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ABSTRACT/COURSE OUTLINE

INTRODUCTION

*  Oveview of andyticd issues

*  Purpose and structure of the course

* Interactive discussion of trangportetion - air qudity andyssissues

MODULE | Travel Demand Forecasting Modds & Land Use/Accessibility

Emphasiswill be placed on the capabilities and limitations of the traditiona 4-step modeling process and
currently available techniques for linking accessibility changes to land use data, including:

*  Current Practice

* Implicationsfor ar qudity analyss

*  Now reguirements from EPA guiddines

» Using the 4-step process to evaluate accessibility changes

MODULE Il Emission Factor Models and Travel Related Data Requirements

Emphasis will be placed on the structure, capabilities, limitations, and travel related data requirements of
emisson factor modds, including:

* Thebasic gtructure of U.S. EPA's MOBILE modds

» Baseemisson rates and correction factors

» Effects of the underlying assumptions of the modd on data requirements

* MOBILE'suseof travel related data

MODULE Il Travel Moddl & Emission Factor Mode Interactions

Emphasis will be placed on using TDF models to develop the data required as input to emission factor
modds, induding:

» Travd adtivity data, including "locd" VMT

* Trip length digribution

*  Operating mode mixes

e Speed edtimation

*  Tempord and spatid distribution of travel and variation in gpeeds

MODULE IV VMT Edimation

Emphasiswill be placed on the currently available techniques for developing reliable, credible travel
estimates and forecasts. Issues to be addressed including the following:

* Devdoping VMT edimates for emissions inventories and conformity anayses

*  Geneding "off-modd" VMT

* Maintaining consstency between HPM S & travel modd estimates/forecasts

*  VMT edimation in the"donut" areas

» Forecasting VMT growth

MODULE V Assessing TCM Effectiveness and Impacts on Emissions



Emphasiswill be placed on currently available techniques for quantifying travel and emissons impacts
and andyzing the codt effectiveness of different TCM drategies, including:

* Trave demand forecasting models

*  Hybrid computer software

* Non-computerized sketch planning techniques



I NTRODUCTION

Purpose of this Course

The purpose of this course is to provide appropriate procedures for devel oping various types of
trangportation data needed for emissions estimation.

The course will focus on:

1
2.

technical analyss methods
transportation data

A separate, more comprehensive companion course "Fundamentals of Air Quality for Trangportation
Panning and Project Development” will be offered by FHWA beginning late summer 1994. The course
will be 4 1/2 days long, and will emphasize):

1.
2.
Analytical Issues

Andyticd issues rdating to trangportation "activity”
egimation indlude the following:

1

2.

Reguirements of the Clean Air Act Amendments 4-Step
Guidance to comply with Federdl air quality ® Models 'Sl"Eht'I h
requirements etc

® Land Use Assumptions
@ Inputs for Emissions Models

® Monitored Data

Travel demand four-step) models: What improvements

are needed to assure trave activity estimates are suitable for air qudity andyss?

Travel demand management (TDM) modes: Which software, and which manud techniques, are
suitable for estimating travel and emissions impacts of TDM/TCM actions?

Monitored datac What is the appropriate methodology for using monitored data (i.e. traffic counts)
to forecast and track travel activity?

Land use inputs: How can it be assured that land use assumptions input into travel forecasting
models are reasonable given trangportation system changesin future?

Travel characteristics How can travel characteritics other than vehicle miles of trave (VMT)
needed for input to emissions models be estimated?

The above mgjor issues (and more) are addressed in this course. Modulesin which the issues are
addressed are identified on the facing page.



Course Structure

Applications Module Procedure
«  SIPEmissions Inventory 1 Forecasting/Land Use = 4-Step

« SIPTCM and CMAQ
Reductions 2 &3 Emissions J

»  Conformity:

* Pans(LRP) 4  VMT Estimation == Counts
» Programs (TIP)

The I€ft page shows the rdlationship 5  TCMAnalysis = Off-Model
of the course modules to the various . . o
andlytica techniquesthat will be 6 Project Analysis == Combination

discussed.

Each module includes a lecture and amanud workshop. The "TCM™ module additiondly includes a
computer software package demonstration.

Application of Analysis Techniques

The andytical techniques discussad in this course will be gpplicable for various types of ar quaity
andyss

1. Development of mobile source inventories for the State Implementation Plan (SIP).
2. Edimation of emisson reductions achievable from Transportation Control Measures (TCMSs).
3. Conformity andysesfor:

a. Long Range Trangportation Plans

2. Transportation Improvement Programs (T1Ps)

Connections Between M anagement Systems, Planning/Programming and Air Quality
Conformity Processes



Management Systems

PTHS

I.f Strategies

!

Planning Process

LRP and
i Msior Irnoasd il
Development

SIP .
Devslapement

TIP Conformity

| Project Development

¥
( Conformity

Relationship to Transportation Planning
Process

The graphic on the I eft illudtrates the rdationship
of the various air qudity requirements (i.e. SIP
development, conformity determination, and
VMT and reasonable further progress (RFP)
tracking) to metropolitan trangportation planning
requirements (i.e. long range planning, maor
investment andys's, trangportation improvement
program (TI1P) development and the various
management sysems).



MobDULE 1;: TRAVEL DEMAND FORECASTING MODELS & LAND USE/ACCESSIBILITY

| SSUES
Travel Forecasting Process Four-Step Process
Patrick DeCorla- Souza TRIP GENERATION
Planning Support Branch TRIPDISTRIBUTION
FHWA, Washington, DC MODE CHOICE
TRIP ASSIGNMENT
* VehideVolumes
*  Trandt Passenger Volumes
I ntroduction

The presentation will cover:

1.

2.
3.
4.

What is current practice? It will not cover: How models are constructed, or details of how they
work.

Implications for air qudity andyss.

New requirements from EPA guiddines, including land use consstency checks.

Planned or on-going research to improve modes.

Four-Step Process

The ultimate am of the process is to estimate number of vehicles on highway networks and number of

passengers on transt networks.

Thefirg sep isthe only step which determines numbers of TRAFFIC ANALYSIS ZONES
trips. In the next three steps, afixed set of trips from step (TAZs)

1 are smply dlocated -- among destinations, modes, or

travel routes. Trangportation system changes, in
conventional models, only affect the alocation process, not

n

Only afew MPOs have models which dlow system
changes to affect numbers of trips.

Basic Definitions

TAZs: Urban areas are lit up into Traffic Andyss
Zones.

Sizeof TAZ vaies-- 1,000 - 10,000 people, on average.

umbers of tripsi.e. "induced" trips cannot be estimated.

Depends on detail of network, and size of urban area. Motorized Nonmotorized




Size of the TAZsin aregion will affect the amount of "off- network™ VMT that is not included in mode
output. With larger TAZS, more VMT will be "missng'.

Trip: Only motorized trips are consdered -- highway or trangit, unless specid studiesaredone. Thisis
important to remember in analyzing travel reduction policies focused on shifting trips to non-motorized
modes.

Linked trips: Only linked trips are consdered. A trip where a person drives from home to a park-and-
ride bus termind, then rides the bus to work is one "linked" trip, but two motorized "unlinked" trips. For
traffic forecasting, the whole (linked) trip is consdered to be on trangt, and the auto portion of thetrip is
ignored.

_ TRIP Trip Purpose: Trips may be home-based (HB) or non+
L e home based (NHB). A home-based trip is one which has &
iy work least one end, either the origin or the destination end, in the
fﬂ 2 8 home. Home based trips may be further categorized by
i e o % purpose of the trip, e.g. work, shop, school, other etc. We
S i s e are able to estimate home based trip characteristics better
it Goriion aaadinad than NHB because we have better information on household
characteristics.
PURPOSE
p affili®Re, | Non-home based trips have neither end of the trip at home,
ﬂ P @ eg. atrip from work to lunch.
Home i
Productiong/Attractions.  Since home iswhat givesriseto
- travel, the home end of aHB trip is cdled the Production
L= end. The Attraction end is the place the household member
Work travels to, and back from. For NHB trips, the Production
end is dways the origin end and the Attraction end is the
destination end.
Modd Inputs
Overview of Four Steps (“LWE Data )

| TRIP GENERATION |

Wewill now provide an overview of the

Highway
four models which comprise the four steps |__TRIP DISTRIBUTION |
of the travel forecasting process, aswell as

!
their inputs and outputs. Diurmal Y\ L MODE CHOICE Transit
Factors i Network
|__TRIP ASSIGNMENT _ |+

The ultimate output of the four step process

: : . ¢ Traffic Volumes
isaloaded network, i.e. ahighway network « Wansit Passenger Volumes




showing traffic volumes. The chain of modesis run in order to forecast how traffic volumes will change
with different policies.

Trip generation forecasts the number of tripsto be made. It isthe only step of the process whose
output does not generaly change with trangportation policy changes. For example, policiesto change
trangportation prices generdly have no effect on the numbers of trips output by trip generation models.
(However, land use palicies, e.g. changesin development dengties, could affect numbers of trips output
by some trip generation models.) The remaining modds smply alocate those trips:

* Among various dterndive destinations, in trip distribution.
»  Among various dternative modes of trave (trangt, solo-driver auto, carpools etc.) in mode choice.
* Among various dternative highway or trangt routes in trip assgnment.

The mgor inputs to the models are:

»  Socio-economic characterigtics of households and land use characteristics. They are used to
edtimate numbers of tripsin trip generation, and mode of tripsin mode choice.

* Highway networks. They are used to estimate travel timesfor use in trip distribution, mode choice
and highway route choice,

» Trandt networks. They are used to estimate travel times for use in mode choice and trangt route
choice.

» Time-of-day factors (or diurnd factors). They are used to Split daily travel into various time periods
-- generdly am. peak, p.m. peak and off- peak.

Land Use Inputs

Transport | Forecasting Land Use Inputs
K2 System

Estimates of future changes in population and
employment within the TAZs of the metropolitan
area are generally developed co-operatively by the
Metropolitan Planning Organization and the various

TRAVEL
DEMAND

00”9 politicd jurisdictions which compriseit. Generdly,
Land Use Models no attempt is made to check whether land use

» Accessibility assumptions are redlistic in view of congestion on
» Attractiveness future highway networks which may be reveded

from travel modd forecadts.

A few MPOs have developed aternative future land use scenarios for testing with the travel models, to
evduate their impacts on the system.

Occasiondly, MPOs may use land use forecasting models to dlocate future population and employment
growth. Allocation is based on accessibility measures and attractiveness of each zone. Accessihility is
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measured by travel times and travel costs from the zone of interest to dl other zones, and
"atractiveness' reflects factors such as avallability of good schools, environmenta amenities etc.

Owing to relaively low travel codts, the "attractiveness' variable dominates most land use forecasting
modds. Thisreflectsthefact that travel timeis not asimportant as other factors when households and
firms make location decisions.

Land use modds are very data intensive and difficult to caibrate, and they have been found to be not
very accurate. Therefore, it isnot surprising that very few urban areas use these models.

Networ k Data

Only mgjor roadways are generally represented on the NETWORK INPUT DATA
highway network. Travel from azoneis assumed to NETWORK DATA DEFINITION
originate a asingle point caled the centroid. Centroids are
connected to the network by imaginary centroid connectors.
Travel on these connectors, output from the modd,
represent part of the travel on local streets.

However, travel on loca Streets that occurs from one part of
azone to another (i.e. "intrazona" trips) are not captured by
the model, since those trips are assured to begin and end at

the same point i.e. the centroid. Thisisasource of "missing”
VMT, which must somehow be accounted for in air quaity

planning. We will discuss how to account for missng VMT Traffic
in Module 3, Travel Modd and Emission Factor Moddl

Interactions. Hour of Day
Data Sources
. = Travel Surveys
Time-of-Day Factors = Hourly Traffic Counts

TIME-OF-DAY FACTORS

Mo Congestion

Generdly, base year datais used to develop traffic by hour of the day as a percent of tota daily traffic.
These factors may be link based or trip based.

Link Based Factors: These are factors which may be applied based on facility class/area type and
orientation of the link. They are derived from hourly traffic counts. Default factors may be obtained
from NCHRP Report No. 187.

Trip Based Factors: The source of these factors is home interview travel survey data. From these data,
percent of trips beginning during each hour can be determined by trip purpose. Default factors may be
obtained from NCHRP Report No. 187.

It can be anticipated that future changesin level of congestion will affect percent of traffic in each hour.
Increasesin congestion causes spreading of the peak, and therefore alowering of the peak hour
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percentage. Few MPOs have models which take peak spreading into consideration. Consequently,
future peak hour volumes forecast by the models may be too high, speeds may be too low, and
emissons estimates may therefore be affected.

Trip Generation: Productions

TRIP GENERATION MODELS
Trip Productions

Autes Owned
1 2 |3+

1
Househakd

Slze

2

3+

Yy

+ By Trip Purpose

TRIP GENERATION MODELS
Trip Attractions

RATE

Dweliing|  Retail [ Non-Retall

Unitzs | Employment | Employment
KFmTE
+ By Trip Purpose
persons)

e auto ownership

Trip Generation: Attractions

Attraction models are elther rates or regresson models.
They are based on land use characterigtics at the destination o
end of thetrip, eg. retall floor area; or socio-economic

characteridtics, e.g.
» trips per retall employee

* trips per non-retal employee
 trips per household

Balancing Trip Ends

Wewill now briefly describe each of the four stepsin the
mode chain. For more detall, we recommend attending
FHWA's Travel Demand, Forecasting course offered twice a
year in Washington, D.C., and severd times each year out in
thefied.

Trip generaion involves two types of modds: Production
models and Attraction models. They are developed for each

trip purpose.

Production models are either cross-classfication or
regresson models. They are based on household
characterigtics. Generally two or three characteristics are
consdered, e.g.

* incomeof TRIP GENERATION MODELS
household Output

* household e F T A
sze(i.e 1

number of o

.
]

Total

+ Balance A's to P's
TRIP DISTRIBUTION

P
f, "ZoA ne 2
(Zﬂnm] \ s
F S /‘IQ:-{'}'"ZIJI'IESJ
P S\

Gravity Model

& Accessibility
s Aftractiveness
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After Productions and Attractions are generated by TAZ and aggregated to regiona totass, they must
balance. However, they generdly don't balance, e.g. the number of tota As may exceed or be less than
tota Ps. Since we have less confidence in our Attraction models and data, we adjust Asin eech TAZ
by applying afactor based on theratio of tota Psto totd As.

Trip Digtribution

Trip digribution is generdly done usng agravity model TRIP DISTRIBUTION MODEL
which is based on aloose andogy to Newton's law of Output
gravity, i.e. the pull of gravity is reated to the masses and the To

distance between bodies.

The masses are the Productions and Attractions for each
zone. Rather than distance, we use travel time between
zones. Travel times are derived from highway networks,

Intrazonal
Tripa

and converted to accessibility factors (also caled friction * Tip Tables by Purpose

factors). TRIP DISTRIBUTION MODELS
Output

Since people are willing to travel further for some purposes

(e.g. work), bility factors vary by trip purpose. i:’ipﬁ

Generdly, base year travel times are used to derive fip Leng
accessbility factors, even for future trip digtribution.  If future * Trip Length Frequency Distribution
levels of congestion will be different from base levels, the use * Average Trip Length

of base timesisinappropriate. EPA guidance calls for By FIncae)

consistency between travel times on the network after

assignment and the travel times used in trip didtribution. To get condstency, trave timesfrom
assgnment need to be fed back into trip distribution, and the process repeated until thereisa
reasonable match between trip distribution input times and assgnment output times.

Gravity Mode Output: Trip Tables

The output of the gravity model isatrip table for each trip purpose, which shows trips made from each
zone to every other zone in the metropolitan area. The trip tables are generdly collgpsed into three
(work, non-work, NHB) for input into the next step, mode choice.

Gravity Model Output: TLFDs

If requested, software packages can produce Trip Length Frequency Distributions (TLFDs) by trip
purpose, which can be useful in air quality andysis. TLFDs are developed from trip tablesand a

corresponding matrix of zone-to-zone travel times. Basicdly, trips are categorized into various trip
length categories and aggregated for each category to get the percentage in each category.

13



Oneinput to the MOBILE emissions modd isatrip length frequency distribution whose trip length
categories are ranges of 10 minutes each, i.e. -9 min., 10-19 min. etc.

M ode Choice

MODE CHOICE MODEL

_____ ik Eﬂystem

= Multinomial Logit

MODE CHOICE MODEL
Output

Trip Tables

Vihiels Trips Transit Trips

+ By Trip Purpose: Work
Wonwark
Non-HE

Mode Choice Model Output

Mode choice modds are generaly multinomia logit modds.

It should be noted that many urban areas do not have mode
choice models. They may either "directly" generate auto and
trangt person trips during the trip generation step, based
only on land use/socio-economic variables. Alternatively,
they may smply assume a percentage share of tripson
trangt for each trip purpose, based on base year data. They
then subtract trangt trips from the trip tables to get
automobile person trips. Auto person trips are then divided
by an auto- occupancy factor to get vehicletrips.

M ode choice moddls are based on:

e Sydtem characteridtics, eg. travel times and costs

o Attributes of the traveler, eg. income, family size, auto-
ownership

» Attributes of thetrip, eg. purpose of trip, time of travel.

The output from mode choice conssts of trip tables by purpose and mode (auto and transit).

Sub-geps: External Trips

Before the next step of the process, there are severa sub-steps that are generally needed:

1. Externd-externd (or through) trip tables must be developed. They are generdly factored up from
base year through vehicle trip tables usng a growth factoring process cdled "Fratar” trip

didribution.
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2. Externd-interna vehicletrip tables (i.e. trip tableswith

one end ingde the urban area and the other outside)

EXTERNAL TRIPS

must be developed. They are generdly developed from th;ﬂ:tghu

forecasts of future traffic at entry pointsinto the urban stgr Yo Er

areq, internd trip ends based on land use/socio- Travel

economic characteristics, and gravity modd trip

distribution External-Internal

) * Factor Up E
External End {/ Hl

- i i = Gravit /
Sub-step (contd.): Time of Day Factoring msrri'bL i \ g/
3. Time-of-day factoring must be done if traffic forecasts SUBSTEPS

Time-of-Day Factoring

are desired by time of day. Factorsreflect the

proportion of daily travel, by trip purpose, that occurs Daily Trips
during various time periods e.g., am. peak, p.m. peak |
and off peak. Factors are generaly based on observed 1
proportions from travel surveys. L% I
AM. RM. "~ Off-Peak
Sub-steps (contd.): Directional Distribution e
| L 1
SUBSTEPS 4. Converson
Directional Splitting to directiond
HB Work trips must be done for HB trip purposes. For dally trip
—q tables, a 50-50 split by direction is assumed. If trip
5,}/“/ IJQ’Q\A tables are for specific time periods, splits must be based
Hum_m_m;"c e P on .travel survey datg, eg. what.proporti on of am.
HE | = period H.B. work trips were going to work versus
| l u_l_‘ returning home?
SUBSTEPS

Total Vehicle Trips Sub-steps (contd.): Total Vehicle Trip Table

Wark Monwark Hp"g;_rg

11771 ]
-1
I

-

W T H E 5. Prior to trip assignment, al vehicle trip tables are
- R | generdly combined into asingle vehicletrip table. At this
—~ point, we lose the ability to use any information about vehicle
=i o e type or mode of operation (i.e. cold start/ hot start/ hot
e-e : stahilized) that may have been available (e.g. from auto log

Through ‘@, —.-" . surveys) by trip purpose.
= o Total
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Total

e3> ( Ca
KL
Network Assgnment Vehicle
Intrazonals Volume
. . . o Mat Assigned
Assgnment of trip tablesto networksis based on minimum
time paths. Highway assignments are capacity restrained. TI:HIP ﬂiSS IF?‘INMEIHT
Transit assignments are not. APEGILY ReSIvm
Speed
Only interzordl trips are assigned. Intrazond trips are not ™
assigned to the highway network. Intrazond travel is
assumed to occur on local streets which are not part of the '
network used in the modeling process. Volume/Capacity 10

Capacity redtrained assgnments are iterativei.e. tripsare

assigned to shortest time paths, volume-to-capacity (V/C) ratios resulting from the assgnment are
computed, link speeds on the highway network are revised based on the computed V/C ratios, and
trips are then re- assgned based on the revised speeds and minimum time paths.

