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I ntroduction

The purpose of this document isto provide afoundation for discussions between Metropolitan Planning
OrganizationgMPOs), State Departments of Trangportation(DOT:s), and State Environmental
Agencies. This document is not intended to replace existing EPA guidance only to supplement it with
further detall for development of inventories that can be used for more highly resolved urban scae
modeling inventories. US-EPA guidance attempts to guide users in the creation of county leve typica
day emissonsinventories. This document isto act as a gtarting point for future discussons on the data
requirements and ddliverables of the organizations involved.

LADCO requiresits inventories to be more findy resolved for chemica transport modeling so that
emissons are spatidly digributed to a finer resolution than the county for non-attainment aress.
Additiondly, the inventories required for modeling must be resolved to specific hours of specific days
based on that day-s meteorology. It isimportant to recognize that tempora variation in emissons can be
asimportant as total mass of emissions to the photochemical models. Photochemica models are
sengtive to theratio of different pollutants such as Hydrocarbons(HC) and Nitrogen Oxides(NOX). In
previous sudiesin Cdifornia the differences in HC and Nitrogen on the weekends have been shown to
make ozone formation more likely on weekends. The change has been attributed to the significant
reduction in the number of Heavy Duty Diesdl Vehicles on the roads which make up a significant portion
of the overal NOX emissions while they make up amuch smaller percentage of the HC emissons. We
do not yet have evidence thisis true in the midwest but it is something we are looking a. From this
exampleit is clear that we need to resolve not just total emissions but dso the variety of tempora
vaidionsin activity that can effect emissons.

Description of Photochemical Inventory Modeling Process

Emissonsinventory development for photochemica modeling is done differently than for seasond or
annua estimates that are part of the SIP inventory development process. The difference arise from the
needs to generate day and hour specific estimates from a specific modeling cdll. This separatesthe
problem into 2 parts spatia alocation of emissons and tempord alocation of emissions.

The reason we need to spatidly dlocate emissonsis that a photochemical models cut the study area
into uniform 36, 12, or 4 Kilometer cells where dl emissions activity is combined with meteorologic data
to estimate rates of amospheric chemigtry and pollution formation. Typicaly the county level emissons
inventory is separated into the sub-county cells based on the fraction of agiven activity or land usein
that cdl. So if acdl has 20% of the counties human population then it will get 20% of the persona
solvent use or if asingle cal had 50% of the linear miles of urban intergtates then it would aso get 50%
of the urban interstate automobile emissions. It isimportant to recognize that large interstates often do
not have an even dengty of traffic within a county so this method might result in over-estimation of
emissonsin some cdls and under estimation in other cdlls. This method aso assumesthat dl interstates
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have the same number of lanes of traffic so acdl with an 8 lane expressway would get the same
emissongmile asacdl with a4 lane expressvay. It is clear from this example that if those spatia
differences were severe enough that a photochemical model might have difficulty reproducing redity.

LADCO uses the HPMS coding scheme set by federa highways to define functiona class. These codes
are used to classfy US Census Bureau TIGER road networks into usable spatia surrogates. Where
there are no discreet link based networks supplied the TIGER linefiles are use to alocate county wide
VMT down to individud links based on the distribution of linear miles of roadsin thet functiona dass.

Table 1. Functional Classes

Area | Fadlity HPMS Functiond Class
Type | Type

0 1 01 - Rurd Interstate

0 2 02 - Rurd Principa Arterid
0 6 06 - Rurd Minor Arterid

0 7 07 - Rurd Mgor Callector
0 8 08 - Rura Minor Collector
0 9 09 - Rurd Locd

1 1 11 - Urban Interstate

1 2 12 - Urban Freeway & Expressway
1 4 14 - Urban Principa Arterid
1 6 16 - Urban Minor Arterid

