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I. INTRODUCTION

BACKGROUND

One of the most important inputs to 1982 State Implementa-
tion Plans (SIP's) is an accurate base year emission inventory
of hydrocarbons (HC) and nitrogen oxides (NOx). The Environ-
mental Protection Agency has indicated that the base year for
the emission inventories should be 1980. It is particularly
important that such inventories be accurate as they will be used
to forecast future emissions levels within an urban area, will
be the basis for determining reductions in HC and NOx emissions
for alternative transportation policies and projects between
1980 and 1987, and will form the basis of determining whether
Reasonable Further Progress is being made toward meeting the
ozone air quality standard.

This manual is particularly concerned with the adequacy of
HC and NOx emission inventories for highways. Areas reqguired
to submit 1982 SIP's are currently developing such inventories.
Experience has shown that many different estimation procedures,
data sources, and assumptions are likely to be used in inventory
development. It is particularly important that the inputs and
outputs of these analyses and the methodology used be reviewed in
a timely manner to iasure thal the nighway source estimates Ior
each non-attainment area are reasonable.

OBJECTIVE

This manual presents procedures and data to assist EPA,
state, and local agencies in assessing the adequacy of HC and
NOx highway source emission inventories for 1980, the base year
of interest in preparing 1982 SIP submissions. The procedures
presented herein provide a basis for reviewing: (1) the
reasonableness of the travel and related inputs (e.g. fleet mix,
cold/hot start fractions) used to estimate HC and NOx emissions,
and (2) the reasonableness of the emissions estimates
themselves. The procedures are applicable to urban areas with a
population greater than 200,000 people.

This manual presents and documents a six step process for
performing the reasonableness assessments noted above. The
manual: (1) identifies key factors that affect mobile source
emissions and sources of data for conducting the assessments;
and (2) presents guidelines for further examining poctential
problems uncovered in this type of review.



The manual should vbe used to review the adequacy of the
mobile source inventories for each non-attainment area as soon
as such estimates are available from the responsible agencies.
Such timely review will minimize problems of uncovering defi-
ciencies when it is costly to correct them or when time con-
straints preclude revising the estimates.

Although the manual attempts to provide a straight forward
sequence of steps for performing this review for each non-
attainment area of interest, it is important that the person
applying the review procedures familiarize himself with the
travel and emissions estimation procedures used in the urban
area under review. This is particularly important because some
urban areas may be using data and estimation techniques of a
unique nature. If so, it may be necessary to supplement or
adjust the procedures, worksheets, etc., in this manual.

Section II discusses the important factors affecting emis-
sions and the type of procedures that may be used to estimate
HC and NOx emissions from highway sources.

Some urhan areas have already developed hase vear HC and
NOx emission inventories, while other areas are currently pre-
paring them. The most current reports, technical memoranda,
and other applicablie documentation on such inventories should
be obtained from MPO's, state agencies or other participants in
the transportation-air quality planning process.

In most instances, applying the procedures in this manual
will take less than two person days per urban area. For urban
areas which have done a thorough job 0f documenting such inven-
tories, this review may take one person day of effort.

The manual presents an extensive set of criteria for
evaluating the reasonableness of inputs used to estimate the
emissions inventories as well as the emission estimates them-
selves. IT IS PARTICULARLY IMPORTANT TO NOTE THAT IF A
VARIABLE FOR A GIVEN URBAN AREA LIES OUTSIDE THE "REASONABLE
RANGE" CITED IN THE MANUAL, IT DOES NOT NECESSARILY MEAN THE
ESTIMATE IS ERRONEOUS. IF A VARIABLE LIES OUTSIDE THE
REASONABLE RANGE, THE VARIABLE OR DATA IN QUESTION SHOULD BE
EXAMINED FURTHER TO ASCERTAIN IF IT IS ERRONEOUS OR
INAPPROPRIATE, OR IF THE TRAVEL AND OTHER CHARACTERISTICS OF
THE URBAN AREA IN QUESTION ARE UNUSUAL RELATIVE TO MOST OTHER
AREAS. Typically, previously collected travel survey data from
that urban area can be used in making such checks for
"uniqueness".




The reasonableness criteria presented in this manual have
been stratified by urban area population and geographic region
of the nation to attempt to account for the effects of such
variables on travel and emissions.

ORGANIZATION OF MANUAL

Section II of the manual briefly reviews the important
factors affecting HC and NOx emissions from highway sources, and
describes the basis of the reasonableness criteria used in the
manual. Section III presents the procedures for reviewing emis-
sion inventory inputs and outputs. Appendix A contains the
reasonableness criteria in the form of an extensive series of
tables, graphs, etc. Appendix B documents the data sources and
procedures used to develop the reasonableness criteria in
Appendix A, while Appendix C defines selected terminology used
in the manual. Appendix D contains an example of completed
worksheets. Appendix E contains blank worksheets for repro-
duction.



II. FACTORS AFFECTING BASE YEAR HC AND NOx EMISSIONS ESTIMATES

This section has three major objectives. First, it des-
cribes the principal types of estimation procedures that can
be used to estimate highway vehicle emissions. Second, it
briefly reviews the factors which affect highway emissions.
Third, it describes the basis of criteria used to assess the
reasonableness of the inputs to and outputs of the emission

MODELS FOR CALCULATING HIGHWAY EMISSIONS

Three types of models, each utilizing different forms of
travel data, are available to estimate highway emissions: Link-
based, Trip-based, and Hybrid models.

Link-based models compute emissions for individual links
(or groups of links with similar characteristics) in the high-
way network. Detailed travel information (e.g. VMT, speed) is
required for each link. Emissions from individual links are
added to produce total emissions for the entire urban area or
for selected subareas. Link-based models use output from
traffic assignments or from traffic counts. Link-based models
assume that trip-end-related emissions (ecold/hot start and hot
soak) are spread over the entire trip, rather than occur at
the origin or destination. This assumption limits the useful-
ness oI this method for evaluating some transportation control
measures. Link-based models are widely used and can produce
an acceptable highwayv vehicle emission inventory.

Trip~-based models compute emissions for an entire urban
area or large geographic subarea (e.g. county). Trip-based
models are the least data intensive, using the total number of
trip ends, average trip length and average operating speed to
estimate highway emissions. Trips can be stratified by purpose
(e.g. home-based, non-home-based). This model uses average
values for cold/hot fractions for the urban area (or subarea);
therefore it can not distinguish between trip-end related emis-
sions and travel-related emissions. This model has difficulty
accounting for thru-trips (i.e., trips that do not begin or end
in the urban area or subarea). Trip-based models are of very
limited usefulness for evaluating impacts of transportation
control measures. Trip-based models can produce an acceptable
highway vehicle emissions inventory.

Hybrid models estimate travel-related (stable mode) emis-
sions for each link in the highway network, and separately
estimate trip-end-related (cold/hot start, hot soak) emissions
for the geographic unit in which they occur. This model is



conceptually correct, but is not used extensively kecause it is
the most data intensive. In addition to detailed link informa-
tion, detailed trip information on small geographical units
(e.g. traffic analysis zones) is required. The hybrid model is
the most useful model for evaluating impacts of transportation
control measures, and can produce an acceptable highway vehicle
emission inventory.

The emission modeis can be nseq Tor different trin nur-
poses and types. For example, the hybrid model could be used
for home-based network trips, while the trip-based model could
for other trips (non-home-based network trip, thru trips, non-
network (local) trips). Emission estimates from each model
would be added to produce total emissions for the urban area.

FACTORS AFFECTING HIGHWAY EMISSIONS ESTIMATES

The type of travel data required to estimate emissions
depends on the emission model used. Table 1 identifies the
travel data used in each of the emission models. Link-based
models require link-specific data, while trip-based models
use aggregated data. Hybrid models require link-specific
data and detailed trip end information.

I 4

Factors, such as percent of vehicles towing trailers, or

air conditioners are of much less significance than the var-
iables 1Han+‘ﬂ'p1nf¢ ’!"\ ’T‘ﬂ]"\"'\ 1
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It is essential that the individual performing the review
determine which model, or combination of models is used in the
urban area under review, because it will influence which
information should be collected and examined in making the
reasonableness assessment described in Section III.

CRITERIA FOR ASSESSING REASONABLENESS

In order to perform a thorough assessment of the base year
HC and NOx emission inventories, it is necessary to examine
both the inputs to and outputs of the emission estimation pro-
cess, as well as to review the methodology used to develop the
travel data. Such an assessment should produce reasonable
assurances that the emission inventory is accurate.



