and destinations can result in several thousand origin-
destination pairs for which trip flows have been calculated, and upon which
analysis may be necessary. Also, trip tables are generally developed for
separate trip purposes, the most common of which are Home-Based Work,
Home-Based Non-Work, and trips that are not based from home, so-called
Non-Home-Based trips.

o Triptables are then processed through a M ode Choice step, which predicts the
travel modes that will be used to make the various trips for each origin-
destination pair and for each trip purpose type (work, non-work, etc.). Therate
of use of particular modes (usually auto driver, auto passenger, and transit) is
based on which of these aternativesis available, the comparative service
offered by each alternative, and characteristics of the traveler. This
determination is usually made through a*“mode split” model, and is calculated
separately for each origin-destination pair, resulting in anew (additional) set of
trip tables for private vehicle trips and transit person trips.

» Once vehicle trip volumes by origin-destination are known, the final step isto
distribute these trips onto the regional highway system in a process known as
Traffic Assignment. The computer is asked to overlay the regional trip tables
onto the system of freeways, arterials, collectors, and local streets and roads,
and to determine which combination of routes will be taken to complete the
trips most efficiently. To do this, the computer must have information on the
carrying capacity of each facility (on a segment-by-segment basis). Tripsare
incrementally loaded onto the highway network to see what volumes and travel
speeds will result, and then reassigned to new paths in progressive iterations
until al travelers are realizing the most efficient (minimum travel time) path
for their particular trip given the overall volume of travelers. Major urban
areas will generaly perform such atraffic assignment for an average 24-hour
day, and also for a case that represents peak period or peak hour conditions.
The peak period traffic assignment is crucial in identifying congestion
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conditions and in studying both work travel and competitive mode choice
situations.

The outputs of the transportation modeling process are then converted for use in the
MOBILE emissions model. MOBILE requires the user to supply information on the
local context in order to tailor the emissions rates appropriately to the individual area.
The information required includes composition of the regional vehicle fleet (by age and
size group) from vehicle registration and usage data; various climatological data,
including temperature and season; and existing emissions control programsin place, such
as reformulated fuels or inspection and maintenance programs. An important element in
adapting the MOBILE model and emissions factors to the region is aso applying speed
correction factors to the respective emissions rates to reflect different rates of emissions
that occur at different operating speeds. The transportation inputs are used to make this
adjustment, which may be as simple as a single across-the-board adjustment for all travel,
or specific adjustments for VMT occurring on freeways vs. other facilities and under
peak or off-peak conditions.

How the COMMUTER Model Approach is Different

From the above, one can begin to see the value of having a simpler and more versatile
procedure for analyzing BWC and other commuter choice program strategies. While all
of the steps outlined above do not have to be repeated for every analysis using the
conventional models, it is still necessary to change the input data for each origin-
destination pair in the regional trip tables that will be affected by the policy or program
measure, re-estimate the modal split, and then redo the traffic assignment step in order to
get the new speed and VMT impacts required by MOBILE.

The COMMUTER model approach simplifies the quantification requirements for
workplace commuting programs by making selective simplifications, as well as
enhancements, to the conventional four-step model oriented process. The procedureis
heavily based on the Federal Highway Administration’s Travel Demand Management
Evaluation Model (FWHA TDM Model), developed in 1993 for asimilar purpose, to
facilitate analysis of TDM programs and strategies for congestion management and air
quality programs.” Prior to its acceptance by the FHWA for national distribution as a
planning tool, the TDM model underwent significant sensitivity testing, and has been
applied widely across the country by planning agencies, transportation agencies, and
employers or employer organizations. It was therefore viewed as a good base from
which to build the COMMUTER model.

" The TDM Evaluation Model was developed by COM SIS Corporation in 1993 in conjunction with a
comprehensive program of research and development of reference and guidance tools by the Federal
Highway Administration and Federal Transit Administration. Additional information of potential valueto
COMMUTER users may be found in the related reports from that research effort: Implementing Effective
Travel Demand Management Measures. Inventory of Measures and Synthesis of Experience, DOT-T-94-
02 (September 1993), Guidance Manual for Implementing Effective Employer-Based TDM Programs,
DOT-T-94-05 (November 1993), and Guidance Manual for Areawide Travel Demand Management
Programs, (October 1992).
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The decision to build a new modeling tool, rather than simply modifying and adopting
the FHWA TDM model, was based on the following factors:

 The FHWA TDM model was not designed to calculate emissions.

e The FHWA TDM model, while much simpler than the four-step models, was
still designed primarily to work with trip tables, and was also seen as more
complex than some members of the target audience would be able to work
with.

 The FHWA TDM model lacked a modern “Windows’-type user interface,
meaning the user would not be able to use a mouse or other convenience
procedures to ease application.

