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INTRODUCTION

The purpose of this document is to explain how Hennsylvania Department of Environmental
Protection (Department) estimates emissions froghvwaay vehicles for inclusion in its emission
inventories and State Implementation Plans.

Overview of Emissions | nventories

The Department’s inventories generally categoriméssions into four categories:

» Highway vehicles.

e Stationary sources (major industrial, commercial atility sources).

» Area sources (smaller industrial/commercial soyrcessumer products).

* Nonroad mobile sources (including construction awticultural equipment, lawn and garden
equipment).

An evaluation of emissions from point, area, andbileosources is needed to develop a complete
inventory needed for a maintenance demonstratiam. pI'his documentation addresses the mobile source
activity and emissions for base and future yeaes tis support such a demonstration.

Of all of the sources of air pollution, only the iggions of some stationary sources are measurectlgir
and continuously through instrumentation. Emissifmom all other sources must be modeled based on
available local data, including those from highwashicles. In their very simplest form, estimatés o
emissions follow the following pattern:

Emission rate x activity level = emissions per time period (usually day or year)

Most emission rates have been developed by the EnSironmental Protection Agency (EPA), in
cooperation with industry and states, and are cleah@ind documented into key references or emission
models. These include Compilation of Air Polluti@mission Factors (AP-42), the Motor Vehicle
Emission Simulator (MOVES) model, and the NONROADd®al. Adding upthe products of the
emission rates and activity levels for all sourska given pollutant constitutes the emission inggnfor

that pollutant.

Highway Vehicle Emisson | nventories

Highway vehicles contribute significantly to airljpion, particularly to ground-level ozone, whiththe
most persistent air pollutant in Pennsylvania. uBtblevel ozone is not emitted directly to the
atmosphere, but is formed by photochemical reastibetween volatile organic compounds
(VOCs) and oxides of nitrogen (NJOn the presence of sunlight. The long, hot, ldidhays of
summer are particularly conducive to ozone fornmtsm ozone levels are of concern primarily
during the months of May through Septemb&oth VOCs and NOx are emitted from highway
vehicles. Pennsylvania’s ozone-related emissivertory efforts focus on these two types of politsa

Obviously, direct measurement of emission levadsnfiall vehicles in use is impossible. In compariso

to highway vehicles, estimating residential heagngjssions is a fairly simple calculation becaumsre
is a constant emission rate and a fairly simple smeaof activity. However, for highway vehicles

Appendix C-1 1



estimating the emission rate and activity levelalbf/ehicles on the road during a typical sumnmey i
a complicated endeavor.

If every vehicle emitted the same amount of padlutall the time, one could simply multiply those
emission standards (emission rate in grams of pafiuper mile) times the vehicle miles traveled (VM
to estimate total emissions. But emission rates fall vehicles vary over the entire range of cbods
under which they operate. These variables inchidéemperature, speed, traffic conditions, opagati
mode and fuel characteristics. The inventory ralgi account for non-exhaust or evaporative emissio
In addition, the fleet is composed of several gatiens and types of vehicles with different emissio
control technologies. This requires the estimaéilgorithm include the composition of the fleet (iab
ages and types).

In order to estimate both the rate at which emissiare being generated and to calculate vehiclesmil
traveled (activity level), Pennsylvania examinesritad network and fleet to estimate vehicle agtivi
For ozone-related inventories, this is done forpecal summer weekday. For carbon monoxide (Cd) an
particulate matter (PM) emission inventories, tmay be done for a typical winter weekday, summer
weekday and/or annual conditions. Not only muit be done for a baseline year, but it must also be
projected into the future. This process involvégrge quantity of data and is extremely complex.

Computer models have been developed to perforne ttesulations by simulating the travel of vehicles
on the Commonwealth’s roadway system. The modstsgenerate emissions rates (also called emission
factors) for different vehicle types for area-sfie@onditions, and then combine them in summarynfo
The area-specific conditions include vehicle arghhiay data, plus control measure characteristids an
future year projections of all variables. The kagdels used to generate this mobile source emission
inventory are:

MOVES. EPA’'s MOVES model was officially released on Marg, 2010 and was followed with a
revised version (MOVES2010a) in August 2010. THe\WES model provides a more robust estimate of
emissions as compared to its predecessor MOBILBEQVES calculates average in-use fleet emissions
for each of thirteen categories of vehicles undegious conditions affecting in-use emission leyelsg.,
ambient temperatures, average traffic speeds,igasailatility) as specified by the model user.

For this mobile source inventory, Pennsylvania ug€sVES2010a as approved by EPA. MOVES can
be used to estimate national, state, and counsl liewentories of criteria air pollutants, precurso
greenhouse gas emissions, and some mobile sourdexas from highway vehicles. Additionally,
MOVES can make projections for energy consumptiotal, petroleum-based, and fossil-based).

PPSUITE: For the Department’s highway emissions invent@ypost processor named PPSUITE
(formerly named PPAQ - Post Processor for Air Qupls used, which consists of a set of progranas th
perform the following functions:

* Analyzes highway operating conditions.

» Calculates highway speeds.

e Compiles vehicle miles of travel (VMT) and vehitjge mix data.
» Prepares MOVES runs and processes MOVES outputs.