Capacity restraint assgnment can be done in one of three ways.

1. Incrementdly, by assgning only part of thetrip table in the firgt iteration and the remaining partsin
each succeeding iteration.

2. Peaforming severd iterations of full trip table assgnment and averaging the results.

3. Themost commonly used technique for capacity restrained highway assgnment is the equilibrium
procedure. It attempts to balance traffic dong various dternative routes such that a traveller would
not be able to reduce histrave time by shifting to a different route.

Modd Validation
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It isimportant to note that assignments are checked for
accuracy by comparing traffic volumes -- assgned vs.
counted. No attempt is made to check speeds or travel
times on the network against observed speeds. In fact, input
network speeds are often adjusted for the sole purpose of
getting better comparisons of traffic volumes.

Feedback

Because the models are gpplied in sequence, there may be
incong stencies between travel time inputsinto earlier Seps
of the process and thefind trave times after highway traffic
assgnment. Most urban areas do not have feedback loops
from traffic assgnment back to the earlier steps. (A few
areas feed back trave times from assgnment into mode
choice). There are many potential feedback loops:

* Time-of-day digtribution of trave--affecting shiftsfrom
peak to off-peak periods.

* Mode choice--dfecting shifts to other modes

» Trip digtribution--affecting choice of destination

MODEL VALIDATION

» Check Violumas ve. Counts

80

a9

Errar M
15

j |
20,000 80,000
» Speeds — Not Chacked
— Adjusted 1o Reduce Violume Error

FEEDBACK LOOPS

Land Use

s Sncio-Economic
(S TRIP GEMERATION |
1

—————————_TRIF DISTRIBUTION |
R

————————  MODE CHOICE
|—e Diurmal Sy |

Distribution SR AGSIGNMENT |

Traval l
Times  gatfic
Volumes

» Trip generation -affecting decisons to own more automobiles, which impacts decisions to make

motorized trips.

» Land use--affecting accessibility and therefore choice of location of households and firms.

Resear ch on Model | mprovements

Travel mode improvements are a high priority research areaat FHWA. Modd improvements are
needed not just for air quality analyss needs, but dso to address and andyze other important urban

trangportation issues and policies, eg.
» trave demand management policies

»  growth management/ urban form/ urban design policies
* peak period or congestion pricing
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» impacts of congestion on spreading of peak travel, and

on urban development patterns

» as=ex9ment of theimpacts of additiona highway capacity
on travel demand

» changing travel behavior patterns, eg. trip chaining.

TRAVEL MODEL IMPROVEMENTS  “

LLE- -
V) pn

i LA

Land Use Pricing

FHWA Research V\/\ !

Congeslion  New Gapacity  Trip Chaining '
FHWA PROGRAM

iy
S i Land
Generation | Uze

[ Diswribution_| B

FHWA's modd improvement program* is progressing aong
three tracks:

e anon-going education, training and technical assstance e\
program aimed at insuring proper usage of existing '@’
modeling techniques.

«  enhancement of existing modeling techniquestorespond |~ Tecnical -~ Exetng R

[ Mode Choice

" Assignment

to the ISSUeS dl T %d dJOVG. Assistance Process Technigques

» deveopment of new modeling techniques, perhaps
redesigning the entire forecasting process, including improved integration of transportation and land
use andyss.

* The Environmental Protection Agency has provided partid funding for this program.
Summary

Concerns:
» Accuracy of Volumes

» Accuracy of Speeds

* MissngVMT

e Intrazond

e DrivetoPIR Lot
* Levd of Detall

* Not Hourly

* No VehideMix
* No Hot/Cold Starts

Conclusions
The four step travel demand forecasting process was devel oped for purposes other than air quality
andysis. Therefore, the processis not entirdy compatible with the needs of air qudity andyss. The

models can be improved, but incompetibilities will remain, primarily:

» Levesoaf accuracy: The main purpose of the modes as currently used isto assst in developing
long-range transportation plans and sizing highway facilities. Error toleranceis high for this purpose,
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snce errors can range from 15% to 50% (depending on facility class and traffic volume) without a
change in the number of lanes needed. Modd improvements may reduce error levels somewhat,
but accuracy will sill not be competible with levels of accuracy assumed by air quality modders,
specidly speed data.

* Levd of detall: For accurate emissons modding, detalled information from the highway network is
needed, which is beyond the capability of even improved modds. For example, emissons models
need detailed data ontrave by vehicle type, time-of-day, cold start/hot start, park duration, speed,
local street trave, etc. Even improved models will probably not be able to provide accurate
information to the level of detall needed.

Module 1: Travel Demand Forecasting M odel Workshop

The Context:

Section 51.452(b)(1)(iv) of EPA's Trangportation Conformity Final Rule states "Zone-to-zone travel
times used to distribute trips between origin and detination pairs must be in reasonable agreement with
the travel timeswhich result from the process of assgnment of tripsto links. Where use of trangit
currently is anticipated to be a sgnificant factor in satisfying transportation demand, these times should
be aso used for modeling mode splits™ The rule makes this an explicit requirement for serious, severe,
and extreme 0zone nonattainment areas and serious carbon monoxide areas after January 1, 1995.
(Note that moderate CO nonattainment areas that have not reached attainment by December 31, 1995
are "bumped-up" to the serious category.)

The Assgnment:

There are 673 traffic zones in the Bdtimore, Maryland Travel Demand Forecasting Modd System. A
list containing the twenty zones with the highest number of households and the twenty zones with the
highest levels of totad employment was developed. The average travel times used as input for trip
distribution from these 40 zones to dl other zones were recorded. Additiondly, the average travel times
from these 40 zones to dl other zones after traffic assgnment were recorded.

Asthe urban planner for the Baltimore region you are asked to congder the following:

1. Arethe differences between the digtribution input travel times and the post assgnment travel times
for these zones sufficient to warrant rerunning the travel demand forecasting modd s with the post-
assgnment travel times as inputs to trip distribution.

2. How will VMT edimates change? Why?

3. If the models were rerun would the results be more accurate than the base run? Why?

Given: AreaMap, Data, and Graphs of the Travel Times Before Didribution and After Traffic
Assgnment.

This assgnment will be donein groups. Each group should chose one spokesperson to present the thelr
findings to the class at the end of this workshop.
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Figure 1: Baltimore Region and BMATS Simulation Areas
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Zones with the Highest Number of Households Zones with the Highest Employment

Zone Before After  Difference % Change Households Zone Before After  Difference % Change Employees
fmins)  {mins}  TT - {mins} _ (mins) T T

281|  1520|  23.87]  867|  57% 10910 374 1524]  23.10] _ 7.88] _ 50%] 5520

| 257 19.89 30.51 10.62 53% 10510 286 11.07 | 16.49 5.42 49% 22310
| 262 16.44 24.40 7.96 48% 12580 262 1643 24.36 7.83 48% 34880
| 2a7| 19.04  27.58]  8.55 a5% _ 11160| | 630, 17.78_ 2447|  6.69|  36%| 10870

T 199| _ 17.45 2346 6.01 34% 10800 384, 1385 1886 481 5%

413] 1300 2548 6.48 34% 11310 215 1857 __ 24.98|  6.41|  35% 11430
4oz| 1555  20.76] 523 3% 11050 448 1560 2097 537 3% 13130
82 14.84 19.46 4.82 31% 8820 603 15.24 20.24 5 33% 10540 ¢

85 13.88 18.07 4.13 30% 9930 389 1511 19.37 4.26 | 28% 11520
244 16.17 20.87 4.7 29% | 15350 | 144 11.96  15.33 3.37 28%| 12360
345 15.48 19.95 4.47 23% 12410 114 15.52 19.80 4.28 28% 3000 |

48| 1304 16.68 3.59 28% 9680 387| 1520 19,0 38 _ 26% 10870

756] 1805 2380  4.85] 6% T0530] | 391| 1441 18.10 369  26%| 14150
579 1555 19.36 3.81| 25% 12030 121 16.76 21.04 428 26% 10880

71| 1229 1622 253 24%| 10170 118| 15983 19.90 a97|  25% 21530

73, 1341 1640 299 2% 10010 | 343| 2007 2506  499|  25% 22780

574| 1639 1941 272| _ 17%| 9760 __1i7| 1716 2114 __ 3.98| __ 23% 12280
534 12.83 14.46 1.83 14% 9770 132 14.93 18.33 3.4 23% | 13880

| w4 16.45 1B8.51 2.06 13% 10250 | 523 21.45 25.08 3.63 17% 106840
| 568 14,28 15.59] 1.31 9% 10750| | 582 14.87 16.21 1.44 10% 20740

TT = TRAVEL TIME % CHANGE = PLRCENT CHANGE

(mias) w MINUTES

Travel Times Before Distribution and After Assignment
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M ODULE 2: MOBILE SOURCE EMI1SSION FACTOR M ODELSAND TRAVEL RELATED DATA
REQUIREMENTS

EMIZEION FACTOR MODELS

I ntroduction

Travel demand forecasting (TDF) models are often
viewed as "Black Boxes' by thosein thear qudity
planning fidd. They know that data goes in and estimates
of travel are output, but are often puzzled by what happens
within the modelling process. Unfortunatdly, emission
factor models have also been seen as amysterious "Black
Boxes' by many trangportation professionas. The purpose
of thismodule isto provide insgght concerning whét trave
datais needed and how it isused in the air qudity anadysis
process. Theintent isto remove some of the
mysteriousness of the emission factor models by opening
the lid to the "Black Boxes' and viewing some of the TRAVEL ACTIVITY X BAISSIONS FACTOR = COTIMATE
models components. Emission factor moddls, like TDF

models, are very complex and not every aspect of the models will be addressed in this course.
However, the basic structure of emission factor modes will be discussed and some ingghts into how
travel related parameters are used within the modd s will be provided. The discusson will focus on the
following trangportation related parameters.

» Trip length Didribution

*  Operating Mode Mix

* Average Travel Speed

* VehicdeMiles Travelled Mix Fractions

Estimating Regional Emissions from On-Road M obile Sour ces

The methodology for estimating emissons from onroad mobile sources was discussed in Module 1 of
this course. The emissions estimation process can be represented by the smple equation shown below:

Travd Activity X Composte Emisson Factor = Emissons
VMT (miles) (gramgmile) (gramg)
Trips (gramgitrip) (grams)

This module will focus on the second term of the equation, compaosite emission factors.,

NOTE: Emissons estimates developed in units of grams can be converted to short tons by dividing
908175.
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Emission Factor Control Misconceptions

Misconceptions About Emission Factor Models
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1. Theoutput from an emisson
factor modd isNOT pollutant
emissons. Neither MOBILESA
or EMFACTF is capable of
providing an estimate of the
quantity of emissions produced
by on-road motor vehicles for
any pollutant. The moddsonly
produce a set of composite
emission factors with units of
grams/mile or gramgftrip.

2. Neither MOBILESA or

EMFACTF can produce
emisson factors for ozone.

Ozone isformed in the earth's amosphere through a series of chemica reactions involving
hydrocarbons and oxides of nitrogen in the presence of sunlight. Regiona ozone concentration
levels can be estimated through the use of photochemica disperson models such as the Urban Air

Shed modedl.

Hydrocarbons and oxides of nitrogen are consdered ozone "precursors' because of their rolein its
formation. The function of these modesin the ozone analysis processis to produce emission factors for
HC and NOx which are used to estimate the quantity of the ozone precursors that is emitted from on+

road mobile sources.

Motor Vehicle Emissions

Motor Vehicle Emission Sources

The three primary pollutant FITTTTS
. : ) \

associated with motor vehicles (HC, T

CO, NOx) were described in | 38 :

Module 1. Developing quantitative | '~ _Nox

estimates of these pollutants requires
an understanding of how they are

- .
‘DIURNAL / \
! EVAPORATIVE { HOT SOAK
. , | EVAPORATIVE!
' EMISSIONS 1 HC !
N ; | EMISSIONS |

hY

produced. These pollutants can be
linked to two fundamentdly different
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emissions producing processes and two different motor vehicle sysems:

-- Combustion -- exhaust system
-- evaporation -- fue sorage and delivery system

Most people readily associate air pollution with the motor vehicle exhaust system because they have
seen and smdled the fumes exiting their vehicle. However, to fully account for the emissons that result
from on-road motor vehicles one must also devel op estimates of the quantity of hydrocarbons that
evaporate into the atmosphere from the fuel sorage and delivery system.

Motor Vehicle Emissions- Exhaust Emissons

Exhaus emissons e ~.
ae Comrnonly I'! HIGH TEMPERATURES b
referred to as"tall ' FROM GOMBUSTION — TVOX |
pipe” emissions i. INCOMPLETE

Carbon monoxide, ; COMBUSTION

Oxides of Nitrogen, ! ESCAPING

and Hydrocarbon L

emissonsaredl B
products of the

combugtion of foss| fuels within avehicles engine. However, each pollutant is produced in a different
manner. Various compounds of nitrogen and oxygen are formed as aresult of the high temperatures
associated with combugtion. Carbon monoxide is aby- product of the combustion process and actually
results for the incomplete combustion of the organic fuels. Findly, the hydrocarbon emissions result
from the unburned portion of the fudl that escapes through the exhaust system of the vehicle,

Operating Mode
The operating mode of on-road motor vehicles isimportant because exhaust emissons vary significantly

depending of which operating mode the vehidesin. The following are the three operating modes
conddered for light duty vehicles:

 Cold Start
e Hot Start
e Hot g&hilized

The start modes include the first few minutes of operation after avehicle's engine has been sarted. This
difference between a cold start and a hot start is the length of time that the engine is shut off before being
restarted. The hot stabilized mode includes dl the time that avehicle isin operation except for the start
mode periods.
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The differences in emission quantities between operating modes are primarily due to two factors. the
fud-ar mixture and the emissions control equipment. HC and CO emissions are highest during the cold
gart mode because the catalytic emission control systems do not provide full control until they reach
operating temperature and aricher fud-air mixture must be provided to receive satisfactory
performance from a"cold" engine. The fuel mixture in the cold start mode has little effect on NOx
emissons, however, the lack of fully operationa emissions control equipment will provide e evated NOx
during thismode. Emission rates for dl three pollutants are less during hot starts than for cold starts and
are lowest during hot stabilized operation.

Motor Vehicle Emissions- Evaporative Emissons

Evaporative emissons -

congst only of
hydrocarbons. They
escgpe from anumber
of locationsin the fue
dorage and delivery

!
I
!
|

!

DIURNAL &
REFUELING

EVAPORATIVE |
HC
~ EMISSIONS
~

-

4
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)

—

-
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A

! CRANKCASE &,

' HOT SDAK |

' EVAPORATIVE |
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' EMISSIONS  J
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gystem in quantities
that are highly
dependent on
temperature. The
MOBILE mode
addresses the
following 6 categories
of evgporative
emissons.

~ RESTING LOSS & RUNNING LOS3
% EVAPQORATIVE HC EMISSIONS I

T o o m wr e o — om S =T

Hot Soak - Emissions from the carburetor or fuel injector occurring when the engine is turned off.

Diurnd - Results from the "breathing" of the gasoline tank due to temperature fluctuations over the 24-
hoursin aday.

Running losses - Emisson losses that occur while the vehicle is being operated. They result when more
fud is emitted into the emissons control canister than is being purged fromiit.

Redting losses - Emissions that result from vapor permesting the evaporative emission control system or
from liquid fuel lesks.

Refueling losses - There are two components, vapor space displacement and spillage both of which
occur while avehicleis being refueled.

Crankcase emissions - Not true evaporative emissons, but are defined as those that result from
defective pogitive crankcase ventilation valves.
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NOTE: Diurnd, hot soak, and running loss emissions are a function vehicle travel, however, only running
loss emission rates are directly impacted by the travel related inputs to MOBILESA.

Emisson Factor Models

There are anumber of travel demand forecasting
software packages available for use in the United
States and there is no Federa requirement to use a
gpecific modding package. However, the same can
not be said for emisson factor models. The U.S.
Environmenta Protection Agency permits the use of
only two emission factor models MOBILE and
EMFAC. The MOBILE mode must beusedin
every date except Cdiforniawhere the EPA permits
the use of EMFAC.

The models were both devel oped based on the
understanding that one cannot perform aregiond
mobile source emissions andysis based on each
individuad vehidlein the fleet. These modeds produce
composite emission factors which gpproximate the
emissons characterigtics of the entire population of
vehides.

A separate composite emission factor is developed

EMISSION FACTOR MODELS

sy iy
B

LDGY VEHICLE FLEET
e

=

Gilp Giie

EMISSION FACTOR MODELS
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VEHICLE FLEET

e
— e 2

COMPOSITE EMSSION FACTOAS
AT
[ CO HC WO

o e
FOA UDOY YEHICLE FLEET

COMPOSITE EVPERION FACTDAS

CO HC N‘I:h-_h_\;
o A

e
FOR ENTIRE VEMLLE FLEET

for each pollutant type (e.g. carbon monoxide, nitrogen oxide, and hydrocarbons). The composite
emission factors are an gpproximation of the quantity of a particular pollutant that would be emitted by
the "typicd" or "average’ vehicde in each vehicdle dassfication. The MOBILE modd developsa
different set of emission factors for each of the years 1960 through 2020.

Emission Factor Models- Mobile
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The MOBILE mode was developed by and is
maintained by the U.S. Environmenta Protection
Agency. It wasinitidly developed as apolicy testing
tool to evauate the impact of the motor vehicle
pollution control standards. 1t has snce been dtered
for useasan ar qudity planning tool for onroad
motor vehicle emissons. The MOBILE modd
develops composite emission factors for the
following pollutants:

MOBILESA EMISSION FACTOR MODEL

EMISSION FRCTOR VARLATION BETWIEN
VERSIONS OF MOBILE®

&l Erammrn
"

dey
i =)
l [

8 =

LA
- ar n s
Cinfarerir Sewr

EMFACTF CALIFORNIA'S

EMISSION FACTOR MODEL
* Hydrocarbons

e Carbon Monoxide
* Nitrogen Oxide

The MOBILE mode is updated periodicdly to
reflect both changes in the understanding of

emissonsand changesin U.S. law. Asof this
writing MOBILESA isthe current verson of the
moded. The U.S. EPA usudly requires the most recently released version of the mode to beused in all
andyses. It Isimportant for to note that emission factor vaues can vary dramatically from one version
of the modd to the next.