» |t was seen as desirable to recheck and, as necessary, update or enhance the
calculation procedures or impact values coded into the TDM model.

The resultant COMMUTER model has the structure and general features pictured in
Figure 2-2. Itisessentially athree-step procedure:

1. The user establishes a baseline by supplying essential information on local
conditions.

2. Ananaysis scenario is selected from among available options.

3. Impacts on vehicletrip making, VMT, and its distribution between peak and
off-peak travel periods are calculated and used to estimate the change in
emissions of volatile organic compounds (VOC), carbon monoxide (CO),
oxides of nitrogen (NOXx), carbon dioxide (CO2), particulate matter (PM2.5),
and six air toxics.

Each of these stepsis described briefly below, simply to provide an introduction to how
the overall technique operates. Subsequently, each remaining numbered section of this
Procedures Manual describes in some detail each of the individual steps and procedures.
The objective isto provide the analyst with a detailed explanation of how the model is
operating, the assumptions employed, and the data and methods that are used to calculate
the particular impact. Numeric examples are provided in the individual topic sections to
illustrate each module and its calculation procedure, supplemented in most cases by
sample applications across a range of starting conditions or values of the particular
measure to provide insight as to the measure’ s and the model’ s sensitivity. Uncertainties,
where important, are identified and described.



Figure 2-2
COMMUTER Estimating Procedure
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This Procedures Manual does not provide the step-by-step guidance on the actual use of
the COMMUTER model. This help may be found inthe COMMUTER User’s Manual,
which provides a practical introduction to each of the model features, accompanied by
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illustrations of the respective model screens or functions, with direct instructions on what
data are needed and where and how they should be entered.

Baseline Data Requirements

The COMMUTER user isrequired to provide some basic information to the model in
order to establish a starting point, or baseline, from which to measure changes, as well as
to communicate some important local conditions that are used in performing the analysis.
Thisinformation consists of the items shown in box number @ in Figure 2-2. The
required items are summarized briefly below.

Area Size and Type: Qualifiesthe areaas Large (over 2 million), Medium
(750,000 to 2 million), or Small (under 750,000), and whether the analysisis
being directed at the regional downtown core, a medium-density area or
activity center, or alow-density suburban area.

Analysis Scope: Whether the analysisis being applied at the scale of an entire
region, for a specific employment site, or some variation in between.

Employment Base: Since the analysisis being directed at work travel, it is
important to know the size and composition of the regional (or other
application scale) employment base. In particular, it isimportant to know the
number of employees working in “Office” as opposed to “Non-Office”
occupations, and also the proportion of this base that is expected to be affected
by the strategies under consideration. A discussion of the important distinction
between total and affected employment is presented in Section 3.

Starting Modal Split: The existing modal shares for work tripsin the study

area, specifically percent of persons making work trips by auto drive alone,
auto carpool, vanpool, transit, walk, bicycle, and other .

Vehicle Occupancy: Average number of personstraveling in acarpool unit or
avanpool.

Average Trip Length: Averagetrip length (distance), for all work trips
(including transit), and separately for vanpool, bicycle and walk.

Peak Period Duration: Length of weekday peak travel period in hours.

Peak/Off-Peak Work Trips: Percent of daily work trips that are made during
peak travel periods.

Peak/Off-Peak VM T: Total daily VMT from work trips that occurs during
peak and off-peak travel periods.

Peak/Off-Peak Travel Speeds. Average speeds on freeways and non-freeway
roads, during peak and off-peak travel periods.
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The need for thisinformation is explained in greater detail in Section 3, and specific
instructions on where to obtain the information and how to use it in the model are spelled
out inthe Users' Guide. Default values are provided in the model for many of the items,
although users are strongly urged to enter their own unique information. Some special
instructions apply to users of the COMMUTER model who are regional planning
agencies vs. employers and other less experienced in transportation planning methods
and data.

Selection of Strategies and Development of Scenarios

The COMMUTER model allows the user to select from and test a variety of strategies.
As shown in Figure 2-2, these include (as numbered in the diagram):

 Employer TDM Support Strategies: Non-monetary inducements to
encourage employees to use alternative modes rather than drive alone. These
include rideshare matching services, vanpool formation assistance, on-site
transit information and/or pass sales, transportation coordinators, guaranteed
ride home.

» Alternative Work Schedules. Arrangements such as flexible or staggered
work hours, compressed work weeks, and telecommuting.

* Travel Timelmprovements. On-site or adjacent area modifications to
improve access to work sites from transit, or by walking or biking. Also
includes preferential (close-in/reserved) parking for carpools or vanpools, and
Improvements to transit service.

» Travel Cost Changes. Measures such asimposition of parking fees,
differential rates or discounts for carpools or vanpools, transit fare subsidies, or
in specific modal incentives or disincentives to any or all modes.