TABLE 1
TRAVEL-RELATED DATA AFFECTING EMISSION MODELS

MODEL TYPE

LINK- TRIP-
DATA ITEM BASED BASED HYBRID

Areawide VMT o
. Link Specific VMT [ ) @

Areawide Average Vehicle Operating Speed
Link Specific Vehicle Operating Speed o

Total Number of Trip Ends in Urban Area
Number of Trip Ends by Geographicai Unit *

Areawide Average Daily Trip Length

Areawide Average Percent VMT in _ ()
Coid/Hot/Stable Mode .

- Number of Trips With Catalyst and Non-Catalyst ” 9
Vehicias Started With Enaina-aff '..O".QQ,' Than
4 hours *

NWinoer oF Tripgs With Cataiyst Venicies Started v
With Engine Off Less Than 1 hour *

@ indicates data item of major concern
s By geographical unit (e.g. traffic analysis zone)



I+ is not possible to conduct an assessment simply by compiling
agzregate estimates for the types of variables listed in Table 1.
Rather, it is necessary to express many of these variables not
as absolutes or aggregate values, but in the form of unit

values (e.g., VMT/capita, emissions/VMT) or percentage distri-
butions to determine their reasonableness. For example,
determining that an urban area produces 7 million VMT daily

is not as useful as knowing the VMT/capita for the urban area

in question. Data are available in the literature to determine
reasonable ranges for the per capita figure, but criteria for

the former variable (e.g., total daily VMT) are not generally

- raS e

available for 1980.
The following presents several examples showing the unit

values, percentage distributions, and other stratifications of
factors affecting emissions that are applied in Section III:

Form of Variable for Assessing

Variable Peasonableness
VdT VMT Per Capita

Percent VMT by Functional
Highway Class
Percent VMT by Vehicle Class

Average Daily Vehjcle ADOS by Functional Highway
Operating Speed (ADUS) Class
ADCS Systemwide

Total Vehicle Trips Vehicle Trips Per Capita
Average Trip Length Average Trip Length by Time of
Day
VMT in Cold/Hot/Stable Percent of Daily VMT in Each
Operating Conditions Operating Mode
Age of Vehicle Fleet Percent of Travel by Vehicle

Class and Model Year

HC & NOx Emissions HC and NOx Emissions per VMT



A set of numerical criteria have been developed to assess
the reasonableness of the inputs to and outputs of the emis-
sion inventories, such as those illustrated above. The sources
of such reasonableness criteria include published reports and
studies developed by:

e U.S. Environmental Protection Agency (EPA),
w rederal Oighway Adwinistration (TaWwajy,
e Urban Mass Transportation Association (UMTA),

® National Cooperative Highway Research Program
(NCHRP),

e the Office of the Secretary of USDOT, and
e other agencies and institutions.

It is not possible to develop reasonableness criteria for
small geographic subareas of each urban area, or for different
times of the day. The variability of such data is too large to
produce ranges of reasonable values that would be of any use.
This manual, therefore, uses areawide, average daily values as
tne hagsis for the reasonablenecs reviaw,

The reader should briefly review the tables and figures
presented 1n Appendices A and B to familiarize himself with
the types of reasonableness criteria available for use in
Section III.



I1I. PROCEDURE FOR REVIEWING EMISSION
INVENTORY INPUTS AND OUTPUTS

This section presents a six step procedure for reviewing
the reasonableness of the base year (i.e., 1980) HC and NOx
mobile source emission inventories Ior urban areas with a
population greater than 200,000 people. The first part of this
section presents a brief overview of this procedure, while the
saecond part ¢f this secticn presents detailed instructions,
worksheets, and other supporting materials for applying the
procedures. Reviewers are strongly encouraged to review the
discussion in Section I under the heading "Use of Manual” in
conjunction with reading and applying the procedures in this
section.

OVERVIEW OF PROCESS

Figure 1 outlines the six step process for assessing the
reasonableness of the base year HC and NOx mobile source emis-
sion inventories, and the inputs used to construct such inven-
tories. In Step 1, the person conducting the assessment should
familiarize himself with the data and techniques used to esti-
mate base year travel characteristics and mobile source emis-
sions for the urban area in guestion. This review should be
sufficiently detailed to determine the types of estimation
procedures and data being used to estimate factors such as VMT
and average operatling speeds.

In step 2, the reviewer will compile base year travel and
emission estimates and supporting data from reports, memor-
anda, or other sources documenting the 1980 HC and NOx mobile
source emission inventories. This manual presents standard-
ized worksheets for recording such information.

In step 3, the information compiled in Step 2 will be
analyzed and tabulated to develop a series of parameters (e.g.,
VMT per capita, emissions per VMT) that will ultimately be used
to assess the reasonableness of the emission inventories. A
set of worksheets and directions are presented to facilitate
conducting this step.

In step 4, the reviewer will select applicable reasonable-
ness criteria from Appendix A to assess the adequacy of the
emission inventories for the urban area in question. The
reasonableness criteria are typically presented in the form of
tables and graphs which document ranges for parameters such as
VMT per capita, average daily vehicle operating speed by func-
tional classification, and cold/hot/stabilized operating con-
dition fractions. These ranges are based on data and analyses
compiled from widely distributed studies conducted by EPA, FHWA,
UMTA, and other agencies.
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Guidelines for selecting applicable reasonableness criteria
are presented later in this section.

Step 5 involves assessing the reasonableness of the emis-
sion estimates using the data from steps 3 and 4. The
worksheets used for this purpose provide space for noting
particular parameters that lie outside commonly encountered
ranges. As noted in Section I, if a parameter does nct lie
witnin the range in question, this does not necessarily
indicate that the parameter is incorrect. Rather, this means
that the parameter in question should be examined further to
ascertain if it is erroneous or if it reflects the unique
travel or other characteristics of the urban area in question.

In step 6, the recommendation of _he reviewer regarding
the adequacy and reasonableness of the emission inventories
should be developed and documented. This should include re-
commendations for improving the emission inventories when this
is applicable.

The detailed worksheets and direction for applying this
six step process are presented bhelow.

STEP-BY-STEP DESCRIPTION OF ASSESSMENT DPROCESS

Step 1: Review Emissions and Travel Estimation Process

Once an urban area has been selected for review, the
appropriate MPO should be contacted to obtain reports, memor-
anda, or other information documenting the development of the
base year HC and NOx mobile source emission inventories.

These materials should be quickly reviewed to familiarize the
reviewer with the types of techniques and data sources used to
estimate travel and other inputs to the emissions inventories.
For example are traffic counts, sketch planning techniques, or
the conventional 4-step transportation analysis process being
used to estimate base year travel characteristics? Similarily,
what are the accuracy and completeness of the data and assump-~
tions used as inputs to the estimation procedures? The type
of emission estimation model used (e.g., MOBILE 2 or a special
purpose technique) and the critical inputs to such a model
(e.g., cold/hot/stabilized fractions, fleet mix) should also
be assessed. If possible, an in-depth model and data assess-
ment should be performed.

This review should determine:
e if there are any clearly inappropriate techniques

or data sources used to develop the emission
estimates; and

11



2 1if there are features of the techniques and data
sources used that will require special considera-
tion in assessing the adequacy of the emission
inventories. For example, 1f a procedure other
than MOBILE 1 or 2 is used to estimate emission
rates by type of vehicle, the reviewer should
determine the critical variables affecting emis-
sions in that procedure and include such vari-
ables in hig review,

This review should be conducted and documented using the Method-
ology Review sheet which is found on the three next pages.

The questions listed on the Methodology Review Sheet are
intended to aid the reviewer in focusing on important analyt-
ical issues that can affect the adequacy of the HC and NOx
highway emissions inventories. Most of the questions on the
sheet are self-explanatory. However, several gquestions war-
rant further explanation. Although question 4 only requires
"checking" the type of procedure used to estimate highway
emissions, this determination should be carefully made as it
will affect the types of data, assumptions, and modelling
procedures that should be examined for the urban area in
question, as well as responses to questions 35 through 8.

Question 8 is a particularly important question which is
intended to identify and describe any major deficiencies in the

4 eral N | S+ a3 nrocadurss mh ficpd
v h e.a. U-LA\.A eAAA.A.\)\J-hVAA\J G\J va.un«. UA.VLL I A L f\\)- ALAQS" Aﬁ ﬂ anCl"Q

should be discussed and resolved with the agency responsible
for preparing the emissions inventory. Where possible, the
reviewer should point out potential solutions to the problems
identified in the review.

Step 2: Compile Base Year Travel and Emissions Data

The reports, memoranda, and other information compiled in
step 1 should be used to complete the applicable sections of
Worksheets 1, 2a, 2b, and 2c. It should be noted that the
source of the information requested in these worksheets should
be entered in the space provided. Appendix D illustrates how
Worksheets 1, 2, and 3 are completed for a typical urban area.