Emission Factor Models- EMFAC

The Cdifornia Air Resources Board (CARB) has developed and maintains its own emisson factor
model for usein the sate of Cdifornia The mode development was coordinated with the Cdifornia
Department of Trangportation (Cdtrans). The latest version of the model is EMFACTF can berun on
ether amain frame or persona computer. EMFACTF produces of composite emission factors for the
following pollutants:

e Totd Organic Gases(TOG)
» Carbon Monoxide

* Oxidesof Nitrogen

* Paticulate Matter

Thereisadight difference between the components of total organic gas emissons and hydrocarbon
emissons, however, for purposes of this discussion the termswill considered equivdent. EMFACTF
has the capabiility of producing both exhaust and evaporative emission factorsfor TOG. Additionaly,
the model can develop an emission factor for particulate matter that results from both exhaust and tire
wear.

Differ ences Between Mobileand EMFAC
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The basic structure of two emission factor modelsis Smilar. However, there are some significant
differences between EMFAC7F and MOBILESA in the way that emissons associated with avehicle

——
/" sTART '
s — BELATED
- FM]BSIONS

trip are dlocated. For example,
EMFACTF produces separate
emission factorsfor cold starts, hot
garts, and hot stabilized vehicle
operation. The sart related emisson
factors have units of grams per trip
and the gtabilized factors are in grams
per mile. On the other hand, the
MOBILE modd "spreads’ the
emissons from vehicle sarts over the
entire vehicle trip so that both start
related emissons and stabilized

TRIP-END
EMISSIONS

¥MT BELATED
EMISSIONS

exhaust emissons are estimated by a

sngle emission factor with units of grams/mile. The differences in the models structure affect the trave
related data requirements and to some extent the flexibility of the models as andysistools.

NOTE: Since every state except Cdiforniais required to use the EPA's mode the remainder of this

module will be focused on MOBILEBA.

Emission Factor Model Components

The gructure of the MOBILE modd can be smplified to the following five core components:

Base Emisson Rates (BERS)
Heet Characteristics
Correction Factors

Fud Characteridtics
Emission Control Programs

g~ owdNE

The base emission rateisan idedized
rate based on standardized vehicle
testing that never occursin the "red
world". The other four model
components are used to adjust the
idedized rate so that it more closdy
represents the conditions under which
vehideemissons are actudly
produced. The relationship between
these components and the fleet
average emission factor for avehicle
class, caendar year, pollutant, and

MOBILESA DATA COMPONENTS

VT MY ERACTIONS

I EMIBEIOM SOMTRO. PRDIGEGMAMAE —|

|_ FUEL CHARACTERISTICS —I

f CORRECTIEM MACTORR |

FLEET CHARACTERISTICS
I BASE EMIEBION RATES(AERR) I

MOBILESA INTERNAL STRUCTURE

EXAMPLE:

EMISSION *
FACTOR = i,

LDGY, 2000,
HE, EXHMIET Mai \
/ Bl O
P TREATNG
A
AFEED

AT i
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emission producing process (e.g. exhaust, evaporative) can be described by the following equation:

n

EFijk = 4VYMTm* (BERj,km* CFjkm..)

m=1
Where:
EF ij,k = flest-average emisson factor for calendar year i, pollutant j, and processk (e.g.
exhaudt, evap);
VMTm= fractiond VMT attributed to modd year m (the sum of VMT, over dl modd yearsnism
unity)

BERj,k,m = baseemisson ratefor pollutant j, process k, and modd
Cfj,k,m=correction factor(s) (e.g., temperature, speed) for pollutant j, process k, model year m, €tc;

The same standard modelling agpproach is used to estimate emissons of HC, CO, and NOx from both
exhaust and evaporative processes.

NOTE: Since only one component of evaporative emissons are impacted by travel parametersthe
remaining discusson of the components of emission factor models will focus primarily on exhaust
emissons

Emission Factor Model Components- Base Emission Rates (BERS)

The modeling approach used in emission factor modes is centered around the base emission rates
(BERs). The BERs consgs of azero mile emission rate, y-intercept, and a deterioration rate (DR),
dope. More than one deterioration rate is used for some modd years. These basic emission rates for

each modd year, pollutant type, and emission producing process are devel oped separately for the
following eight classes of vehicles:
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* Light duty gasoline venicles (LDGV) MOBILES LDGY BASE EMISSION RATES
» Light duty gasolinetrucks 1 (LDGT1)

. nght dUty gasoline trucks 2 (L DGTZ) Elﬂﬁﬂmgsﬂﬂfﬂm 1930 LDGY HC BASE EMBSION RATES
. Light duty diesd vehides (LDDV) === = :
«  Light duty diesd trucks (LDDT)

*  Heavy duty gasoline vehides (HDGV) s Tis :‘: - :
«  Heavy duty diesd vehides (HDDV) T LI
« Motorcycles (MC) R

ks (R

MOBILES BASE EMISSION RATES

An example of the BER vaues contained in

MOBILES5A is shown on the facing page.
SEPARATE STANDARIZED TESTS

The BERs are developed by operating asmdl LIGHT DUTY HEAVY DUTY

number of vehicles over standard test cycles with VEHICLES YEIGLER
{= 8503 LBS. GV

tightly controlled conditions. The emissons At
produced during the testing are captured, measured, “ |“_*
and then used as an gpproximation of the fleet wide 5

average. S .

There are separate standardized tests for light duty

vehicles and heavy duty vehicles (>8500 Ibs. gvw). Dueto the difficulty of testing full Sze heavy duty
vehidesther tests are conducted only on the engines not the full vehicle asin the light duty test. The
emission factors devel oped for the heavy duty vehicle engines are converted to agram/mile basis so that
they are comparable to light duty vehicle factors. The overal gpproach of testing the two groups of
vehicdlesisamilar. Therefore, the, remaining discussion of test procedures will focus on the those used
for light duty vehicles.
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Federal Test Procedure

The vehicles being tested under the FTP are placed on a chass's dynamometer and are operated over a
standardized driving cycle caled the Urban Dynamometer Driving Schedule (UDDS), or "LA4 Cycle”
This test involves duplicating a speed-time profile from
an actua road route driven in the Los Angeles arealin
the late 1960's. Thisdriving cycle was designed to be
representative of atypica urban driving pattern. The
LA4 cydeis 7.5 milesin length and consgts of 18
segments of non-zero speed (at varying engine loads)
separated by periods of idling which result in an
average speed of 19.6 mph. Due to the sgnificant
differencesin vehicle emisson rates for the three
operating modes the FTP is divided into three distinct

URBAN DYMAMOMETER TEST CYCLE
segments. "LA4 CYCLE"

FEDERAL TEST PROCEDURE

JEHLII:H-HM okl Duration = 2288 min.  Average Speed = 198 mph

* A cold gart portion congsting of the first 3.59
miles or 505 seconds of the UDDS

* A dabilized portion composed of thefind 3.91
miles or 867 seconds of the UDDS

» A hot gtart portion which involves a second
period of operation over the first 3.59 miles (505
seconds) after the vehicle's engine has been turned
off for 10 minutes

The base emission rates resulting from tests conducted according to the FTP can be cal culated based
on the following formula:

3.59* (0.43* cold gtart + 0.57 * hot start)
75
+
3.91 * gabilized
BER = 7.5

EPA assumes that 43 percent of al starts are cold starts and 57 percent are hot starts which accounts
for the 0.43 and 0.57 terms in the equation. By division the equation can be reduced to the following:

BER =0.206 * cold start + 0.521 * stabilized + 0.273 * hot start

Take note of the coefficients of the termsin this equation. They show up later in discusson asthe
default values for some of the operating mode mix inputs.
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Emission Factor Model Components- Fleet Char acteristics

FLEET CHARACTERISTICS

UIGHT DUTY VEHICLE REGISTRATION DISTRIBLITION LIGHT DUTY GABOUIKE VEHICLE MILEAGE ACELUMULKTION RATES

MMM MR ELOE ACCUMULATION (Thoukanda|

R L

Tra
VEHICLE AGE [wersh

CORRECTION FACTORS

EMISSION
FACTOR ™ Z WT, * (BER * CFs.d..

OFERATIN SPEED
MODE MIX TEMPERATURE

The base emisson rates characterize emissons for a specific modd year vehicle fleet and vehicle class.
The age didribution and the rate of mileage accumulation within eech vehicle dass can sgnificantly effect
the average rate of vehicle emissons. Additiondly, the mix of travel between vehicle classes impacts the
rate of emissions and must dso be accounted for in the composite emisson factors. MOBILE uses
national average vaues for these parameters as defaults. However, the user has the option of employing
data more representative of loca conditions. MOBILESA assumesthat 25 model years of vehicles
comprise thefleet. Thefollowing equation is used to caculate the VMT fraction for each of the moddl
years.

REGmM * MILESm
VMT m= n
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a(REGm *MILESm)
m=1

Where:
MILESm = annua mileage accumulation for each modd year m
REG m registration fraction for the mode year m
n = totd number of modd yearsin flest

Emission Factor Modd Components - Correction Factors

The emissions tests which produce the BERSs are performed under the same standard conditions. Thus,
these base emission rates must be adjusted or corrected to be more representative of emissions that
would result from vehicles operating under conditions different from those in the stlandard tests,
Emission factors are developed by multiplying the BERs by a series of correction factors including
temperature, operating mode, and speed. The actud calculationsinvolved are complex but can be
represented by the following equation:

EF = BER * TCF * OMCF * SCF

Where:
EF = emission factor(g/mi) corrected for operating mode, temperature, & Speed
BER = composte FTP based emisson rate (g/mi)
TCF = temperature correction factor

OMCF = operaing mode correction factor
SCF = gpeed correction factor

Temperature Correction Factors
FTP TemperatureRange=68 TO 86 F

Temperature

Temperature is an important factor in determining the emission ratesfor dl three pollutants being
consdered. The tests conducted under the FTP must be performed within atemperature range of 68@
to 86gF. For temperature outside

this range the modd gpplies
correction factorsto the BERs. The
source and type of temperature data
input into the mode! to be used in the
correction factor cdculationsis
usudly specified by EPA. Obtaining
temperature data and developing
appropriate temperature profiles for
agiven mobile source andysisis




usudly the respongbility of an ar qudity planner.

NOTE: Trangportation professionas should check temperature inputs to the model to ensure that they
are conggtent with the tempord variationsin travel databeing used. For example, if the analysisis
performed for three time periods such as daily, morning peak period, and afternoon peak period and a
request is made for speed data representative of those periods then one should also expect different
temperatures to be used for each period.

Operating Mode Mix Adjustments

Operating Mode Mix

As previoudy noted it isimportant to know the portion of the travel that occursin each operating mode
because exhaust emissons are highest just after the vehicle is sarted and are reduced significantly once

the catalytic converter and engine warm up. MOBILE makes two operating mode related
"adjusments' to the BERS - Bag corrections & Bag weight adjustments.



FTP EQUATION:  BER = (0208* syapr ) + (0521 * STABILZED) + (0.273 * o

/ RATE / RATE RATE

Walghting Waighting Weighting
Factor Factor Factor

Th
100%
= NON-CATALYST
VMT
WHLITILE
ENpPED
100%
w— CATALYST
VMT
EGUIPrED
EQUIPPED TOTAL VMT

First, separate bag correction factors are used to ater the BER o that it more closdly represents the
vehicle fleet being modedled. These correction factors vary by pollutant type. The bag correction
factorsfor the catayst equipped vehicles are based on the vehicle mileage characteridtics of the fledt.
The user can not select these corrections, they are automaticaly made by the modd.

Secondly, the BERs are adjusted by changing the weight of each bag. This adjustment is made by the
user through dtering the operating mode mix fractions. Vehicle technology type affects the amount of
time required for avehicle to warm up and "change' operating modes. Therefore technology typeis
aso a parameter considered when developing the bag weights. MOBILESA consders two vehicle
technologies (catdyst and non-catdyst) when developing emission factors.

The MOBILE mode needs the percent of the VMT travelled in each of the six technology
type/operating mode combinations to properly adjust the BERs. However, the modd assumes that the
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percent of milestravelled in the stabilized mode is the same for both technology types vaues so only the
following three parameters are needed as input: the non- catayst cold-start, catayst hot-start, and
catadys cold-gtart percentages. The modd calculates the vaues for the other three parameters
interndly.

The MOBILESA default operating mode values are as follows:

Technology Type/Operating mode Default/Value

Non-catdys Cold-dart 20.6%
Catalyst Hot-start 27.3%
Catdyst Cold-dart 20.6%

NOTE: The MOBILESA operating mode mix corrections gpply only to light duty vehicles.
Maobile5A Average Travel Speed Curves
Average Travel Speed

The base emission rates used in the MOBILE model are devel oped under the previoudly described FTP
procedures. At the core of the FTPisa 7.5 mile driving cycle (shown on facing page) which has an
average speed of 19.6 mph. It isimportant to redlize that the mode actudly calculates factorsfor a 7.5
mile trip with an average speed of 19.6 mph. The emisson factor produced by the mode for agiven
gpeed (i.e. 19.6 mph) is not the rate of emissons a vehicle would experience while traveling &t thet
speed. Itisan gpproximation of the average rate of emissions over atrip with an average speed of 19.6

mph.

It follows that the type of speed data used as an input to MOBILESA is the "average travel speed” not
gpot peeds like one might collect for many traffic engineering gpplications. The 1985 Highway
Capacity Manud defines average travel speed as the length of the segment divided by the average travel
time of vehicles traverang the segment, including al stopped delay times.
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When a user selects a speed other that 19.6 mph the
model uses speed correction factors to adjust the base
emission rates. The correction factors are based on a
series of driving cycles each with a different average
speed. There are actudly three speed correction
regimes consdered in MOBILE: low speed (under
19.6 mph), mid-range (19.648 mph), and high-speed
(48 to 65 mph). Thus with the selection of a speed
the modd's user is actudly sdecting an emisson rate
for adriving cycle with that average speed.

Both exhaugt and running loss evaporative emisson
factors vary sgnificantly with the average speed
assumed. Examples of the generd reationship
between speed and MOBILE's emission factors for
each HC and CO are shown on the facing page.
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Trip Length Digtribution Evapor ative Emissions Correction Factor

Trip Length Distribution

The phrase trip length distribution as used pertaining to MOBILESA could be mideading to

trangportation planners. The phrase

- =
1125 MM

P e

a7 I|II “
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MOBILESA DEFAULT

TRIF LENGTH INSTRIBUTION (TRIP DURATION)

actualy refersto the DURATION of
thetrip in this context. A region'strip
length digtribution isimportant when
using MOBILE because of the impact
trip duration has on running loss
emissons. Running losses are the
portion of evaporative HC emissons
that escape from the fud system and
engine asthe vehideisbeing

operated. The EPA has determined

that the quantity of running loss emissonsis afunction of the time that avehicleisin operation.
Emissions increase Sgnificantly as the duration of the trip increases and the fud lines, fud tank, and
engine become heeted. Thetrip length distribution as defined in MOBILESA affects ONLY the running
loss portion of evaporative emissons not exhaust emissions.

The default values for each trip duration category is shown below:

Trip duration
Under 10 minutes
11 to 20 minutes

37

Default Value(% of VM)
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21 to 30 minutes 16.775%

31 to 40 minutes 13.108%
41 to 50 minutes 8.335%
51 minutes and > 36.531%

The six percentages must sum to 100%. Note that the 6.744% vaue for under, 10 minutes represents
the fraction of thetotal VMT that occursin TRIPS that END WITHIN 10 minutes of their start, not the
fraction of VMT that occurs within the first 10 minutes of longer trips. The values for other trip
durations are defined smilarly.

Fud Characteristics

Emission Factor Model Components- Fuel — —
Characteristics — l ‘:JQL

1 TR
RVP Corrections ﬁ Ilullh o ‘ mﬁ@
The tests used to devel op the BERs are conducted using a k% Paw
standardized test fuel known as Indolene so that the tests / / 4‘ \}
results are repeatable. However, Indoleneis not the fue / ( RVP % V) /)

. . . . . . | REFORMULATED ? | |-

drivers normaly useintheir vehides. The differencesin ' \ OXYGENATED ? (
emissons resulting from the differencesin fud voldility, \ )
measured as Reid Vapor Pressure (RVP), between the test 'Ef, _::«jf
fud and the fud actudly used by driversis accounted for in

the composite emission factors by usng RVP correction
factorsto adjust the BERs.

Fuel Formulation Variations

MOBILES5A has the capability to modd the impacts on emisson factors Of using both oxygenated fueds
and reformulated gasoline. Both of these variations in fuel make-up can produce benefits (i.e.
reductions) in CO and HC emissons. However, they typicaly have avery smal effect on NOx

emissons.

NOTE: These benefits as defined in the mode are not dependent on travel reated input data.
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Emisson Control Programs

Emission Factor Model Components- Emisson Control Programs

A
AUTD REPARA

INSEFECTION & MAINTEMAMCE

Tracl Ol W EETE i

& TUME-LIP) TRE}

The BERs are purposefully developed to be reflective of emissions from vehicles not impacted by
control programs. Thus additiond adjustments to the BERs are necessary in areas where Ingpection
and Maintenance or anti-tampering programs are in effect. The procedures used within the model to
edtimates the emisson reduction benefits from control programs are complex, especidly for exhaust
emissons. These cdculations are based on vehicle technology parameters and the design and
effectiveness of the vehicle emisson control programs.

NOTE: The benefits as determined by the moded are not dependent on. travel related parameters.
Emission Factor Model Components- Fleet Characteristics

Vehicle Miles Traveled (VMT) Mix Fractions
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VMT MIX FRACTIONE
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The MOBILE mode produces emisson
factors for the following eight classes of
vehides light duty gasoline vehicles
(LDGV), light duty gasoline trucks 1
(LDGTY), light duty gasoline trucks 2
(LDGT?2), heavy duty gasoline vehicles
(HDGV), light duty diesd vehicles
(LDDV), light duty diesd trucks (LDDT),
heavy duty diesd vehicles (HDDV), and
motorcycles (MC). The emisson factor
for each individud dassisactudly a
composite emission factor though it is not
cdled one. These eight class specific
emisson factors represent dl the vehicle
makes and moddsin thar class. For
example the emission factor for light duty
gasoline vehicles represents dl makes of
gasoline fueled passenger carsincluding
Chevrolet, Ford, Chryder, Toyota, etc. of
al ages thet are assumed to be operating
inthe andyssyear. "Compodte emisson

factors' are defined in the MOBILE modd as the sum of the eight vehicle class emisson factors
weighted by the respective VMT mix fraction.
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MODULE 3: TRAVEL AND EMISSIONS M ODEL | NTERACTIONS

Introduction
The presentation will cover development of data related to OVERVIEW
trave that is required for input into emissons models.
Needed datais of two types: I[-al‘fal Labe
® Activity

L o sl

» Trave activity datathat is output from travel forecasting
models, which would be useful in developing emission

® Charactenstics

[om———————

modd inputs. *

e Other travel datawhich may not be directly output from ]
travel forecasting models, but can be developed from M?jbr"e
travel mode output data, perhaps in conjunction with EMFAG/DTIM

travel survey data, for input to emissons moddls.
SCALE

Thetype of input data needed for emissons mode s differs
for the two emissons modes currently used inthe U.S.:

« EMFAC/DTIM (actudly a sequence of three models —
EMFAC, IRS, and DTIM) whichisused in Cdifornia
*  MOBILE whichisusad in the rest of the country.