Specific strategy options are discussed in Section 4 for Employer TDM Support, in
Section 5 for Alternative Work Schedules, and Section 6 for Travel Time Improvements
and Travel Cost Changes. With few limitations, the user may mix and match any number
or combination of these strategies within a given “scenario”, and obviously can create
and test as many scenarios as desired. By so doing, the user will gain insight into which
strategies are the most effective for their particular situation, and will discover the
flexibility they may have to achieve their desired transportation management goal in
more than one way.

Computational Methods for Estimating Transportation | mpacts
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The COMMUTER model escapes the technical and resource intensity of the traditional
four-step modeling approach by taking some calculated shortcuts. These shortcuts retain
the essence of the full-blown approach, but simplify the analysis effort by an order of
magnitude. Of course, because these shortcuts cut back on the many minute calcul ations
that are normally done in atrip-table-based analysis, a certain degree of uncertainty is
introduced by replacing alarge number of individual computations with asingle
“aggregate’ calculation. However, given the modest increment of change typically
expected from most workplace commuter programs (and for which EPA is prepared to
grant credit), the COMMUTER model is seen as a reasonable compromise between ease
of use and accuracy.

Like the FHWA TDM model on which it is based, COMMUTER'’s simplicity derives
from an “incremental” type of analysis procedure, often referred to by transportation
planners as “ pivot-point” analysis. Rather than rerun the entire suite of transportation
models in the four-step process (or at least the mode choice and the assignment steps),
which entails making changes in the service variables and computing impacts for each
affected origin-destination pair in the regional trip tables, a pivot-point approach simply
extrapolates from the existing condition, or baseline. The degree of incremental
adjustment in this extrapolation depends on the current modal share balance, the types of
strategies that are being tested, to what modes and with what intensity they are being
applied, and what is known about the relationship, or sensitivity, between the particular
strategy (or service characteristics it affects) and demand for the mode. For modest
changes in mode shares, such as would be expected with many TDM-type strategies, this
incremental extrapolation is aconvenient and acceptably accurate alternative to the more
rigorous analysis methods.

There are various ways this incremental adjustment/extrapolation can be done, some
much more analytically sophisticated than others.

» Elasticities: Applying arelationship derived from observing degree of change
in behavior in response to a change in an underlying variable.

» Share Adjustment Relational Factors. When formal elasticity relationships
have not or cannot be developed because of insufficient data or research on a
relationship, or because individual relationships cannot be isolated with
statistical confidence, factors may be developed that suggest the type of change
that would be expected in mode share based on a particular type of action
taking place, which may vary with the type of mode, setting, packaging
assumptions with other strategies, presence of aregulation, or type or size of
employer.

* Multimodal Travel Demand Models. Coefficients may be taken from
multimodal travel demand models, and applied either to an individual mode or
strategies or to multiple modes and strategies simultaneously.

The preferred approach among these options is the use of coefficient-based travel
demand methods. Elasticities can be very helpful as planning aids, since they provide
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some statistical basis for inferring arelationship between travel demand and a
transportation service or cost change. Where elasticities are limited isin being able to
take into account the interactive effects that occur when multiple actions are applied or
multiple modes are involved. For example, if a setting had two modes—auto and
transit—and two strategies were proposed—an auto parking charge along with a 10-
minute reduction in transit travel time, an elasticity method would not be able to project
the combined effect of these strategies on the subsequent demand for auto and transit. In
contrast, a coefficient-based multimodal approach has the ability to ook at the combined
effects of multiple strategies and deal redlistically with the cross-modal effects. The
relational factors approach is afallback procedure when formal statistical relationships
have not yet been devel oped.

Aswith the TDM model, the COMMUTER model uses two of the above procedures for
calculating travel response to workplace commuting strategies:

» Logit Pivot-Point Model: A multimodal pivot-point model using coefficients
and computational procedures from accepted logit-based mode choice models;
and

e Look-Up Tables: Relational factors from empirical research, arrayed in ook-
up tables where increments of change are associated with particular types of
programs, reflecting different application assumptions, levels of intensity, and
setting.

Figure 2-2 classifies the various strategies incorporated in the COMMUTER model into
four groups. The classification system mainly relates to how the strategies are analyzed
inthe model. The first two—Employer TDM Support Programs (2), and Alternative
Work Schedules (3)—are analyzed using relational factorsin look-up tables, with a
normalization procedure applied to the adjusted shares to ensure that changes are
proportionate across the available alternatives and do not allow final choices to exceed
100%. The strategies that involve changes to either travel time or cost, however,—
Travel Time Improvements (4) and Travel Cost Changes (5)—are analyzed through the
more rigorous logit pivot-point procedure. Each of these is described briefly below, and
then in more detail in the individual report section that deals with that strategy type.