Begin Worksheet 1 by filling in the name of the urban area
to be reviewed, and the abbreviation of the region of the
country that includes that urban area. Figure 2 identifies the
boundaries of the five regions of the nation used in this
manual.

12



Reviewer -

Date -

METHODOLOGY REVIEW SHEET

1. Urkan Araa -

2. What agency developed the base year HC and NOx emissions inventories for highway sources?
(List agency name, address and telephone number.)

3. 3) For what basa year have the amissions inventories been established?

.

b} If 1980 is nat the base vear for the emission inventorias indicats whv anather vesr was teed,

-

4. What type of procedure was used to estimate highway emissions? (Check one)

O - Link-based procedure *

O - Trip-based procedure *

a - Hybrid procedure *

O - Other (Please explain below)

*  Section |1 of this manual describes each of these procedures in more detail.

13



5. a) How were VMT and vehicie operating speeds estimated for use in developing the emissions inventories?
{e.q. Are the estimates based on traffic counts and travel time surveys or are they based on estimates

from the travel forecasting procadures used for urban transportation planning?)

b) Are there any elements of the travel estimation procedures that are questionable?

¢) What year’s data was used to calibrata the travel estimation procedures cited in Question 5a?

d) When were the procedures cited in question 5Sa last validated (i.e., checked to determine if they can
reproduce observed traffic flows)?

6. Are estimates of ‘off-network’”” VMT (e.g., VMT on links normaily not included in a computerized highway
network) accounted for in the highway emissions inventories? If yes, briefly describe how the VMT and
corresponding operating speeds astimates for each travei were determined.

14



7. a) What procedure was used to estimate mobile source emission factors? (Check ane)
— MOBILE 1

~] MOBILE 2

T Cthar proccdure (Enter nama of procedura)

b} If “Other’” was checked in question 7a, describe and assass the adequacy of the procedure.

8. Based on the above, summarize and briefly discuss any major deficiencies in the travel and emissions astimation
procedures used by this urban area.

15



NAME OF URBAN AREA

WORKSHEET 1

TRAVEL DATA FOR REASONABLENESS

ASSESSMENT

REGION OF COUNTY (SEE FIGURE 2}

ESTIMATE FOR BASE YEAR

VARIABLE SOURCE
VALUE UNITS
1. Popuistion 1,000"s
2. Awversge Daily VMT by 1,000’s of
Functionai Class * vehicle miles
al lrreorstate (Q00}
bl Principel Arterial (000)
e} Minor Arterial {000)
d) Cailectors {o00)
sl Local (000)
f) Total (000)
3.  Aversge Deily VMT by 1,000°s of
Vehicle Class ** vehicie miles
al LDV (000)
b) LDT 1 (< 8000 Ibs.) (000)
¢ LDT 2 (> 8000 Ibe.) (000)
d) HOG (000}
o} HDD (000}
# MC {000)
9 Towl {000)
CR
L1 Ay frozesot]
i) Truck (000)
i Totai (000)
4. Awverage Daily Operating n miles
Soseds (24 hrs.) by per hour
Functionsl Class *
al irveorseate mph
bl Principsi Arcerisi mph
el Minor Arterisi moh
d} Collector moh
[} Local
SR
) Aversge Dsily Speed mph
for the System (where-
8¢ sven’t swailsbie.)
8. Average Deily Trip minutes
- Length
6. Average Daily Vehicie Trips in 1,000
ai Pmsenger Vehicies (000)
b) Trucks (000)
7. Sesmonal Adjustment
Factor

*  Functional classifications, see Appendix C.
MOBILE 1 vehicie ciassifications, see Appendix C.

”e
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Variable 1: Poonulation

Enter the base year (1980) population for the urban area
under study in the appropriate column. The value written should
represent thousands of people, with the source of the pcpulation
estimate being placed in the final column.

Variable 2: Average Daily VMT by
functional Classification*

If available, enter the total VMT driven in the urban area
for an average summer day, for each of the five functional clas-
sifications in rows 2a through 2e. All VMT values in row 2
should be in units of thousands of vehicle miles of travel per
day. Also, include the source of the data in the final columm.
If VMT is not available by functional classification, but is
available in other stratifications, enter the available VMT
estimates and write in the new stratifications alongside the
estimates. If VMT estimates are not available for any strati-
fications of the highway system, enter N.A. in the applicable
TOWS.

In all cases, place the urban area's total VMT in row 2f.

Variable 3: Average Dailvy VMT bv Vehicle
Classification**

i availavie, VMT per average summer day should be entered
by vehicle classification in rows 3a through 3g. The vehicle
classifications in these rows correspond to those used in MOBILE
1. It is assumed that the MOBILE 2 categories, LDDV and LDDT
contributed negligibly to the production of HC and NOx for 1980.

If VMT data do not exist by vehicle classification, but are
available for "autos" and "trucks", enter such estimates in rows
3h through 3j. (In this case, truck is defined as all non-LDV
and motorcycle vehicles.) Any different classification than
those stated should be noted along with the source of informa-
tion. Only one of the two series of rows (i.e., 3a through
3g, or 3h through 3j) need be completed.

*For functional classification definitions, see Appendix C.
**See Appendix C for definition of MOBILE 1 vehicle
classifications.

18



Variable 4: Average Daily Operating
Speed by Functional Classification

In rows 4a through 4e, the average daily vehicle operating
speeds should be recorded for each of the functional classifi-
cations. If VMT in rows 2a through Ze is stratified other than
by functional classification, average daily operating speeds
should be reported for the same classifications used in rows 2a
through 2e. The stratifications of the nighway syvstem nsed
should be noted for rows 4a through 4e.

If only a single average daily systemwide speed is avail-
able, enter this estimate in row 4f. As in VMT per vehicle
class, do only one of the above two options, a stratified speed,
or an average daily systemwide speed.

Variable 5: Average Daily Trip Length

This value is optional, depending on the emissions method-
ology used (see Section II). For example, trip length may be
used for hot/cold/ stable fraction computation, or in trip-based
emissions calculations. If it is used in the urban area being
examined, place the value in minutes in row 5 and list the
source of the information. For urban areas estimating
hot/cold/stable fractions in another manner, this row may be
ieft blank.

Variable 68: Averacge Daily VYehicle Tri

hilha)
_____ M RS Gy - el od

Vehicle trips may be used in estimating trip-end-related
HC emissions. If this parameter was used in estimating emis-
sions, enter it in rows 6a and 6b, in units of thousands of
trips.

Variable 7: Seasonal Ad justment Factor

This factor is the value used to transform average daily
vehicle miles of travel into average daily VMT for an average
summer day. Enter this factor in row 7.

This completes the information needed for Worksheet 1.

Worksheet 2a should be completed next. It includes space
for entering information as in Worksheet 1, and also provides
space for entering reasonableness criteria as described in
step 3 of this section. As with Worksheet 1, start by filling
in the name of the urban area being reviewed.
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Variable 8: Averagse Daily Cold/Hot Operating
Fractions

If available, enter in rows 8a through 8c, the values used
for average daily percentage of VMT in: (a) cold mode for cata-
lyst equipped vehicles; (b) hot mode for catalyst equipped ve-
hicles; and (c¢) cold mode for non-catalyst equipped vehicles.
Include the source of this information in the "Findings column.
than those noted 1n Worksheet 2a, the rev1ewer should enter this
information in the form that is available and document the
source.

Variable 9: Meteorological Data

Place the summertime temperature and the ambient humidity
used in the emission calculations in rows 9a and 9b, respec-
tively. The source of the estimates should d also be noted.

(The mean daily temperatures presented in Table 9 in Appendix A
are intended to be used for assessing the reasonableness of’
this variable and to not represent temperatures that should be
used by each urban area.)

Variable 10: Total Highway Source Emissions

In row 10a, enter the total annual HC emissions for the
base year from highway sources. Total annual NOx emissions from

4 A1 A 1« "+~ A I wn row 1 N
highway ccurces chould be enterced in row 10L.
A1

Variable 11: Fraction of VMT by Vehicle
Classification and by Model Year

Worksheet 2b need not be filled out if the percentage of
VMT within each vehicle classification is the same as the
national averages used as defaults in MOBILE 1. If this is the
case, state the fact in the space marked "Findings" at the
bottom of the table in this worksheet.

If values other than those in MOBILE 1 are used, place
the fraction, (not percent), attributed to each model year in
the appropriate box in Worksheet 2b.