PPSUITE is a widely used and accepted tool forregttng speeds and processing emissions rates. The
software is based upon accepted transportatiomeedhg methodologies. For example, PPSUITE uses
speed and delay estimation procedures based onipjamethods provided in thdighway Capacity
Manual, a report prepared by the Transportation Resddoeind (TRB) summarizing current knowledge
and analysis techniques for capacity and levekofise analyses of the transportation system.
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The PPSUITE process is integral to producing kewirfiles to the MOVES emission model. Exhibit 1
summarizes the key functions of PPSUITE and thifidneelated input files prepared for the MOVES
County Data Manager (CDM).

Exhibit 1: Summary of PPSUITE Process

Calculate Link

Adjust ] :
Expand Disaggregate Mid-block Apply Post Prepare
Volumes to A%pggn\]/gf;trs }ﬁ’r'%"ggﬁ to Speed and Speed VMT MOVES
24 Hours ! . Vehicle Types Approach Adjustments CDM Files
Spreading Delays
V/C Roadway
PennDOT thresholds for Vehicle attributes | VHT by
RMS Data spreading Mapping File (Lanes, FC, Speed Bin
AT, other)
I Annual VMT
% Pattern RMS Truck 5
Distributions Percentage Lookup Table 2
3
Qo
]
Road Type
% | Fractions
)
@
%))
w Source Type
8 | Population
s Per VMT
<Optional>
Hourly
Fractions
Ramp
*  Fractions

The following sections summarize the key data amthodologies used to produce the mobile source
emissions inventory. This includes a summary cilalata sources and a step-by-step review of the
speed calculation process. The emission data aomdegs has been developed according to
recommendations provided by EPA in key policy agzhhical guidance as provided below:

e Podlicy Guidance on the Use of MOVES2010 for SP Development, Transportation
Conformity, and Other Purposes, US EPA Office of Air and Radiation, EPA-420-B-09-
046, December 2009.

e Technical Guidance on the Use of MOVES2010 for Emission Inventory Preparation in
Sate Implementation Plans and Transportation Conformity, US EPA Office of Air and
Radiation, and Office of Transportation and Air Qya EPA-420-B-10-023, April
2010.

The process has focused on developing an emissigastory using the available tools and data to its

fullest extent. This includes the use of availdbleal data for items that have a significant intpac
emissions and applying a robust calculation protesstimate hourly traffic speeds.

Appendix C-1 3



WHERE DOES PENNSY LVANIA OBTAIN ITSDATA?

Summary of MOVES I nputs

A large number of inputs to MOVES are needed tdyfalccount for the numerous vehicle and
environmental parameters that affect emissionsesétinclude traffic flow characteristics (as deiesd
from the PPSUITE software), vehicle descriptiongel fparameters, inspection/maintenance program
parameters, and environmental variables. MOVESu@tesd a default national database of meteorology,
vehicle fleet, vehicle activity, fuel, and emissioontrol program data for every county; but EPAnz#n
certify that the default data is the most curranbest available information for any specific arelss a
result, local data is recommended for use for aeal\pupporting state implementation plans (SIPs).

A mix of local and default data is used for thigantory. Local data sources are used for all inploht

have a significant impact on calculated emissidesta Exhibit 2 summarizes Pennsylvania-specific
inputs assembled and used for this inventory. &ldasa items are discussed in the following sestion

Exhibit 22 MOVES Local Data I nput Summary

Traffic Vehicle Fuel I nspection Environmental
Data Descriptions Parameters M aintenance Variables
Vehicle Type Vehicle Typ¢ RVP Start Year Hourly
VMT Mix Model Years Temperaturles
Vehicle Vehicle Age Sulfur Test Standardg,
Population Distribution Level Source Types Humidity
Frequency
VMT Average Spelds Ethanol Stringency,
Fractions (PPSUITE Volume Waiver Rate,
(PPSUITE) Complianc]a
Road Type Hourly Refueling
Distribution Distributions Controls
(PPSUITE)
Ramp
Fraction
(PPSUITE)

Emission Rates
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Vehicle Milesof Travel (VMT)

The VMT input to emissions calculations for Penwmagia is based on information from the Roadway
Management System (RMS) maintained by the PennsigvdDepartment of Transportation's
(PennDOT's) Bureau of Planning and Research (BFRNNDOT obtains this information from periodic
visual and electronic traffic counts. RMS datalymamic, since it is continually reviewed and updat
from new traffic counts and field visits conductsdPennDOT. Information on roadways included i th
National Highway System is reviewed at least arguaihile information on other roadways is reviewed
at least biennially.

On a triennial basis, a current “snapshot” of théSRdatabase is taken and downloaded to providgoan u
to-date record of the Commonwealth’s highway systiem estimating emissions. This emissions
inventory is based on the most current snapshibteoRMS data.

The RMS database contains all state highways, dimduthe Pennsylvania Turnpike, divided into
segments approximately 0.5 miles in length. Thesgments are usually divided at important
intersections or locations where there is a chamdke physical characteristics of the roadway.(thg
number of lanes changes). There are approximd&8|p00 state highway segments for the 67
Pennsylvania counties contained in the RMS. Eaklthese segments contains an abundance of
descriptive data, but only the following informatits extracted for emission calculations:

e Lanes.

» Distances.

* Volumes representing Average Annual Daily TrafBADT).

» Truck percentages.

e PennDOT urban/rural classifications.

e PennDOT functional class codes.