Share Adjustments for Employer Support TDM Actions Using Look-Up Tables - While
virtually any attribute that playsarole in travel choice can be included in the structure of
alogit model, usually the models are limited to only factors that are related to travel time
or cost. Partly thisis because there has not been great interest in trying to include such
diverse and specialized strategies as carpool matching programs and employer
transportation coordinators in regional travel models, and partly it is difficult to
incorporate these rel ationships within standard mode choice models for reasons of
available or appropriate data, or being able to demonstrate a functional relationship with
acceptable statistical confidence. Transportation analysts and economists have
commonly concluded that the biggest changes in travel behavior are those induced by
changes in the underlying economics among the alternatives, such as policies that try to
lessen the travel time disadvantage of using transit or carpool over driving alone, or
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seeking parity in the cost of travel by raising the cost of driving alone or discounting the
cost of traveling by alternative modes.”

Aswith the TDM Model, the COMMUTER model categorizes the various Employer
TDM Support Measures in group 2 into four discrete categories of effort, presented as
“levels.” Each level constitutes a program of actions undertaken by the employer that is
intended to enhance the attractiveness of alternative modes and thereby increase the
likelihood that employees will use that mode over driving alone. Level 1 programs
reflect minimum effort by the employer, and hence produce the smallest change in
behavior, whereas Level 4 programs reflect the maximum effort and maximum travel
behavior impact. Specific named strategies describe what is assumed to be provided in
each level, with higher-level programs generally including everything that was offered in
the lower-level program, as well as some new measures or special enhancements.

There are individual support programs for each alternative mode except pedestrian:
Carpool, Vanpool, Transit, Bicycling. The support programs are also specific and
relevant to the individual mode, such as on-site pass sales being part of the Transit
support program. Invoking any of the Support Programs triggers a procedure that adds
an increment of mode share to the mode that is receiving the support, with the adjustment
increments being greater for higher levels of each program. The adjustment values are
stored in look-up tables for easy access and use by COMMUTER. A simpleillustration
of how this analysis would be done in the COMMUTER model is provided in Figure 2-3.

When a scenario is designed that includes support measures for more than one mode at a
time (a common occurrence), the COMMUTER model must distribute the impact across
the modes. The model does this by adding the shares to the modes being targeted, and
then readjusting the shares of all modes—those targeted and those not—such that the
total for all modes once again equals 100%. This requires a proportionate adjustment
across all modes, which means that modes with the largest starting shares (such as drive
alone) when asked to forfeit shares will lose the greatest absolute number of users, while
small share modes (like vanpool) will losethe least. Aspart of the normalizing process,
even the targeted mode will have to forfeit some of its new share to ensure proportionate
redistribution.

" See, for example Part I11: Synthesis of Findings in the report: COM SIS Corporation, |mplementing
Effective TDM Measures, for the Federal Highway Administration, DOT-T-94-02. Section 3 (September
1993). Also, in work done for the California Air Resources Board and the South Coast Air Quality
Management District by COM SIS in 1993 for the purpose of developing new plan development and plan
review software for Employer Trip Reduction Programs under Regulation XV, extensive analysis of Reg.
XV employer plan datafrom SCAQMD files coupled with new survey data from 43 California employers
failed to find significant impacts on travel arising from a variety of popular non-monetary support type
programs offered by employers.
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In Figure 2-3, a starting balance of modal sharesis shown in the box at the upper |eft,
with a pending program of TDM Employer Support measures described on theright. The
example suggests that the employer (or group of employers) will implement Level 2
Carpool, Vanpool, and Transit support programs, and a Level 4 Bicycle support program.
The lookup tables show these options being selected for the test scenario: the Level 2
Carpool program contributes a 2% increase to the current 13% carpool mode share,

Level 2 Vanpool contributes a 1% increase to the existing 1% vanpool, Level 2 Transit
contributes 2% to the current 5% share, and Level 4 Bicycle contributes 1% to the
current

1% bike share. As shown in the Share Adjustment Process box in the lower half of the
figure, the Support Program share increments are added to the base shares, and a new
total computed. Obviously, the new total with the program increments added will exceed
the total for the baseline distribution; the baseline would normally total 100%, except
that a special treatment is provided for the Walk mode. Walk is the only mode for which
TDM support enhancements have not been devel oped, raising the concern that
walkers—Ilike solo drivers—can only “lose” ground when support measures are applied
to the other alternatives, since those adjustments would otherwise come out of the Walk
share of 4%. To prevent this from happening until such time as a set of support factors
can be developed for Walk, the Walk mode is kept out of the mode share adjustment
process. Its 4% is shown in parentheses in the table, indicating this treatment.