Variable 12: Vehicle Emission Rates by
Functional Classification

In Worksheet 2c, enter the HC and NOx emission rates in
the "estimate" columns (in grams/VMT) for each highway func-
tional classification if such information is available. For
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WORKSHEET 2¢c
VARIABLE 12: VEHICLE EMISSION RATES BY FUNCTIONAL CLASS

(GM/VMT)
COMPOSITE TOTAL AUTD TOTAL TRUCK
EMISSIONS EMISSIONS EMISSIONS
ESTIMATE CRITERIA ESTIMATE CRITERIA ESTIMATE CRITE
HIGHWAY See Fig. 3 or 9 for HC See Fig. 5 or 11 for HC o0 Fig. T or 1
CLASSIZICATION Seu Fig, & or 10 for NCx See Fig. 6 or 12 for NOx See Fig.Bor 1

Seeed ____ (MPH)
INTERSTATE

arem

[EF R B R

NOx

Sosed o (MPH)
PRINCIPAL ARTERIAL

Nes-Methane HC
NOx

Spesd. {MPH)
MINOR ARTERIAL

New-gtihane HC
NOx

Sooad o (MPH)
COLLECTOR

NOx

SOV . (MPH)
LOCAL

St e (MPH}
TOTAL

Nen-Methane HC

PR SR A - A A R

Disustions: Enveer the sveregs deily oaareting susess from rows 46 threugh 4e {in Workshest 1) in the first soluma. 1f MOBILE 1 was ussd t© compuns
omigsions fastors, U figures 3 tweuph 8 in Appendix A w1 ssiact speronriswe ressonsbioness oriwris. If MOBILE 2 was wewd, see Fig.'s §
through 14 in Appensix A. Drew & vertias! line, on the approsrises figures for HC and NOX ot the swerage vahisie oparsting spesd for sash
VWY suntifiestion. The inwrsstion of the vertianl line with the two sslid serves in essh fipure deurwines the remonsbionas rangs for
thee VMT sracifieation. Thet rengs shouid then be piessd in the approprises coiumn st row in the Tabis. For VMT scretifiestion by other
functionsl ciasess, use this Table and methed, but now the Asw column heatlings in the spess maritad “Findings”. For sn exsmpie of this
prossture see Appendix D end Figures 3 en 4.
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those urban areas using the MOBILE 1 or 2 fleet classifications,
emission rates should be for the composite vehicle fleet, and
should include all travel and trip-end related emissions.
Separate rates for HC and NOx should be listed.

Those urban areas not using MOBILE 1 or 2 composite emissions
should place their emission rates in the auto/truck columns pro-
vided, unless a composite emission rate has bheen calculated.

If an urban area did not develop emission rates by
functional classification, the reviewer should note this and
enter and document the emission rates used by the urban area
on Worksheet 2c. Detailed directions for completing Worksheet
2c are presented on the worksheet itself.

Step 3: Calculate Parameters for the Reasonableness Check

In this step, the information compiled in step 2 will be
converted_ to a form suitable for assessing the reasonableness
of the emissions inventory.

The first part of this step requires completing Worksheet
3 using the information entered on Worksheet 1.

Variable 13: Daily YMT/C

2 e
,,,,,,,, ARy )

Divide total daily VMT (from row 2f in Worksheet 1) bv the
urvan area's population (from row 1 in Worksheet 1), and enter
the result in units of vehicle miles per person on Worksheet 3.

Variable 14: Percent VMT by Functional Class

If rows 2a through 2e are completed on Worksheet 1, divide
each of these values by the value in row 2f and multiply by 100
to obtain the percentages of VMT by functional class.

Variable 15: Percent VMT by Vehicle Class

If rows 3a through 3g were used in Worksheet 1, divide
each of these entries by the value in row 3g, multiply by 100
to obtain a percentage value, and enter the percentages in rows
15a through 15f on Worksheet 3. If rows 3h through 3j were
completed in Worksheet 1, divide 3h and 3i by 3j, and multiply
by 100 to obtain a percentage value. These values should be
entered in rows 15g and 15h of Worksheet 3.

Variable 16: Total VMT

Place the value from either row 3g or 3j of Worksheet 1
into row 16 of Worksheet 3.
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REASONABLENESS ASSESSMENT FOR TRAVEL DATA

WORKSHEET 3

BASE YEAR REASONABLENESS
VARIABLE MEASURES CRITERIA FINDINGS
MEASURE | COMPUTATION
See TASLE 3
113.Daily VMT/Canita mi/per. (2f=1a) mi/ person
14.Pereant VMT See TABLE 4
by Functional Clam (Peraant)
a)  inerstate % (20-221) %
b} Principal Arterisi % | (aws20 %
¢l  Minor Artarial [ 3 (2e+20) %
d) Collecor % | (2d+20) %
¢} Loosl % | @ei2N) %
5. percant VMT
By Vehicie Class (Pwroent)
o LoV % (3a-+3) 7889 %
bl LDT (< 6000 lbs.) % {3--3g) 512 %
e} LDT {>6000 jba) % (3a-+9} 258 %
d} HOG % (3ed+-39) 1548 %
s} HDD % (3039} 2578 %
) MmMC % | 4l 0-1 %
OR
9 Auro % (. (3 L %
) Truek % (3 +3) 02 %
16. Towt VMT 1 See 2f, worksnest 1
] D00 miday | O oril 1,000 mi/dey
17.Vehicie Opersting Ses TABLE S
Speed by {miles/hour)
Functionsl Clams
3) incersmae {4a) meh
b} Prinmosi Arterial {4b) meh
e) Minor Arterisl (4} mph
di Collestor {4d) mah
o} Lg:l (4o} meh
f) Aversge Vehicie See TABLE 8
System Spesd {4f) moh
18. Aversge Daily Trip See TABLE 7
Length min, (Se}) {rvievertns)
18. Veincie Trins/Capra
a) Passenger Vehicies Trig/per. {Ga-1a) 18-2.4 Tripa/per.
bl  Trueks Tein/per. {Gb<-1a) 27-48 Trips/per.
2L . Seesonal Adjustment Ses TABLE 8
Factor ———— 7a)
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Variable 17. Vehicle Operating Speed by
Functional Class

If available, transfer the data from rows 4a through 4e of
Worksheet 1, into the applicable rows of Worksheet 3. If this
information does not exist, transfer the information in row 4f
of Worksheet 1 to row 17f in Worksheet 3.
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If there is a value in row 5a of Worksheet 1, transfer it
to row 18 of Worksheet 3. Otherwise, leave this row blank.

Variable 19: Vehicle Trips Per Capita

If there is information in rows 6a and 6b of Worksheet 1,
divide each by row la (population) of Worksheet 1 and enter the
resulting values in rows 19a and 19b. Otherwise, leave this
row blank.

Variable 20: Seasonal Adjustment Factor

Transfer the value from row 72 of Worksheet 1 to row 20 in
Worksheet 3.

Step 4: Select Reasonableness Criteria

in tnis sctep, the reviewer will select criteria for assess-
ing the reasonableness of the emission inventories inputs and
outputs. Suggested reasonableness criteria are presented in
Tables 2 through 9, and Figures 3 through 14 in Appendix A.
The column labeled "Criteria" in Worksheets 2a, 2b, 2c¢, and 3
indicates the appropriate source of the criteria (e.g., Table 4)
entering the value of the criteria.

In Appendix A many, but not all, criteria are provided on
the basis of the urban area's population size and its geographic
location in the country. Other criteria are provided on a
national basis, and the remainder are already listed on
Worksheets 2b and 3.

Appendix D illustrates how the "Criteria" column has been
completed in Worksheets 2a, 2b, 2¢, and 3 based on the informa-
tion compiled in Steps 2 and 3. For example, in Worksheet 3,
the criteria for variable 13 (i.e., daily VMT/capita) for an
urban area of 1,750 million people in the NMW region was found
in Table 3, and the range of 12-17 VMT/capita was entered in
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Worksheet 3. For variaple 17, Table 4 presents the average
daily vehicle operating speed by functional classification.
This table was used to identify reasonable criteria for vehicle
operating speed for the size and geographic location of the
urban area in question. The identification of values for

other reasonableness criteria are also simple "look ups" in
Appendix A.

. .- ™ - o~ PO T B, ™~
St St Conduct Neasonavleness Test

W
I3

In this step, the inputs to and outputs from the base year
HC and NOx emissions inventories are to be compared with the
corresponding reasonableness criteria to determine if any inputs
or outputs appear unreasonable or "out of line" relative to ap-
plicable data available in secondary sources.

Provided the travel and emission estimation processes used
are conceptually sound, parameters that lie within the range of
each criteria should be considered reasonable. Parameters
outside the noted ranges need additional study on an individual
basis. Such variables are not necessarily wrong, as many area
specific factors can effect the travel and emission patterns of
an urban area, creating unique situations.