1 7 17 - Urban Collector

1 9 19 - Urban Local

Tempord alocation of emissonsisamore difficult problem to tackle. Because the photochemica
models use the emissions for a given hour we must assure that the models are able to accurately
cdculate emissons by hour. This can be very important in the early morning when transportation
emissions can be caught close to the ground below the low nocturna mixing layer. Proper tempora
alocation should be used to resolve the differences between the hourly activity on weekends versus
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weekdays for heavy duty diesd vehicles. The three most common data € ements needing discrete
tempora profiles are Vehicle Miles Travded(VMT), Vehicle Speed, and Vehicle Type Mix (Mix of
carsto trucks). The tempora scales used to vary emissonsare: Monthly, Day of week, and Hour of
the day. These tempora profiles are hierarchica so that the variation can be portrayed as the hourly
digtribution of VMT by day of the week and by month of the year. A good example of where this might
occur isarural summer tourist destination where you would expect July Sunday afternoon VMT to be
asubgtantia portion of the weekly VMT whereas January Sunday afternoon VMT would be
ggnificantly lower portion of the weekly and daily emissons. If you follow thisto itslogicd conclusion
you can expect that for each road type(say 8) in aregion you could have an hourly profile of emissions
for each day of the week and each month of the year for atotal of 8* 7 * 12 = 672 different tempord
profilesof VMT. Whilethisislikely for an arearich in data it is more common to show the vauesfor 4
seasons and weekday, Friday, Saturday, Sunday for atota of 16 profiles. Y ou might also expect that
different functiond classes have different profiles so that you may have road types 1 and 2 using a
different tempora distribution than the rest of the road types. Often these tempora profiles are not
available for every county but for consstency and Statistical accuracy based on the number of traffic
counts counties are pooled together so that the different non-attainment or geographic areas are pooled
into groups of counties.

Inclusion of MOBILEG6 into emissions modeling process

USEPA:s Mobile6 modd isuse by LADCO to caculate emissions. The estimates needed by LADCO
differ from those cadculated for SIP purposes because they must reflect the conditions at a discrete point
in time under a specific set of meteorologica conditions. Because of the number of Mobileb runs
necessary Mobile6 has been modified to calculate emissons in amore computationaly efficient manner.
We expect that given the difference in needs the emissions estimates generated by LADCO are going to
differ from those generated by the State and MPO for SIP and conformity purposes. In spite of these
differencesit isimportant that the information used in both exercises can be traced back to the same
fundamental VMT information and that the only differences are in the temporal and spatid alocation of
these emissons estimates. LADCO is working to make the process of making the tools used to
caculate emissons for photochemica modeling more transparent and usable for the transportation
community. The primary way we will do thisis by making the modeling tools publicly available and
inexpensive to run.

Currently Mobile6 isincorporated into the process as an emissions factor generator that is executed by
alarger mobile source moddl named MOVEM. MOVEM isresponsible to combine dl of the VMT
and vehicle atribute data and fill in any missing data with various default vaues. MOVEM must
generate the following vaues for every road type, cdl, hour, and county in the domain.

VMT
Vehicle Speed
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Vehide Mix

Temperature

Dally Max Temperature

Dally Minimum temperature

Hot and Cold Start Distribution or number of Starts

To understand the emissions estimates MOV EM will generate we must understand the values it will
generate for any specific day. Once the vehicle activity is compiled and completed, MOVEM will then
run MOBILE®G to generate a set of emissons factors. These emissons factors are then multiplied by the
gopropriate VMT to cadculate emissons. Findly the Emissions estimates are speciated into the different
chemica species needed by the photochemica models.

Defining Data Needs into Classes

We have broken down the needs we will have into classes. The specific classthat agtate isable to
attain for agiven areawill be effected by resources, availably of data, and proximity to an urban area
with an ozone or PM2.5 nontattainment. Each class contains alist of data dements that define that
class.

Class1. HPMSVMT
Class 1 Mohile Source inventories are inventories that meet the minimum requirements under US EPA:s

Consolidated Emissons Reporting Rule(CERR). This includes county based HPM S with default speeds
by HPM S facility Type and a complete Mobile 6 Input File,

DataType Spatial Temporal Mobile6
Enhancements
VMT County Total VMT by | Seasonal VMT by
Facility Type Facility Type
Speed Urban/Rural Speed by | No Speed variation
facility type.
Fleet Mix Statewide Average No mix change by Vehiclemix
Mix season/day of week | embedded in
mobile6

Class2HPMSVMT with Improved Temporal



Draft LADCO Mobhile source needs assessment 1/16/2004

A Class 2 mobile source inventory isthe minima practica inventory for chemical trangport modeling. It
contains improved tempora alocation from Class 1 inventories. Often these improvements are based on
traffic count information. Spatid alocation for class 2 inventories does not exceed that of aclass 1
inventory. LADCO would like to see dl areasinclude the data for a Class 2 inventory

DataType Spatial Temporal Mobile6
Enhancements
VMT County Total VMT by | VMT differsby
Facility Type season or month by

facility type. Day of
week variation in
VMT isincluded as
well as hour of the
day distribution by

day of the week.
Speed Urban/Rural Speed by | Speed variation by
facility type. hour for heavily

congested urban
roadsisincluded.