With Walk out of the equation, the baseline mode shares total 96%, and the new mode
sharestotal 102%. An adjustment must be made to re-apportion the gains (or losses for
SOV) to account for the reality that (1) the total cannot exceed 100% (96% in this
example), and (2) that the modes will “compete” for the new shares. In other words, if an
improvement is made to Carpool as an option, it would be expected that it would attract
new users not only from solo drivers, but also in some measure from Transit and the
other modes if indeed Carpool had received a comparative advantage. And if both
Transit and Carpool received improvements, both would be likely to “steal” share from
SOV, but also from each other. The procedure to accomplish this redistribution in the
COMMUTER model for support programsisto “normalize” the gross adjusted shares.

In the example, the previous total of 96% is divided by the equivalent new total, or
102%, producing an adjustment factor of 0.941. Each share—except for Walk—is
subsequently multiplied by the adjustment factor to obtain the final revised share
expected from this scenario. As may be seen, the biggest adjustment is taken from Drive
Alone, which falls from 75% to 70.6%, while Carpool rises from 13% to 14.1%, Transit
rises from 5% to 6.6%, Vanpool and Bicycle go from 1% to 1.9%, and Other falls from
1% to 0.9%.

Section 4 provides greater detail on this procedure as it appliesto Employer TDM
Support Programs. Specifically, the actual 1ook-up reference tables used in the
calculations are provided, along with key related assumptions regarding characteristics of
the employment base, and special considerations that apply to using the model for an
individual employer vs. applying it at aregional or multi-employer level.

-15-



Figure 2-3
[llustration of Share Adjustment Process

Carpool TDM Support Program
Program Level

/ 1 2 3 4
CP: A Share +15 | 32 | 43 | 45

+2%

- ] / Vanpool TDM Support Program
Starting Mode Shares: Program Level
1 2 3 4
Drive Alone: 75% v AShare | +5 | ¥ | #15 | +2
Carpool: 13% 4| +1%
Vanpool: 1%
Transit: 5% - Transit TDM Support Program
Walk: 4% 4— IF;o Y Program Level
Bicycle: 1% > 23] 4
Other: 1% AShare | +1 [ #2 | +4 | +5
Bike:
~ +1% Bicycle TDM Support Program
\ Program Level

1 2 3 4
A Share +1 | +3 | +5 | #

Share Adjustment Process:
Adjustment Final

Base _A_ Revised Factor Shares
Drive Alone: 75% 75% 941 70.6%
Carpool: 13% +2% 15% 941 14.1%
Vanpool: 1% +% 2% 941 1.9%
Transit: 5% +2% 7% 941 6.6%
Walk: (4%) (4%) 1.0 (4%)
Bicycle: 1% 1% 2% 941 1.9%
Other: 1% 1% 941 0.9%
TOTAL 96% 102% 100.0%

Trip Adjustments for Alternative Work Hours Strategies - The procedure is virtually the
same as applied to Alternative Work Schedules, except that the changes that are induced
are solely to shift the given trip from the peak period to the off-peak period. No mode
shifts are calculated in conjunction with these strategies. The benefit in terms of
emissions, therefore, is not in the elimination of atrip but in its movement to aless-
congested travel period. With less congestion, vehicle speeds will be higher, which will
affect the emissions rates in the model. In most cases, as with VOCs, the speed change
resultsin fewer emissions, while in others, say with NOXx, a higher speed may increase
emissions.
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Aswith the Employer TDM strategies, the COMMUTER contains a separate |ook-up
table for each strategy: Flexible Hours, Staggered Hours, 4/40 and 9/80 Compressed
Work Weeks, and Telecommuting. However, unlike the Employer TDM procedure
where the user selects a particular “level” of program package and intensity, with the
Alternative Work Hours strategies the user indicates only what percentage of employees
will be “eligible” for each program type. The procedure then uses this percentage to
determine how many trips are eligible for the given program, e.g., 4/40 work weeks, and
applies afactor that calculates how many of these trips will be shifted outside the peak.
The trips that are shifted from peak period to off-peak period are shifted at the current
mode split. In other words, if 75% of al tripsin the peak period were Drive Alone, then
the model assumes that 75% of those shifted will be Drive Alone, with the remainder
comprised of Carpool, Transit, Bike, Walk, etc.

The procedure guards against an illogical number of employees participating in Work
Hours programs, to prevent double counting. However, users are able to test the
assumption that workers may be eligible for more than one Work Hours program, leading
to the result that the total eligible for Work Hours programs can exceed 100%. To
prevent against the number of people actually participating in these programs exceeding
thislogical limit, the final calculated participation is determined by normalizing the
eligible percent to an assumed maximum participation of 100%. An example of this
procedure and illustration is provided in Section 5, along with presentation of the look-up
table values and underlying assumptions.