If a parameter is aquestionable, (whether i ies cutside
the "reasonable" range or not), additional comparis
made with other available data for the urban area in question.
Use tihe documeniation included in the emission inventory and
the other reports collected in step 1 to determine if unusual
travel patterns may exist in that area, (e.g., New York City's
high public transit usage), and compare it with ofther related
factors in the inventory to help determine if it is representa-
tive of the actual situation.

In the spaces labled "Findings" in Worksheets 2 and 3, the
reviewer should list comments and general conclusions from the
comparisons of the reasonableness criteria, and the parameters
derived from the inventory.

Step 6: Evaluate Adequacy of Emissions Estimates
and Document Findings

The reviewer should work with the applicable agency in
each urban area to determine the reasons why selected variables
were outside the reasonableness ranges. In instances when a
satisfactory reason cannot be found, recommendations for cor-
recting the problem(s) should be requested from the responsible
agency.
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APPENDIX A
TABLES FOR REASONABLENESS RANGES






TABLE 2

AVERAGE DAILY COLD/HOT OPERATING
PERCENTAGE OF VMT BY AVERAGE TRIP LENGTH

Average Trip Length

(ninuces)
Operating
Mode 10 min. 15 min. 20 min. 25 min.
Cold Non—-Catalytic 3ex 17% 10% 8%
Hot Catalytic 27% 18% 14% 11%
Cold Catalytic 43% 27% 15% 13%

Based on: The Determination of Vehicular Cold and Hot Operating Fractions
for Estimating Highway Emissionms, by G.W. Ellis, et. al., 1978,
page 1I-14, and Characteritics of Urban Transportation Demand-A
Handbook for Transportation Planners, by Wilbur Smith and
Associates for FHWA/DOT, 1978, page 62.




TABLE 3
REASONABLENESS RANGES FOR
AVERAGE DAILY VMT/CAPITA

BY REGION AND URBAN AREA SIZE

Daily
Urbon Aro2z Population VMT/CAPTITA
(Population in millions) (miles/Person)
Northeast (N.E.)
24 14-18
1-2 12-15
o531 11-17
02--5 13"21
Southeast (S.E.)
2+ 15-21
1-2 15-21
5-1 16-19
e2™eS 10=-22
Northern Midwest (NMW)
2+ 12-18
1-2 12-17
3=1 13~-16
e2=e5 13=17
Plains and Rockies (P/R)
2+ 14=21
1-2 15-22
.5=1 16-22
e2=.5 12-21
West (W)
2+ 17-20
1-2 18-19
S5-1 16-18
e2=.5 15=19

From 1974 National Transportation Report, Urban Data Sugnlementz
DOT, May 1976, As adjusted by PMM&Co.

A-2



- L

ot JUA WRTWIT g iavIy WOy MUy

JAURITY VU RJTFAVUDUGLY, BUVLRIEN BIH] WUAY

81-6 6 -9 yZ-91 LS-8Y 81-Z1 6*-7°

01-5 01-9 cE-22 19-1¢ 12-01 1-6*

11-6 91-9 6¢-Y1 6C¢-17 2€-62 -1

v1-6 L =S LT-1¢ y-ST 0z-L1 +Z M
L1-Y ol-¢ 6c¢-21 LY-S2 LT-S1 G°-7°
rAAI] 9 -y 8z-¢tt LE-ST 6T-%1 1-¢°

LY-L 8 -% 9Z-%1 £Y-67 SE-L1 -1

g1-¢1 8 -¢ GZ-61 19-6¢ GZ-6t 4+ /4
61-6 -1 e SY-G¢ 91-01 ¢ -z

“1-6 o1-¢ LT-91 9¢-17 SE-LT 1-6°
0T-%1 6 -S TATA 8€-G¢ £T-91 -1

C1-6 6 -9 LT-TT £Yy-12 ST-91 +2 MHN
17-Y 11-¢ 1%-27 €Y-LT TAAYA c*-7°
0y-91 1-9 Lz-11 6€-1¢ 81-01 1-6*
£L.T-Y1 y1-¢ €T-12 94%-07 1€-01 -1

Le-vi 11-5 82-0C 0%-07 g91-01 47 °3°S
21-L 01-¢ cz-1t 9¢-87 0€-91 G -2

91-6 o1-/ vZ-81 8¢-0¢ 6T-Y1 1-6°

8 -1 01-9 1z-21 75-9¢ 1Z-€1 -1

251 8 -¢ 7T-91 LY-0% 91-01 47 AN
1e007% hOuOQAAcU daﬁuﬂuu< .uc:ﬁ: Amﬁuvuud humﬁﬁhh Muaumuuuﬁu Amco«dﬁﬂam

UOF1BOFJ B8R ) jeuojIoung Aq JHA Iu#13g

uojjerndog eaay
ueqa pue uojday

VAUV NVHYR 40 AZIS ANV NOILIVOII.A1SSV1D
IVNOILONNA °NO193¥ X4 LHA A11Va INADWRJ

04 SAINVYE SSINT'1EVHOSVAY

y A18VL



S¢-6G1 0€-0¢ 0€-0¢ 1] 5 T4 05-SY 6*-T°
ST-0¢ 0€-41 GE-0¢ ' Se-0¢t 05-SY 1-6°
0¢~61 0t-s¢ 0t-6¢ GY-5T 0S-S% ¢-1

0¢--S1 S¢-0¢ 0€-67 0oy-6¢ 0S-GY +T M
0€-0¢ SE-0¢ 0€-0¢ GE-ST 0S~SY §*-2°
S¢-S1 G¢-0¢ S¢-0¢ Se-0¢t 06-GY 1-¢°
0¢-01 5¢-0C 0€-0¢ oy-0¢t 0s-G¥ -1

0T-S1 S¢-0¢ 0€-5¢ GE-0¢ 06-GY +T 4/d
5761 0€-0¢ GE-6T 0%-0¢ 06-GY% 6*-¢°
0C¢~-St S¢Sl 0€e-52C SE-0t 05-GY 1-G°
0Z-61 S¢-0¢ 0€-5¢ 0%-0¢t 06-GY -1

GC~61 S¢-0¢ 0t-6¢ 0%-0¢t 05-SY +7 MRN
0e-0¢ 0t-0¢ SE-60 0%-0¢ 0S-SY -2
S7-61 0€-0¢ 0€-Sst 0%-0¢ 0s-GY 1-6°
S¢-0¢ $Z-0T . $T-0T 0€-S¢ 06-6¢ -1

ST-61 0€-0¢ 0€-0? SE-ST 0S-SY +C ‘acs
5C-61 0e-0¢ SE-61 SE-0¢t 0S-SY s*-T°
GT-61 0e-n¢ 0€-07 GE-S¢T 05-G¥ 1-6°
07-61 §T-0¢ 6?-0¢ 0€-6¢ 06-GY% -1

0Z-01 0€e-0¢ 0€-0¢ Ge-6¢ 0s-SY +C "dA°N
[B207 1032311 0) 1eTI93ay Ioull  (ETI9lay JedIOUTlg  23e])8adju] (suoypiiim)

Uojleo1Jisse(y [euojioung Aq peadg Buyieiadg S10FUPp ALIBQ 9BBIDAY

uoyjeyndog eaay
ueqap pue uojday

vayy Nvedn 40 3ZIS ANV NOILVO1J4ISSVIO
TVNOLLIONRA ‘NOIOIN A¥ QFAIS ONILVHYEIO FTOIHHA ATIVA AOVHHAV

Y04 SHINVY SSANITEVNOSVAY
LIRCHR LAY



TABLE $

REASONARLENESS RANGES FOR
AVERAGE DAILY OPERATING SPEED FOR THE SYSTEM (MPH)

Region Averge Daily Operating Speed
N.E. 20-35
S.E. 20-35
NMW 25-35
P/R 25=35
W 2535

From 1974 National Transportation Report, Urban Data
Supplement, DOT, 1976, as adjusted by PMM&Co.



TABLE 7

AVERAGE DAILY TRIP LENGTH
(MINUTES)
BY REGION AND URBAN POPULATION

Region and Urban

Azz22 Populatice Average Trip Langrh
(millions) (minutes)
N.E. 2+ 13-16
1-2 12-16
o 5=1 10-13
«2=.5 11-15
S.E. 27 13-19
1=2 15-19
o3=1 10-18
«2=.5 6=14
Notw 2+ 10-14%
1-2 12-14
oS5=1 8-11
02-.5 7"13
P/R 2+ 11-13
1-2 - 10-13
o5=1 12-18
02-05 8'14
W 2+ 11-12
1-2 10-15
S=1 9-14
e2=.5 9-15

From 1974 National Transportation Report, Urban Data
Supplement, DOT, May 1976, as adjusted by PMM&Co.