* Number of signals (based on linkage to PennDOT $BJ8al location data).

RMS volumes and distances are used in calculaigigiay VMT totals for each county. As discussed
in the next section, adjustments are needed toecbthe volumes to an average summer weekday, winte
weekday, and monthly day. In addition, the traffdlumes must be forecast to support future year
emission inventories. Lane values and traffic aignare an important input for determining the
congestion and speeds for individual highway segsienTruck percentages are used in the speed
determination process and are used to split volumeéadividual vehicle types used by the MOVES
software.

Road segments are classified by function, as weNtzether it is located in an urban, small urbarucal
area, as indicated below in Exhibit 3. The PennD@Fan/rural (UR) and functional classes (FC) are
important indicators of the type and function otleaocadway segment. The variables provide insights
into other characteristics not contained in the Ri& that are used for speed and emission catmgat
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Exhibit 3: PennDOT Urban/Rural and Functional Class Codes

Urban/Rural Code 1=Rural
2=Small Urban
3=Urban

Functional Class Rural Functional Classes Used alJffunctional Classes Used
For Rural Areas For Small Urban and Urban Area
1=Rural Freeway 11=Urban Freeway
2=Rural Other Principal Arterial 12=Urban Exmesy
6=Rural Minor Arterial 14=Urban Principal Ariar
7=Rural Major Collector 16=Urban Minor Arterial
8=Rural Minor Collector 17=Urban Collector
9=Rural Local 19=Urban Local

Additional Network Information: The PPSUITE software system allows for many additiovariables
other than those available in the RMS databaseingUthese variables improves the ability of the
Department to incorporate real roadway conditians its estimates. The variables include infororati
regarding free-flow speeds and capacities, sighatacteristics and other physical roadway feattivats
can affect a roadway’s calculated congested sp€bis data can be determined from lookup tablesdas
on a roadway segment’'s urban/rural code and fumaeticlass. Much of the lookup table data was
developed from information contained in thiighway Capacity Manual, PennDOT information on
speeds and signal densities, and other engingeidggment.

MOVES Traffic Inputs. The PPSUITE software uses RMS traffic data to gmekey inputs to the
MOVES emission model including:

* VMT.

e Travel speeds.

» Road type distributions.
* Ramp fractions.

VMT is the primary traffic input that affects eniiss results. The roadway segment distances affittra
volumes are used to prepare estimates of VMT. WFPS|gerforms these calculations and outputs the
MOVES annual VMT input file to the County Data Mgea (CDM).

Emissions for many pollutants (including both YO@daNOx) vary significantly with travel speed.
While VOCs generally decrease as speed increases,ddcreases at the low speed range and increases
at higher speeds, as illustrated in Exhibit 4. obtain the best estimate of vehicle speeds, thabepnt
uses the PPSUITE set of programs, whose primargtiumis to calculate speeds and to organize and
simplify the handling of large amounts of data rezkbr calculating speeds and for preparing MOVES
input files. The PPSUITE software prepares the N\ESWehicle hours of travel (VHT) by speed bin file
which summarizes the distribution of speeds acatidgks into each of 16 MOVES speed bins for each
hour of the day. This robust process ensuresMRAYES emission rates are used to the fullest exdedt

is consistent with the methods and recommendapomégded in EPA’sTechnical Guidance on the Use

of MOVES2010 for Emissions Inventory Preparation in Sate Implementation Plans and Transportation
Conformity.
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Exhibit 4: Emission Factor vs. Speed Variances (NOx)
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= = MOVES Urban Unrestricted MOVES Rural Unrestricted = = MOBILE Arterial
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-------------------------------------

Speed (mph)

Source: Figure 3 from Implications of the MOVES2010 Model on Mobile
Source Emission Estimates, Air & Waste Management Association, July 2010.

In MOVES, typical drive cycles and associated ojegaconditions vary by the type of roadway.
MOVES defines five different road types as follows:

Off-Network.

Rural Restricted Access.
Rural Unrestricted Access.
Urban Restricted Access.
Urban Unrestricted Access.

gabhwNE

The off-network road type includes emissions froghicle starts, extended idle activity, and evapegat
emissions. Off-network activity in MOVES is prinilgrdetermined by the Source Type Population
input, as discussed in a following section. Theaiming distribution among road types is determingd
equating the PennDOT functional class with each MSVYoad type as follows:

« MOVES Road Type (2) = PennDOT Functional Class (1).

« MOVES Road Type (3) = PennDOT Functional Class,2%9).

« MOVES Road Type (4) = PennDOT Functional Classi2},

« MOVES Road Type (5) = PennDOT Functional Class184,7,19).

For this inventory, the MOVES road type distributifile is automatically generated by PPSUITE using
the defined equivalencies.

Since ramps are not directly represented withinRMS database information, it is assumed that 8% of

the Freeway VHT is Ramp VHT. This is consistenthwihe recommendations provided in EPA’s
technical guidance.
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Adjustments to Roadway Data

Before the RMS data can be used by PPSUITE fordsped emission calculations, several adjustments
and additions must be made to the roadway dataseTadjustments are summarized below.