Analysis of Travel Time and Cost Strategies Using Logit Pivot-Point Procedure - A
certain class of travel demand models, known as “logit” models, provides relationships
that can be tapped for this complex analysis. These models are rooted in economic utility
theory, and assume that the attributes that comprise each travel option carry acertain
amount of utility, or value, to the customer. If the attributes for each alternative were
rolled up into a single measure of utility for each alternative, the theory holds that the
consumer will choose the alternative that provides the greatest overall utility. Inthe case
of travel mode choice, where the attributes of importance to the customer are the mode's
time and cost, the traveler would be expected to select the mode that minimizes his/her
time and cost. Higher values of time and cost are undesirable, and may be viewed as a
“disutility”; hence, the choice process becomes one of minimizing disutility, rather than
maximizing utility. Thisdistinction is mainly a matter of semantics, in order to be
consistent with the terminology that will be used to explain the model.

Logit models do aremarkably good job of predicting what mode an individual traveler
will choose from a set of alternatives or, when applied in aregional context, what choices
an entire population will make on a proportional basis from an array of alternatives.
When applied for a population, the model estimates not a single preferred mode, but the
percentage of travelers who will choose each of the offered modes, resulting in an
estimate of modal split.

The mathematics behind the logit model may seem complicated, but the principal by

which it worksis not too hard to grasp. The model computes the probability (a number
between 0% and 100%) that Mode A will be chosen when it is compared to its competing
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aternatives, Modes B, C, and D. It doesthis by first calculating the utility (disutility,
actually) of each aternative, or U, for agiven trip. A typical disutility expression might
look like this:

U (Mode A) = a, + o, (In-Vehicle Travel Time) + a, (Wak/Wait Time) + o, (Cost)

The disutility of Mode A is aweighted sum of the travel time and cost incurred in using
Mode A for the given trip. The “weights’ are provided by the model coefficients, which
arethe o, o, o,,and o5 terms in the disutility equation above. The coefficients relate the
sensitivity of the traveler to the particular characteristic, i.e., signifying how important it
will be in the choice process. The values of the coefficients are determined through a
statistical estimating procedure (known as maximum likelihood estimation) applied to
datafrom local travel surveys. Once the coefficients have been determined, the
calculation of the probability of Mode A (or any of the other modes) being chosen is
computed as.

UtilityModeA
e ty

UtilityModeB

P(ModeA) = QUtilityModeA

UtilityModeC UtilityModeD

+ e + e + €

To use the logit model to analyze the effect of any policy or program, it is necessary to
change the disutility expression for each affected mode by relating the time or cost
change from the strategy policy to each individua travel unit in the analysis. If the travel
universeis anindividual employer, the unit of analysisistheindividual. If the universe
isaregion or subarea, the unit of analysis would be each of the individual origin-
destination pairs that is influenced by the policy.

Because of the exponential form of the logit equation, the mode choice predictions from a
logit model produce an S-shaped curve, asillustrated in Figure 2-4.

Thisrelationship is clearly non-linear, and as the figure implies, identical changesin the

Figure 2-4
L ogit Relationship

100 %
Probability of \\
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Mode a \( Dominant Share
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travel characteristics of a given mode will not produce the same degree of change in
mode sharein all cases, but will depend greatly on where the traveler is “starting” on the
S-shaped curve. In cases where the starting shareis limited, say 1% to 3%, an
improvement of X minutes of travel timeor Y dollars of travel cost would not produce as
large an increase in share as would occur if the mode were starting with a moderate
share, say 5% to 10%; a starting point in the dominant range, say 30% to 60%, would
produce the most substantial changes. Above a certain mode share the mode is so
dominant (so free of competition) that additional improvementsin service or cost will
start resulting in modest or decreasing returns.  The implications of this relationship are
important: if aprogramisto be sited in an areawhere existing transit or carpool useis
high, then strategies that provide additional advantages to those modes should result in
healthy increases. However, if aprogram isto be cited in an areawhere solo driving is
dominant and thereislittle or no transit or carpool use, significant enhancements and
incentives would be required to obtain the same shifts of travelersto transit or carpool.

While logit mode choice models are powerful and accurate, traditional application at an
individual origin-destination pair level would require significant data development effort
for every scenario tested. However, the tool can also be applied with reasonable
accuracy to the existing mode shares, by setting up the model to predict instead the
change in disutility that would result from the change in the individual attributes:

AU (ModeA) =A o, (In-Vehicle Travel Time) + A o, (Walk/Wait Time) + A o, (Cost)

Instead of having to develop revised disutility expressions for every mode and every
analysis unit, the analysis can merely “pivot” from the existing share by knowing the
value of the coefficients and the degree of change that will be introduced by the
individual strategy or program. Moreover, in this equation, more than one service
variable can be changed at atime (e.g., walk time and cost), and more than one mode can
be affected at atime, and the choice probabilities for all modes may be calculated simply
by making the appropriate modifications to each mode' s disutility expression. This
feature promises a realistic accounting for the competition among modes, and reflects the
gain/loss of different strategies applied in different measures to several modes.