Fleet Mix Urban/Rural Vehicle Mix of Cars/Trucks | Vehidemix
Mix by hour of the day embedded in
and day of the week | mobile6
areincluded

Class 3. Statewide Trave network.

A class 3 mobile source inventory begins to include specific links of road for mgjor highways aswell as
al the information included in the class 2 inventory. A class 3 inventory would commonly be a statewide
road network of interstates and state highways with minima link specific VMT mix and speed
informetion. It may contain more advanced tempord information like VMT or vehicle mix by hour from
traffic counts for some of the links. Thiswould be the preferred option for dl LADCO dates outside
the urban non-attainment aress. It is unclear that outsde urban areas exceeding this class will
sgnificantly improve modd performance.

DataType Spatial Temporal Mobileb
Enhancements
VMT County Total VMT by | VMT differs by
Facility Typefor season or month by
arterial, local and facility type. Day of
collector facility week variation in
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types. VMT by link
for interstates and
other highways.

VMT isincluded as
well as hour of the
day distribution by

supplied by link for
important interstates
by hour.

day of the week.

Speed Urban/Rural Speed by | Speed variation by
facility typefor hour for heavily
arterial, local and congested urban
collector facility roadsisincluded.
types. Link specific
speeds for Interstates
and other highways.

Fleet Mix Urban/Rural Vehicle Mix of Cars/Trucks | Vehicemix
Mix for arteria, local by hour of the day embedded in
and collector facility and day of theweek | mobile6
types. Vehicle mix areincluded

Class 4. Urban Travel Demand Modédl Network.

A class 4 inventory would include the standard outputs of an urban travel demand model. This would
include each link of road as a discrete link with VMT and Speed by time period that has been modified
to fit a semi- smooth digtribution. These networks may aso contain information by traffic analys's zone
for trip starts and stops by hour. Class 4 networks are desirable for large urban non-attainment aress
with a population of more than 500,000. LADCO will attempt to obtain networks from the following
aress. Chicago, Milwaukee, Gary, Detroit, St Louis, Indianapalis, Cleveland, and Cincinnati. Other

possible cities include Louisville, and Minnegpalis.

collector and non-
modeled VMT. VMT
by link for arterials
and above. Freeway
ramps modeled as
discrete links.

type. Day of week
varigioninVM T is
included as well as
hour of the day
distribution by day
of the week.

DataType Spatial Temporal Mobile6
Enhancements
VMT County Total VMT by | VMT differsby Average start/stop
Facility Typefor month by facility information

included in mobile6
by hour to show
hot/cold start
distribution.
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Speed Link specific speeds Speed variation by
for al links. Speed hour based on
should reflect actual modeled time
speed but often period. Some
reflects posted speed | smoothing applied.
or un-congested May not reflect
speeds. weekends
Fleet Mix Vehicle mix supplied Mix of Cars/Trucks | Vehidemix
road types and shows | by hour of the day embedded in
validation technique and day of theweek | mobile6
are included by
facility type

Class 5. Enhanced Urban Travel Demand M odél

Thisinventory is based on the best possible urban travel demand modd. It is unclear that many travel
demand models can even meset these requirements. This would be the gold stlandard of travel demand
models for emissions inventory development. It includes polygond data on trip ends(Starts/Stops) like
class 4 networks. It aso includes vehicle type classfications by link by hour. The only way to do this
would be to explicitly modd freight external and internd to the urban area. These modelsinclude
weekend congestion and describe the differences in freight and heavy duty diesd vehicles by day of
week and hour. These inventories may only be valuable for the worst non-attainment areas with the
maost complex pollution regimes and atypicd travel patterns like sgnificant trangportation hubs. These

only tend to be cities where the population exceeds 2.5 Million.

collector and non-
modeled VMT. VMT
by link for arterials
and above.

type. Day of week
variationin VMT is
included as well as
hour of the day
distribution by day
of the week.

DataType Spatial Temporal Mobile6
Enhancements
VMT County Total VMT by | VMT differsby Average start/stop
Facility Typefor month by facility information

included in mobile6
by hour to show
hot/cold start
distribution.

Trip Starts/Stops

Shapefiles of the
TAZsareincluded
along with information
on the number of
starts/stops per TAZ

Starts and stops are
allocated by hour
and day of the
week.

Mobile 6 input files
reflect the options
that zone specific
starts/stops are in
use.