Geogr aphic Scale

The type of input data needed aso depends on geographic
scde of theandyss

* Regiond anayss, which is generdly done for ozone and CO andyses.
* Project levd, which is generdly done for CO andyses only.

Wewill focus on data for regiona andysesin thismodule. Project level anaysis will be discussed later
in this course (Module 6).

The M odeling Process
Typesof Air Quality Analysis

The amount of detall needed for the travel input data to emissions modes differs by the type of andyss
to be done:
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»  Photochemica modding: For ar qudity andyses THE MODELING PROCESS
involving use of aphotochemicad modd, hourly

emission estimates are needed for gridded aress, @
and for the episode day being modeled. Travel Forecasting Models
Therefore, trave activity input data must not only L—f—l

be location specific, i.e. for specific links, but ( ‘*"“‘;I ety )

must also reflect the episode day i.e. season, Edissicis Modsls

month, and weekday or weekend being SIELRP

ol *-» R
*  Other andyses For other air qudity andyses | DispersioniProtochemical Modsis |

(e.g. conformity, SIP emissons inventories,
TCM impact analyses, €tc.), location specific
emissons and hour specific emissons are not EMISSIONS MODELS
needed; therefore, the requirements with respect
to travel activity data are less detailed. For
example, for conformity analysis, aggregate
regionwide emissons -- one number -- isthe
fina output to be calculated, and emissions may

Concaniraliong

MORILE
be calculated for an average day, rather than for S
aspecific episode day. For emissons
inventories on the other hand, more detail may Emigsion
be needed. For example, tempora breakdowns
.. grmike
of emissons may need to be caculated, eg. for gm;r

peak vs. off-peak periods, owing to the
sengtivity of emisson rates to congestion levels.
Also, season-specific data may be needed, i.e. summer for ozone anadlysis and winter for CO
andyss.

Basic Structure and Inputs of Emissions Models

The gtructure of emissons modds, both EMFAC and MOBILE, isthe same:
Emissons = Emisson factor x Vehicle Activity.

For MOBILE, traved activity isVehide Milesof Travel (VMT). For EMFAC, travd activity inputs are;
(2) VehideHoursof Travel (VHT) (2) Number of trips (3) Park duration.

In both EMFAC and MOBILE, emisson factors vary depending on severd characteristics of trave
activity:

* Vehidetype and age mix
* Vehicle speed

» Timeof day of travel, which determines ambient temperature
*  Operating mode (i.e. hot/cold start mix, parking events (for EMFAC), and hot stabilized operation)
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» Triplength digtribution (which affects running loss emissions)
Travel Mode Outputs

Of the above data requirements for emissions models, the following DAILY (or sometimes pesk period
and off-peak period) data are available from travel forecasting models:

*  Link-gpecific traffic volumes (from which VMT can be TRAVEL MODEL OUTPUT
cdculated by multiplying volumes by the link length)

* Average peed on each link, obtained by dividing link

travel time into distance. Average
« Zone-to-zonetrips by trip purpose, and trip ends by Speed
Traffic Andyss Zone (TAZ) and trip purpose.
*Regionwide
Also, using output from an assigned network, the following s Facility Type / Area Type
ussful information can be " skimmed"™: . g
¢ Link-Specific
» "Congested" travel times between zones. (Note: If SPEED
redigtic speeds are not output from assignment, link
Speeds may first need to be adjusted, based on volume- Volume Distance Time
to- capacity ratios for individua links)) .’ l ‘ ‘a'
» Zone-to-zonetravel distances on the shortest path
between zones. [ VMT ] [ SPEED ]
» Zone-to-zone average gpeeds, obtained by dividing time
into distance. e Link

# Zone to Zone (Trip)

VMT may be obtained either directly from the network, or
by multiplying vehicle trip tables by distance skim tables.

Examples of network-based VMT cdculations:

* Link VMT = link volume x link length.

* VMT for aspecific functiond clasdareatype = Sum of VMT onlinksin that class.
* Regionwide VMT = Sum of VMT on dl links

Examples of trip table based VMT:

* Zone-to-zone VMT = Zoneto zone trips x distance
* VMT inaspecific average speed category = Sum of zone-to-zone VMT for trips made a the

Specified average speed.
* Regionwide VMT = Sum of dl zone-to-zone VMT.

Travel Moded Output Problems
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VMT

Travel Time/ Speeds

Not Directly Available

Cautions

Errors
Missng VMT
Daly (AAWT)

Not Cdlibrated
Based on Unrefined Traffic
Simple Reationships
Vehicle Type
Operating Mode
Temperature/Time of Day

There are some cautions that need to be considered with respect to the use of these data:

* Volume Errors Traffic volumes on specific links may bein error by as much as 15%-50%,

depending on totd traffic volume on the link.

* Locd VMT: Aggregating link VMT over the entire system may reduce overal error to about 5% or
less. However, it should be noted that all streets in the urban areaare not reflected in the model
network. Therefore, as much as 15% of regional VMT that occurs on loca streets may not be

accounted for in travel modd output.

e Other"missng VMT": Generdly, trips made by auto to park and ride lots are not assigned to the
network. Some modelsfail to assign bus vehicle trips to the network.
» Link speed errors: Link speeds output directly from travel models are bound to be in error, for

everd reasons:

1. Travel timeson which they are based are caculated using the unrefined traffic volumes (as much as

15-50% off) discussed in the first bullet.

rigorous traffic engineering based modes.

Trave times are modded using smplified volume/capacity to speed rdationships rather than more

Often, free flow speeds input into the model network are adjusted in order to reduce the error in

traffic forecasts, and therefore may not reflect true free flow speeds. Unredigtic free flow speed
input is bound to produce unredlistic congested speed output, even if traffic volumes and speed

relationships are accurate.
Adjusting Traffic Volumes
Processing Traffic Volume Outputs

We will now show how some of the problems
discussed above can be overcome in order to make
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travel modd output more useful for input to emissons models.

As noted above, the above travel mode outputs generdly reflect DAILY traved activity, on an average
weekday of the year. However, for photochemical modeing needs, HOURLY data is needed for the
episode day.

Factoring for episode day: If the episode day is aweekday, link volume output can be factored to
reflect the episode day using season/month/day of the week factors. If the episode day is aweekend
day, conventiona modd output cannot be used, and the weekend day must be specificaly modeled.

Factoring for time of day: Hourly factors reflecting the digtribution of traffic by time of day can be used
to estimate hourly traffic. These"diurnd" factors may be based on hourly traffic count data, or may be
based on default factors by facility type, areatype and facility orientation taken from Nationd
Cooperative Highway Research Program (NCHRP) Report No. 187. (NOTE: Thisreport is currently
being updated.) NCHRP Report No. 187 also provides factors by trip purpose and for total purpose.
These could be used to get trip ends (needed for EMFAC/DTIM) by hour of the day. Alternatively,
trip end percentages by hour of the day could be obtained from travel surveysin which time of travel
information was collected.

Locd VMT: "Missng" VMT on locd sreets which are not on the modd network must be accounted
for. Thismissng VMT can be derived from vehicle trip tables which provide the number of intrazona
trips by zone and an intrazond trip distance based on:

1. intrazond trip lengths (in minutes) output from the trip digtribution model.
2. assumed average (dow) speeds for intrazond trips, since they are made on locd sireets.

These calculaions are demongtrated in the Workshop which follows.

Park/Ride VMT: If tripsto P/R lots are not assigned to links by the travel models, the "missing VMT"
must be estimated on the basis of the number of such trips (based on output from the mode choice
model), and average distance to PR lots.

Adjusting Link Speeds

Processing To Get Link Speeds

(" Daily Traffic ) Since speeds output from the trangportation models do not reflect

$ s Djyrnal Factars actual vehicle speeds on the links, speed values must be adjusted.

Lh_Huum' Trﬂfrlé:_;-

T L Lk oA gty Detailed method: The most "accurate’ method is the use of
(-_ WC‘::E:;/_ Speed Ralationshi VdUITE-tO- Ca:)wty (V/C) rdalonm'ps' The mahOd inVOlV%the
( Link Speed ) ] "1 followi ng steps:
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1. Dally trafficisalocated to atypica pesk hour and atypical off-peak hour of the day, based on
traffic count data for various facility functiona classes and areatypes.

2. V/Cratiosarere-cdculated for each typica hour.

3. Link-specific gpeeds are estimated using V/C relationships based on the Highway Capacity Manud.

However, V/C speed adjustment methods are resource intensive if they are to be done for each
individud link, as would be needed if specific link emissions are to be estimated for photochemical
modding.

Less detailed method: An dternative, for use when VMT is estimated by aggregating network link VMT
by fecility class/areatype would be asfollows. Use average V/C ratios by facility class and areatype to
get average adjusted speeds by facility class and areatype, for two representative time periods — peak
and off-peak. Thus, an urban areawith 5 facility classes and 4 area types would have to estimate only
40 adjusted speeds (5 classes x 4 areatypes X 2 time periods).

Vehicle Type Data

Regionwide Vehicle Regigrations (by County)
Link-Specific Mix by Fecility Type/Area Type
Use Video Survey
Trip- Spedific Auto Log Survey

Developing Vehicle Type Data

Information on vehicle type and age cannot be directly obtained from travel modd output. However,
some vehicle type datais collected by State and local planning agencies during the traffic counting
process. These data do not match the data needed for emissons modes

» Traffic count data does not distinguish between vehicles with different engine types (i.e. gasoline,
diesd, dectric).

»  Vehicleswith the same number of axles are grouped together e.g. light duty passenger cars and light
duty trucks are often grouped under one classification because they both have two axles.

The options for developing vehicle type data vary depending on whether the analysisis link based or trip
based.

Link based andlyss If link-based andlysisis being done, specid studies utilizing video technology must
be performed to estimate link- specific vehide mix. Usng sampled links, amatrix of vehide mix
information can be developed on an hourly basis for typica facility typelareatype link classfications.

If vehicle mix by functional class cannot be determined, State vehicle regigtration data may be used to

edimate vehicle mix dratified on a county-wide basis. If no State datais available, nationd default data
in MOBILE may be used.
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If vehicle trip tables can be broken down by vehicle type (e.g. based on auto log survey data, as
discussed below), the traffic assignment process could be usad to estimate vehicle mix on individua
links, and thus gt VMT mix on individud links.

Trip based analyss: Some urban areas may have done auto log travel surveys, based on home
interviews. A wedth of data on use of different vehicle types by trip purpose may be available from the
survey. Thisinformation can be used aong with trip tables by trip purpose and distance skimsto
estimate percentage VMT mix by vehicletype. The procedures will be demonstrated in the Workshop
which follows.

Mode Data
(Link)
Model Survey
Trips by Purpose and Hour Percent Cold Starts

Traffic Assgnment
VMT by Mode

Developing Vehicle Operating Mode Data: Link Based M ethods

In MOBILE, operating mode fractions define the percent of VMT (not trips) assumed to be
accumulated in the hot gtart, cold start and hot stabilized modes. These may be expected to vary:

e by timeof day
* by fadlity typelareatype

For example, in the morning most VMT will bein the cold start mode. Also, freeways and
expressways will accumulate less VMT in the cold start mode than locd roads.

Default MOBILE operating modes may be used for computing daily emissions estimateson a
regionwide basis. Since photochemica models require location specific emissons, detailed operating
mode digtributions by time of day and by facility type/area type (or for individua links) may be
necessary if the network link-based approach is to be used.

Detailed estimates of operating mode on individua links can be developed using enhanced versions of
some proprietary travel demand software packages (specifically MINUTP and TRANPLAN) which
dlow tripsin cold start mode to be traced on individud links in the assgnment process. (See paper by
William Allen and Gary Daviesin Proceedings of the Fourth Nationd Conference on Transportation
Panning Methods Applications.)
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Mode Date (Trip)

Developing Vehicle Operating Mode Data: Trip Based Methods

If atrip-based method is used for application of Model Survey

MOBILE emisson factors, asingle regionwide

distribution of percent VMT by operating mode TLFD Percent

might be appropriate. l—mﬂ—h Cold
Starts

Detailed Method: One method of etimating this J

distribution using trip tables by purpose, distance Cold VHT (Vehicle Hours)

skims, and travel time skims from the travel models,

in conjunction with auto log survey data, is

demonstrated in the Workshop which follows. Speed =P [ COLD VMT ]

Less Detailled Method: An dternative method for developing VMT digtribution by operating mode uses
travel modd outputs as follows:

* VMT produced by cold start trips by trip purpose, derived from vehicle trips by purposein
conjunction with percent cold start trips by purpose from auto log surveys, and distance skims.
» Didribution of trip lengths (trave time) by trip purpose.

Assuming that a vehicle operates in the start mode for the first 505 seconds, the proportion of total
travel time that involves cold start mode operation can be determined for each trip purpose. These
proportions can be applied to VMT by trip purpose to get cold start VMT by purpose. Aggregating
cold gat VMTsand dividing by dl VMT will give percent VMT in cold start mode.

Quick Method: If trip length frequency didtributions are not available, the percent VMT in the Start
mode can be estimated by dividing the average distance traveled in the start mode (first 505 seconds)
by the average trip length, as shown-below:

Given:  Urban areawith 15 million VMT, 1.5 million trips and average highway speed of 25 mph.
Average distance in start mode: 505/3600 x 25 mi. = 3.5 mi.

Averagetrip length = 15/1.5 = 10 mi.

Therefore, % start mode VMT = 3.5/10 = 35%

To split start mode percent VMT into cold starts and hot starts, the share operating in cold start mode is

estimated based on auto log survey data by trip purpose, and the start mode percent VMT issmply
glit into cold and hot starts based on this share.
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California Emissons M odeling

Transportation Data for EMFAG
EMFAC/DTIM v

Running Exhaudt (Link) Rates
e Link Travd Time
+
Starting Exhaust (TAZ) IRS
e Starts-- Hot & Cold :
o
- Starts Rates » Distance

Evaporaive (TAZ) « Park Durations + Network
.« Parks e - Link Data
. Parameters :
e .
- Data
. Emissions = Yolumes

Trangportation Data for « Grid Celt = Travel Times
EMFAC/DTIM = Hour

The Cdlifornia Air Resources Board

(CARB) determined that basing emission estimates on only dailly VMT and average operating speeds
could produce highly inaccurate results. A new emission factor model was developed by CARB, which
disaggregates emission rates into more explanatory component parts.

* coldgart

* hot start

e running hot sabilized

» hot soak evaporative

» diurnd evapordive (i.e. emissons occurring whether or not vehicle is driven)

The Cdifornia Department of Transportation (Caltrans) developed the Direct Travel Impact Model
(DTIM) which couples emission impact rates produced by CARB's EMFAC and IRS models with
trangportation model data and ambient temperature data to compute emissions by square grid cell and
hour of the day.

Trangportation data needed for DTIM which is not needed for use with MOBILE are:

* number of trip ends (starts and parks)
» park duration

Emission Components Using DTIM
*  Running exhaust emissons (link-specific): Emission factor x VHT (Note: VHT =Ilink trave time x

volume) (gmvhr)
o Starting exhaust emissions (TAZ specific): Emisson factor x sart mode VHT (gmvhr) (cold or hot)
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» Evaporative (hot soak and diurnd) emissons (TAZ-specific): Emission factor x park duration

HYDROCARBON EMISSIONS
BY TYPE FOR PROTOTYPICAL TRIP

Basad an g 20-Mile Round Trip for & Light Duty Aalomaokbils

in 1850 at an Avarage Speed of 40 mph

EXPECTED CHANGE IN HYDROCARBOMN
EMISSIONS OVER TIME FOR PROTOTYPICAL TRIP

Based on a 20-Mile Round Tnp far a Light Duty Autermobde
at s foreraps Speed of 40 mph

Grams par Day [ oarras
ar 3145 Trig Frelaied
I T At

7
- Y

Summary
Transportation Data Needs Depend on:

* Emissons Modeing Process
* MOBILE
« EMFAC/DTIM
* AnalyssNeeds
»  Conformity
» Concentrations

Travel Modd Outputs
ConclusongSummary

Travd models have many intermediate
outputs which can be very useful in

developing trangportation inputs for
emissons modds.

All of the emissons estimates and trangportation input data are
by time of day.

Emisson Components. Sample Results

For a20 mile round trip by alight duty automobile a 75 F and
operating at a speed of 40 mph, in 1990, CARB's EMFAC
model estimates show:

* 50% of emissons result from the trip being made, a
combination of trip start emissions and evaporative hot
soak emissonsthat occur at the trip end (i.e. sarts and
parks).

» About 32% of emissons are associated with VMT from
thetrip.

e Theremaning 18% of emissons are diurnd emissons.

The importance of VMT as adeterminant of emissons
decreases over time. By 2010, only 12% of emissonswill be
VMT related.

Usaful Info e Emisssons

S— . Estimaton
i TRIF GE.M ERATICZN = Trip Ends
—— — = Mumber of Tips by Punpossa

*.
[_TRIP DISTRIBUTION _  marazonal Tigs

= Trip Lengths

- -
[ MODE GHOIGE |

= ehiche Cooupancines

- o
[ TRIP ASSHGNMENT |
[ = Trawal Times

(_ Traffic Volumes * Speeds
- VMmT

= WHT
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Travel model data and further processing needed depends upon:

* Typeof emissons models (EMFAC/DTIM or MOBILE)
* Levd of detall of theair qudity analysisto be done:
»  Geogragphic scde of the andysis

We have discussed varying levels of detail which can be used to develop data needed for emissions
models. Techniques have been discussed which use travel models or surveys, or from a combination of
thetwo. Also, both link based and trip based techniques have been discussed.

We have emphasi zed transportation data needed for MOBILE and provided a brief overview of the
differencesin data needs for Caifornids EMFAC/DTIM models.

Workshop: Developing Transportation Data for Emissions Models

The demondtration example uses ETOWN, asmdl hypothetica urban area with two traffic andyss
zones (TAZs) and a highway network as shown in Figure 1.

Figura 1

10 Miles

10 Miles

Figure 2
VEHICLE TRIPS

100 | 1500 600 | 2000 300 | 1000

1500 | 50 2000 | 300 1000 | 150

HB Work HB Non-Work NHB

Auto trip tables by trip purpose (HB Work, HB Non-work and NHB) have been developed for the
peak period using ETOWN's mode choice modd, and are presented in Figure 2. The auto trips were
assgned to ETOWN's highway network using an equilibrium technique and the resulting
volume/capacity ratios were used to compute adjusted travel times based on congestion; the results are
shown in Figure 3.
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A home interview (auto log) travel survey was dso recently undertaken in ETOWN, from which it was
determined that the percentages of auto trips starting in cold mode during peak periods were as follows:

HB Work -- 90%
HB Non-work -- 50%
NHB -- 30%

Based on the home interview survey, ETOWN planners were able to derive vehicle usage for pesk
period trips by trip purpose, asfollows:.