In the COMMUTER model, the logit pivot-point procedure is used only to calculate the
impacts from the Travel Time Improvements or Travel Cost Changes strategies. The
application of logit pivot point to these strategies in the model is discussed in detail in
Section 6 of the Manual.

Sequencing Order of Calculations in the COMMUTER Model - The order in which the
COMMUTER model performsits calculations of travel changesis as follows:

1. It first calculates the changes due to Alternative Work Hours. This servesto
readjust the travel population baseline to determine how many trips will be
shifted to the off-peak, and how many will remain in the peak period and be
subjected to application and analysis of the mode-choice oriented strategies.
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2. Next, mode shares of the remaining peak trips are readjusted to reflect the
effects of the Employer TDM Support strategies.

3. All time and cost related strategies are tallied up and brought into the logit

pivot-point procedure, which is then applied to the revised mode share starting
point from step 2.

Emissions Calculations

Separate calculations are performed for each of the two activity parameters model ed:
VMT and trips. Emission reductions from each of these travel impacts are then added
together to produce combined emission reduction impacts from changesin travel due to
the TCMs evaluated. Each of these calculationsis performed for both the peak and off-
peak periods.

First, reductionsin VMT and vehicle trips due to the TCM strategies are computed by
subtracting existing activity levels from the “final” (after-TCM) activity levels.

Second, VM T-based emissions changes are calculated for peak and off-peak periods,
based on changesin VMT and on average regional speeds by period and facility type.
Emission factors (expressed in grams/mile) are provided with the model in 5-mph
increments and interpolated to represent emission factors at the actual speeds provided.

Third, start-based emissions changes are calculated for peak and off-peak periods, using
start emission factors (expressed in grams/start) and the change in number of starts.

Finally, the VMT- and trip-based emission reductions are summed together. Daily
reductions are also summed from peak and off-peak reductions.

Model Outputs

Key outputs include the following:

» Basdline and final mode shares for each mode, including percent of trips
eliminated;

» Percent of trips shifted from the peak to off-peak period;

» Basdineand fina peak, off-peak and daily VMT,;

» Basdine and final peak, off-peak and daily vehicle trips; and
e Changesintotal daily emissionsfor each pollutant.

it
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3. Assembling Required Background Information

Oveview

Types of Data Required - An analysis of commuter choice strategies using the
COMMUTER model requires certain basic information in order to establish the travel
baseline and to properly initialize some key parameters that are used in the analysis. This
section of the report lists each of the required items and explainswhy it is needed and
how it isimportant to the analysis. Itemsincluded in thislist and discussed in this
section include the following:

Metropolitan Area Size

Application Setting Characteristics
Affected Employment

Mode Choice Model Coefficients
Starting Mode Shares

Average Trip Lengths

V ehicle Occupancy

Peak and Off-Peak Travel Characteristics

The discussion of input data requirements in this Procedures Manual focuses mainly on
confirming what information is required and optional ways to supply that information, in
relation to the methods being applied by the COMMUTER model. The accompanying
Users Manual offers the procedural step-by-step guidance to the user on where to find
thisinformation, how to format it properly, and how to enter it into the COMMUTER
Model.

Areawide vs. Individual User - The COMMUTER model has been designed for
application at either aregional (multi-employer) level or for an individual employment
site. While the types of strategies that might be evaluated for these two applications are
roughly the same, the input data requirements are somewhat different. Since an
application at aregiona or areawide level requires an integration of results over alarge
number of employers, it is necessary to have information that describes the size,
composition, and travel characteristics of that population. For an individual employer,
the regional composition characteristics are not relevant, and it becomes more important
to be able to describe in some detail how that particular set of employeesis traveling.

Therefore, regiona (or multi-employer) users of the model would be expected to provide
information that describes the corresponding employment base, and certain assumptions
about applicability of particular strategies to these employers, or the extent to which
these strategies are already in place. Much of thisinformation will be derived from the
region's or local ared's transportation planning process, which is the same information
that is used to prepare the SIP or the conformity analysis. Since regiona COMMUTER
users would likely be the designated M PO, access to the appropriate information should
be fairly straightforward. For others who might conduct a COMMUTER analysis at
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either aregional or areawide level, such as departments of transportation, municipalities,
counties, employer organizations, or air agencies, it is expected that these groups would
need to work with the regional MPO to obtain this information and ensure its proper
interpretation.

Those users performing a COMMUTER analysis at an individual employment site will
not require most of the compositional or travel information needed for the areawide
analysis, but will require some fairly specific information on their individual case.
Primarily, the individual site users will need information on the travel characteristics of
the respective employees. Thisincludes the following:

Total employees working at the given site;

Total traveling to the site on a given workday;

M ode choice (percent by mode);

Number traveling to the site during peak period;

Number engaged in telework, compressed work weeks, or other alternative
work schedules; and

» Existence of staggered work hours or shifts, and percent of employees
accounted for in each.