HPMS Adjustments. According to EPA guidance, baseline inventory Viddmputed from the RMS
highway segment volumes must be adjusted to beigtens with Highway Performance Monitoring
System (HPMS) VMT totals. The HPMS VMT reported féennsylvania is a subsystem of the RMS
established to meet the data reporting requirentitse Federal Highway Administration (FHWA) and
to serve as PennDOT'’s official source of highwafpimation. Although it has some limitations, the
HPMS system is currently in use in all 50 state$iarbeing improved under FHWA direction.

Although the HPMS VMT and the roadway data usedafoinventory emissions analysis are both based
on data from the RMS system, differences do exstveen them and include the following. First, the
HPMS and inventory roadway data are “snapshotsh@fRMS data taken at different times. Since the
RMS is dynamic, changing constantly due to new,ddifferences will result between the data used for
calculating HPMS VMT totals and the inventory dated for an emissions analysis. Second, since the
RMS does not contain many of the local roadwaysallooad estimates of HPMS VMT are obtained
through alternative procedures developed by PennD@® account for such differences, adjustment
factors are calculated and used to adjust the towemoadway data to the reported HPMS VMT totals
submitted to FHWA. The VMT contained in the HPM$ads are considered to represent average
annual daily traffic (AADT).

Adjustment factors are calculated which adjustithge year RMS download VMT to the reported HPMS
totals for that year. These factors are develdpedach county and functional class combinatioth are
also applied to all future year runs. Adjustmefuts the “higher” functional classes (e.g. Freeway,
Arterials - major routes) are close to 1.000 siH&MS VMT is derived from RMS information, and the
only difference in the data is that the “snapsHiot’the emission calculations is taken at a diffieténe
than for the HPMS. “Lower” classes (e.g. localdg)arequire greater adjustment since a large fdinieo
local system is not under state jurisdiction anda$ in the RMS database. There is, of course, a
significant amount of local road mileage in theestdt is assumed that those local streets thandrRiS

are representative of all local streets in the&aawith respect to volume and speed, so that roadwa
mileage adjustment is appropriate.

Seasonal Adjustmentsto Volumes: The RMS contains AADT volumes that are an averdgdl days in

the year, including weekends and holidays. Amezemission analysis, however, is based on a typica
July or summer weekday. PM and CO analyses requiumes representing a typical summer or winter
weekday and monthly average conditions (needecprfoducing annual totals). Therefore, the RMS
volumes must be seasonally adjusted. Seasonardaatere developed for each functional class and
urban/rural code based on yearly count informapogpared by PennDOT’s BPR. These factors are
applied to the existing RMS AADT volumes to prodtice July volumes. The same factors are also used
to develop the MOVES daily and monthly VMT fractibies.

Hourly Adjustments: Speeds and emissions vary considerably dependinghe time of day.
Therefore, it is important to estimate the patteyrwhich roadway volume varies by hour of the deye
24-hour pattern data provides PPSUITE with infoioratused to split the daily roadway segment
volumes to each of the 24 hours in a day. Pattata is in the form of a percentage of the dailpymres

for each hour. Distributions are provided for eacinty and functional class grouping. This data i
developed from 24-hour count data compiled by P&ifii® BPR, according to the process in the
agencies annual traffic data reports. The samwra@re also used to develop the MOVES hourly
fraction file.
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Traffic Volume Forecasts: Traffic growth forecasting plays a pivotal role @stimating future year
emissions for the region. There are many unceigsimffecting projections of traffic growth, indimg
the current economic conditions, potential fuetesi, the impacts of Marcellus Shale activities angn
counties throughout the state, and the future dramvpopulation and employment. Growth rates lfier t
Department’s emissions inventories are based @ssessment of available data sources which include:

 PennDOT BPR growth rate forecasting system.
» Regional travel model, if available.
» Estimates of Marcellus Shale related activity givift applicable.

All SIP mobile source highway inventories incluthe review and assessment of county-specific growth
rates from a PennDOT study originally completed2005 and documented in the repdatistical
Evaluation of Projected Traffic Growth, Traffic Growth Forecasting System: Final Report, March 14,
2005. As part of that study, a statewide traffic grovidrecasting system was developed that incorperate
traffic data from PennDOT's Traffic Information $gm and socioeconomic forecasts. That forecasting
system is maintained by the PennDOT BPR and isteddan a periodic basis to develop new statistical
relationships between historic VMT growth and pepioh and updated demographic forecasts from
Woods and Poole, Inc. The growth rates from thenP©T BPR forecasting system are evaluated
against other available data including travel mapieivth and other insights.

Vehicle Type Processing

Emission rates within MOVES vary significantly byettype of vehicle. The MOVES model produces
emissions and rates by thirteen MOVES vehicle sotypes. However, VMT is input to MOVES by six
HPMS vehicle groups. Exhibit 5 summarizes thermlision between each classification scheme.

Exhibit 5: MOVES Source Typesand HPM S Vehicle Groups

SOURCE TYPES HPMS Class Groups

11 Motorcycle 10 Motorcycle

21 Passenger Car 20 Passenger Car

31 Passenger Truck 30 Passenger/Light Truck
32 Light Commercial Truck 40 Buses

41 Intercity Bus 50 Single Unit Trucks
42 Transit Bus 60 Combination Trucks
43 School bus

51 Refuse Truck

52 Single Unit Short-haul Truck

53 Single Unit Long-haul Truck

54 Motor Home

61 Combination Short-haul Truck

62 Combination Long-haul Truck

The process used for this inventory includes a otetib disaggregate the RMS traffic volumes to the
thirteen source types and then to recombine thmatss to the six HPMS vehicle classes. Vehigety
pattern data is used by PPSUITE to divide the lyawddway segment volumes to the thirteen MOVES
source types. Similar to the 24-hour pattern daia,data contains percentage splits to each sdype

for every hour of the day. The vehicle type pattdata for this inventory is developed from several
sources of information:
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* PennDOT truck percentages from the RMS database.