Percent of Trips Using Vehicle Class
HB Work HB Nwk NHB
LDGV - Light duty gasdline vehide 90 90 60

LDGT1 - Light duty gasolinetruck 1 6 6 24
LDGT2 - Light duty gasoline truck 2 2 2 7
HDGV - Heavy duty gasoline vehicle 0 0 1
LDDV - Light duty diesd vehicle 0 0 1
LDDT - Light duty diesd truck 1 1 3
HDDV - Heavy duty diesdl truck 0 0 3
MC - Motorcycle 1 1 1

For this demondration, we will focus on peek period transportation data. We will develop the following
trangportation data for input to MOBILE, with appropriate levels of disaggregation:

* Peak period VMT

»  Peak period speeds

» Didribution of pesk period trip lengths

» Pesk period VMT didribution by vehicle type

*  Pesk period VMT digtribution by operating mode

Thefirg sep will involve estimating the VMT in each speed class which will form the bass for the
MOBILE "scenarios’ to be andlyzed. Other trangportation data required for input into MOBILE will
then be developed for each scenario, specificaly:

1. Didgribution of trip lengths

2. VMT digribution by vehicle type
3. VMT didribution by operating mode
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Figure 3: Assgnment Results
Step 1. Estimate VMT by Speed Class
This gep involves the following substeps:
1. caculate average speeds between each pair of zones.
2. cdculate VMT between each pair of zones.
3. dassfy VMT ineach "cdl" of the trip table into speed classes, and aggregate VMT by speed class.
1(a) Soeed Calculation:
In Figure 4, we use the skimmed times and distances to ca cul ate average speed for each zone pair.

For example, speed between zone 1 and zone 2 = (20 min/30 min) x 60 mirvhr = 20 mph. For
intrazond trips, we assume alow speed of 12 mph, since thistravel will occur on locd dreets.
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Figura 4

SPEED CALCULATION

]

Times Distances Speeds

Figure 5

VMT CALCULATION

1
I |

Trips Distances VIMT

1(b) VMT Calculation:

In Figure 5, we use the auto trip table input into traffic assgnment and the distance skimsto caculate
VMT for each zone pair. For example, totd trips between zone 1 and zone 2 are 4500, and they travel
adistance of 10 mileseach. Therefore VMT = 4500 x 10 = 45,000 For intrazonal VMT, wefirst need
to edtimate an intrazond average distance. This can be cadculated usng the intrazond travel time and
average speed of 12 mph assumed previoudy. For example, intrazonal distance for zone 1 = 12 mph x
(10 min/60) = 2 miles.

1(c) Classify VMT

All VMT in aspecified speed range is aggregated (see Figure 6). For example, intrazond VMT, which
travels a 12 mph, falsin the speed range 10-14 mph. Aggregating dl VMT in the 10-14 mph speed
range gives us (2000 + 1000) = 3000 VMT.

Figure6: VMT Classification
Speed Range VMT
0-4
5-9
10-14
15-19



20-24
25-29
30-34

Step 2: Estimate Digtribution of Trip Lengths

In this step, we Smply classfy VMT by trip length category to get the percentage distribution in eech
category (see Figure 7). For, example, dl intrazond VMT fdlsin the range 0- 10 minutes.

Figure7: Trip Length Digtribution

Time Range
(Minutes) VMT

0-10
11-20
21-30
31-40
41-50
51-60

Step 3: Estimate Regional VM T Mix by Vehicle Type

For the purpose of this demondiration, we will smply estimate the percent LDGV. All other vehicle
type percentages can be estimated smilarly. First, we will estimate for each trip purpose the zone-to-
zonetripsand VMT by LDGV. Then, we will compute the percentage share of VMT by LDGV
regionwide.

In Figure 8 (facing page), we firs compute number of zone-to-zonetrips by LDGV by purpose usng
the percent LDGV by purpose from the travel survey. Then, we calculate VMT by trip purpose by
multiplying trip tables of LDGV trips (by purpose) by the distance skim matrix. A Totd Purpose VMT
table was calculated in Figure 5. We divide LDGV VMT by Total Purpose VMT to get LDGV
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Figure8: VMT Mix by Vehicle Type

Step 4. Percent Cold Start VMT

Egtimating percent cold start VMT involves the following steps as shown in Figure 9 (facing page):

1. Using each purpose's auto trip table and percent cold start trips by purpose, caculate cold start trip
tables for each purpose. Aggregate dl cold start tripsinto a Total Purpose cold start trip table.
2. ldentify trip lengths shorter than 3.6 miles, and aggregate VMT for trips which are made entirely in

cold start mode.

3. For tripslonger than 3.6 miles, obtain cold sart VMT by multiplying total cold gart trips by 3.6

miles.

4. Percent cold gart VMT isthen obtained by aggregating VMT from substeps (b) and (c) and

dividing by total VMT.

The above steps can smilarly be used to estimate hot start VMT. The balance of VMT would bein the

hot stahilized mode.
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Figure 9: Percent Cold Starts
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MoDULE 4: VMT ESTIMATION
Overview
Termsand Methods

Applications

* Inventory

» Tracking

e Conformity

Terms

Geographic Boundaries
VMT Ddfinitions
HPMS, Mode

Other VMT

Overview

The purpose of this module is to provide information regarding the estimation of vehicle milestraveled
for analyss rdating to Conformity, VMT Forecasting and Tracking, and Emissions Inventory required
by the Clean Air Act.

This sesson will discuss currently available techniques for developing reliable, credible estimates of
vehicle milestraveled (referred to as VMT throughout this sesson) for regional mobile source emissons
andyss Thisindudes (1) The Terminology and Methodology related to Geographic Boundaries,
HPMSvs. Modd VMT, and other VMT such as off-moddl VMT, and VMT for the "donut ared’; and
(2) Applicaions for deveoping VMT estimates for emission inventories, forecasting and tracking VMT
in CO non-attainment areas, and conformity andysis. Techniques for obtaining consstency between
Highway Performance Monitoring System (HPMS) and travel modd estimates/forecasts will aso be
addressed.

Materia in thisModule is basad primarily on Section 187, VMT Forecasting and Tracking Guidance,
and Procedures for Emission Inventory Preparation, Volume IV: Mobile Sources.

VMT Terminology/M ethodology

The firgt issue presented is the terminology and methodology applicableto dl VMT forecasting. Topics
covered are;

1. Geographic Boundaries

2. HPMSvs. Modd
3. VMT Alphabet Soup
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4. Other VMT

o off-network
e "donut"
* |ocd

Geogr aphic Boundaries

Thisis an issue that arises with either forecasting method _— County

(and VMT tracking as well): geographic coverage. e b, —  NLA. Area
= i Model

Geographicaly, the modeled areamay be considerably f

different from the HIPMS Adjusted Census Urban Area | HPms

(ACUA); and neither may cover the entire non-attainment ] ey

area. Or, the HPMS and mode data may coincide, "~\

however the non-attainment areais larger than the areayou N ponut

have VMT esimates for. The area outsde modded or
HIRMS boundariesis referred to as the "donut ared'.

VMT Alphabet Soup

ADT VMT
(ADT x Digt.)
A ADT Annud
A AWDT
A AWET Daly
M ADT
M AWDT Hourly
M AWET

VMT Alphabet Soup

VMT edtimates prepared under Section 187, VMT Forecasting and Tracking Guidance are for annua
VMT, while inventories will require VMT estimates for a shorter period or periods. For example
emission inventories are based on episodic or seasond counts, and conformity analyses are based on an
Annud Average Daly Traffic.

All adjustments to the functiona system-specific annual VMT estimates, including, but not limited to,
adjustments by month, day- of-week, and hour-of-day, should be fully congstent with the method used
to adjust count-day ground counts to annua average daily counts for HPM S sample segments.

All VMT and dl ADT are not crested equd, as demondtrated in the listing of the aphabet soup relating
to them:
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1. ADT = Average Daly Traffic
* Typesof ADT:
 AADT = Annud Average Dally Tréffic,
*  AAWDT = Average Annua Weekday Traffic,
*  AAWET = Average Annua Weekend Traffic,
« MADT = Monthly Average Daly Treffic,
« MAWDT = Monthly Average Weekday Traffic.
2. VMT = VehideMilesTravded = ADT * segment length
* Typesof VMT:
* AVMT = Annud Vehicle Miles Traveled
« DVMT = Daily Vehicle Miles Traveled. (average day, average weekday, weekend, €tc.)

HPMSVMT

HPMS /ﬂf—Sampled

Requirements of the Clean Air Act Amendments
necesstate that states be able to produce annua
esimates of VMT. EPA'sguidanceis based on the
need to have ardiable VMT estimation
methodology, applicable nationwide, that lendsitsalf
reedily to annua use. HPM S was chosen for its

ability tofill that role. Network-based travel
demand modds, with their time-consuming and resource-intensive updating procedures, are not a
practical dternativeto HPMS as an annud VMT estimation method.

The HPM S data collection and reporting procedures are based on both physica characteristics
(number of lanes, capacity, etc), and usage characteristics (volumes, access, etc.). The dataare
required to be reported for "Universe" and "Sample” sections. Universe data conssts of acomplete
inventory of length of facility by functiond system, jurisdiction, and geographicd location. The universe
data are required to be reported on a section-by-section basisfor rurd arterias, urban principa
arterids, and the entire National Highway System. The HPM S contains requirements for two types of
samples, "sandard” and "donut” area. "Standard” arealis the entire area with the Adjusted Census
Urbanized Area (ACUA). The"Donut" areaisthe area outsde the ACUA but within the non
attainment area. Sample data are additiona data that are added to certain universe data records for
urban arterid and collector functional systems and rurd arteria and mgor collector functiond systems.
For more information regarding HPM S there are manuals and training available through FHWA's Office
of Highway Information Management, Highway Systems Performance Divison.

EPA and FHWA agreed upon the use of the Highway Performance Monitoring System (HPMS) as the
foundation for VMT edtimates. Accordingly, EPA's guidance for VMT projections recommends that

60



VMT reports be based on HPMS, and that HPM S serve as the base to which growth factors are
applied.

HPMS does not sample VMT on local streets, and travel models do not normally include specific
network links representing local roads and streets (and sometimes even collectors).

You may have HPM S data that cover the entire non-attainment area, but you will ill need locd VMT.
For estimating locd VMT in areas that do not have a method in place, use the HPM S locd functiona

system VMT from area-wide VMT estimates by functiond system.

Modeled VMT
While EPA prefers the use of HPM Sfor estimating —— Network
areawide VMT, EPA encourages the use of travel

— Off-Metwork

demand models to tempordly (i.e, by time of day)
and spatidly dlocate VMT, and EPA dlowsthe use
of those models to estimate speed and other X Sampied
MOBILE modd variables. The models provide
information that is not necessaxily available with
HPMS.

Donut
Local

EPA dso requires the use of models for estimating the emissons impacts of transportation plans and
programs, and after 1995, for conformity determinations in nonattainment aress classified as serious and
above.

As mentioned above, modd VMT must be reconciled with HPMS VMT prior to use. Methodology
for reconciling modd and HPMS VMT isthe topic of the next discussion.

Modd VMT, like HPMS VMT, does not account for certain types of VMT such as "off-network”
VMT and the VMT of the "donut ared’. Methodologies for estimating "off-network” VMT and "donut
ared' VMT are discussed € sewhere during this session.

Under specific circumstances (delineated in EPA guidance) the use of network-based travel demand
models to estimate 1990 VMT is permitted. This exception to the use of HPMS only appliesin
Stuations in which the 1990 ground counts submitted to HPM S are particularly "week" and the network
mode is"grong’. States should use this method only with permission.

Remember that the VMT counts for the model are 5 day, week day counts and the HPM S are 7 day,
week long counts. As stated earlier; VMT estimates prepared under Section 187, VMT Forecasting
and Tracking Guidance are for annud VMT, while inventories will require VMT estimates for a shorter
period or periods. All adjustmentsto the functiona systemspecific annual VMT estimates, including,
but not limited to, adjustments be month, day-of-week, and hour - of-day, should be fully consstent with
the method used to adjust count-day ground counts to annua average daily counts for HPM S sample
segments.
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Model VMT -- Adjustment

Models can be used to forecast VMT, but the VM T must be adjusted based on HPMS.

According to Section 187, VMT Forecasting and Tracking
Guidance, the network-based modd used to estimate
VMT in 1990 a a minimum should be vaidated with 1987
or more recent ground counts and should use demographic
inputs properly updated to 1990. An areausing this
method should make sure that dl VMT in the norn+
atainment areaisincluded in the estimate.

Method 1 -- Growth Factors

If an ared's network- based travel demand modd is
properly updated and vaidated according to the
specifications described in Section 187 guidance, the
modd may be used to develop growth factors which would
then be applied to base year HPMSVMT. In essence, an
area using this method would gpply the ratio of future VMT
to base year VMT, as determined by the moddl, to the
officid base year VMT obtained from HPMS. This
method is demongtrated on the facing page.

Forecasted VMT (future) =  Actua VMT (1990) *

Method 2 -- Adjusment Factors

MODEL VMT ADJUSTMENT
Growth Factors

VMT

Baszse Future

*Fs = Fulure
Base

= Apply to Base HPMS

MODEL VMT ADJUSTMENT
"Eurmctfun" Factors

Base™Yr Base Yr

Modsl HPRES
® Factor = HPMS & Apply to Future
Model Model VIMT

Travd demand modd VMT future

Travel demand mode VMT (1990)

In the base year, the modeled VMT and HPMS VMT are known. But since the modeled area and the
HPMS (ACUA)/ area often differ, the first step in making modd VMT consstent with HPMSVMT is
to make non attainment area VMT congstent with HPMS VMT. Essentidly this adjusts moddled
VMT to reflect the difference between HPM S and modeled VMT in the base year. Thismethod is

demonstrated on the facing page.

Network linksin the modd are identified with HPM S functiond systems. An Adjustment factor,
derived from the ratio of non- attainment area HPMS VMT to model VMT, is applied to modd VMT
by functional syssem. Note that, snce HPM S and model boundaries may be incompatible, only links on
which are included on both systems must be used in developing theratio. If a State demondirates that
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making an adjusment by functiona classis not feasible due to incongstent roadway classfication
schemes, data problems, or congtraints on time and gtaff, the state may make one overal adjusment.

Interpolating

If model output is not available for some of the required VMT forecasting years, the state or MPO
should linearly interpolate between chronologicaly adjacent travel demand model scenario yearsto

cdculate values of modded VMT.
Other VMT

Other VMT data are required, but not available from the
HPMS, nor the modd!.

There three possible "Other VMT' data types needed: (1)
"Off-Network" VMT, discussed in the travel demand or the
emission factor module, (2) "Donut Ared' VMT and; (3)
Loca VMT.

"Donut" VMT

Aswas previoudy discussed, the model and HPM S data
must be reconciled ("adjusted"), so as to be able to expand
the data coverage area to include the entire non-attainment,

or "donut ared".

For the "donut ared’ VMT, the most efficient approach may

INTERPOLATING

4

Base 1990 1096
Wear r
Modal Model

Futurg

OTHER VMT

Ot -Matwork
or Local

Dromast

(Sarnpled
or Local)

be to develop rates of VMT/mile by functiond system. from the state-wide rurd or small urban samples
and apply them to the rurd and smdl urban mileage in the "donut ared'.
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DONUT VMT

—=— T Iartheosia:

—+ \
State Line \

# By Funclional System

1. Allacale

2. Caloukate Rate,
Apply o Mileage

LOCAL VMT

= Rates Based
on Counts

= Any Mathod
(e.g., Percant
ol HPMS or
Kiodat Totak)

Local VMT Count-Based Rates

WHY VMT?

* Inventory: Base, Future
» Tracking/Forecagting

»  Conformity: Regionwide

Local VM T/Mile Rates

HPMS universe dataincludes Interdates, Other Freeways,
and Other Principas. The sample data includes rural minor
collectors, Rura Locd and Urban Locd functiond systems

It should be noted that locd VMT would il be required.
Local VMT

For CO non-attainment areas subject to Section 187
provisons, locad VMT estimates should be count based for
1995 and later years. Prior to that, states may use locd road
VMT estimates reported to HPMS or another reasonable
method.

Locd VMT includesVMT on rura Minor Collectors, rura
local and urban loca sreets.

WMT
prr
Plile

1000 -

NN

3

-
X

Rates of locd VMT vary depending on such factors as availability of roads, type of terrain, barriersto
devel opment, population density, type of street network, etc.

Examples of locd VMT/mile rates from states are displayed on the facing page. This data comes from
Illinois, Chicago area, Mobile Source Emisson Analysis Report. FHWA is currently sponsoring
research through the Transportation Systems Center to devel op gpproaches to estimate loca VMT

from traffic counts.

I1. Applications

The previous section discussed basic terminology and methodology. In this section, we will discuss how
the methodologies are gpplied in various gpplications.

1. deveoping emissonsinventories,

2. VMT forecasting and tracking; and

3. conformity determination.



EMISSIONS INVENTORY

e 1990 Base

e Periodic

» Basdinefor Determining Future Reductions
1990 INVENTORY

HPMS Model
VMT -- Allocate VMT
- Time
- Locsation
- Mode
- Speed

EmissionsInventory

The VMT used to congtruct mobile source emission inventories should be consistent with that reported
through HPMS. EPA requires consstency between SIP (VMT used for emisson inventory) and
HPMSVMT. Besdesthe differences resulting from developing VMT by other methods, the most
common variaions occur when the non-attainment arealis geographicadly different from the Adjusted
Census Urbanized Area (ACUA), or when VMT on local streets are not available.

Emission inventories were developed by states for the 1990 base year, for use in developing SIPs due
in 1992, for CO, and 1993 & 1994, for O3. Theseinventories will have to be updated for future SIP
revisons.

1990 Base Year Inventory

1990 VMT should be based on HPM S because it is the only standard uniform annud, qudity assured
sampling/collection/tabulation of traffic count data across the nation.

Modes can be used to spatialy and temporaly alocate areawide VMT. For example, network models
may be used to digtribute VMT by:

» Timeof day or Peak/off peak

»  Geographica Location

* Operational Mode or Trip starts, €ic.
+  Speed
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1990 INVENTORY
Modd Could Be Used under Certain Conditions

1990 I nventory Use of M odel

1990 Base -- Exception
€=1990

. ) Demographic
Thereis an exception to the use of HPMS VMT for Data

1990. For 1990 only, Mode-based VMT is

acceptable under certain conditions: b Validation

* Urban areas are in agtate which is"grouped” by :
urbanized area for sampling purposes in 1990. 19'8? 1990

» HPMStraffic counts are poor.

»  Subdantid emissons inventory progress has
been made.

* Modés have been vdidated since 1987 and 1990 demographic and economic inputs were used in
modd.

States adopting this approach should redlize that, beginning in 1993, dl urbanized areas with a
population above 200,000 will be required to conduct HPM S sample pandsfor individua ACUAS
and, therefore, will be required to estimate mobile source emissonsin such away that the VMT
estimates used by the sate are consstent with HPMS. This means that there should be no reason for
an ozone areawith poor HPM S data in 1990 not to base the "periodic inventory” for 1993 and the
Reasonable Further Progress tracking inventory for 1996 on HPM S estimates, even if EPA accepted
another method for the 1990 inventory. This switch in bassfor the inventory may reved that the
method used for 1990 was not accurate, and it may be disadvantageous in terms of demonstrating
progress in emissions reduction. A possible solution isfor the areato project 1990 VMT backwards
from the higher qudity 1993 HPM S figures and submit arevison of its 1990 inventory using this revised
estimate of 1990 VMT. Where the disparity between 1990 and 1993 estimates by two different
methods appears to EPA to condtitute an erroneous estimate of actual VMT changes, EPA may require
such backward projections from 1993 data.