Thisinformation is generally obtained through employee travel surveys, so the individual
site user will not need to be concerned with regional transportation data, models and
planning procedures. Guidelines are provided in the COMMUTER model and the Users
Guide to help users determine what data they need, how to obtain it, and how to use it.
Default values are provided for relationships or data inputs that might not be readily
available. However, even though the COMMUTER model gives the user a considerable
degree of independence and flexibility, an individual site user is still strongly urged to
consult with the relevant local planning agency, for the purpose of answering questions
about assembly of input data, assumptions about background conditions, advice on
selection of program strategies to be tested, or interpretation of results. In particular,
employers should consult their planning agencies to obtain or confirm the model
coefficients that will be used in the analysis (see Section 6 for more discussion on these
coefficients).

Where differences occur in the data requirements or responsibilities between regional vs.
individual users, the Procedures Manual and the Users' Manual will point out these
differences and explain how each user should proceed.

Default Values - While most of the input data items that are requested by the
COMMUTER model should be relatively easy to obtain, the COMMUTER model also
provides default values for many of the items. These default values have been provided
mainly as a convenience to the user, to encourage use of the model by a broad audience
whose familiarity with transportation issues or accessto certain data may be limited. The
defaults may also be of service in performing reasonableness checks of any user-supplied
data.
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While these default values are provided to help the user conduct an analysis without
undue difficulty or expense in obtaining local data, users are nevertheless urged to seek
out and utilize current local information wherever possible. Thiswill increase the
validity of the resulting travel and emissions impacts, and help EPA reach afavorable
determination when reviewing the applicant’ s request for COMMUTER emissions
credits. Those measures for which default values are provided are listed in Table 3-1.
This listing shows the default values currently assigned to each measure, and the source
of the information used to develop the default value.

Users may wish to experiment with the COMMUTER using the default values in order to
develop familiarity with its operation and the types of impacts it projects for various
types of programs. However, programs submitted for air quality credit should give
evidence of due effort to utilize local data wherever possible.

Sources for Background Data - For regional or areawide application of the COMMUTER
model, most of the necessary background data should be available to or through the
responsible transportation planning agency in the area. Thiswill normally be the
regional M PO, although county or municipal planning agencies or departments of
transportation may also be a resource depending on the extent of their planning activity.
These organizations should be capable of supplying information on regional employment,
modal split, VMT and travel speeds, such as are required by the model. For individual
site users, most of the background information will be obtained through an employee
travel survey.

Regquired Model Inputs

The remainder of this section is devoted to identifying each of the required dataitems
and providing information on typical sources. The availability of defaults for each item
isnoted. In addition, aglossary of transportation planning terms is provided in Appendix
A to clarify the meaning of any terminology that the user may not be familiar with.

Metropolitan Area Population Size Category - The COMMUTER model distinguishes
among three size categories of metropolitan area when evaluating certain impacts:

e Large: Population of 2 million or more
» Medium: Population under 2 million but > 750,000.
» Small: Population under 750,000.

-23-



Table3-1

Default Values Provided in the COMMUTER M odel

Data ltem

Source

Work Trip Mode
Shares

Average Commute
Trip Length (in
miles)

Average Vehicle
Occupancy (persons
per vehicle)

Duration of Peak
Period

Percent of Work
Trips Occurring in
Peak Period

Average Travel
Speeds (mph)

Affected
Employment

Suggested Default
Auto — Drive Alone 78.2%
Auto — Carpool 12.1%
Vanpool 0.5%
Transit 4.9%
Bicycle 0.4%
Walk 3.0%
Other 0.8%
Total 100.0%
Average Person-trip Length: 12.7
Average Trip Length - Carpool: 12.0
Average Trip Length - Vanpool: 20.4
Average Trip Length - Transit: 11.7
Average Trip Length - Bicycle: 29
Average Trip Length - Walk: 0.9
Average Carpool Occupancy: 2.25
Average Vanpool Occupancy: 7.19
3.0 hours
61.4%

33.8%in 6—9 A.M pesk
27.6%in4—7 P.M. pesk

Area Freeway Freeway Arterial Arterial
Size Peak Off-Peak  Peak  Off-Peak
Large 40.2 49,0226 251

Medium 46.8 54,7232 255

Small 50.5 56.424.2  26.0

Distribution % only, user must supply total

Office occupations. 79.7%
Non-Office occupations. 20.3%

2000 U.S. Census

2001 Nationwide
Household
Transportation
Survey (NHTS)

2000 Census (2-4
person carpool)
2001 NHTS (5+
person carpool)

1990 Nationwide
Personal
Transportation
Survey (NPTS)
Databook, Table 6-
32

2002 Highway
Performance
Monitoring System
(HPMS)