» Hourly distributions for trucks and total traffiompiled by PennDOT'’s BPR.

» Transit data from PennDOT and the National Trabaiabase.

e School bus registration data from PennDOT'’s Burdudotor Vehicles Registration Database.

The vehicle type pattern data is developed for eacimty and functional class combination. Firdt)R
truck percentages are averaged for all roadwaysmét county and functional class grouping. Ushig
percentage data, the total roadway volume for agment is divided to auto and truck vehicle type
categories. The transit data and school bus datadd to further disaggregate trucks, resultinfpim
vehicle groups (light-duty, school, transit, andestheavy-duty).

From these groups, MOVES default Pennsylvania goMMT distributions by source type are used to
divide the four groups into each of the MOVES seutypes. PennDOT hourly distributions for trucks
and total traffic are used to create source typegmtage breakdowns for each hour of the day.

Vehicle Type Capacity Analysis Factors. Vehicle type percentages are provided to theacigp
analysis section of PPSUITE to adjust the speedssiponse to trucks. That is, a given numberrgela
trucks take up more roadway space than a given eugtbcars, and this is accounted for in the speed
estimation process by adjusting capacity usingrmédion from theHighway Capacity Manual.

Vehicle Fleet and Population Data

The information on the vehicle fleet including thember and age of vehicles has a significant impact
forecasted start and evaporative emissions with@MES. The MOVES Model requires the population
of vehicles by the thirteen source type categori&snnsylvania county vehicle registration datasisd to
estimate vehicle population for light-duty vehiclasd school buses. The data is split to sourcestyp
using MOVES2010a default Pennsylvania county pdmrialata. For transit buses, data from PennDOT
and the National Transit Database (NTD) is useglstomate county transit bus totals. Other heauy-du
vehicle population values are based on VMT for esmlrce type using the vehicle mix and pattern data
discussed previously. The PPSUITE software autcaibt applies default MOVES2010a ratios of VMT
and source type population (e.g. the number of aniler vehicle by source type) to the local VMT
estimates to produce vehicle population.

Vehicle population is forecast based on projectedsbhold and population growth from Woods and
Poole Inc. for each Pennsylvania county. The gnaate methodology includes:

e Choosing the highest growth rate between populaimhhouseholds.
» Limiting growth as to not exceed the VMT growth@asgtions.

Vehicle Age: Vehicle age distributions are input to MOVES fack county by the thirteen source types.
The distributions reflect the percentage of velsidle the fleet up to 31 years old. The most recent
available registration download from PennDOT’s Buref Motor Vehicles Registration Database has
been used for the inventory. Due to insufficieatagl only information for light-duty vehicles arsed as
local inputs; and, heavy-duty vehicles use theriraleMOVES2010a national defaults. The registratio
data download is based on MOBILE6.2 vehicle catiegorAs a result, the data was converted to source
types using the EPA convertor spreadsheets proviitedhe MOVES2010a emission model.
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Environmental, Fuel and Technology Assumptions

Information on environmental, fuel, vehicle tectowl and other control strategy assumptions were
determined based on a review of MOVES2010a deiiafiditmation by the PaDEP.

Fud Parameters. The same vehicle will produce different emissiasig a different type of gasoline.
Fuel control strategies can be powerful emissialucdon mechanisms. The MOVES2010a default fuel
formulation and fuel supply data were reviewed apdated based on available local volumetric fuel
property information. The gasohol market penairatind RVP values were updated for all the counties
MOVES2010a default data was used for the resteoptirameters.

Refueling Emissions: MOVES also allows users to calculate refuelingssions, the emissions created
when vehicles are refueled at service stationsnn®dvania includes refueling emissions in its area
source inventory and not in its highway vehicleeintory. Refueling emissions are not included & th
highway emissions inventory.

Vehicle Emission Inspection/Maintenance (I/M) Parameters: MOVES allows users to vary inputs
depending on the I/M program in place for the ar€hae inputs include:

* Program start year.

» Stringency level.

» First and last model years subject to the program.

* Waiver rates.

e Compliance rates.

» Program type (test-only, test-and-repair, etc.) effectiveness.
» Frequency of inspection (annual, biennial).

* Vehicle type coverage.

e Testtype (idle, loaded, etc.)

The MOVES2010a default Pennsylvania assumptiong weriewed and modifications were made per
actual program parameters.

Environmental Variables: Evaporative emissions are influenced significahththe temperatures of the
surrounding air. Hourly temperatures have beenpdenh for each county based on information from
WeatherBank, Inc. to specify temperatures from naigorts within the state. Ozone analysis
temperature and humidity values were determinedgusie procedures documented in EPA’s technical
guidance. Minimum and maximum temperatures fohe@aonth were converted to hourly temperatures
using EPA convertors supplied with the MOVES201@aleh.