1990 Base -- M odel

Modds used must have been validated since 1987, and 1990 demographic and economic inputs must
be used in the model. And under conditions other than those noted above, model VMT should be
adjusted to be consgtent with HPMS VMT.

FORECASTING/TRACKING
* CO Above 12.7 ppm
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 Ozone Serious, and Above

VMT FORECASTS
» Usng Modd:

1. Growth Factors

2. Adjustment Factors
* DiscussedonP. 4-12

VMT Forecasting and Tracking for CO non-attainment areas with 12.7 ppm and above, and Ozone
non-attainment areas

Guidance of Section 187(a) of the Clean Air Act Amendments of 1990 (CAAA) offersthe EPA's
recommendations on how to forecast and track VMT in Moderate and Serious carbon monoxide (CO)
non-attainment areas with design vaues greater than 12.7 ppm a the time of classification.

The purpose of the guidance isto help states prepare State Implementation Plan (SIP) revisions that
EPA can readily propose to gpprove as meeting the requirements of the CAAA.

All gtates containing a moderate and/or Serious CO nortattainment area with a design vaue grester
than 12.7 ppm a the time of classfication should estimate annud VMT usng HPMS. The VMT should
be derived from estimates of VMT on dl functiona systems within the corresponding ACUA.

The Section 187 Guidance recommends two methods for determining future VMT growth: (1)
Developing growth factors from a network- based travel demand modd; or (2) Using alinear
extrapolation of recent (6-year) HPMS VMT reports to the Federal Highway Adminigration.

VMT Forecasts-- Model

CO non-atainment areas are required to annualy prepare forecasts of VMT, using technica
procedures outlined in Section 187, VMT Forecasting and Tracking Guidance, which involve use of
models (or past trends) to factor base-year HPMS VMT estimates.

For Serious CO areas, model-based growth factors are gpplied to HPMS. Modds must be validated
for 1985 or later. All states containing a Serious CO non-attainment areashould forecast VMT by
applying growth factors, based on a validated network-based travel demand modeling process, to the
1990 annual HPMSVMT edtimate.

The growth factor is derived by dividing the modded future VMT by the modeled 1990 VMT. this
factor isthen multiplied by the 1990 HPMS VMT.

Travel demand model VMT (future)
Forecasted VMT (future) =  Actud VMT (1990) *  Travel demand model VMT (1990)

VMT Forecasts: Trend-Based
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VMT Forecasts-- Trend (HPMS)

All sates containing a moderate CO non-attainment area with a design value greater than 12.7 ppm at
the time of classfication should forecast VMT in the
nonattainment area using the historicad HPM S trend method if
no modd isavalable.

g
. ,_.J";H If the lead planning agency of the nontattainment areg, in
i consultation with appropriate other state and local
. ’ p e organizations, determines that avalidated travel demand model
Ir--(l-ﬁ:‘f:snlh-l isnot currently available, then a state may request gpproval to

Base use historical area- wide VMT based on HPMSdata. VMT
forecasts must be based on growth factors derived from an
ordinary least squares linear regression extrapolation of the state's HPM S reports. Please note that the
linear projection resultsin a declining percentage growth rate over time, because a compounded growth
rate aways produces an upward (concave) curve. However, EPA believesthat linear growth isthe
better model for VMT.

The Section 187 Guidance specifies the 1985-1990 time frame as the period over which to estimate the
linear trend. It also specifies that projections donein later years be based on the most recent Six year
period for which data have been submitted and findized by the HPMS. If HPMSfind dataare
avallable for years beyond 1990, these data may be used to cdculate theinitid six-year trend. For
example, if HPM S data are avail able, the trend may be caculated from the 1986-1991 period.

For areas that do not have a current set of cdibrated modedls, the VM T/mile rate method usng HPMS
data may be used for the entire area outside the urbanized area (i.e., the "donut ared’).

VMT Tracking

VMT Tracking involves comparing actud annud HPMSVMT

with forecast VMT. Under the Section 187 requirements, v Max. Acwat H

moderate and serious CO non- atainment areas with adesign
value greater than 12.7 ppm must forecast VMT for each year
prior to the attainment year, estimate actud VMT in each year
for which aforecast is required, and annudly update the VMT
forecasts. Itisa"truthin forecast check” done annuadly. Itis
intended to spot situations in which the actud VMT growth 11993
occurring in the nonattainment arealis higher than the forecasted

VMT growth used in the attainment demonstration.

188
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Non-attainment areas must annualy compare forecasted VMT with the HPMS VMT for the current
year. Areasarerequired to use HPMSin estimating current-year, VMT. The comparison between
HPMS and forecasted VMT is called tracking.

Contingency measures (TCMs from the SIP) are automatically enacted if the HPMS VMT or a
subsequent forecadt is higher than the most recent prior forecast by more than a certain percentage.
EPA believesit is gppropriate to dlow a margin of error of 5.0% for VMT comparisons made in 1994
based on HPM S data collected for 1993, a margin of 4.0% for VMT comparisons made in 1995
based on HPM S data collected for 1994, and amargin of 3.0% for VMT comparisons made in 1996
and thereafter based on HPM S data collected for 1995 and later years. However, EPA believes that
the adjustment of forecasts are gppropriate only as long as, cumulativey, estimates of actud VMT or
revised VMT forecasts never exceed by more than 5.0% the VMT forecast relied upon in the areals
attainment demongtration. Please note that safety margins can be incorporated into forecasts.

VMT Tracking (contd.)

The designated CO non-attainment area may not be the same size as the ACUA and as previoudy
discussed, there is aneed to resolve VMT within the boundary of the nonattainment area.

Because HPM S provides information by facility type, and data is disaggregated to genera categories
such as urban and rurd areatypes, it is difficult to dlocate VMT to specific locations (i.e, TAZ or grid)
within the boundaries of the FHWA defined ACUA. And sincethe ACUA, in turn may not fully
encompass the non-attainment area and generdly does not follow politica boundaries, states should
identify aVMT Tracking Areafor the purpose of VMT forecasting and tracking.

The boundaries of the VMT Tracking Area should be consistent with those of the of the several CO
inventories required of CO non+ attainment areas to the extent that VMT in the areas can be logically
related. In addition, the boundaries generdly should not be smaller than the ACUA that contains or
overlays the designated non-atainment area Ssnce HPM S produces a statisticdly valid sample on for the
ACUA asawhole. However, aTracking Area smdler than the ACUA may be appropriate if it
encompasses dl vehicle travel contributing to the non-attainment Stuation and if the State or another
designated entity operatesa VMT tracking system equivadent in performance to HPM S for that area.
The VMT Tracking Area need not exceed the limits of the ACUA.

All states subject to the VMT forecasting/tracking provisons should base their 1993 and later caendar
year's estimates on HPMS annual VMT from the sample design for each urbanized area. All counts
used inthe VMT egtimates should aso be submitted as HPM S counts, so they meet the HPM S quadity
assurance guidance and are subject to FHWA review.

VMT Tracking - Ozone Nonattainment Areas
Tracking in serious and above Ozone non-attainment areas is done using the same methods asin CO

non-attainment, except the contingency provisions and the reporting criteria do not apply. When
forecasting VMT in Ozone non-attainment areas through 1996, the use of HPM S trend data is allowed.
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However, after 1996, model-based data are required for attainment and Reasonable Further Progress
(RFP) demondtrations. Beginning in 1996 and each third year theregfter, the State shdl submit a
demondration as to whether current aggregate vehicle mileage, aggregate vehicle emissons, congestion
levels and other rlevant parameters are cons stent with those used for the areals attainment
demondtration. See Section 182(c)(5) of the CAAA.

Confor mity Using M odel

CONFORMITY

* Regionwide Emissons
*  Budgeted validation
« Build i 10 Yrs P!
* No-Build

.

Confor mity

Yea'r -:)[ Ye_ar pf
It isrequired that al non-attainment areas certify that Conformity Emission

transportation plan, programs, and projects are:in Determination
conformity with plans for improving ar quality inthe
area.

Serious & Above CO and Ozone Non-Attainment Areas (Requirements after 1/1/95)

After January 1, 1995, the rule requires that serious, severe, and extreme ozone and serious CO areas
must use date-of-the art travel demand moded s for analyss. Modd based andysis must be performed
for emissons within the non-attainment area.

Technicd anayss required to support conformity determination involves mode-based andysis for
emissions, for build and no-build scenarios. In the future, emissons will have to be compared to
emissions budgets developed for the mobile source portion of the SIP. The model must be vaidated
againg ground counts for abase year that is not more than 10 years prior to the date of the conformity
determination, not the plan year, nor TIP year.

Since neither the travel demand model domain, nor the Adjusted Census Urbanized Area (ACUA),
which is the geographic base for HPMS, may coincide with the non-attainment area, states may use
"any reasonable methodology” to project VMT within the nonattainment area but outside of either
method's purview.

Serious & Above CO and Ozone (M ethod)

A factor is developed by dividing modd-based VMT into HPMS VMT in the base year. Thefactor is
applied to model-based forecast to get the future estimate of VMT (forecasted HPMS).
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"Reasonable methods' are to be used for off-network and outside planning area. (These were discussed
previoudy)

Conformity Determinations For All Other Non-Attainment Areas (moder ate, etc.).

If other non-attainment areas (moderate, etc.) do not CONFORMITY
have modds, they may quantify emissonsusing "less Use of Model
refined’ methods. For example:

Adjustment Factor mEmssrmmme

Trends, or VMT rates per person.

The difficult part would be estimating differences with
and without proposed projects, programs or plans.
Apparently, the only difference isin future speeds,

especidly if "induced” travd isignored as anon-issue. Model HPMS Model rAdjusted
Since average speeds can be expected to improve with Base Future
the projects, reduced CO and HC emissions could

normally be expected. Also note that NOx emissions CONFORMITY

may increase withincreases in average speeds. Non-Model Methods

There are amyriad of different options for determining

the proper method of VMT egtimation. Each areawill I:
need to develop the method they, in conjunction with s |
EPA deem appropriate for their Situation. :‘,«" i
SUMMARY o -
HPMS Model R
- Inventories Trend rate
- 1990, Periodic
- SPBasine
-- Conformity
-- Tracking/Forecasting
Summary

During this sesson we discussed VMT estimation techniques. First we determined the terminologies
and methodologies that are applicableto VMT estimation. We discussed the differences between
HPMS and Modd VMT, and how to obtain consistency between them, as well as processes for
determining the off-model, locd, and "donut ared’ VMT.
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The gpplications of VMT egtimation were dso afocus of thelesson. VMT estimates are done for
emisson inventories, forecagting and tracking VMT in CO non-attainment areas (12.7 ppm and higher),
and conformity andyss.
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MODULE 5: ASSESSING TCM EFFECTIVENESSAND |MPACTSON EMISSIONS

The Need for TDM

To achieve CAAA targets, states will have to go beyond
required actions and implement additiond TCMs.

* Incentivesfor even cleaner technologies.
» Traditiond and innovative travel options.
» Effective trangportation demand management.

Public Transt

e Smadl share of the market
» Effectiveness varies with dengity
* Not cost-effective, on its own

Note: The Washington "Core", for which dataiis provided on
the facing page, is broadly defined to include dl centraly
located employment aress, including those in Virginia (i.e.
Crystd City, Pentagon, and Rosslyn). Source of the datar Jm
Hogan, "What Can Trangt Redly Do?' The Region, Val. 31,
No. 3, Winter 1991, pp. 18-21, WMCOG.

THE NEED FOR TDM

Required VOO Reductions
100% -

1205 2000 2005 2010

ok, Facoin, EPL

PUBLIC TRANSIT

Share of Home-To-Work Trips
Mefro's et figon; DGy

% Share
40

Destination

Emissions benefits reduced by Park-and-ride trips and

dow speeds for picking up passengers

South Coast (Los Angeles) Reg XV - largest experiment

* Appliesto employers of 100 or more &t any Ste
* Mud file and execute a plan to increase average

vehicle ridership to specified targets

* Must have atrained employee transportation

Regulation 15 in South Coast areax

» Drivedonetrips dropped from 76% to 65% at firms
e VMT dropped by 0.4% regionaly, not enough to

HOV HOV
{(Washington, D.C.)
X Busnin * Haslimited attraction
: [ ]
N ) TDM By Regulation
4 B paw
T Trips \:ﬂ‘ﬂ-— Trip= |
Wark Al Purposes
{Peakj [Day) Seacr Waeh 06 b
et in TDM
ECO y
(LOS ANGELES REGION)
o 5%
Raduction
Notw: coordinator
Bazaine | o
Graw
045
Wor kers VT
Driving Alene
o m——— mitigate growth
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Costs of Regulation
Financid cogtsfor Regulation 15 are subgtantia.
TDM Through Pricing

»  Prices have strong influence on behavior
» Advantages over regulatory approach
* Appliesto dl typesof driversand al kinds of trips
* Presarvesindividud choice
» Practicd to implement and enforce
»  Encourages creative minds to develop travel
dternatives
* Can't be avoided by maneuvering - such asmoving
work ste just across nonattainment area boundary
» Giveshig boodt to trangt
» Can encourage use of cleaner vehides and fues
» However, net benefits of pricing strategies depend on the
wise use of the revenues they generate.

STRATEGIES THAT WORK

-- Feebates -- Congedtion Pricing
-- Scrappage -- Paking Pricing
-- VMT/Emissons Charges -- Telecommuting

-- Paratransit

400 - Feebates

Baoo |l P

200 -

5100+

0

costs of roads to drivers

COSTS OF REGULATORY
APPROACHES TO TDM

Sourte: TE (1093} aMD

(% per Employee per Year)

CTS Wachs Rawiings BAA

TRAVEL DEMAND

Price

25 40 S5mph

Quanrtity of Driving {(VMT) on Fixed Road Space

An age-normalized fee schedule that varies with
emissons. Vehicles 1983 or later

Mobility - Air Quality Strategies That Work

b G menm |+ Strengthen tailpipe and fuel standards with market
Tl incentives for a cleaner fleet

» Improve efficiency by cutting taxes and leaving the

*  Reshape harmful parking subsidies into more va uable employee benefits
* Unlock the potentid of innovative travel dternatives by diminating barriersto private transt and

telecommuting

Feebates
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* Limitations of emissons and fud economy standards
*  Manufacturers have no reason to go beyond the standard
»  Consumers have little opportunity to select cleaner vehicles
* Trendsaretowards large cars and trucks, dirtier classes of an admittedly cleaner fleet
» Fecbates arefinancia incentives and disincentives gpplied to the purchase price of vehicles
*  Can be revenue neutra
* Eadly enforced
» Canbedate or federa action
» Feebate schemesintroduced in 14 states and in the US Congress

SCRAPPAGE
e Hastens Flegt Turnover
* Interim Strategy

VMT Taxesand Smog Fees

Scrappage Impact of 1 Cent/Mile Fee:
»  Sow fleet turnover underminesimpact of 45 e
technological, progress and standards 41
» But effectiveness of scrappage depends on
. Ability to identify heavy-emitters S / 21
» Far weather conditions that foster dow fleet /
turnover - /
»  Scrapped vehicles not being replaced with % /
other old cars VOC . co - NOx Fuel

o Scrappageis, a best, an interim strategy. It can
speed up reductions that would have occurred anyway as fleet turned over in due course.

VMT/Emissions Charges

* A tax pad annudly on the bass of odometer readings at annual registration or smog check
*  Could supplant other revenue sources such as income, property, saes, or other taxes
»  Could be indexed on the bass of emissons
* Advantages over agastax
» Moredirectly targets pendties at the undesirable activity
* Moredifficult to escape in many jurisdictions
* By replacing taxes on income, sales, etc, aVMT tax could stimulate regiond growth and benefit
low income groups
e Andyssof 1 cent/VMT tax inL.A.
*  Would reduce VOC, CO, NOx emissions by 4%-5% each
*  Would supplant other taxes such as specid saestax
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CONGESTION PRICING Congestion Pricing

Regionwide

VMT Reduction
of 5% for Toll of
15¢ per Mile

» Codgsof driving vary with driving conditions (time of day);
the price of driving should vary as well
* Accepted practice in many industries with large fixed
caoaaty and variable demand.
Differentid pricesfor telephone cals
* Peskarfares
» Hlectric Utilities
* Early bird specids at restaurants

PARKING PRICING *  Moviematinees .
Impact of "Cashing Out" Policy | * Technology no longer abarrier

» Automated vehicle identification means no stopping for

Aot Dioen = tolls which themselves create congestion and pollution
B iovees 52 «  Different kinds of pricing

* Pricing of anglefadilities
* Area-wide pricing to enter and/or exit zones

Free Cashing Out Parklng PI’ICIFIg
Parking Policy

POLICY': Allow tax break for parking expenditures, but only
if the employeeis offered the option to receive, in lieu of parking, the fair market value of the parking in
cash

o Stimulates dternatives to peak-hour SOV

» Smpletoimplement a federd leve

» Bendfits employees by giving them choice, does not take away their fringe benefit
» Codgsemployers nothing, could help CBDs

* Bendfiits disabled, low-income employees most

* Realltsin voluntary tax revenue windfal
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Paratrangt

» Congedtion pricing works in Singapore because it is
accompanied by an open market for privately-operated
trangt

* Private paratranst works where
»  Government does not prevent it from operating
o SOV trave issufficiently priced

*  Success: Airports

* Falure Arizona, Downtown L.A.

Telecommuting

e 12 million people work a home &t least part-time, over
half use persond computers

»  Tdecommuting may have dready achieved amode share
roughly equa to mass trangit

* Legd and regulatory barriers to telecommuting should be
further examined

TCMs-What Are They?

The term Transportation Control Measure (TCM) can be
defined as a trangportation "related” measure designed to
improve ar quaity by reducing the quantity of on-road mobile
source pollutant emissons. Thisgoa can be reached by
reducing the amount of trave (e.g. fewer trips or vehicle miles
of travel) or by reducing the rate of emissons per unit of travel
(eg. gramgVMT). Typicdly, TCMsfocus more on dtering
travel behavior than on changing the emissons characterigtics
of vehides through technology. However, scrappage
programs of pre-1980 vehicles which is designed to remove
high emitting vehidles from the fleet isinduded on the ligt of
TCMsin the Clean Air Act Amendments of 1990.

The find trangportation conformity regulation contained the
following "officid" definition of a transportation control
measure: "Any measure that is specificaly identified and
committed to in the gpplicable implementation plan that is
ether one of the typeslisted in 8108 of the Clean Air Act, or
any other measure for the purpose of reducing emission or
concentrations of air pollutants from transportation sources by
reducing vehicle use or changing traffic flow or congestion
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conditions. Notwithstanding the above, vehicle- based, fuel-based, and maintenance-based measures
which control the emissions from vehicles under fixed traffic conditions are not TCMs for purposes of
this subpart.”

The following example includes both the broad TCM category and severd individual measures that may
be sdlected as implementation approaches.

TCM CATEGORY TOQM STRATEGY
Bicycles bikeways/lanes
bike storage
showers/lockers

TCMs- WHAT ELSE ARE THEY?

Transportation Control Measures in practice and in concept often overlap considerably with three other
terms:

» TRANSPORTATION DEMAND MANAGEMENT (TDM)
* TRANSPORTATION SYSTEM MANAGEMENT (TSM)
* LAND USE MEASURES

All four categories can be used as tools to relieve congestion and reduce mobile source pollutant
emissons. However, some specific measures in each group may increase mobility while having little or
no impact on emissons. It isthe commondlity of their emisson reduction potentia thet will be
addressed in the module. Congestion rdlief or increased mobility may be aresult of the actions
congdered in this module but are not the primary focus. Thus TDM, TSM, and Land use measures will
al be consdered TCMsiin this course because they can reduce on-road mobile source emissons.