TABLE 3

REASONABLENESS RANGES FOR SEASONAL TRAFFIC
ADJUSTMENTS, BY REGION

REGION SEASONAL ADJUSTMENT FACTOR
N.E. 1.04-1.15
S.E. 90-1.15
NMW 1.00-1.15
P/R 1.00-1.15
w .20-1.15

From Federai Highway Administration Statistics, 1975
through 1979,
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APPENDIX B
DOCUMENTATION OF REASONABLENESS CRITERIA

The principal sources of information for developing the
reasonableness criteria in Appendix A are included the fol-
lowing reports:

e USDOT. 1974 National Transportation Report,
Urban Data Supplement. 19786.

e Characteristics of Urban Transportation Demand -
A Handbook for Transportation Planners, Wilbur
Smith and Associates for UMTA. UMTA-IT-06-0049-78-1,
April, 1978. '

e How to Prepare the Transportation Portion of Your
State Air Quality Implementation Plan, USDOT/FHWA/
EPA/ November, 1978.

Many of the tabulations in Appendix A were derived from
the 1974 National Transportation Report. In most instances,
the only adjustments made to these estimates were the rounding
of published data and the dropping of selected data points
which appeared to be unique or in error. There are several
reasons for using this source of information: It provides
consistent information for 1872 for urban areas tanroughout tue
nation; and it presents information that is unavailable in
other sources. This reference includes forecasts for 1980 and
1990, but this information is based on planned transportation
investments which may or may not have been implemented between
1972 and 1980.

Several updates were made to selected data items in this
reference:

e In the case of VMT/capita, the 1972 estimates were
updated to 1980 by multiplying by a factor of 1.225.
This factor came from comparing national changes in
total urban VMT and urban population between 1972
and 1979. This information was obtained from the
Highway Statistics reports published by FHWA and
from the Bureau of the Census.

e Average speed for the Interstate system in 1972 was
lowered to reflect the 55 mph speed limit. The
average operating speeds for each remaining func-
tional classification were considered reasonable, as
were the percentages of VMT for each functional high-
way classification.



Of the tables not derived primarily fIrom the National
Transportation Report, the cold start/hot start fractions
presented the most difficulty. Because of the highly variable
nature in which this parameter can be reported, it was decided
that a single set of ranges for the entire urban area based on
24-hour conditions, was the criteria most readily available from
all urban areas. The ranges were set up using the cold/hot/
stable fractions by time of day from the report, The Determination
of Vehicular Cold and Hot Cperating Tractions for Estimationg
Highway Emissions in combination with information on fraction of
vehicle travel by time of day contained in the report, Character-
istics of Urban Travel Demand. The combined tables provide the
basis for the daily average of cold/hot/ stable fractions presen-
ted in Table 2.

The emission rate criteria in Figures 3 through 8 were esti-
mated using MOBILE 1. MOBILE 2 was used for Figures 9 through 14.
The assumptions used for each of the model runs are listed below.

e TFor Figures 3, 4, 9, and 10:

Lower Curve - 80% LDV, 3.0% LDT1, 5.0% LDT2, 4.5% HDG,
7.5% HDD with 43% cold start (catalyst),
27% hot start catalyst, and 30% cold
start (non-catalyst), Temperature 750 F,
humidity 75 grains, no air conditioning,
loading, or trailer correction factors
were used.

85% LDV, 4.5% LDT1, 5.5% LDT2, 1.5% HDG,
2.5% HDD, 1% MC with 12% cold start
(catalyst), 7% hot start (catalyst), and
10% cold start (non-catalyst). Tempera-
ture 75° F, humidity 75 grains, no air
conditioning, loading, or trailer correc-
tion factors were used.

Upper Curve

e For Figures 5, 6, 11, and 12:

99% LDV, 1% MC, Temperature 75° F., 43%
cold start (catalyst), 27% hot start
(catalyst), 30% cold start (non-catalyst),
humidity 75 grains, no air conditioning,
loading, or trailer correction factors
were used.

Lower Curve

99% LDV, 1% MC, Temperature 750 F, 12%
cold start (catalyst), 7% hot start
(catalyst), 10% cold start (non-catalyst),
humidity 75 grains, no air conditioning,
loading, or trailer correction factors
were used.

Upper Curve

B=2



For Figures 7,

Lower Curve -

Upper Curve -

8, 13, and 14:

0% LDV, 30.2% LDT1, 30.2% LDT2, 23.5%

HD, 16.1% HDD, Temperature 75° F, with
43% cold start (catalyst), 27% hot start
(catalyst), 30% cold start (mon-catalyst),
humidity 75 grains, no air conditioning,
loading, or trailer correction factors
were used.

0% LDV, 30.2% LDT1i, 30.2% LDT2, 23.5%

HDG, 16.1% HDD, Temperature 75° F with
12% cold start (catalyst), 7% hot start
(catalyst), 10% cold start (non-catalyst),
humidity 75 grains, no air conditioning,
loading, or trailer correction, factors
were used.
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APPENDIX C

DEFINITIONS
Vehicle Classifications
LDV: All automobiles.
LDT1: Trucks used chiefly for personal transportation which are

powered by gasoline fueled, spark-ignited internal com-
bustion engines, and have a gross vehicle weight (GVW)
of 6000 lbs. or less.

LDT2: See LDT1, except that vehicles have a GVW between 6000
and 8500 1lbs.

HDG: Trucks and buses having a GVW of over 8300 1lbs., and are
powered by gasoline-fueled, spark ignited internal com-
bustion engines.

HDD: Trucks and buses having a GVW over 8500 1lbs., and which
are powered by diesel engines.

MC: Motorcycles.

Source: Mobile Source Emissions Factors, EPA, 1978, EPA-400/
9-78-006

Highway Functional Classifications

Interstate: Any roadway that constitutes a part of The National
System of Interstate and Defense Hignways.

Principal Streets and highways serving major metropolitan

Arterial.: activity centers, the highest traffic volume cor-
ridors, the longest trip desires, and a high propor-
tion of total urban area travel on a minimum of
milleage.

Minor Streets and highways interconnecting with and aug-

Arterial: menting the urban principal arterial system, and
providing service to trips of moderate length at a
somewhat lower level of travel mobility.

Collector: Streets penetrating neighborhoods, collecting
traffic from local streets in the neighborhoods,
and channeling it into the arterial system.

Local: Streets not classified in a higher system, primar-
ily providing direct access to abutting land, and
access to higher systems.

Source: 1968 National Highway Functional Classification
Study Manual, USDOT, April, 1969.

Cc-1
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-

Reviewer - \/04/7 Doe

Date - /0'/7"}&

METHODOLOGY REVIEW SHEET

1. Urban Ares - E/"“MP/Z O?ﬁ’

2. What agency deveioped the bass year HC and NOx smissions inventories for highway sources?
(List agency name, address and teiephone number.)

5}’4/)2,9/6 Cty  Kegiona/ __Flan:ing CQMM/;SS/QIJ
00 Downtonn _Lrive Y

Erample  Cfy , Stafe /0000 Prone (o] 654 - 320

3. a) For what base year have the emissions inventories been established? / ?Oa ..d

i3 St tha Lass year 1oF tha eimlissivi inventories, indicate wiy another year was used.

4. What type of procedure was used to estimate highway emissions? (Check one)

m’ - Link-based pracedure *

O - Trip-based procedure *

a - Hybrid procedure *

O - Other (Please explain beiow}

*  Section |l of this manual describes each of these procedures in more detaii.



5. a) How were VMT and vehicle operating speeds estimated for use in developing the emissions inventories?
(e.g. Are the estimates based on traffic counts and travel time surveys or are they based on estimates

from the travel forecasting procedures used for urban transportation planning?)

M7 _and Spezc/s were a/eye/apec/ Using the  Urkar

/r‘ans,aar Faliorn /D/d/mm}: models z@r Z%/s Jd/ fa .

b) Are there any eilements of the travel estimation procedures that are questionable?

Y- bovr  Frafbe _gSsiqnments were _madk o eshmarke JT4 ég_ea{s
4/22@ gf%rf nas mogé ,ﬁ accouat éc 75e eﬁecf‘g of Eegﬁ Q
Q- pPéa Qv s One e 2mission Fackors.

¢} What year’s data was used to calibrats the travel estimation procedures cited in Question 5a¢

/963 Frave/ Survey é?‘g Was (/Gég/ ./é[ colbratop.

d)} When were the procadures cited in question Sa last validated (i.q., checked to determine if they can
reproducs observed traffic flows)?