A summary of the MOVES related inputs used for itheentory and future year estimates are attached
with the submission.
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SPEED/EMISSION ESTIMATION PROCEDURE

The previous sections have summarized the inpwt daeéd for computing speeds and emissions for
Pennsylvania. This section explains how PPSUITEMOVES uses that input data to produce emission
estimates. Exhibit 6 summarizes PPSUITE's analgsizedure used for each of the RMS highway
segments in the state.

Producing an emissions inventory with PPSUITE rexgua process of disaggregation and aggregation.
Data is available and used on a very small scaledividual ¥2 mile roadway segments 24 hours of the
day. This data needs to be processed individtaltetermine the distribution of vehicle hours rafvel
(VHT) by speed and then aggregated by vehicle dasketermine input VMT to the MOVES emission
model.

Volume/VMT Devel opment

Before speeds can be calculated and MOVES runmaduacquired from RMS must be adjusted and
disaggregated. = Such adjustments include factotmgfuture years, seasonal adjustments, and
disaggregating daily volumes to each hour of theatal to each of the thirteen MOVES source types.

Determine Future Year Volumes. The RMS database contains up-to-date current yehrmes.
However, to conduct a future year analysis, thedenves must be factored to the year being analyzed.
Growth factors have been prepared for each courtyfnctional class grouping. These growth factors
are applied to the base year RMS volumes to oHi#tire year estimates that can be utilized by
PPSUITE.

Example:

A typical freeway link in the RMS database is [-8@gment 2500 in Luzerne County,
Pennsylvania. This link has an urban/rural codehich indicates the link is in a rural area, and a
functional class=1 indicating a rural freeway.

The average annual daily traffic (AADT) from the BMlatabase for this link in 2008 is 12,077
vehicles/day.

Growth factors have been developed to factor tH@82mlume to future years. For example, to
factor the 2008 volume to the year 2014, a groatidr of 1.282 would yield:

2014 volume = 12,077 vehicles/day x 1.282 = 13 vhicles/day
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Exhibit 6: PPSUITE Speed / Emission Estimation Procedure

Data From PPSUITE Input Files

PPSUITE Analysis Process

The Following is Performed For
Each RM S Roadway Segment

Percent Pattern Distributions—»

Expand to 2drlyosolumes

Apply VMT Adjustments ——
(VIC thresholds for spreading)

Vehicle Type Patterns———

Speed/Capacity Lookup Table <

!

Adjust Volumes for Peak Sadéng

|

Disaggregate to Veliglpe

|

Calculate Link & Signal Capacities

! !

Calculate Link Calculate
Midblock Speed

Data from Roadway Source (RMS)

<« RMS AWDT Adjusted Vohes

<« RMS Truck Percentages

Transit Data
School Bus Data

Roadwayrifstites
(Lanes, FC code, UR code)

P—

Approach Del*y

Apply Post Speed VMT Adjustments$
Prepare MOVES CDM Files
l l
VHT by Annual RoadType SourceType Hourly Ramp
Speed Birn VMT Fractso Populatio Fractiong Fraction
Per VMT
<Optional>

Off-line File Preparation

Vehicle Age
™ Distribution
N Hourly

Temps/Humidity
L, I'M
Parameters
L, Fuel
Parameters
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Seasonal Adjustments. PPSUITE takes the input daily volumes from RMShigh represents annual
average daily traffic (AADT)) and seasonally adguite volumes to an average weekday in July. This
adjustment utilizes factors developed for each tional class and urban/rural code. VMT can then be
calculated for each link using the adjusted weekaddymes.

Example:

Again, assume the rural freeway link: 1-80 segn®5Q0 in Luzerne County, Pennsylvania. The
AADT for this link in 2008 is 12,077 vehicles/day.

Seasonal factors have been developed for urbahfredle and functional class combinations. For
an urban/rural code=1 and a functional class=1fdhtor to convert from AADT to an average
weekday in July is = 1.15.

Average Weekday July Volume = 12,077 x 1.15 = 18 8shicles/day.

Total VMT (daily) for this link is calculated as kone x distance. The distance of this link as
obtained from RMS is 0.296 miles.

2008 VMT = 13,889 vehicles/day x 0.296 miles = 4,{&hicle-miles / day.

Disaggregation to 24 Hours: After seasonally adjusting the link volume, tredume is split to each hour
of the day. This allows for more accurate speddutations (effects of congested hours) and allows
PPSUITE to prepare the hourly VMT and speeds foutio the MOVES model.

Example:

To support speed calculations and emission estgateime of day, the July weekday volume is
disaggregated to 24 hourly volumes. Temporal padtevere previously developed from

PennDOT count data and input to PPSUITE. For 8@ tural freeway link with morning peak

volumes similar to evening peak hours (neutrah,ftillowing temporal pattern is applied:

Percent of Daily

N AR
Hour of Day
Using the 1-80 segment, typical hourly volumes \ihiesult include:
8-9 a.m. 6.0% x (4,111 vehicle miles/ 0.296mi833 vehicles/hour (vph)
12-1 p.m. 5.0% x (4,111 vehicle .miles/ 0.296mi694 vph
5-6 p.m. 6.3% x (4,111 vehicle miles/ 0.296mi§75 vph
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After dividing the daily volumes to each hour oétllay, PPSUITE identifies hours that are unreadgnab
congested. For those hours, PPSUITE then spregpdstian of the volume to other hours within the
same peak period, thereby approximating the “ppadegling” that normally occurs in such over-capacit
conditions.