TCM Impact Evaluation Framework

Adjusted from " Transportation Control Measure: Which Actions Work Best?"
Douglas B. Lee, Oct. 1992.

TCM IMPACT EVALUATION FRAMEWORK
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ACTIONS: IMPACTS: EVALUATION:

BENEFITS

> Tims

> Aseldanis

= Poliutlon

COSTS

» Capltal
> Oparating

w

Thetask of evaluating TCMs in amanner that is reasonable, reliable, and defendable isnot asmple
assignment. Developing and following a framework on which to base the evauation is an excellent
garting point. The structure presented on the adjoining page is an example format which can tailored to
fit the needs of individuad areas. The basic components of the structure are described below.

ACTIONS: Actionsfor TCM evauation, are TCMs. An action could be an individua TCM or a
group of severa measures implemented together.

IMPACTS: Impactsfdl into two categories, Travel and Air Quality. Travel impacts could include
changesin VMT, trips, and speed. Air quality impacts consst of changes in the quantity and
gpatia/tempora distribution of emissions.

EVALUATION: Both Benefits and Costs are considered under evauation. Benefits are the
unambiguous net gains to society that result for taking one action rather than another. Cogts are
associated with the actions not the impacts and can include both capital and operating expenditures.

EVALUATION - Benefits and Costs
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The evaluation component of the TCM framework includes both costs and benefits. Benefits of TCMs
can be dated relative to a base dternaive, often referred to as a do nothing dternative. It isnot dways
necessary to quantify benefits, but they must be stated clearly.

For example, gating that a measure will "improve the quaity

EVALUATION - BENEFITS & COSTS

BENEFITS costs of life" or "enhance an ared's mohility” is not a useful
@ crpimaL oemmna | Characterization of benefits for evauation purposes.

TIME SAVINGS Trangportation control measure costs, like benefits, must be

- identified and should quantified if possible. TCMs considered
in the past have generdly had low capital codts rdativeto
other projects (e.g. Sgnd coordination versus congtruction of
new lanes). However, in recent years both the types and
magnitudes of measures being consdered have expanded to
include measures with high direct costs (capital and operating)
and indirect costs.

WHICH TCMS SHOULD BE CONSIDERED?

: In order to determine the impact a measure would have on
— ¢ society dl the benefits and costs must be considered.

- However, in practice the evauation of TCMsis often
performed based on the relative cost effectiveness of various
measures. The result of acodt effectiveness andysisis
typicaly alist of measures each with their associated cost per
ton of emissions reduced.

ACTIONS - Identifying Which Measures To Consider

A review of the literature reveds that volumes of information describing TCM actionsis avalable. This
information can be used to develop alarge list of "Possble" trangportation control measures. Thelist
must then be narrowed to include only measures that the region iswilling to consder. The result of this
phase should be aligt of "Potentid" individua transportation control measures. It is extremey important
that the selection process be designed to include public officids, interest groups, citizens, and technicd
daff a the earliest possble stage. If consensus building begins early then the measuresthat are
ultimately sdlected will have a better chance of garnering community support.

ACTIONS- Constructinga TCM Catalog
The term TCM has been used very ambiguoudy in the past. The expression could be used when

referring to a broad category of actions (e.g. transt improvement), a very focused measure (e.g. shorter
headway's on suburban feeder bus routes), or dmost anything in- between.
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When one moves from the screening process to the andys's process it becomes very important for each
action being considered to be well defined. Thus a structured list of measures, aTCM Catdog, should
be generated. A TCM catalog can be

developed by defining messures s that esch TCM CATALOG COMPONENTS
isatype of action which can be described by DIRECT
aset of characteristics and attributes that can LR AR T e Am;',a.ufijﬂffirfu..
be specified from alist of parameters. Each mmwm Ty
of the actionsin the catdog will have Parking | Crerang  new ee | mate T st
associated impacts. To ascertain a measures T Do S R B
. . . . el + eommuteraiail purp.
impact on air quality one generally must first paring F.'pﬁmmm v "
determine the travel related impacts. Applicablity
: :gv'-l’ :n;:;rpm’ Travel Tims
Durall ance
ACTIONS- Developing TCM Packages e T
Many transportation control measures e

complement one another (eg. indituting a
program for parking charges and improving
trangit service to high employment ares). oo DEVELOPING TCM PACKAGES
These complementing measures are
sometimes said to have synergy. Theterm
synergy means that the effects of the two
measures working together is greater than the
sum of the effects of the individual messures.
On the other hand, some measures may
conflict with one another (e.g. HOV drategies
and trangt strategieswill compete for riders.)

FARK & RIDE

To obtain the greatest benefit from TCMs
they should be carefully grouped into
packages with individua measures designed
to work together rather than merely developing acollection of individua Strategies. A region's TCM
program could consst of anumber of packages where conflicts have been minimized and opportunities
for synergidtic effects have been maximized.

IMPACTS - Functional Relationship of Actionsand I mpacts

The objective of TCM evduation isto determine cost effectiveness of each action so that decison
makers can have the best information possible when selecting the measures to be included in the region's
ar quaity plan. Estimating the impact of each TCM action is the critical step of the evauation process.
Actions must be identified and resulting benefits and costs have to be considered to meet this objective.

However, the core component of the analyssis connection between the actions and the benefits. Note
that the dement that makes this linkage is composed of the travel and air quality impacts.
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FUNCTIONAL RELATIONSHIPS
ACTIONS TO IMPACTS

FUNCTIONAL RELATIONSHIP EXAMPLE

PARKING

[ Aarma ceT = |
PRICING

+ » +
l i . |
| . i
TOTAL 1 !
COMMUTE
TRIRS |
A PEAK 1
e B -
|
T s x i i VT 4 e
'|I‘D‘I!i"|ll.lY i mchlaved 1
AFFECTED
[~ e L]

To determine the impact of an action one must have an
understanding of the relationship between the two.
These connections can be defined generically as
"Functional Rdaionships’. The diagram on thefacing
page depicts the idea of functiondly relationships

conceptualy.
IMPACTS - Functional Relationship Example

The concept of functiona relationships can be
expanded to show the generdized linkage between the
variousimpacts of an action. Thisgenerd formis
gpplicable to most measures and should be used asthe
darting point for identifying how the andyss will be
performed.

Depending on the measure a series of steps, eech at a
finer leve of detail, may be required to accurately
estimate the impacts of ameasure. Idedlly, the
functiond relationships between each TCM action
(individua measure or group measures) and impacts
would be clearly defined before any analysisis
attempted. Thiswould dlow the anayssto focus on

performing the caculations to quantify theimpacts. Attempting to perform the andyss before identifying
the functiond relationships can result in confuson and the possible excluson of important parameters.
An example showing ardively fine leve of adetail for a measure is shown on the facing page.

Emisson Impacts

IMPACT ANALY SIS - Emisson Impacts

The U.S. EPA's MOBILE modé isthe appropriate
ingrument for estimating the emisson impacts of TCM
actionsfor dl gates except Cdiforniawhere EMFAC
can be used. The MOBILE mode can be used to
develop exhaugt (running and idle) and evaporative
emission factors for hydrocarbon emissons. Though
not a direct output, the component associated with
each operating mode can aso be determined if
required for the andysis. Additionaly, MOBILE can
develop exhaust emission factors for carbon monoxide
and oxides of nitrogen.
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The following factors should be consdered when developing emisson factors for TCM andyss.

1. What portion of the day will the measure impact? If ameasureisonly directed a the morning pesk
period then a daily average temperature may not be appropriate. Similarly, a peak period speed
may be appropriate for some measures, while adaily average speed may be more appropriate for
others.

2. Wha isthe pollutant of concern and during what times of the year is the measure designed to apply?

Temperatures and RVP may vary by season of the year.

3. Will the measure impact the entire vehide flegt uniformly? It may not be appropriate to use
composite emisson factors for dl types of measures.

4. Doesthe measure focus on reducing a specific length of trip. For example a bicycle measure may
only impact trips of lessthan 5 miles. This could have implications on the operating mode mix and
trip length digtribution input into the modd.

Analysisof Travel Activity Impacts
IMPACT ANALYSIS- Trave Activity Impacts
Theisno sngle ingrument currently available which can be usad to estimate the travel impacts of dl

TCMs a the different levels of analysis. Presently there are three primary categories of tools available
for TCM evaution:

1. 4-Step Travel Demand Forecasting Models

— %
— R 2. Hybrid Software

== P 1| ] 3. Sketch Planning Techniques

Theindividua messures contained in the TCM
packages may have to be andyzed using different
techniques. It is, however, important to account of the
interactions (conflicts and synergies) of the individua

Gketch Planning

TOF odeis

S

measures to the extent possible.

There are anumber of factors that one should consider when sdlecting the tools that will be used to
perform an evauation of TCMs. The following should be four of the primary consderations.

» Leve of Andyss (Screening, sketch, or detailed)

* Resources available (Time, money, data, expertise, €tc.)

*  Type of measure (TSM, employer based, trangit improvement, etc.)

»  Capability of avallabletools (Mode choice included In TIDF modds, levd of detall in modelled
network, etc.)

83



IMPACT ANALYSIS- Travel Demand Forecasting M odels

Travel demand forecasting models can be useful for i T

TCM andlysis both as a source for travel datato be PR TR

used by other anaysis tools and as an instrument for e

predicting impact of TCMson travel. The character E o

of acity, county, or region's models is important when il k-

determining how useful it might befor TCM andlysis. [ mewoss— —oicme oo simeion
Four mode characteristics are of particular = icialicata.nd

importance for TCM evduation:

» Zonesze

* Levd of detal in highway and trangt networks
* Mode choice modd availability

»  Sophidtication of traffic assgnment module

4-Step Travel Demand For ecasting Capabilities
IMPACT ANALYSIS- 4-Step Travel Demand For ecasting M odels

The traditiond 4-step travel demand forecasting process can be a powerful tool for TCM eva uation.
Some measures can be modeled directly by the
YES MAYEE NO existing models, others can be modelled using
surrogate variables, while il others cannot be
evauated using these modds. TCMs could be
grouped into the following three categories:

recesTrian Q§~
m AMENITIE 5/

TRANSIT

weRSURES 1. Thosetha can be moddled directly in the 4-step
process

Examples Pricing charges, & Trangt improvements

7

$ PRICING ﬂ f/l :'A“;ELE"‘ER
ﬂ / PROGRAMS
2. Thosethat require extensive effort to modd or
must be modelled by a surrogate parameter
Examples Trangt related Pedestrian amenities & HOV measures

3. Thosethat cannot be modelled by the traditiond 4-step process
Examples. TSM measures & Employer Commute Option (ECO) Programs

One factor that limits the usefulness of TDF modelsisthe fact that they are based on traffic analyss
zones. The assessment of the impacts of some TCM drategies (e.g. employer based van pooling)
involves defining sub-zona characteristics of the trips and trip makers. Thus zona based TDF modds
would be inadequate for such analyses. Failure to recognize the limited geographic area of influence of
some TCMs could result in overly optimistic forecasts or conversely, not detecting any impacts at al.
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An additiond factor thet limits the usefulness of travel demand forecasting modelsis their reliance on
"home based" information. Trip generation rates are based on household size, income, and vehicle
ownership. Itisdifficult to trandate trip reduction programs that are employer based into new trip
generation rates. Neither of these factors can easily be overcome by the travel demand forecasting
processin its current form.

IMPACT ANALYSIS- TCM/TDM Software

Severd pieces of "Hybrid" computer TCM\TDM SOFTWARE
oftware are now available that can be

used in predicting the travel related
impacts of trangportation control
measures. These programs were
designed spedificdly tofill in some of
the gapsin the TCM/TDM andysis
capabilities of travel demand
forecasting modds. Included in this
group of hybrid software packages
are both TCM Tools and FHWA's
TDM Evdudion Modd.

TCH
Specliicationa ‘:|

Ex: Carpealing

Eanaltivity
Frolara

| TCoM
H TOM
SOFTWARE

S-Elaalicity

These two programs were designed Cheracieriatica

for ditinct purposes and have 5 Markal S

different analysis capatilities.
However, their basc sructure is
smilar. Both require basdine TCM TOOLS

characterigtics, TCM specifications,
and sengitivity factorsasinputs. Each
has an andysis methodology asits

TOM Cateqories

1 Land Us Ay Trafle =lxw 7] Tranzlt

core. Findly, each produces Management ~ TPIOVEMATIS improvements

esimates of TCM impacts as its - 5) Damand %) Aftarnative

output The mahodology uw by the : Improvements Marapgamant Work Bchedules
E) Fragwgy g) Ooods

N G} Pricing

Movement

programs to handle market sze, TCM
specifications, and travel sengtivity
factorsis quite different and affects
their applicability.

Managamart

IMPACT ANALYSIS-TCM
Tools

TCM Tools has three components: atrave activity module, an emissons cacuation module, and a cost
effectiveness module. The software was developed to be used primarily in Cdifornia. So the emissons
module is based on Cdifornia's emissons model, EMFAC. However, the travel and cost effectiveness
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modules of the software have been applied in severd states. The FHWA has undertaken an effort to
replace EMFAC with MOBILES5A in the emissions module so in the coming months the entire package
will be applicable for usein al Sates

Because of its structure TCM Toolsiswdl suited for use as a screening tool for TCMs at aregiona
level. The program operates off of aggregate regional sengtivities based primarily on reported
experience from Cdifornia. The base travel data needed for TCM Tools can usudly be obtained from
regiond travel models. The latest verson of the modd has the ability to anayze the 9 categories of
TCMS including 28 measures plus two TCMs defined by the user.

The trangportation module is designed to estimate the impact of each measure on trips, VMT, and
gpeed. The software combines information on loca travel, TCM specifications, and assumptions about
how travelerswill respond to the measure (dagticities) through a LOTUS spreadsheet. Default
eadticities are included, however, they should be refined to represent local conditions.

IMPACT ANALYSIS- FHWA's TDM Evaluation M odel

Overview
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CAPABILITIES

FHWA's TDM SOFTWARE

work hours).

FHWA's TDM software was originaly developed to
edimate the impact of travel demand management
measures on congestion. However, recently it has
been used by severd agenciesto andyze TDM
measures that have been proposed as TCMs. The
TDM software istypicdly used in subarea andysis
such asamgor activity center. The modd requires
that amatrix of existing zone to zone trips be input
aong with the sdection of the type and stringency level
of TCM action. Thetrip tableis then manipulated by
the modd to predict what changes will occur based on
sengitivities obtained from past experiences. Included
in these changes are mode shifts from drive done trips
to carpools, vanpooals, and trangit.

The mode is cgpable of using atrip table with a
maximum of 1100 zones. However, aggregating the
zonesinto digtricts or reducing the regions outside the
study areato externd dationsfor atota of 15- 40
"zones' isrecommend. After the changes have been
made to the trip table it can be fed back into the TDF
models to determine the regiond impact of the
MeasUres.

Capabilities

Asits name suggests the modd is designed to evauate
travel demand management measures. These
measures can include both government actions (e.g.
trangt improvements or HOV lanes) and employer-
based actions (e.g. vanpool programs and variable

The primary method used by the TDM modd to estimate changes in mode share is the logit pivot point
procedure. The logit modd is used by many MPO's to estimate mode splits within their TDF process.
One property of the logit structure is that the model can be used to estimate the change in aknown
mode share based on changesin time or costs. Thus, TCM actions andyzed with this procedure must
be trandated into time and/or cogt differentials. The software's default sensitivities are based on
empirica datafrom anumber of Stes throughout the nation.

The mode aso has the capabiility of estimating the impacts of employer based programs aimed at
increesing the mode shares of carpools, vanpools, and trandt. The impacts are estimated based a series
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of look-up tables of absolute change in percent use. The tables are dratified by characteristics such as
type of the employer, number of employees, and employer participation rate.

FHWA's TDM Software Modd Structure
IMPACT ANALYSIS- FHWA'sTDM Evaluation Modél
Mode Sructure

The user should be aware of the following before applying this modd:

1. Themodd only predicts changes
in mode share. Modesin azone
with a base share of zero are
assumed to be nonexistent and will
not show an increase in mode
share no matter what is doneto -
make the mode more attractive. Changes
To avoid this problem the user can
atificaly assign avery sndl share
to the mode in the base plits.

2. Themode acceptstotd person
trips, auto driver trips, and transt
tripsasinputs. The program then
internaly calculates auto person
trips and average occupancy.

3. Thefdlowing are the nationd default disutility coefficients for the sx kinds of Time or Cost changes
that the TDM modd is sengtive to:

In-Vahlcls Time

Tranait Cul-of. B
Vahicla llma .

Highwey \

Out-ot-

vehiow ~—__ |
Time

Teamalt ——— | ...
Fara

Change
in Mode
Share

Parking Cost

HOV Time
Savad

Time/Cost Change Coefficient Value
InVehide Time 0.02
Highway Out-of-Vehide Time 0.05
Trangt Out-of-Vehide Time 0.05
Trangt Fare 0.004
Parking Cost 0.01
HOV Time Saved 0.10

Sketch Planning Techniques
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Sketch planning techniques are
appropriate when one wishes to
"screen” alarge group of TCMsto
gain agenerd idea. of their potentia
for the region. For some TCMs

TRAVEL X
ACTIVI

i !
sketch planning may be used for the e ¢

screening step, then more

N ON-ROAD
EMISSIO _ MOB
RCE
EMISS{ONS
Sm-—-o—-- -2
HianEn seezos 7| M EoiERouss |
________ ! |

sophigticated techniques may be used
for later andyss steps. However, for | gx:
some measures sketch planning isthe
only technique available for evauating
their impacts on travel and emissions.

The sketch planning methodology used for each trangportation control measure is different. However,

the following components must be addressed by each:

» Affected market (e.g. a bicycle measure's market may be only trips less than 5 miles occurring in the

pring and fal)

»  Past experience with measure (Other areas may have data)

* Tripor VMT oriented (e.g. Tdecommute centers may result in the same number of vehicle trips but

they will be shorter)

o Potentid for synergy/conflict with other measures Costs (How much and who will pay?)
» Rdated data avallability (eg. How many intersections could safely alow right turn of red?)

Workshop on Assessing TCM Impacts
TCM Workshop Travel Demand Forecasting Example

A transportation control measure has been proposed for the
Washington, D.C. region that would require dl federa work
gtesto charge the equivalent of commercid parking rates. All
federal employees who drive would be required to pay the full
commercia rate for parking. It isassumed that since the
requirement gpplies only to work sites, there will be no effect
on non-work trips.

This proposed measure has come to the attention of Vice-
Presdent Al Gore. Heis congdering including it in the plan to
reinvent government. As a transportation planner who has
been detaled to the reinventing Government task force you
have been assgned the task of estimating the changein trips,
vehicle miles of travel, and emissons resulting from this
proposed measure.
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The Vice-President recognizes that many of the federal workers who would be affected by this action
may not be very supportive of this particular measure. Believing that many federd employees are
concerned about the environment, Mr. Gore thinks that demongtrating the air quality benefits of the
proposed action will garner their support for the measure. However, he aso beievesin backing up his
ideas with strong andytica evidence. Therefore, he has asked you to provide example caculations
showing the procedures used to estimate the air qudity benefits of the measure. The andysisfor this
measure has aready been performed for the entire Washington, D.C. region. The cdculations shown in
the following steps are based on one of the impacted traffic analyss zones (Zone 1). Completion of
these steps should provide the Vice President with the documentation he needs.