Jrafte 3Sssamment Qv purs Loy /977 were compared widh
1977 Frallr  Cofnts az" @ \Yrggg s dnd a CRD Q/én Loe.
YieVo 7 lds 7 g ) /& e o ~ a/f
Screennes was wWthin /5%

6. Are estimates of *off-network’” VMT (e.g., VMT on links normally not included in a computerized highway
network) accounted for in the highway emissions inventories? If yes, briefly describe how the VMT and
corresponding operating speeds estimates for each travel wers determined.

es — O# - pelwork YT /5 Dfoc/ucec/ 7[\0»7 /ﬂ?‘razona/

Zop fables Sopeaé Ore_I5timartad b// Drotessiona/
/'oa/?emenf ’




. 7. a} What procedure was used to estimats mabile source emission factors? (Check one)
N MOBILE 1
— MOBILE2
1 Other procedure (Enter name of procedure)

b) 1f “QOther” was checked in question 7a, describe and assass the adequacy of the procedure.

8. Basaed on the above, summarize and briefly discuss any major deficiencies in the travel and emissions estimation
arocedures used by this urban area.

v asea/ on aé/ /7
were ” Sars -F&cfon/z Va//r/m‘pa/ tn_ /977 dnd aﬂoear— (2osopahle
-far‘ Jéf/&/ﬂlpx}of +ho L /980  Cmyssion  I0uen &7/




NAME OF URBAN AREA

WORKSHEET 1

TRAVEL DATA FOR REASONABLENESS ASSESSMENT

Emmp/e Coty

V4
REGION OF COUNTY (SEE FIGURE 20 NV (Morthern Widwest)

ESTIMATE FOR BASE YEAR
VARIABLE . SOURCE
VALUE UNnITS
Keagonal Land Use Fharn Yrom
1. Papuletion 4,750 1.000s 78 _for Brse War /977
2. Aversge Dsily VMT by ©9 1,000 of Transit- /7 /les
Funstiones Ciass * vorncie miies .
3 interstae 27/6 (o0a) - infersta‘e
bi Principel Arterisi - 000) -
¢l Minor Arterial /4 146 {000) Z etundard svrtace streets
d) Coilectors - {000) -
= Gllector & local Streets
o Loce! 23753 {ooar from : ranal A @uo/ﬁr ang
4] Total 25304 (000} »iam Ztan(e Fhn R /950
3. Aversge Deily VMT by 1,000%s of
Vehicie Class ** 667 '.M(‘:O l;”l-
al v 2] - /
Bl LOT1 (<8000 ibe) ) 636 (000} - % (ombined COT7 #1DTZ
o 1L.DT 2 (> 8000 Ibs.) - {000) -
s = 1304 =
® - . s
. HDD Tansit & (fg (000) _m Transd Ve hicles
9l Totad 2 5 20 4 {000}
OR .
ho Aue (coat Sovre: Kesinal Ao (Dnal
o Truek oua) and  Meintenancé
P Tomm 10001 Plan, 980
4,  Aversos Daily Ooorgiing in miles
Speeds (24 hrs.) by per hour .
Functionai Clas * §ame c’af €5
) lrterstate 5‘0 mph .
bl Princel Ammlj} g mph as » 1
el Minor Arteriai 40 moih
d) Coliector 3 - mph
L] Locad 20
g SDufcc: :?ey 'onc/ 4/f QW /
) Average Osily Spesd mph ongdl Mamtenance
bofinds a-o‘ld(rh.) an, /980
o . Kegonad Lanct Use Plar
8. Aversge Daily Trip minytes e?
Length /2. 80 from 1278 4o Borse Yoar /977
8. Aversge Daily Vehicle Trips in 1,000% '
a) Passenger Vehicies /V 4 {000)
b) Trucks o0 {000}
7. Sessonal Adjustment /n 1977 all +four
Factor A. /4 Seasors were osea/

L 1 4

Functional classifications, see Appendix C.

MOBILE 1 vehicie ciassifications, see Appendix C.
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WORKSHEET 2¢
VARIABLE 12: VEHICLE EMISSION R_;})TES BY FUNCTIONAL CLASS

(GM/VM
comeasiTE TOTAL AUTD TOTAL TRUCK
EMISSIONS EMISSIONS EMISSIONS
ESTIMATE CRITERIA ESTIMATE CRITERIA ESTIMATE|  CRITEF
HIGHWAY Sen Fig. 3 or 9 for HC Se Fig, 5 or 11 for HC Ses Fig. 7 or 13
CLASSIMICATION Ses Fig. 4 or 10 for NOx See Fig. § or 12 for NOx Sea Fig. 3 or 14
Sovnt 2L (MPH)
INTERSTATE -
rean-Matans HC 3.5 9%} 325- 3.98 P
Nox 5.2 0mm 421 = 6. 02 ver!
[w— s
PRINCIPAL ARTERIAL
Nen-Macians HC B79viwr\ 342 -429 "/Inﬂ
NCx 45 r~mr | 3.91 -5.28 2/
Sment_____(MPH)
MINOR ARTERIAL
Nen-Muthane HC
NOx /
Soons 2L (MPM)
COLLECTOR
Nan-Mathane HC 53 9hmr| Sof-6a5 Tier
NOx 3% 3,"/-.3— L T
== [~ _—

——— N.A,

Fesigs:  R2olaced " Frincipal Arterials”  with AN Areriak’
Replaced " Gllector” with “locals And Collectors *
,:p"ndm7e POHC and NOy emission Faks are O.K.

Dirostions  Snter the sverags deily opssrating spesss frem rows de through de (in Werktshest 1) in the firse soluma. 1 MOBILE 1 was ause ™ compurs
amimions fesnry, ine figures 3 twough § in Apsensix A 1 siest apErewries remsanbioness orfieris. If MOBILE 2 was ussd, see Fy.'z 9
through 14 in Appensiix A. Draw s vertient fina, on the sesresruee figuras for HC and NOx st the svarege vahisle casrsting spues for ensh
VMT swatifiastion. The inwsrsestion of the vertianl line with the Twe asiid Curvas in esgh figure GeWrTiIngs the remensbionss range for
Tt VMT somifiestion. Thet range sheuid then be piean in the aguresrists eslums snel row in the Tabie. For VMT sracifiescen by other
funstionsl clasest., e this Tabie ant MEthed, Dut N thS AEW SiNNn Mankings = the sEess murved “Finaings”. For an esempie of this
prosatiure e Appendix O snd Figures 3 and 4,
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7. a) What procedure was used to estimate mobile source emission factors? (Check one)
/'\q’ MOBILE 1

— MCRSILE 2
T Qther prceedure (Enter nams of procedure)

b} If “QOther’’ was checked in question 7a, describe and assess the adequacy of the pracedure.

8. Based on the above, summarize and briefly discuss any major deficiencies in the travel and smissions estimation
procedures used by this urban area.

Al tpoudb Fravel mindels _Qre based. K b rmatio
J\Sa[_az/e adels Qre a‘fe on_ ol Ip ma_ﬁ_g‘__z%gé_

for eye/q/:/hf +ho

/90  omussian _ /Avern Zfa;l/.



WORKSHEET 3
REASONABLENESS ASSESSMENT FOR TRAVEL DATA

BASE YEAR REASONABLENESS
VARIABLE MEASURES CRITER!A FINDINGS
MEASURE COMPUTATION
See TABLE 3
13.Deily VMT/Capita /4 5 mipe. | (2218 J7 =) milperson Ok
‘14.Percent VMT Sae TARLE ¢
vy Buncrionsi Cles (Percent) R
a) intorstate 345 % | (242 J%-723 % - High fBssi Z
bl Principel Arterial % | (28420 % AeLins trer
¢ Minor Arteria) 559% | (2e+20 4Z-G3% * - a.K roblem
dl  Coliector % | (2d+20 % P
o  Loce 4% | @eizm /9-29 % % - low (7)
15. Percont VMT
B8y Vshicis Class {Percent)
3 LDV §5. 0% | (a3 7889 % -k, bt /7/
b) LDT (< 6000 fbe.) é 5 ;x (3b+3g) $12 %
o  LDT (>6000 ibs) Sig | 3esam 258 % - bw s/
d) HDG S. 2 % :33:::: 1545 % , /r
o HOD 2.5 % 2 2575 %
1 _me— Transit O 2% | (33 S b“" foid
OR
g) Auwm % | (I3 7888 %
R} Truek % (3 +3 1022 %
18.Totat VMT 1,000 mi/day | G ori) ~See 2, worksheet 1
- o y, 1,000 mi/dav O K
A e S 2 5 20 4 . .
17.Vahicie Qpersting Ses TABLE S ’
Y ¢ o rmiten/ho! Interstnte and
S Primaipel Arseril SO et 75 75O mon Arterials are
: 40 2590 jmpn Ok but Shgh
¢ Minor Arterial % {4e) meh &£ 5/g
d) Coilector - {ad) mah
o Lg;» j 20 (4n) /5'25an ’jé
f) Aversge Vehicie See TABLE 8
Systemn Speed (4€) mph
18. Average Daily Trip Ses TABLE 7
Length /2. 80 min. (Sa) /2 = 14 (minures) oL
19. Vehicia Trips/Capnna
al  Passenger Vehicies N/B  triome. | (testa) 1.8-2.4 Tripu/per.
bl  Trucks /A  Trioiper. {6b--1a) 27..48 Tripe/per, -
2L, . Seasonai Adjustment Ses TABLE 8
Factor — (7a)
/A —_

* Mote— Criteria for Z VMT from Table 4 haw been added
7o jg#;er Zo représent Combindd Functional Classes,
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-

Reviewer -

Date -

METHODOLOGY REVIEW SHEET

1. Urban Area -

2. What agency deveioped the base year HC and NOx emissions inventories for highway sources?
(List agency name, address and telephone number.)