Speed

Link specific speeds

Speed variation also
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reflect significant
congestion conditions
resulting in < 10mph
mean speeds. Speeds
are validated with on

includes vehicle
type distribution to
reflect vehicle speed
differences by
vehicletype.

the ground
measurements.

Fleet Mix Link specific vehicle Fleet mix varies by
mix as aresult of day of week and
travel surveys and hour of day for
field measurements. individual links.

LADCO will plan meetings with esch MPO and State DOT to discuss needs and answer any questions
about MPO specific implementation issues.

RPO Data Exchange Protocol for Mobile sources

LADCO/Midwest RPO is one of fiveregiond planning organizations that cover different parts of the
United States. Their respongbility isto assist their own States and Tribes in the development of

Regiond Haze State Implementation Plans. The RPOs have designed a data exchange protocol for the
many different types of data that RPO:=s will generate to assure that consistent tools can be developed to
utilize and andyze the data. The RPO Data exchange protocol can be found &t.
http:/Aww.ladco.org/tech/emis/protocol/protocol .html . We will be putting the travel data from the
MPO:sin the RPO Mobile Source Protocol Format. LADCO isworking with the state of Michigan to
develop aAHow To Guide for the RPO Data exchange Protocol(l to assist groupsin the incorporation
of their datainto the format. The types of questions we will be answering include portraya of complex
tempora data, and inclusion of links specific networks.

Reflection of HPM S Data In Process.

USEPA:s Guidance on emissions inventories for mobile sources ingsts on using the totd VMT specified
in the HPM S system as the benchmark for VMT Estimates. We would be ready to discuss how
reflective HPMS vmt is of redlity for the different areas of the Sates. It might be necessary to modify the
VMT egimates from different sourcesto reflect HPMS or to have strong judtification for varying from
HPMS.

Traffic Counts And M easurement Data For Temporal Profiles
It is clear from previous statements that LADCO will belooking for traffic count information to build

complex tempora information. We will need to develop a plan for andyzing each state and MPO-=s
available traffic count information to generate the needed information. LADCO expects that analys's of
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this datawill be the respongibility of LADCO and the state environmenta agencies.
Survey Form

Attached to this document are 3 survey formsfor your consderation. They are to act as aguide for
future discussion with the MPOs, DOTS, and EPAS. It would be hepful as part of the future discussions
to be able to discuss the different questions and think about how different cells in the tables would be
populated.

If you have any questions about this document fed free to contact Mark Janssen at LADCO a
[ahssen@l adco.org or 847-296-2184
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LADCO Data Availability Checklist.Traffic Count Data.
PTR and other M easurement methods

Who isthe primary DOT contact person for this data.

The most important task for LADCO will be to obtain VMT by Hour by day of the
week by month of the year. Do you forsee any problems with using the data to
accomplish this.

Would LADCO be responsible for summarizing your data or would
We get raw data to analyze it ourselves

Is traffic count data available summed to the hour?
Does the data separate passenger vehicles from HDDV.
Does the data contain vehicle speed data.

Are link/segments from the count data able to be matched to links from the travel
networks?
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LADCO Data Availability Checklist. Class 1 and 2 Transportation Data.

HPMS County Average Data
Data By Seasonal Dally Hourly Ddlivery
DataType | Source | Functiond | Tempora Tempora Tempora Date
Class by season day/season

Vehide Miles
Traveled
Vehicle Speed
Vehide
Mix
Other Data Vehide | TripLength | Sgnificant | Future Year
Types Age Upset Projections

Eventsin

2001-2003
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LADCO Data Availability Checklist. Class 3,4, and 5 Transportation Data.
Travel Demand Model/ Statewide Network checklist.

Travel Demand Model Used.

Latest Update Y ear

Projection Y ears

Are heavy duty vehicle modeled separately

VMT Comparisonto HPMS

Validation Studies on vmt/speed

Geographic projection system used(UTM, State Plane, Lat/Lon)
What Geographic unit are TAZs defined by

Are Ramps Modeled as discreet links

Aretrip end by TAZ available

Areweekends:
Modeled discretely
Averaged in with other days
Only weekdays are modeled.
DataType | Data By Seasonal Dally Hourly Ddlivery
Source | Functiond | Temporal Tempora Tempora Date
Class by season day/season
Vehide Miles
Traveled
Vehicle Speed
Vehide
Mix
Starts/Stops
Other Data Vehide | TripLength | Sgnificant | Future Year | Alternate
Types Age Upset Projections | future year
Eventsin scenarios
2002
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