DATA AND ASSUMPTIONS FOR ESTIMATING THE IMPACT OF THE FEDERAL
PARKING CHARGE TCM

PARKING DATA

1. Datafrom arecent parking survey show that 18% of the employee parking spacesin the zone are
for federal workers and 82% are for non-federd workers. The data from that survey are shown on
the facing page.

2. The base average parking rate (APR) for zone 1 was estimated to be 58 centsin 1980 dollars
based on data provided Washington Metropolitan Council of Governments (WashCOG). The base
APR is an average that includes those who pay the full commercid rate, those parking at subsidized
rates, and those parking for free.

3. Themarket rate for parking is the amount paid each day by those not receiving a subsidized parking
rate (i.e. the full commercid rate). WashCOG's mode choice models were developed based on the
average parking rate for each zone. So the base APR of 58 cents was used to calculate the daily
market rate for parking in zone 1 that is built into the models. The result was arate of 107.5 cents

per day.
ASSUMPTIONS

1. ThisTCM will only affect Federa parking spaces. So after the measure 100% of Federa spaces
will be charged the full market rate.
The discount parking rate is %2 the full market rate or 53.75 cents.
3. Theorigind mode sharesfor zone 1 are asfollows:
Drivedone = 50.4%
Carpool = 26.5%
Trangt = 23.1%
4. The carpool occupancy rateis 2.45.

N

Base Parking Data
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Step 1 Calculatethe" new" average = T "

. e = 18%
parking ratefor the zone. PARKING SPACES: )
_ penE ) NON-FEDERAL = 82%
The"new" average parking rate in zone 1 can ST
. . . 1k 1k =] t Payi
be determined using the equation shown : i
MARKET |

below with the assumption thet al federa
gpaces will now be provided at the full market
rate. Thisnew APR will reflect the impact of
the TCM on the average parking rate for zone | wen-Federal 30% 4+ 15% 4 5% .o
1 now that 100% of the Federd spaceswill o= .. ———— -

[Region}
‘ FREE DISCOUNT _ RATE

Feceral 745 + 22% 4+ 4% -mw

be provided at the full market rate.
APR' = %FED(%FD * M/2 + %FF * M)+%NONFED(%NFD*M/2 + %NFF * M)
Where:

APR New average parking rate in a zone
M = Market parking rate for the zone

%FED = Percent of total parking spaces that are for federa employees
%FD = Percent of the federal spacesthat are provided at a discount rate
%FF = Percent of the federd spaces provided at full market rate

%NONFED = Percent of total parking spaces that are for non-federd employees
%NFD Percent of non-federal parking spaces provided at a discount rate
%NFF Percent of non-federa spaces that are provided at full market rate

Complete the ca culations on the facing page to solve the above equation to determine the new APR:
NOTE: *The discounted rate is assumed to be %2 the full market rate or 53.75 cents.

Calculate New APR

Step 2 Calculatethe effect of parking rate change on logit utility values.

It would not be practical or wise to burden the Vice- President with the many pages of caculations that
would be required to duplicate the methodology used by WashCOG's mode choice model for
estimating the new mode shares that would result from this transportation control measure. Therefore,
the logit pivot point procedure will be used to provide a general sense of how the mode choice mode
cdculates changes in mode share. Two inputs are required to use the logit model for this purpose, the
changein utility of each mode and the origind mode share for work trips attracted to zone 1.

Original Mode Shares

The following origind mode shares (P(m)) for work trips attracted to zone 1 were estimated using the
mode choice modd:
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F'erg:ent RATE WEIGHTED
Paying {cents) _RATE e Drivedone=50.4%

_ e Carpool =26.5%
©-09 e Transt =23.1%

}

0%

0%

Changesin Utility (U)

UL LEE
I

LiliE

The changesin utility (U) can be cadculated by
multiplying the logit coefficient(.0094 - obtained from
the mode choice moddl) by the change in the travel
characteristic (e.g. average cost to park per person).
Three modes are considered: drive aone, carpool
(2.45 isthe average carpool occupancy), and trangit.
This measure addresses parking pricing only so thereis
no change in the trangt utility.

I

X

GO0 OB

Sum is New APR =

Thefirgt gep in cdculating the changesin tility isto determine the change in the average parking rate
for the zone. For this example the change in the average parking rate for zone 1 can be caculated by
subtracting the base APR from the new APR. The changein average parking cost for zone 1 is

74.4 cents - 58 cents= 16.4 cents

Now caculate the change in utility for the three modes caused by the change in the average parking cost
for the zone. Use the eguations on the facing page (carry the calculations out to 4 decima places).

Calculate Change in Utility & Uidrive alone) = c.ooss x Change in average parking cost for zone 1
Step 3 Calculate New Mode Shares L R | cents
o o # U{carpool) B 00 ¥ Changw in veatsys. phrkisy codl for e

Now that the change in utility and the original auta oceupancy
market share are known for each mode, the S—— -
new mode shares can be estimated. The pivot |— = — =ty
point procedure is gpplied using the following '
equation for the logit mode asabassforthe | . ugransit =| 0.0000
cdculations

[-aU(m)]

Pm) * e

[-AaU(mD)] [-&U(m2)]  [-aJ(mi)]
P(m) = PMl)*e +PMm2)*e +.+Pmi)*e

Where:
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P(m) = thenew mode share for mode m
P(m) = thebase mode sharefor modem
m = mode (drive alone, carpoal, transit)
aJ(m) = thechangein the utility of modem
ex_ =

the exponential function (e to the power x, wheree = 2.7183...)

NOTE: (TheU'saremultiplied by -1 because here, they represent disutility. The higher the disutility.

the less likely the mode isto be used.)

Complete the cal culations on the facing page (based on the equation shown above) to determine the
revised share for each mode (Use the utility vaues caculated in step 2 as the exponent for €):

This completes the example calculations for Zone 1. The fina steps are based on the impact of the

TCM on entire region.

Calculate Revised Mode Shares

Step 4 Calculatethetravel impact of the TCM for the entire Washington, D.C. Region

The cdculations that were made in the
previous steps for Zone 1 were
performed by the WashCog travel
demand forecasting modelsfor dl
zones in the Washington, D.C. region.
The changes in mode share resulted in
sgnificant changesin travel. The data
shown below are estimates of Home-
Based Work vehicle trips and vehicle
miles of travel that resulted from the
model runs made for the entire
Washington, D.C. area.

Cdculate thetotd HBW VT and
VMT reductions for the region.

Base

New(reflectsimpact of
3,146,262 new parking cost)

HBW VT reduced =

Bn;:;:ad! a -2 bimi Tatal H;:?rzd
= xf=]=[ ][ =[]
S oeen o _
Car:ponl:| |K£=| -+\T=[§|
— - m] Total .513?;[
o [0
HBW Vehicle Trips HBW Vehicle Miles of Travel
3,184,233 47,005,634
46,502,588

HBW VMT reduced
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The mode choice mode only estimates home-based work travel. However, some trips that are linked
to the home-based work trips may be eiminated aswell. It is estimated that the total portion of trips
and VMT reduced by this measure would be 1.155 times the HBW travel reductions.

Given these HBW travel reductions and the correction factor for additional travel effects, caculate the
total VT and VMT that would be reduced by the proposed measure.

HBW Reduction Correction Factor Tota Reduction

VT * =
VMT * =

Step 5 Calculate the Emissions Impacts of thisTCM for the entire Washington, D.C. Region

The find step isto utilize the estimated totd VT and VMT reductions to determine the transportation
control measure'simpact on emissons. The following emission factors were produced by WashCOG
usng MOBILESA Valdtile Organic Compounds:

Start factor(S): 2.919 grams/trip
Running factor(R): 0.551 gramsg/mile
Hot soak factor(H):  1.114 grams/trip

Complete the following to estimate the reduction in VOC emissions resulting from the implementation of
thisTCM:

Emission Factor Travel Vdue Emission Reduction
Starts: X = grams
Running: X = grans
Hot Soaks: X = grams
Totd = grams

Totd (grams) *
Tota Regiona Reduction = 908175 tons

NOTE: The Start and Hot soak factors are associated with each trip. However, the running factor is
asociated with the vehicle miles of travel.

* Grams of emissons can be converted to tons of emissions by dividing by 908175.
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GLOSSARY OF KEY TERMSAND ABBREVIATIONS
ADT - Average Dally Traffic

Alternative modes - Trangportation modes other than one person in amotorized private vehicle, such as
trangt, walking, bicycling or carpooling.

Alternative work schedules - TCM to encourage commuters to travel to and from work outside the
peak hours or periods, and possibly fewer days per week.

AQAP - Air Qudity Attainment Plan. Plan written to demondtrate how aregion will attain air quaity
standards.

Area Sources - A combination of emisson sources that are individualy smdl, but collectively sgnificant
(e.g. gas stations, dry cleaners).

Arterid - Asused in this document, an arterid is aroadway that serves mgor traffic movements, and
secondarily provides access to abutting land (precise definitions vary among localities and states).
Arterids generdly carry higher traffic volumes at higher speeds than collectors and local streets, but
carry lower volumes at lower, speeds than expressways, freeways, and other limited access and grade
separated facilities. Arterials may be designated ether principal (also caled magor) or minor, with
principd arterids placing relatively more emphasis on service to through traffic, and carrying higher
volumes, possibly a higher speeds. Principd arterids are frequently served by public transportation;
minor arterids may dso carry bustraffic. Regiond highway networks for urban areas should include all
arterids.

ASTM - American Society for Testing and Materids
Attanment - Have pollutant concentrations less than the specified standard.

AVR - Average Vehicle Ridership. The average number of people arriving a asight divided by the
number of vehicles.

BARCT - Best Available Retrofit Control Technology

Basdine trave characteristics - A collection of data that are used to describe the characterigtics of travel
inagiven area

Bicydling program - A TCM implemented to accommodate the use of bicycles as an dternative to
motorized trangportation.

Carpool - Two or more people traveling in a private vehicle.
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Catalytic converter - A device which removes certain pollutants from vehicle exhaugt through cataytic
adsorption.

CBD - Centrd Business Didtrict

CCAAs - Clean Air Act Amendments of 1990

CFR - Code of Federd Regulations

CMA - Congestion Management Agency

CMAQ - Congegtion Mitigation and Air Quality

CMP - Congegtion Management Program

CMS - Congestion Management System

CO - Carbon monoxide

Cold start - The garting of an engine which is sgnificantly below norma operating temperature, of
ggnificance in undergtanding vehicle emissons because the rate and compaosition of emissons vary with
engine temperature. Cold start mode, the period of operation to which cold start emissions rates apply,
is defined by EPA for catdystequipped vehicles as the first 505 seconds after start of an engine which
has been turned off for one hour or more (four hours for non-catalyst- equipped vehicles).

Collector - An urban street which provides access within neighborhoods, commercid, and industria
districts, and which channelstraffic from loca streetsto minor and mgjor arterids. Collectors are
typicaly low volume and low speed Streets; however, they sometimes serve local bustraffic. Collectors

meseting this definition are not usudly expliatly represented in regiona highway networks.

Compressed work week - A TCM that encourages employees to work their norma number of hoursin
less than five days per week or in less than 10 days in two weeks.

Conformity - In generd, the agreement of trangportation plans and programs with assumptions and
commitments designed to attain federd and Sate ar qudity sandards. Specificdly, conformity toa SIP
means conformity to the plan's purpose of diminating or reducing the severity and number of violations
of the nationad ambient air quaity sandards (NAAQS).

Congestion - Interference of vehicles with one another as they travel, reducing speed and increasing
travel time. Trave time on alink increases as an exponentid function of the ratio of the number of cars

on the link (volume) to the link's capacity.

Cost-effectiveness - Cost per unit of ameasure of effectiveness (e.g. tons of pollutant reduced).
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Disperson modd - A mode which estimates atmospheric concentrations of pollutants as a function of
emissons rates and in some cases, emissons locations, meteorologicd factors, and rates of chemica
reactions that may occur. Three common types of disperson modes have been used: 1) methods
applying the continuity equation of physics to describe physica and chemica processes that govern
(Emissions - concentration relationships, 2) methods using a probabilistic description of the motion of
pollutant particles to derive estimates of concentrations, and 3) methods that use Satisticd relationships
between emissions and concentrations to infer future relationships.

Diurnd emissons- Vehicular emissons that occur on adaily cycle, and are not necessarily related to
vehide use (through usage patterns may affect diurnal emissonsrates). Asof thiswriting, diurna
emissions factors are available for evaporative hydrocarbon emissions only.

DMV - Department of Motor Vehicles

DOT - U.S. Department of Transportation

Dynamometer - An apparatus for measuring mechanica force such as that produced by an engine, used
in conducting tests of fuel consumption and emissons rates of vehicles. Dynamometers alow testing of
vehicles under replicable and controllable conditions, but such tests often produce estimates of fuel
consumption and emissons rates below those measured under field conditions, because it is not easy to
replicate the complexity of actud driving patternsin an atificia environment. Dynamometer tests
conducted under the standard Federd Test Procedure (FTP) are known not to faithfully smulate driving
conditions involving accelerations associated with especialy high emissons rates (so cdled "off-cyde"
accelerations).

EMFAC - EMFAC is a computer-based mathematical model used to calculate motor vehicle
emissons, for usein Cdifornia. EMFACTYF isthe versgon current in July 1993.

EPA - U.S. Environmenta Protection Agency
FHWA - Federd Highway Adminigtration
FIP - Federa Implementation Plan

Fixed-route trangit - Trangt services with regular established routes and schedules. Other types of
trangt might be demand-responsive or door-to-door services.

FTA - Federd Trandt Adminigtration

FTP - Federd Test Procedure
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Functiond dassfication - The classfication of urban roadways by function. Roadways at the top of the
hierarchy serve intercity and other long-distance movement of traffic, roadways at the bottom provide
accessto land. Traffic volumes and spacingstypica of each leve in the hierarchy are asin the table
below.

HC - Hydrocarbons

HDDV - Heavy duty diesd vehicles

HDGV - Heavy duty gasoline vehicles

HPMS - Highway Performance Monitoring System

Hot-soak emissons - Emissons which occur after a hot engine is turned off.

Hot-spot - A location with higher-than-ambient levels of a pollutant. Hot spots may be attributed to
such things as wegther patterns, topography, and traffic intengty.

Hot-gtart - In vehidle emissons andyss, it resultsin lower emissons than from a cold start. A hot start
occurs when avehicles engine is started after less than an hour of rest from the previous period of
operation (four hours for non-catayst-equipped vehicles).

HOV - High-occupancy vehicle

HPMS - Highway Performance Monitoring System, a federdly-mandated database conssting of a
representative sample of highway links.

I/M - Ingpection and Maintenance
Impact fees - Fees assessed on a development in anticipation of expected impacts.
Incorporated - Areasthat fal under city/town aswell as county jurisdictions.

Indirect sources - Any facilities, buildings or ingtalations that generate or atract mohbile source activity
that resultsin emissons of ar pollutants.

ISRR - Indirect Source Review Rule
ISTEA - Intermoda Surface Trangportation Efficiency Act
Jurisdiction - Governing bodies with control over specific issues.

kg - Kilogram
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km - Kilometer

LDDT - Light duty diesd trucks
LDDV - Light duty diesdl vehicles
LDGT1 - Light duty gasoline trucksl

LDGT2 - Light duty gasoline trucks2
LDGV - Light duty gasoline vehicles

LEV - Low Emisson Vehicle. A vehicle that has emissons lower than the standard combustion engine,
usudly dueto the use of dternative fuels.

Logit - A choice modd formulation based on the principle that individuals maximize utility in choosng
among avalable dternatives. Thelogit formulation involves specifying a utility function for each
individud, with a deterministic component (that is, one which depends on characterigtics of the individua
and of the aternatives) and a stochastic disturbance (or error term).

MC - Motorcycles

MOBILES5A - The latest verson of EPA's mobile source emission factor modd.

Mobile source - A moving source of emissons, including but not limited to motor vehicles

MOU - Memorandum of Understanding

mph - miles per hour

MPO - Metropolitan Planning Organizations

Multimodd gations - Stations that facilitate the link between modes of transportation.

NAAQS - Nationd Ambient Air Qudity Standard

Neighborhood work center - A work location closer to where employees live, Smilar to a satellite work
center, but is shared by employees from a number of different companies.

NHS - Nationa Highway System.

Nontattainment area- An areathat does not achieve one or more federa national ambient air qudity
standards.
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NOx - Oxides of Nitrogen

NTPS - Nationwide Persond Transportation Study

Off-peak period - Periods of lower traffic volume, the hours between peak periods.

Ozone - The O3 form of oxygen, aregulated pollutant and a key component of smog.

Park-and-ride lots - Allow commuters that do not have convenient access to dternative transportation
modes to driveto lots, park their cars, and use trangit or join a carpool\vanpool for the remaining
portion of their commute.

Passenger rall - Rail service oriented towards carrying passengers rather than cargo.

Peak period - Periods of heaviest traffic volume, usudly acyclical bimoda pattern on weekdays
reflecting direction of commuter traffic flow.

PCCC - Cadyd cold-gart
PCCN - Non-caays cold-start
PCHC - Catayst hot-start

Ridesharing - A TCM in which employers or agencies provide carpool\vanpool information and
incentives.

ROP - Rate of Progress.
RVP - Reid Vapor Pressure

Satellite work center - Resembles a branch office of the larger organization a alocation thet is closer to
where the employeeslive.

SIP - A State Implementation Plan developed under the Federd Clean Air Act to improve air qudity.
SMSAs - Standard Metropolitan Statistical Areas

SOV - Single Occupant Vehicle.

TDF modes - Travel Demand Forecasting Modds

TDM - Travel Demand Management
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TSM - Trangportation System Management
UAM - Urban Airshed Model

v/c - Volume to capacity ratio

VMT - Vehide Miles of Travel

VOC - Volatile Organic compound. VOC emissions, dso known as hydrocarbons (HC) or reective
organics (ROG), are mgor ingredients of smog.

101



ADDITIONAL DRIVE CYCLE PROFILES

Speed-Time Profiles of Cycles Used in Speed Correction Factor Development
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PARTICIPANT EVALUATION OF TRAINING

Interim Workshop on Transportation Air Quality Analysis

Pease help us to Improve the Training by evauating the training course and workshop in which you
participated. Y our input is appreciated and needed. Y ou may use the back of thisform for additiona
comments.

What parts of this program were most helpful to you? Why?

Indicate topics which should be added or discussed in more detall.

We welcome any additional comments you have.

Please rate thistraining sesson overal on a10 to 1 scae (10 good - 1 bad)
10 98 7 6 5 4 3 2 1

Additiond comments regarding this training, other desired training, etc, are welcome. Contact us at
(202) 366-0182 or send your suggestions to Federal Highway Adminidration, Metropolitan Planning
Divison, HEP-22, Room 3232, 400 Seventh Street, SW, Washington, DC 20590. Thank you for
taking the time to share your opinions and idess.

Name Telephone
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