-

3. a) For what base year have the emissions inventories been established?

b} If 1980 is not the bass year for the emission inventories, indicate why another year was used.

4. What type of procedure was used to estimate highway emissions? (Check one)

O - Link-based procedure *

O - Trip-based procedure *

O -Hybrid procedure *

O - Other (Ptease expiain beiow)

*  Section Il of this manual describes each of these procedures in mare detail.



5. a) How were VMT and vehicle operating speeds estimated for use in developing the emissions inventories?
le.g. Are the estimates based on trafiic counts and travel time surveys or are they based on estimates

from the travel forecasting procedures used for urban transportation planning?)

b) Are there any eilements of the travel estimation procedures that are questionabie?

¢) What year’s data was used to calibrate the travel estimation procedures cited in Question 5a?

d) When were the procadures cited in question 5a last validated (i.e., checked to determine if they can
repraduce observed traffic flows)?

6. Are estimates of *‘off-network” VMT {e.g., VMT on links normaily not included in a computerized highway
network)} accounted for in the highway emissions inventories? If yes, briefly describe how the VMT and
corresponding operating speeds estimates for each travel were determined.




. 7. a) What procedure was used to estimate mobile source emission factors? {Check one)
— WMOBILE 1
Z MOBILE 2

5 Other procedure {Enter name of procedure)

b} If “Other’”” was checked in question 7a, describe and assess the adequacy of the procedure.

8. Based on the above, summarize and briefly discuss any major deficiencies in the travel and emissions estimation
procedures used by this urban area.
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WORKSHEET 1
TRAVEL DATA FOR REASONABLENESS ASSESSMENT

NAME OF URBAN AREA

REGION OF COUNTY (SEE FIGURE 2)

ESTIMATE FCR BASE YEAR .
VARIABLE SOQURCE
VALUE UNITS

1. Povpesimpinneg 1.000’s

2. Awversge Deily VMT by 1.000's of
Funectionai Clams ¢ vehvieie milas

8 locarstam- (o0a})
b} Pringionl Arwrisl {000}
e} Minor Arveried (000}
d) Coliestors {000}
[} Locel ) (000}
# Towd . (00a}
3. Aversgs Deily VMT by 1,000°s of
Vehicie Class ** vehicie miles

al LoV ({000}
bi LDT 1 (< 8000 the.) (000
¢ LDT 2 {)> 6000 ibe.} {000)
d} KOG (000)
] HOD {000}
fn [T {000}
9 Towi (000}
- on '

L] Sxreny (Gl
i Truak . (00Q)
i Towd (000}

4  Average Oaily Qpereting i miies
Spauds (24 hex.) by per hour
Fengtional Clams *

al inwrstae. mph
-] Princioel Arverisl mah
o} Minor Arterisd mph .
d} Collastor mah
o Loasl
aRrR
==
i) Aversge Osily Speed meh
for the Systam (whare-
»e wen't sweilabie.)
8. Aversge Deily Trip minutes
- Longh
6. Awverage Osily Vehicie Trips n 1,000%
) Pamssnger Vehicies (000)
bl Trucks (000}
7. Semsonel Adjustment
Factor

*  Functionsi ciassifications. sse Appendix C.
** MOBILE 1 venicie classifications, see Appendix C.
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WORXSHEZT 2¢
VARIABLE 12: VEHICLE EMISSION RATES BY FUNCTIONAL CLASS

{(GM/VMT)

HIGHWAY
CLASSIFICATION

COMPOSITE
EMISSIONS

TOTAL AUTO

TOTAL TRUCK
EMISSIONS

ESTIMATE

CRITERIA

CRITERIA

ESTIMATE | CRITER!

Ses Fig. Jor 9 for HC
Soe Fig. 4 or 10 for NOx

Sas Fg. Sor 11 tor HC
Seon Fig. 6 or 12 for NOx

Ses 8. 7 or 13!
See Fig. 8 or 14

Spesd . (MPH)
INTERSTATE

on-Methane HC
NOx

Soved o (MPH])
PRINCIPAL ARTERIAL

Non-Mathans HC

Direstions: Gamer the sversgs deily apereting spests from rows 4o threugh 4e (in Woricshast 1) in the firet esivmn. if MOBILE 1 wes uses to compues
omimions fastors, s figures 3 through § in Aspensiix A 0 SioR JUErosrese rempnabisnams oriweria. I MOBILE 2 was s, see Fig.'s 9
thwough 14 in Appendix A. Drow o vertins! line. on t™e assrasvises figures tor HC and NOx st the sversge veivisie onsrating spesd for sssh
VMT seretifiartion. The intarssstion of the vertias! line with the Twe it curves in eash fipure JEMNTHINES TS MERIDNADISNENS range for
thet VMT suacifiastion. Thet renge shouid then be piesad in the SpUrOsre® coiumn snd row n the Tabls. For VMT suaifiestion by other
functions! clames, use this Table and method, but MO the New aoiumn headings v the soees mered “Findings”. For an exampie of this
prossture sse Appendix D and Figures 3 and 4. '



WORKSHEET 3
REASONABLENESS ASSESSMENT FOR TRAVEL DATA

BASE YEAR REASONABLENESS
VARIABLE MEASURES CRITERIA FINDINGS
MEASURE COMPUTATION
Ses TARLE 3
13. Deity VMT/Capita mijper. | (2010 mi/ person
14.Perasnt VMT See TABLE ¢
by Functionai Clams {Pergant)
s) interstave % (28-+21) %<
b) Principai Arterisi % {2b4-21) %
e} Minor Arterial % {2e+21) %
dl  Collector % (2d-=21) %
o Loos % (2es:21) %
[15. percant VMT -
B8y Vehicie Clas {Peraant)
s LDV % (a3} 7588 %
b) LDT (< 8000 lbs.) %< (So+-39) 512 %
e LDT (>6000 lbs.) % (3a+2u) 288 %
dl HDG 13 {3+ 29) 1545 %
sl HDD % (30239} 28785 %
i MC % | (3139 1 <
on
g9 Aum % | (<30 7889 %
h)  Truek % 31 +%) 1022 %
6. Towm vMT 1 i ; 3 43, worianest 1
- | 000 mi/day | Qg orj) 1,000 mi/dey
17.Vehicie Qpersting Ses TABLE S
Soesd by {miles/Mour)
Functionsi Class
a3l  interyace {4a) moh
b) Princpal Arterial (ab} moh
¢}  Minor Arteriel (4} mph
d) Colilector (4ad) meh
L] Lg:‘ {4e) meh
f) Aversge Vehicle Ses TABLE 8
Svstem Speed (4f) meh
18. Aversge Oaily Trip See TABLE 7
Length min. Sei (minutes)
19. Vetucie Tripe/Caprta
a2} Puessenger Vehicies Trip/per. (Ga--1a) 18-2.4 Tripe/per.
bl Trueks Trin/oer, {Gb=-13) 27-48 Tripe/per.
2L . Seamonsi Adjustment See TABLE 8
Fscwor m———— {7a)
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TECHNICAL REPORT DATA
(Please read Instructions on the reverse before completing)

i. REPORT 2. 3. RECIPIENT'S ACCESSION NO,

NG,
EPA—&OO?12—80—OO2

[+

4. TITLE AND SUBTITL . REPORT DATE
Guidelines for Review of Highway Source December, 1980

Emission Inventories for 1982 State 6. PERFORMING ORGANIZATION CODE
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