Disaggregation to Vehicle Type: EPA requires VMT estimates to be prepared bycmotype, reflecting
specific local characteristics. As a result, fenRsylvania’s emission inventory runs, the houdjumes

are disaggregated to the thirteen MOVES sourcestyyased on count data assembled by PennDOT in
combination with MOVES defaults.

Example:
Disaggregation of the total I-80 VMT to the variamurce types would include the following:
Total Volume 8-9 am = 833 vph

Source Type Volume 8-9 am:

Motorcycle 11 0.5% 4 vph
Passenger Car 21 54.7% 456 vph
Passenger Truck 31 27.9% 232 vph
Light Commercial Truck 32 9.3% 78 vph
Intercity Bus 41 0.1% 1 vph
Transit Bus 42 0.1% 1 vph
School bus 43 0.1% 1 vph
Refuse Truck 51 0.0% 0 vph
Single Unit Short-haul Truck 52 2.2% 19 vph
Single Unit Long-haul Truck 53 0.3% 2 vph
Motor Home 54 0.1% 1 vph
Combination Short-haul Truck 61 1.9% 16 vph
Combination Long-haul Truck 62 2.6% 22 vph
Speed/Delay Determination

EPA recognizes that the estimation of vehicle speisda difficult and complex process. Because
emissions are so sensitive to speeds, it recomnep®isal attention be given to developing reas@nabl

and consistent speed estimates; it also recommbatld/MT be disaggregated into subsets that have
roughly equal speed, with separate emission fadtoreach subset. At a minimum, speeds should be
estimated separately by road type.

The computational framework used for this analyséets and exceeds that recommendation. Speeds are
individually calculated for each roadway segmernt haur and include the delays encountered at signal
Rather than accumulating the roadway segmentsairgarticular road type and calculating an average
speed, each individual link hourly speed is represkin the MOVES vehicle hours of travel (VHT) by
speed bin file. This MOVES input file allows theesification of a distribution of hourly speeds.

For example, if 5% of a county's arterial VHT opesat 5 mph during the AM peak hour and the
remaining 95% operates at 65 mph, this can be septed in the MOVES speed input file. For the
model runs, distributions of speeds are input toM&#S by road type and source type by each houreof th
day; VMT and VHT is accumulated by the same grogpifor the application of the emission factors to
produce resulting emission totals.
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To calculate speeds, PPSUITE first obtains initegbacities (how much volume the roadway can serve
before heavy congestion) and free-flow speeds ¢spassuming no congestion) from the speed/capacity
lookup data. As described in previous sectioris, data contains default roadway information indexe
by the urban/rural code and functional class. d&eas with known characteristics, values can rtiyr
coded to the RMS database and the speed/capatitycda be overridden. However, for most areas
where known information is not available, the speaplcity lookups provide valuable default
information regarding speeds, capacities, signatadieristics, and other capacity adjustment inftion
used for calculating congested delays and spegd®ffort has been made to enhance the RMS dala wit
traffic signal locations using other GIS signaladatailable from PennDOT’s Bureau of Highway Safety
and Traffic Engineering.

Example:
The speed/capacity lookup table is used to obtapoirtant data used for link speed calculations.
For the 1-80 link with an urban/rural code = 1 @lyrand a functional class = 1 (freeway), the
lookup table provides information including theldoling:

freeflow speed = 65 mph

capacity = 1800 vph per lane

number of signals = 0 (per RMS linkage to GlSficafignal locations)

This information is used along with the physicahiatteristics of the roadway to calculate the
delay (including congestion) to travel this linkrohg each hour of the day:

For example: The I-80 link is calculated to havieaael time, including delay of 17.76 seconds
for the 8-9am hour.

Total travel time, in vehicle hours, for the 8-9aour is calculated as:

VHT (8-9am) = 17.76 seconds x 833vph / 3600 ses/.12 vehicle hours.

The result of this process is an estimated averagel time for each hour of the day for each higiiw
segment. The average time can be multiplied bydheme to produce vehicle hours of travel (VHT).

HPMSand VMT Adjustments

Volumes must also be adjusted to account for diffees with the HPMS VMT totals, as described
previously. VMT adjustment factors are providedirgsut to PPSUITE, and are applied to each of the
roadway segment volumes. These factors were deselérom the latest HPMS download (conducted
triennially); however, they are also applied to &myre year runs. The VMT added or subtractethéo
RMS database assumes the speeds calculated usingiginal volumes for each roadway segment for
each hour of the day.
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Example:

Using the Luzerne County I-80 rural freeway linkagple, the daily assigned volume is adjusted
to account for reconciliation with the HPMS VMT.MS VMT (in AADT) for Luzerne County
rural freeways totals 962,559 vehicle miles in 2008PMS VMT (in AADT) as supplied by
PennDOT and reported to FHWA totals to 990,088 alehniles for the rural freeways. A factor
is developed by dividing the HPMS VMT by the RMS YM

HPMS adjustment factor for Luzerne County rurakfrays = 990,088 / 962,559 = 1.029.
This factor is held constant in all future yeafs an example, this adjustment is made to the
I-80 freeway link VMT for the 8-9am hour after speealculations are made, and produces the

final July weekday VMT for this hour used for Ozan@s.

[-80 Link VMT (8-9am) = 833vph x 0.296 miles x029 = 254 vehicle miles.

MOVES Emissions Run

After computing speeds and aggregating VMT and VPAFPSUITE prepares traffic-related inputs needed
to run EPA’'s MOVES software, which is used to estienemission factors in grams of pollutant per
vehicle mile and to produce total emissions basednput VMT to the model. The process uses
MOVES2010a, the officially released emissions maldat was obtained directly from EPA.

The MOVES inputs prepared by PPSUITE include thieviong:

* Vehicle Type VMT.

* Vehicle Population.

* VMT fractions.

» Average speed distributions.
» Road Type Distribution.

* Ramp Fractions.

These files are text formatted files with a *.csstemsion. The files are provided as inputs witthia
MOVES county data importer. In addition the remvag MOVES input data including temperatures,
I/M programs, fuel and vehicle ages are prepareuuaildy outside of the PPSUITE process.

The MOVES county importer is run in batch mode.isTgrogram converts all data files into the MYSQL
formats used by the MOVES model. At that point ®@WES run specification file (*.mrs) is created
which specifies options and key data locationglerrun. MOVES is then executed in batch mode.

MOVES can be executed using either timgentory or rate-based approaches. For this highway
emissions inventory, MOVES is applied using theentory-based approach. Under this method, actual
VMT and population are provided as inputs to thelehoMOVES is responsible for producing the total
emissions for the region. Under the rate-basedoaph, MOVES would produce emission factors, after
which PPSUITE would apply the emission factorshimlink data and calculate total regional emissions
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RESOURCES

MOVES mode

Modeling Page within EPA’s Office of Mobile Sourdé&bsite
(http://www.epa.gov/omswww/models.htm) containoadloadable model, MOVES users guide and
other information.

Motor Vehicle Emission Smulator, User Guide for MOVES2010a, EPA-420-B-10-036, August 2010.
Technical Guidance on the Use of MOVES2010 for Emission Inventory Preparation in State

I mplementation Plans and Transportation Conformity, US EPA Office of Air and Radiation, and Office
of Transportation and Air Quality, EPA-420-B-10-02Z3ril 2010.

Palicy Guidance on the Use of MOVES2010 for SP Development, Transportation Conformity, and Other
Purposes, US EPA Office of Air and Radiation, EPA-420-B-046, December 2009.

Traffic Engineering

Highway Capacity Manual, Transportation Research Boapdesents current knowledge and techniques
for analyzing the transportation system.

Traffic Data Collection and Factor Development Report, 2008 Data, Pennsylvania Department of
Transportation, Bureau of Planning and Research.
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Highway Vehicle Inventory Glossary

AADT: Average Annual Daily Traffic, average of ALL days
AWDT: Average Weekday Daily Traffic.

Basic emission rates. MOBILE emission rates based on the applicableeFd@mission standards and
the emission control technologies characterizimgfiet in various model years.

Emissionrate or factor: Expresses the amount of pollution emitted per afnactivity. For highway
vehicles, usually in grams of pollutant emitted e driven.

FC: Functional code, applied in data management td segments to identify their type (freeway, local,
etc.).

Fuel volatility: The ability of fuel components to evaporate, thus emtethe atmosphere as pollution.
Fuel volatility is usually measured as Reid Vapa@sBure (RVP) in pounds per square inch. The lower
the RVP, the less volatile the fuel.

Growth factor: Factor used to convert volumes to future years.

HPMS Highway Performance Monitoring System, PENNDOGfficial source of highway information
and a subset of RMS.

I/M: Vehicle emissions inspection/maintenance programssire that vehicle emission controls are in
good working order throughout the life of the védicThe programs require vehicles to be tested for
emissions. Most vehicles that do not pass must&ired.

MOBILE: The model EPA has developed and which Pennsyluesga to estimate emissions from
highway vehicles.

MOVES. The latest model EPA has developed with which Pgnasia uses to estimate emissions from
highway vehicles.

Pattern data: Extrapolations of traffic patterns (such as howufizarolume on road segment types varies
by time of day, or what kinds of vehicles tend & & road segment type) from segments with observed
data to similar segments.

PPSUITE: Post-Processor for Air Quality, a set of prograhat estimate speeds and processes MOBILE
emission rates.

RMS Roadway Management System, a database maintainreBMNDOT from traffic counts and field
visits.

Segment (alsoreferredto aslink): Division of roadway in the PENNDOT Roadway Managatme
System. Usually represents 0.5 mile segmentsaafway.

UR: Urban/rural code, applied in data managemententity whether a road segment is urban, small
urban or rural.
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VHT: Vehicle hours traveled
VMT: Vehicle miles traveled. In modeling termssithie simulated traffic volumes times link length.

Vehicle Type: One of eight types, distinguished primarily lngftype and/or weight, used in MOBILE
modeling.

Source Type: One of thirteen types, distinguished primarijyveeight, used in MOVES modeling.

Road Type: Functional code, applied in data management td segments to identify their type
(rural/urban highways, rural/urban arterials, etc.)

County Data Manager: User interface developed to simplify importing sfiedocal data for a single
county or a user-defined custom domain without irsggdirect interaction with the underlying MySQL
database.
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